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As part of the U.S. Navy 

Installation Restoration 

Program, the following 

Resource Conservation and 

Recovery Act (RCRA) Facility 

EXECUTIVE SUMMARY 

SWMU 

• 2 
• 9 
• 14 
• 38 
• 59 
• 65 

Name 
Southside Landfill 
Sewage Lagoons 
Building S-140 and Seventh Avenue Ditch 
Miscellaneous Drainage Ditches (Southside Only) 
Pesticide Storage Facility (Old Pesticide Shop) 
Building S-362 Training Mock-up Site 

2 

3 

4 

5 

Investigation (RFI) report has 6 

been prepared for the six Assembly E solid waste management units (SWMUs) on the Southside 7 

of Naval Support Activity (NSA) Memphis in Millington, Tennessee. The SWMUs required an 8 

RFI to identify and characterize known or suspected releases of hazardous constituents. The 9 

Southside of NSA Memphis has been "realigned" as a result of the Base Closure and Realignment 10 

Act of 1990 (BRAC). The Assembly E RFI, undertaken by EoSafe/ Allen & Hoshall (E/ A&H) 11 

and the U.S. Geological Survey (USGS), was conducted in accordance with the Hazardous and 12 

Solid Waste Amendments (HSWA) portion (HSWA-TNOO2) ofRCRA Permit No. TN2-170-022- 13 

600 (issued in September 1986), the HSWA portion of permit modification No. TNHW-094 14 

(issued in September 1996), and the Assembly E Site Investigation Plans (E/A&H, 1995a). 15 

SWMU 2 SUMMARY 16 

Site Description and History 17 

SWMU 2, the Southside LandfIll, covers 42 acres of the southeast quadrant of NSA Memphis. 18 

The landfill is covered with mature trees and dense undergrowth. SWMU 2 is relatively flat, 19 

subtly sloping downward to the south and rising near Big Creek Drainage Canal south of the 20 

landfill, which flows from east to west. The southern boundary of NSA Memphis and 21 

undeveloped land are south of Big Creek Drainage Canal. West of the landfIll, Seventh Avenue 22 

and the NSA Memphis South Gate open onto civilian-controlled Singleton Parkway. The 23 

NSA Memphis shooting range is near the landfill's northwest comer. A wooded lot and a 24 

residential neighborhood are approximately 1,000 feet north of the landfill. SWMU 2 is bounded 25 

on the east by Perimeter Road, woods, and residential areas. 26 
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The Southside Landfill reportedly received solid waste generated from both the Southside and 

Northside of NSA Memphis from 1942 until 1970. Waste disposed of included residential waste 2 

generated by onsite housing, office solid waste, aircraft parts, wastewater-treatment plant sludge, 3 

incinerator ash, waste oil, oily sludge, and solvents generated from industrial operations. An 4 

estimated one ton per year of oily waste and sludge (possibly containing polychlorinated biphenyls 5 

[PCBs]) and approximately two tons per year of wastewater-treatment plant sludge were disposed 6 

of by trench-and-cover in the landfIll. Combustible materials disposed of were reportedly burned 7 

with waste oil to aid in the burning process and reduce waste volume in the landfill. 8 

The Southside LandfIll has been the subject of two previous investigations in which limited 9 

groundwater and soil-gas samples were collected and analyzed. During the 1984 Confirmation 10 

Study/Verification Phase (CS/VP), five monitoring wells were installed around the landfIll and 11 

sampled for volatile organic compounds (VOCs) and select inorganics. In 1991, the USGS 12 

conducted a limited soil-gas survey and electromagnetic (EM) survey of the landfill. 13 

Additional Sampling Required for SWMU 2 RFI Completion 14 

The Assembly E RFI at SWMU 2 began with a direct push technology (DPT) soil and 15 

groundwater screening investigation. The DPT results were used to determine the optimum 16 

location and depth of soil borings and monitoring wells. Soil, groundwater, sediment, and 17 

surface water samples were collected during the RFI. A preliminary evaluation of the SWMU 2 18 

RFI data indicates that VOCs and metals, especially chromium, are present in SWMU 2 19 

groundwater at concentrations exceeding their U.S. Environmental Protection Agency (USEPA) 20 

risk-based concentrations (RBCs) for tap water or maximum contaminant levels (MCLs) for 21 

drinking water. Additional investigation, including installing and sampling additional monitoring 22 

wells, is scheduled to complete the SWMU 2 RFI. Therefore, the nature and extent of 23 

contamination at SWMU 2, and the resulting risk and fate and transport evaluations are not 24 

presented in this report. When SWMU 2 has been adequately characterized and evaluated with 25 

respect to risk and fate and transport, the RFI results will be incorporated in a subsequent revision 26 

of this report. 27 
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SWMU 9 SUMMARY 

Site Description and History 2 

SWMU 9 consists of two inactive sewage lagoons on the NSA Memphis Southside southern 3 

boundary, approximately 175 feet south of Big Creek Drainage Canal and 450 feet southwest of 4 

the South Gate. The approximately 400,OOO-square-foot western lagoon is separated from the 5 

approximately 141,OOO-square-foot eastern lagoon by a 25-foot wide dike. The lagoons are 6 

bordered by woods and Big Creek Drainage Canal to the north, woods to the south and west, and 7 

Singleton Parkway to the east. 8 

The lagoons, which support a variety of wildlife, are constructed of clay. NSA Memphis 9 

personnel have reported that the water level in the lagoons does not noticeably change from season 10 

to season and are influenced by rainfall. The land surrounding the lagoons slopes away on all 11 

sides for a few feet, with surface water draining generally west before it enters Big Creek 12 

Drainage Canal, which flows to the west. The lagoon bottom sediments are clay and wastewater 13 

sludge, underlain by clayey silt. 14 

The two lagoons were used as part of the wastewater treatment system from 1969 to 1978. 15 

Although primarily domestic wastewater was treated, limited amounts of industrial wastewater 16 

from aircraft maintenance were also treated. This industrial wastewa~r may have contained a 17 

wide variety of contaminants, including VOCs, semivolatile organic compounds (SVOCs), and 18 

metals. The lagoons received approximately 35% of the wastewater produced at NSA Memphis, 19 

with the other 65% going to SWMU 28, the former Southside wastewater treatment plant. 20 

An influent line from the former wastewater treatment plant crossed Big Creek Drainage Canal 21 

and entered the lagoon area at the northwest comer of the larger western lagoon. The wastewater 22 

was chlorinated prior to discharge into Big Creek Drainage Canal through the effluent line at the 23 

northeast comer of the lagoons. According to NSA Memphis personnel, all influent and effluent 24 

control valves were closed and concrete-sealed in 1978, when the sewer system was connected to 25 

the City of Millington sewage treatment system. 26 
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The sewage lagoons have been the subject of one previous investigation during which limited 

sediment samplmg was conducted. In 1984, Geraghty and Miller (G&M) collected five sediment 2 

samples from the bottom material in the two lagoons. The samples were analyzed for total 3 

cadmium, chromium, copper, nickel, and lead by Solid Waste (SW)-846 Method 1310, and the 4 

results were compiled in the NACIP Corifirmation Study, Verification Phase report (G&M, 1985). 5 

No metal was detected above its method detection limit (0.01 milligrams per kilogram [mg/kg] for 6 

cadmium and nickel and 0.1 mg/kg for chromium, copper, and lead); therefore, the 1985 G&M 7 

report recommended no further investigation for SWMU 9. However, the subsequent ReRA 8 

Facility Assessment (ERe/EDGe, 1990b) recommended an RFI at SWMU 9 due to the lack of 9 

analytical data for the SWMU. 10 

SWMU 9 RFI Sampling Rationale 11 

The SWMU 9 RFI consisted of collecting and analyzing soil, groundwater, sediment, surface 12 

water, and fish tissue samples. The sampling methods, intervals, analyses, and rationale are listed 13 

in the following table. 14 

Number of 

Soil Soil Boring 4 

4 

4 

Groundwater DPT 15 

SWMU9 
Sample Summary 

Interval 

0-2 feet 

8 - 10 feet 

14 - 16 feet 

Deep Alluvium VOCs 

xxii 

To detennine surface and subsurface soil quality in the 
upper alluvium at each corner of the lagoons; human 
health risk to potential residents, site workers, 
maintenance workers, and trespassers; ecological risk 
to terrestrial species; and the migration potential for 
soil constituents to groundwater and sediment. 

Screening investigation to determine optimum soil 
boring and monitoring well placement and depth. DPT 
groundwater samples surrounded the perimeter of the 
lagoons. 



Media 

Groundwater 

Sediment 

Surface Water 

Fish Tissue 

Note: 

Type 

Monitoring 
Well 

Hand Auger 

Trotline 

Number of 
Samples 

4 

fl 

I 

4 

4 

3 

SWMU9 
Sample Summary 

Interval 
Sampled 

Deep Alluvium 

0- 6 inches 

18 - 24 inches 

Analysis 

FSA. less TPH­
GRO 

Purpose 
To determine groundwater quality in the deep alluvium 
at each comer of the lagoons; the human health risk 
from consumption (assuming alluvial groundwater is a 
drinking water source) to potential residents and site 
workers . 

. .... ... i~"~~~~.tnlagoonbottom 
.• ·..,~at.!~riiI(lo aquati¢.species. 

FSA To determine if contaminants potentially associated 
with SWMU 9 had affected the sediment in Big Creek 
Drainage Canal; the risk of exposure to ecological 
receptors. 

·~~I~associated 
·~.:sutfacew8ta:qualityjn 
. ·· •.• ·.~ •..• ~··.from.f,be 

...........•.. ~.upstteamOfthe 
~~~.~:. 

Not applicable SVOCS. To determine the potential risk to humans and 
PesticideslPCBs, ecological receptors that might consume the fish. 

Appendix IX 
Metals. Cyanide 

a FSA = Full-Scan Analysis. FSA consists of the following Target Compound List parameters: VOCs by SW-846 Method 8240; SVOCs by 
SW-846 Method 8270; chlorinated pesticideslPCBs by SW-846 Method 8080; organophosphorus pesticides by SW-846 Method 8140; chlorinated 
herbicides by SW-846 Method 81S0; Appendix IX Metals and cyanide by SW-846 Methods 6010. 7060. 7241. 7841. and 9012; and total 
petroleum hydrocarbons - gasoline- and diesel-range organics (TPH-GRO and TPH-DRO) by the Modified Tennessee SW-846 Method 80lS. 

SWMU 9 Analytical Results 

This discussion presents only those contaminants that exceeded USEPA screening values for soil, 2 

groundwater, sediment, and fish tissue; contaminants that were pertinent to the human health risk 3 

assessment (HHRA), ecological risk assessment (ERA), and/or fate and transport evaluations; or 4 

contaminants attributed to former SWMU 9 operations. 5 

SoU Contaminants: VOCs, SVOCs, TPH-GRO, TPH-DRO, chlorinated pesticides and PCBs, 6 

herbicides, and Appendix IX metals were detected in SWMU 9 soil samples. Although the VOC 7 

acetone, the SY~C benzo(a)pyrene, the chlorinated pesticide dieldrin, and the inorganics barium 8 

and nickel exceeded one or more screening values in a limited number of soil samples, these 9 

exceedances did not significantly affect the HHRA, ERA, or fate and transport evaluations. 10 
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Groundwater Contaminants: VOCs, SVOCs, TPH-DRO, and Appendix IX metals were detected 

in RFI groundwater samples. No SVOCs exceeded a screening value. VOCs, TPH-DRO, and 2 

Appendix IX metals of interest are summarized below. 3 

VOCs: The chlorinated solvent trichloroethene (TCE) was identified in one deep alluvium 4 

DPT groundwater sample (11 J-lg/L) exceeding its tap water RBC (1.6 J-lg/L) and 5 

MCL (5 J-lg/L). A second deep alluvium DPT groundwater sample indicated TCE 6 

(1.68 J-lg/L) exceeding only the tap water RBC. TCE was detected in one of four 7 

alluvium groundwater monitoring wells, but its concentration did not exceed the 8 

tap water RBC or MCL. 9 

TPH-DRO: One of four deep alluvium groundwater wells indicated TPH-DRO (230 J-lg/L) 10 

exceeding the Tennessee Department of Environment and Conservation (TDEC) 11 

cleanup standard of 100 J-lg/L for drinking water. 12 

Inorganics: Arsenic was identified in one deep alluvium groundwater sample (12.2 J-lg/L) 13 

exceeding both its reference concentration (RC, or two times the mean background 14 

concentration) (4.2 J-lg/L) and tap water RBC (0.045 J-lg/L); however, the detected 15 

concentration did not exceed its MCL (50 f.1,g/L). 16 

April/May Groundwater Sampling Event: During the April/May 1997 groundwater sampling 17 

event, a duplicate sample from one deep alluvium groundwater sample indicated TCE below its 18 

tap water RBC and MCL, and tetrachloroethene (PCE) above its tap water RBC but below its 19 

MCL. 20 

Sediment Contaminants: VOCs, SVOCs, TPH, chlorinated pesticides, PCBs, herbicides, and 21 

Appendix IX metals were detected in sediment samples from the sewage lagoon and Big Creek 22 

Drainage Canal. Sediment contaminants of interest are summarized as follows. 23 
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Big Creek Drainage Canal Sediment Contaminants.' 

Pesticides.' USEPA Sediment Screening Values (SSVs) were exceeded for the pesticides 2 

4,4'-DDD, 4,4'-DDT, and dieldrin in Big Creek Drainage Canal surface sediment 3 

samples. At one sample location north of SWMU 9, the 4,4'-DDD (140 ,ug/kg) 4 

and 4,4'-DDT (150 ,ug/kg) concentrations exceeded their SSVs (3.3 ,ug/kg for both 5 

compounds). At a location upstream (northeast) of SWMU 9, dieldrin (3.5 ,ug/kg) 6 

was identified exceeding its SSV (3.3 ,ug/kg); however, the dieldrin concentration 7 

did not exceed the RC for dieldrin in soil at NSA Memphis (262,ug/kg). 8 

Inorganics.' Arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, lead, nickel, 9 

and/or selenium were detected in numerous Big Creek Drainage Canal surface 10 

sediment samples. The SSVs exceeded most often are shown below. 11 

Inorganic 

~~? 
Cadmium 

·········N@ 

Range <mIlk!;) 

·/6il>~i··· •• · • 
1-4 

··ss3,;ii;i 

Sewage Lagoon Sediment Contaminants: 

Ng. Exceedances 

·~~4.· 
3/4 

·············214) .. 

SSV <mg/kg> 

·.1'~~i 
1 

········15$2· 

12 

13 

14 

15 

12 

PCBs.' The PCB Aroc1or-1254 was identified in three surface sediment samples from the 13 

sewage lagoons at concentrations ranging from 320 to 950 ,ug/kg which exceeded 14 

the PCB SSV (33 ,ug/kg). 15 

Inorganics.' Arsenic, chromium, copper, lead, mercury, silver, and/or zinc were detected in 16 

numerous sewage lagoon sediment samples. The SSVs exceeded most often are 17 

shown below. 18 
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Mercury 
·SU~~ . 

R!UlI!e (mg/k2) 

··33~8",.162 

0.31 - 2.1 

·1.7';11 
6/6 

< >",'-;," 

S/6 

0.13 

2 

Surface Water Contaminants: Barium and silver were the only detected analytes in the two 

surface water samples from Big Creek Drainage Canal. Neither inorganic exceeded its 2 

Fresh Water Quality Standard (FWQS), tap water RBC, or MCL. 3 

Fish Tissue Contaminants: One SYOC, two pesticides, two PCBs, and eighteen inorganics were 4 

detected in the three composite fish tissue samples collected from the sewage lagoons. 4,4'-DDE, 5 

Aroclor-1254, Aroclor-1260, and arsenic concentrations in fish tissue samples exceeded their 6 

respective RBCs for fish tissue consumption. The RBC exceedances are summarized as follows: 7 

. ···~;4~~j)Qij····· ·21~8sp~··.·····>.~1~i·· .. i~~~e~· 
Aroclor-1254 

Aroelot..:l26Q? . 
Arsenic 0.12 uslkg 113 0.0021 mglks 

SWMU 9 mIRA 8 

The HHRA estimated the risk and hazard for three land use scenarios: future site residents, future 9 

site workers, and current and future site trespassers. The media and exposure pathways included 10 

in each scenario are: 11 
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Land Use 

Future Site Residents 

Future Site Workers 

Current and future trespassers 

Media and Exposure Pathway 

Alluvial Groundwater - Ingestion, Inhalation 
Fish Ingestion 

Alluvial Groundwater - Ingestion, Inhalation 

Fish Ingestion 

The HHRA also evaluated exposure pathways for the hypothetical future construction worker. 

Although risk was not formally estimated for this scenario, subsurface soil data were screened by 2 

comparing detected concentrations to RBCs. No chemicals of potential concern (COPCs) were 3 

identified for this scenario, so no risk calculations were performed. 4 

HHRA risk estimates in the following table include media-specific as well as multi-pathway risk 5 

estimates. Numbers in bold indicate risk or hazard has exceeded USEPA's acceptable risk range 6 

or hazard index point of departure. 7 

Summation of Exposure Pathways for SWMU 9 

Future Site Residents 

Medium and Exposure Pathway 

Alluvial Groundwater - Ingestion 

Alluvial Groundwater - Inhalation 

Adult 
HI 

1 

0.05 

Fish Tissue: East Lagoon - Ingestion 3.7 

Fish Tissue: West Lagoon - Ingestion 3 

Notes: 
HI Hazard Index 
lLCR Incremental Lifetime Cancer Risk 
NA Not Applicable 
LWA Lifetime Weighted Average 

Child 
HI 

3 

0.1 

17.3 

14 

LWA 
ILCR 

3e-04 

2e.()6 

2e-04 

4e-04 
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Future Site Workers Current and Future Site Trespassers 

Worker Worker Adolescent Child 
HI n.CR HI HI 

0.4 6e'()5 NA NA 

0.02 5e-07 NA NA 

NA NA 2.3 6.9 

NA NA 1.8 5.6 

LWA 
n.CR 

NA 

NA 

6e'()5 
i 

l.le-04 



Identification of COCs was based on the multi-pathway risk and hazard exceedances provided in 

the table above .. COCs are listed in the following box for each land use scenario, separated on a 2 

medium-specific basis. 3 

Land Use 

Future Site Residents 

Future Site Trespassers 

Medium Exposure Pathway 

Alluvial groundwater ingestion 
Fish ingestion - East Lagoon 
Fish ingestion - West Lagoon 

Fish ingestion - East Lagoon 
Fish ingestion - West Lagoon 

COC 

Arsenic, Chloroform, TCE 
4,4'-DDE, Aroclor-1254, Aroclor-1260 
4,4'-DDE, Aroclor-1254, Aroclor-1260, Arsenic 

4,4'-DDE, Aroclor-1254, Aroclor-1260 
4,4'-DDE, Aroclor-1254, Aroclor-1260, Arsenic 

SWMU 9 ERA 4 

According to the conclusions in the ERA, no lethal or sublethal effects were predicted for 5 

terrestrial wildlife species at SWMU 9, except for the short-tailed shrew. Aroclor-1260 produced 6 

a sublethal Hazard Quotient (HQ) of 1.35, which contributed to the cumulative Hazard Index (HI) 7 

of 1.62 for this species (the risk threshold for lethal effects is 10). The dietary exposure model 8 

for fish tissue consumption by the belted kingfisher predicted a limited risk from pesticide 

contamination. The sublethal HI was 4.5, indicating some risk to piscivorus birds. In addition, 10 

no impacts to aquatic species from contamination present in lagoon sediment or Big Creek 11 

Drainage Canal are predicted. 12 

SWMU 9 Fate and Transport Assessment 13 

In the fate and transport discussion, the soil-to-groundwater and soil-to-sediment cross-media 14 

transport mechanisms were evaluated. SWMU 9 contaminants that exceeded their soil-to- 15 

groundwater SSLs or contaminants identified as COCs in the HHRA were assessed to determine 16 

their transport potential. The assessment identified acetone, dieldrin, barium, and nickel as the 17 

SWMU 9 contaminants exhibiting the potential for soil-to-groundwater transport, and identified 18 

acetone and dieldrin as exhibiting the potential for soil-to-sediment transport. 19 

The fate and transport assessment concluded that widespread impact to the alluvial aquifer by 20 

acetone is not expected, because this compound was detected only in soil samples. Furthermore, 21 
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acetone was not detected in SWMU 9 groundwater during the April 1996 sampling event. 

Dieldrin, also detected only in soil, is expected to be immobile and persistent in the environment, 2 

not readily diffusing to groundwater. Dieldrin was absent in SWMU 9 groundwater samples 3 

collected during the April 1996 sampling event. Widespread impact to alluvial groundwater by 4 

barium and nickel are not expected, based on the relative immobility of these constituents. 5 

SWMU 9 Recommendations 6 

• 

• 

• 

Based on previous detections in DPT and monitoring well samples, conduct annual 

sampling and analysis of all SWMU 9 monitoring wells for VOCs, TPH-GRO, and 

7 

8 

TPH-DRO to verify the presence of these contaminants and determine whether their 9 

concentrations are increasing. 10 

Continue the ban on fishing at the lagoons. 11 

Assess the TCE in SWMU 9 groundwater during the SWMU 2 investigation. 12 

SWMU 14 Summary 13 

Site Description and History 14 

SWMU 14, a flat, grass-covered area on the NSA Memphis Southside, is the former site of 15 

Building S-14O, several related former buildings and structures, and the Seventh Avenue and 16 

Polaris Drive drainage ditches west and south of the site, respectively. The grass covering 17 

SWMU 14 is regularly mowed to maintain lawn-like conditions. According to engineering plans 18 

of the building obtained from Public Works, four smaller structures were associated with 19 

Building S-140: a gear locker (Building S-275), a mobile building along the eastern edge of the 20 

site (Building S-1602), a prefabricated metal storage building southeast of Building S-140 used as 21 

a paint locker (Building S-351), and SWMU 46, a hazardous waste accumulation point northeast 22 

of the building. Building S-140 was demolished along with all associated structures in 1985. 23 

Building S-140 housed a paint spray booth, paint removing area, and paint wash down area, 24 

associated with training Navy personnel in various painting-related processes from 1943 25 
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until 1985. According to building diagrams, two drainage systems were associated with painting 

activities at Building S-140. One was in the central portion of the building near the paint spray 

booths and water wash pits; the other was in the northern portion near the interior wash down area 3 

and work table. Navy records indicate paint-related wastes generated by the paint spray booth and 4 

water wash pits collected in two floor drains which emptied into two 1,885-gallon sump pits. 5 

Paint waste and sludge from these sumps were most likely removed as-needed, and any overflow 6 

was discharged directly to the Seventh Avenue ditch until 1980. After 1980, the flow from the 7 

paint booth and wash down area was redirected to a paint separator/sump in the building's 8 

mechanical room, while overflow was discharged to the sanitary sewer. 9 

The paint waste and sludge likely contained chromium, lead, and various hydrocarbons and paint 10 

solvents including mineral spirits, toluene, and phenols. Wastes generated by the paint wash down 11 

area and work tables were discharged to an unidentified drain line exiting the building's east side. 12 

In 1968, these wastes were diverted to an interceptor/separator installed beneath the north end of 13 

a sidewalk immediately east of the building. According to construction diagrams, this interceptor 14 

was 3.5 x 5 feet across with the deepest portion of the bottom 4.5 feet below land surface (bls). 

Discharge from the interceptor was directed to the sanitary sewer line to the north. 16 

A former outdoor wash basin adjacent to Building S-140's south side consisted of a 36 x 40-foot 17 

concrete slab surrounded by a 6-inch berm. According to sewer modification diagrams, the drain 18 

in this basin discharged to the Polaris Drive drainage ditch south of SWMU 14 until it was 19 

diverted to the sanitary sewer in 1980. A small discharge pipe still visible in the Polaris Drive 20 

ditch has been included in the SWMU 14 RFI. 21 

In July 1995, E/A&H geophysically surveyed SWMU 14 in an attempt to verify the approximate 22 

location of the former building and subsurface structures. Geophysical anomalies due to disturbed 23 

soil or metal objects were plotted on a map, and proposed sample locations were chosen after 24 

results were reviewed. The geophysical survey showed one moderate anomaly at SWMU 14 near 25 

the former location of the outdoor wash basin. The remainder of the surveyed area was 26 

anomaly-free, indicating the sumps and separators may have been removed during building 27 
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demolition. A linear feature along the site's eastern survey boundary may be an abandoned 

potable water line that supplied water to the adjacent property when it was a trailer park. 2 

SWMU 14 Sampling Rationale 3 

The SWMU 14 RFI consisted of collecting and analyzing soil, groundwater, and ditch sediment 4 

samples. The sampling methods, intervals, analyses, and rationale are provided in the following 5 

~~. 6 

Number of 

Soil Soil Borings 8 

8 

8 

Groundwater DPT 9 

9 

Sediment Hand Auger 2 

2 

SWMU14 
Sample Summary 

Interval 

0.5 - 2 feet 

4-6feet 

8 - 10 feet 

Loess 

Upper Fluvial 
Deposits 

0- 6 inches 

18 - 24 inches 

FSA 

VOCs 

FSA 

xxxi 

To determine surface and subsurface soil quality in the 
loess in the SWMU 14 vicinity; to provide a geologic 
cross section of loess and fluvial deposits; to determine 
human health risk to potential site residents and site 
workers; ecological risk to terrestrial species; and the 
migration potential for soil constituents to groundwater 
and sediment. 

Screening investigation to determine optimum soil boring 
and well placement. VOCs chosen as the indicator 
parameter because of the known usage of solvents at 
SWMU 14. 

To determine the presence of any residual contaminants 
in Seventh Avenue drainage ditch sediment associated 
with past operations; the human health risk to potential 
site residents and workers and adolescent trespassers; the 
ecolo§ical risk to terrestrial species. 



SWMU 14 Analytical Results 

This discussion presents only those contaminants that exceeded USEPA screening values for soil, 2 

groundwater, and sediment; contaminants that were pertinent to the HHRA, ERA, and/or fate and 3 

transport evaluations; or contaminants attributed to former SWMU 14 operations. 4 

Soil Contaminants: The VOC acetone, the SVOCs benzo(a)pyrene and dibenz(a,h)anthracene, 5 

the pesticides aldrin and dieldrin, and the inorganics barium and nickel exceeded one or more 6 

screening values in a limited number of soil samples. However, these exceedances did not 7 

significantly affect the HHRA, ERA, or fate and transport evaluations; nor were they definitively 8 

attributed to former operations at SWMU 9. The VOCs TCE and PCE were detected in surface 9 

and subsurface soil samples at one location near the former interceptor/separator at concentrations 10 

below their residential soil RBCs; however, these contaminants were also detected in loess 11 

groundwater samples from the same locations at concentrations that exceeded both the tap-water 12 

RBC and MCL. The fate and transport evaluation concluded these VOCs are relatively mobile 13 

and likely to be transported from soil to groundwater; however, once in groundwater, they are 14 

expected to attenuate rather quickly. Detected concentrations of TCE and PCE in soil were: 15 

VOC 

PCE 

Concentration Wg/kg> 
3 
19.(···· 
2 

8 

23 

Interval (feet bls) 

······•····••••••••· •••••• ••• ••• 'ji~4;11···.········· 
0-2 

4-6 

8 - 10 

Groundwater Contaminants: VOCs, SVOCs, TPH, and Appendix IX metals were detected in 16 

groundwater samples collected during the RFI. No SVOC concentration exceeded a screening 17 

value. Exceedances of concern for VOCs, TPH, and Appendix IX metals were: 18 

VOCs: The highest TCE and PCE concentrations were detected near the former 19 

interceptor/separator on the northeast comer of former building S-140. TCE 20 
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concentrations exceeded its tap water RBC (1.6 J-lg/L) and/or MCL (5 J-lg/L) in six loess DPT 

groundwater samples, two upper fluvial deposits DPT groundwater samples, and in one loess 2 

monitoring well. Detected concentrations ranged from 3.09 to 285 J-lg/L. PCE concentrations 3 

exceeded its tap water RBC (1.1 J-lglL) and MCL (5 J-lg/L) in one loess DPT groundwater sample 4 

(230 J-lg/L) and in one loess monitoring well (150 J-lg/L). Benzene was identified in one fluvial 5 

deposits groundwater sample submitted for confirmation analysis above its tap water RBC 6 

(0.36 J-lg/L). 7 

Inorganics: Arsenic was identified above its RC (3.5 J-lg/L) and tap-water RBC (0.045 J-lg/L), 8 

but not above its MCL (50 J-lg/L), in groundwater samples from two lower fluvial 9 

deposits monitoring wells (3.6 and 3.9 J-lglL). Barium was identified above its RC 10 

(232 J-lg/L), but not its tap-water RBC (2,600 J-lg/L) or MCL (2,000 J-lg/L), in 11 

groundwater samples from all four lower fluvial deposits monitoring wells 12 

(concentration range 422 to 638 J-lg/L). Vanadium was identified above its RC 13 

(17.4 J-lg/L), but not its tap-water RBC (260 J-lg/L), in one lower fluvial deposits 14 

groundwater sample (54 J-lg/L). 15 

April/May 1997 Groundwater Sampling Event: Groundwater samples were collected from five 16 

loess and four lower fluvial deposits groundwater monitoring wells at SWMU 14 and analyzed for 17 

VOCs, TPH, TPH-DRO, and TPH-GRO. Exceedances of applicable standards were as follows: 18 

TCE's tap water RBC and MCL were exceeded by one loess groundwater sample; PCE's tap 19 

water RBC and MCL were exceeded by one loess groundwater sample; and TPH, TPH-GRO, 20 

and/or TPH-DRO concentrations in three loess groundwater samples and two lower fluvial 21 

deposits samples exceeded the TDEC groundwater cleanup level for total TPH in drinking water 22 

aquifers. 23 

Sediment Contaminants: SVOCs, TPH, chlorinated pesticides, herbicides, and Appendix IX 24 

metals were detected in one or more Seventh Avenue drainage ditch sediment samples. The 25 

detected concentrations were compared to both sediment and soil screening values, because the 26 

sediment sample locations are only intermittently submerged. No TPH or herbicide concentrations 27 
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exceeded a screening value. SVOC, pesticide, and Appendix IX metals exceedances of concern 

are briefly discussed below. 2 

SVOCs: Five SVOCs in surface sediment - benzo(a)pyrene, BEHP, chrysene, fluoranthene, 3 

and pyrene - exceeded residential soil RBCs or soil-to-groundwater SSLs. With 4 

the exception of BEHP, these SVOCs are typical constituents of vehicle emissions 5 

and asphalt road materials; therefore, their presence in the Seventh Avenue ditch 6 

may be a result of runoff from Seventh Avenue during rain events. The detected 7 

SVOC concentrations are similar to those found in SWMU 38 Southside drainage 8 

ditch sediment samples along Seventh Avenue. 9 

Pesticides: Four pesticides - 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, and dieldrin - exceeded their 10 

SSVs and/or soil-to-groundwater SSLs. These pesticides were routinely applied 11 

for pest control throughout NSA Memphis; therefore, they cannot defInitively be 12 

attributed to former SWMU 14 operations. Concentrations were similar to those 13 

detected in SWMU 38 drainage ditch sediment samples throughout the Southside, 14 

with the exception of 4,4'-DDT (1,900 ,ug/kg) in one surface sediment sample, 15 

which exceeded both its SSV (3.3 ,ug/kg) and soil-to-groundwater SSL 16 

(l,000 ,ug/kg). 17 

Inorganics: Arsenic, copper, lead, and nickel exceeded their SSVs in one or both sediment 18 

intervals. The detected concentrations were similar to those identifIed in 19 

SWMU 38 drainage ditch sediment samples throughout the Southside. 20 

21 

SWMU14HHRA 22 

The HHRA evaluated exposure for four land use scenarios: future site residents, current and future 23 

site workers, current and future maintenance workers, and current and future site trespassers. The 24 

media and exposure pathways included in each scenario are: 25 
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Land Use 

Future Site Residents 

Media and Exposure Pathway 

Soil - Incidental Ingestion, Dermal Contact 
Loess Groundwater - Ingestion, Inhalation of VOCs 
Fluvial Deposits Groundwater - Ingestion, Inhalation 

Current and Future Site Workers Soil - Incidental Ingestion, Dermal Contact 
Sediment - Incidental Ingestion, Dermal Contact 
Loess Groundwater - Ingestion, Inhalation of VOCs 
Fluvial Deposits Groundwater - Ingestion, Inhalation 

Current and Future Maintenance Workers Sediment - Incidental Ingestion, Dermal Contact 

Current and Future Trespassers Sediment - Incidental Ingestion, Dermal Contact 

The HHRA also evaluated exposure pathways for the hypothetical future construction worker. 

Although risk was not formally estimated for this scenario, subsurface soil data were screened by 2 

comparing detected concentrations to RBCs. No COPCs were identified for this scenario, so no 3 

risk calculations were performed. HHRA risk estimates in the following table include media- 4 

specific as well as multi-pathway risk estimates. Numbers in bold indicate risk or hazard has 5 

exceeded USEPA's acceptable risk range or hazard index point of departure. 6 

Medium and Exposure Pathway 

Soil - Incidental Ingestion 

Soil - Denna1 Contact 

Sediment - Incidental Ingestion 

Sediment - Denna1 Contact 

Loess Groundwater -Ingestion 

Loess Groundwater - Inhalation of 

Smmnation of Exposure Pathways for SWMU 14 

Current and Future Current and Future Current and Future 
Future Site Residents Site Workers Maintenance Workers Site Trespassers 

Adult Child LWA Worker Worker Worker Worker Adult 
m m n.CR m n.CR m n.cR m 

NA NA Se-06 NA Se-07 NA NA NA 

NA NA 2e-06 NA 8e-07 NA NA NA 

Adult 
n.CR 

NA 

NA 

NA 1e;.(J6 Nt! Nt!> > .•••••..• 94 •• >· ••••• 

NA NA NA 0.01 2e-06 0.002 Se-07 0.007 6e-07 

NA NA NA 0.004 le-06 0.0009 3e-07 0.001 2e-07 

2 5 2e-04 0.7 Se-OS NA NA NA NA 

2 5 3e-OS 0.7 8e-06 NA NA NA NA 
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Summation of Exposure Pathways for SWMU 14 

Current and Future Current and Future Current and Future 
Future Site Residents Site Workers Maintenance Workers Site Trespassers 

Adult Child LWA Worker Worker Worker Worker Adult Adult 
Medium and Exposure Pathway m m ILCR m ILCR m ILCR m ILCR 

lid N;i 

fU)(J8 IJMJ7 

·~;iiifjii':;:I1;:.l'i ·i>ilJ/~i1I~<».>F6e.~} .···NA> ··lId 

SttI#~}~f';;:.l/i,,1,~· .H···>··»·>.> ••• ~ •••• ·······">">l(Ji~»~£~·~i>;.~·· .•. Btt;41 

Fluvial Deposits Groundwater - Ingestion 0.9 2 ge-05 0.3 2e-05 NA NA NA NA 

Fluvial Deposits Groundwater - Inh. 0.1 0.2 3e-06 0.04 6e-07 NA NA NA NA 

IIA Nd 

Notls: 
ILCR Incremental lifetime excess cancer risk 
HI Hazard Index 
NA Not applicable 
L W A Lifetime weighted average 

Identification of COCs was based on the multi-pathway risk and hazard estimate exceedances 

provided on the table above. COCs were identified only for the future site resident scenario, as 2 

shown in the following box. 3 

Land Use 

Future Site Residents 

Exposure Pathway 

Loess groundwater ingestion and inhalation 
Fluvial deposits groundwater ingestion 

coc 

1 ,2-DCE, TCE, PCE 
Arsenic, Barium, Benzene, 
Vanadium 

S~14ERA 4 

The ERA determined that no quality habitat is available at SWMU 14, which has no viable 5 

terrestrial community. According to the ERA conclusions, exposure risk to terrestrial species near 6 

SWMU 14 is low compared to the potential for effects to lower-level infauna! species. However, 7 

biotransfer of contaminants up the food chain should not be a concern because contaminant 8 

concentrations are not at levels indicative of accumulation. In addition, the low soil concentrations 9 
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and limited contaminant distribution limits the incidental ingestion risk to acceptable 

concentrations for bird species that might forage in the area. 2 

SWMU 14 Fate and Transport Evaluation 3 

In the fate and transport discussion, the soil-to-groundwater and soil-to sediment cross-media 4 

transport mechanisms were evaluated. TCE and PCE, detected in both soil and groundwater 5 

samples, are relatively mobile due to their high solubility and vapor pressure; however, they are 6 

expected to attenuate rather quickly. Aldrin and dieldrin, detected in soil only, are expected to 7 

be immobile and not likely to diffuse to groundwater due to their physical and chemical properties. 8 

The portion of the Seventh Avenue drainage ditch west of SWMU 14 is part of a larger system - 9 

the SWMU 38 Southside drainage ditches. Therefore, the SVOCs, pesticides, and inorganics 10 

detected in both soil and sediment samples cannot be attributed solely to SWMU 14 activities. 11 

Most of the SVOCs in Seventh Avenue drainage ditch sediment are typical constituents of vehicle 12 

emissions and asphalt road materials, both of which may emanate from Seventh Avenue, the main 13 

street of the NSA Memphis Southside. 14 

SWMU 14 Recommendations 15 

• Remediation of PCE and TCE in loess groundwater should be evaluated in a Corrective 16 

Measures Study. At a minimum, all site monitoring wells should be analyzed for VOCs 17 

on an annual basis and for remedial design parameters, including those needed to evaluate 18 

natural attenuation. 19 

SWMU 38 Summary 20 

SWMU 38 is the Miscellaneous Ditches in Industrial Areas at NSA Memphis. Only the ditches 21 

on the Southside ofNSA Memphis were studied during the Assembly E RFI; the Northside ditches 22 

were investigated in 1995 during the Assembly B RFI. In general, the Southside drainage ditches 23 

slope downward 1 % to 3 % to the west, eventually draining into Big Creek Drainage Canal in the 24 

southwest comer ofNSA Memphis. Water levels in the ditches may vary as much as several feet 25 

during storms. Southside drainage ditches receive influent from surface runoff and storm sewers, 26 

and formerly received wastewater discharges from floor drains in industrial buildings on the 27 
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NSA Memphis Southside. The original design of many buildings at NSA Memphis (circa 1943) 

included floor drains which discharged to storm sewers, storm sewer drains, and drainage ditches. 2 

As buildings were remodeled and replaced, these drains were eliminated or re-routed to the 3 

sanitary sewer. Until 1980, when most of these drains were replaced, it is reported that various 4 

substances, including solvents, degreasers, oils, and paints, may have been discharged to the 5 

drainage ditches. Most wastes entering the drainage ditches would have been transported 6 

downstream with flow; however, due to their relative immobility, contaminants such as metals can 7 

potentially accumulate in soil and sediments near outfalls and in areas of low flow. 8 

SWMU 38 Sampling Rationale 9 

The SWMU 38 RFI consisted of collecting sediment samples as summarized in the following table. 10 

Sediment Hand auger! 
grab samples 

Number of 

9 

SWMU38 
Sample Summary 

0-6 inches PCBs (EnSys To characterize the nature and extent of PCBs in the 
Riss Screening western perimeter ditch area. 

System) 

SWMU 38 Analytical Results 11 

SWMU 38 sediment samples contained VOCs, SVOCs, TPH, pesticides, PCBs, herbicides, and 12 

inorganics; however, no VOCs, TPH, or herbicides were at concentrations exceeding screening 13 

values. Seven SVOCs, six pesticides, one PCB, and six inorganics exceeded screening values. 14 

Most exceedances did not affect the outcome of the HHRA, ERA, or fate and transport evaluation; 15 

however, several specific areas of the drainage ditches had multiple exceedances. Exceedances 16 

of concern are summarized below. 17 
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SVOCs: Benzo(a)anthracene, benzo(a)pyrene, BEHP, chrysene, fiuoranthene, phenanthrene, 

and pyrene exceeded one or more screening values in a limited number of samples. 2 

Except for BEHP, these SVOCs are common constituents of vehicle emissions and 3 

asphalt road materials. Nearly all of the SVOC exceedances were in the portions 4 

of the drainage ditches along main roads on the Southside (Seventh Avenue, 5 

First Avenue, B Street). Therefore, their presence may be the result of runoff from 6 

these adjacent roadways during rain events rather than former industrial wastewater 7 

discharge. 8 

Pesticides: Aldrin, DDT and its degradation products DDE and DDD, dieldrin, and endrin 9 

exceeded one or more screening values. Exceedances were most frequent for 10 

dieldrin, DDT, DDD, and DDE. Dieldrin and DDT were routinely applied 11 

throughout NSA Memphis for pest control, and were likely transported to the 12 

drainage system in site runoff during precipitation events. These pesticides were 13 

detected more frequently and at higher concentrations in the upstream portion of 14 

the west leg of the drainage ditches (Le., the northwest side of the Southside). The 15 

degradation products of DDT were more common, but detected in lower 16 

concentrations, in downstream portions of the drainage ditches (i.e., toward the 17 

southwest portion of the Southside where SWMU 38 discharges to Big Creek 18 

Drainage Canal). The portion of the drainage ditches near Building S-335 19 

(SWMU 59, Old Pesticide Shop) did not exhibit higher concentration of pesticides 20 

PCBs: 

than other areas of the drainage ditches. 21 

Aroclor-1260 exceeded its SSV (33 .ug/kg) in five surface sediment samples; one 22 

of these samples also exceeded the residential soil RBC (320 .ug/kg). Detected 23 

concentrations, ranging from 34 to 1,900 .ug/kg, were confmed to the western 24 

portion of the SWMU 38 drainage ditch, between Navy Road and the Seabee 25 

compound on the southwest comer of NSA Memphis. Aroclor-1260 was not 26 

present in the most downgradient sediment sample (between the Seabee compound 27 

and the outfall to Big Creek Drainage Canal). 28 



Inorganics: Several inorganics exceeding screening values were detected throughout the 

SWMU 38 drainage ditches. Arsenic, cadmium, and nickel were the inorganics 2 

detected most frequently at concentrations exceeding screening values. Most 3 

inorganic concentrations were similar to their background RC. However, the 4 

inorganics copper and nickel were detected in the south-central portion of the 5 

ditches at concentrations much higher than detected elsewhere. At one location, 6 

the surface sediment copper and nickel concentrations were 2,250 mg/kg and 7 

2,240 mg/kg, which exceeded their SSVs (18.7 mg/kg and 15.9 mg/kg, 8 

respectively). The nickel concentration at this location also exceeded its RC 9 

(20.62 mg/kg), residential RBC (1,600 mg/kg), and SSL (21 mg/kg). At a nearby 10 

location, a subsurface sediment sample contained 2,160 mg/kg copper and 11 

2,110 mg/kg nickel; both analytes exceeded their respective SSVs, and nickel 12 

exceeded its SSL. These two locations are near Buildings S-394 and S-197, a 13 

mechanical maintenance shop and battery storage shed. Additional sediment 14 

samples were collected from these two same areas and upstream and downstream 15 

of the areas. The re-sampling of these areas could not duplicate the elevated 16 

copper and/or nickel concentrations, so the original values were considered 17 

inaccurate and were not used during the assessment of SWMU 38. 18 

SWMU 38 HBRA 19 

The HHRA evaluated exposure for two land use scenarios: current and future maintenance 20 

workers and future adolescent trespassers. The media and exposure pathways included in each 21 

scenario are: 

Land Use 

Current and Future Maintenance Workers 

Current and Future Adolescent Trespassers 

xl 

Media and Exposure Pathway 

Sediment - Incidental Ingestion, Dermal Contact 

Sediment - Incidental Ingestion, Dermal Contact 

22 



Sediment samples were collected throughout the NSA Memphis Southside. For the purposes of 

the RFI, each sediment sample represented a specific area of the drainage ditch system; therefore, 2 

each was assessed independently in the HHRA. Estimated risk and hazard for each land use 3 

scenario for each sediment sample did not exceed USEPA's acceptable risk range or hazard index 4 

point of departure; consequently, no COCs were identified. Based on the HHRA, the property 5 

consisting of the Southside Industrial Drainage Ditches is considered suitable for use, assuming 6 

exposure to sediment would be limited to the land use scenarios evaluated in the HHRA. 7 

SWMU38 ERA 8 

The ERA concluded that although some contaminant concentrations in the ditches exceeded SSV 9 

values, the lack of suitable habitat for sediment- or surface-water-dwelling organisms limits the 10 

exposure potential. The habitat and biota survey indicated the ditches do not have sufficient 11 

annual water flow to support year-round aquatic life; water in the ditches appears to flow only in 12 

immediate response to precipitation. Most of the ditches have a cement or hard clay-sediment 13 

bottom; these substrates do not provide the cover and/or food requirements for aquatic organisms. 14 

NSAMemphis groundskeeping personnel regularly conduct devegetation and flow maintenance 15 

in the ditches, which further limits their ability to support wildlife. The ERA recommended no 16 

further ecological study be conducted at SWMU 38. 17 

SWMU 38 Fate and Transport Evaluation 18 

Contaminant fate and transport was evaluated to assess the potential for contaminant migration in 19 

sediment. The migration pathway for constituents detected at SWMU 38 is predominantly soil to 20 

sediment by transport within drainage ditches during rainfall which results in high water levels. 21 

The soil-to-groundwater migration pathway is mitigated by the fact that contaminants in surface 22 

sediment are migrating with the flow of water during drainage, limiting the potential for leaching 23 

through the soil column to groundwater. Due to the relative immobility of the contaminants, most 24 

residual contamination is likely concentrated nearest the outfalls. 25 

SWMU 38 Recommendations 26 

• No further action is recommended for SWMU 38 . 27 
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SWMU 59 Summary 

Site Description and History 2 

SWMU 59 consists of Building S-335, the Pesticide Storage Facility (commonly referred to as the 3 

Old Pesticide Shop). Building S-335, a wood-framed, sheet-metal exterior structure, stored 4 

pesticides and fertilizers used throughout NSA Memphis. A small grassy area adjacent to the 5 

north, east, and south sides of the building separates it from First Avenue on the east, while an 6 

asphalt parking lot is north, west, and south of Building S-335. The SWMU 59 area slopes gently 7 

to the east, with runoff flowing toward a storm drain northeast of the building in the grassy area. 8 

This storm drain conveys the water southeast under First Street to an outfall in the SWMU 38 9 

secondary drainage ditch along the east side of First Street. SWMU 38 then conveys runoff 10 

approximately 1,800 feet south to Big Creek Drainage Canal. Any storm water runoff which does 11 

not enter the storm drain northeast of the building would move across the parking lot as sheet flow 12 

to First Street, where it would travel south to Big Creek Drainage Canal. The exact age of 13 

Building S-335 is unknown, although it is estimated to be approximately 40 years old. Pesticides 14 

reportedly stored at the building included chlordane, dieldrin, and DDT, and arsenic, a common 15 

component of early pesticide formulations. SWMU 59 was flooded in 1974 and 1987. Water 16 

marks from flooding are present on the walls inside the building approximately 2.5 feet above the 17 

floor. 18 

In 1990, an investigation was conducted at SWMU 59 because the Navy planned to demolish 19 

Building S-335 and needed to generate data for project planning issues, including worker health 20 

and safety and demolition waste disposal. The investigation consisted of collecting 16 shallow soil 21 

samples from eight boring locations (SSI to SS8) surrounding Building S-335 and 30 wipe samples 22 

from the building's interior surfaces. Hand auger soil samples were collected from 0 to 1 foot bls 23 

(upper interval) and 1 to 2 feet bls (lower interval) at all eight boring locations. The soil samples 24 

and wipe samples were specifically analyzed for chlordane, DDT and related isomers, dieldrin, 25 

and arsenic. 26 

Chlorinated pesticides and arsenic were identified in shallow (0 to 2 feet bls) soil surrounding the 27 

building and on surfaces inside the building. The primary contaminant identified during the 1990 28 
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investigation was chlordane, identified in all eight upper interval soil samples at concentrations 

ranging from 801 to 279,719 jJ.g/kg. The chlordane concentration in six samples exceeded the 2 

residential soil RBC (1,825 jJ.g/kg), and the concentration in two of the samples exceeded the 3 

industrial soil RBC (16,352 jJ.g/kg). Additionally, the soil-to-groundwater SSL for chlordane 4 

(2,000 jJ.g/kg) was exceeded in six of the upper interval samples and two lower interval samples. 5 

SWMU 59 RFI Sampling Rationale 6 

During the SWMU 59 RFI, soil and groundwater samples were collected throughout SWMU 59 7 

as outlined in the following table: 8 

Number of 

Soil Soil Boring 3 

3 

3 

Groundwater DPT 

SWMU59 
Sample Summary 

Interval 

0-2 feet '" 

4-8 feet'" 

10 - 12 feet 

Upper Fluvial 
Deposits 

FSA 

VOCs 

xliii 

Results were used to determine the following: 
surface and subsurface soil quality in the loess 
upgradieru, downgradient, and near Building S-335; 
human health risk to potential residents and site 
workers; ecological risk to terrestrial species; and 
the migration potential for soil constituents to 
groundwater and sediment. 

Screening investigation to determine if voes from 
pesticide carriers (such as xylene) were present in 
the area of highest pestiCide contamination in soil. 
Due to the limited sample volume collected with the 
DPT sampler, the sample was not analyzed for 
pesticides. 



Media 

Sediment 

Note: 

Hand Auger 

Nwnberof 
Samples 

SWMU59 
Sample Summary 

Interval 
Sampled 

0-6 inches 

18 - 24 inches 

Analysis 

Full-Scan 
Analysis 

This sample was collected during the SWMU 38 
investigation; due to its proximity to SWMU 59, its 
results were incorpora.ted in the SWMU 59 RFI. 
The sample was collected from an outfall in the 
SWMU 38 drainage ditch which leads from a storm 
drain in the grassy area adjacent to Building S-335. 

... These are general sampling intervals; surface soil samples from two of the soil borings were exclusive of asphalt; yielding a surface soil 
interval of 1 to 2 feet bls. The intermediate soil interval was 4 to 6 feet bls in two of three loess soil borings; in the third, it was 6 to 
8 feet bls due to poor sample recovery in the 4- to 6-foot interval. 

SWMU 59 RFI Analytical Results 

This discussion presents only those contaminants that exceeded screening values; significantly 2 

affected the results of the HHRA, ERA, and fate and transport assessments; or contaminants that 3 

were obviously the result of SWMU 59 operations. 4 

Soil Contaminants: VOCs, SVOCs, TPH, chlorinated pesticides, PCBs, herbicides, and 5 

Appendix IX metals were detected in RFI soil samples. Soil samples from under the asphalt-paved 6 

areas did not indicate significant screening value exceedances, while soil samples from the grassy 7 

area indicated numerous significant exceedances, as described below. 8 

SVOCs: Surface soil samples from the grassy area indicated several SVOCs above their 9 

screening values. The SVOCs identified in the grassy area, their maximum 10 

concentration detected, and the applicable screening value exceeded are as follows: 11 

benzo(a)anthracene (760 ,ug/kg) above its SSL (700 ,ug/kg); benzo(a)pyrene 12 

(950 ,ug/kg) above its residential RBC (88 ,ug/kg); benzo(b)fluoranthene 13 

(1,200 ,ug/kg) above its residential RBC (880 ,ug/kg); chrysene (1,200 ,ug/kg) 14 
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above its SSL (1,000 tJ-g/kg); and pentachlorophenol (2,600 tJ-g/kg) above its SSL 

(200 tJ-g/kg). 2 

Pesticides: 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, aldrin, alpha-chlordane, gamma-chlordane, 3 

technical chlordane, dieldrin, heptachlor, and heptachlor epoxide, were indicated 4 

in surface and/or subsurface soil samples exceeding screening values. Several 5 

pesticides were at concentrations significantly exceeding their screening values, 6 

including surface soil samples from the grassy area which indicated maximum 7 

concentrations of technical chlordane (52,000 tJ-g/kg), alpha-chlordane 8 

(6,500 tJ-g/kg), and gamma-chlordane (8,800 tJ-g/kg), which were above chlordane's 9 

residential RBC (1,825 tJ-g/kg), industrial RBC (16,352 tJ-g/kg), and/or SSL 10 

(2,000 tJ-glkg). 11 

PCBs: Aroclor-I260 was the only PCB detected in surface soil. Its detected concentration 12 

(5,400 tJ-g/kg) in a sample from the grassy area exceeded both the residential and 13 

industrial RBCs (320 tJ-g/kg and 2,850 tJ-g/kg, respectively). 14 

Inorganics: The only inorganics in SWMU 59 soil samples that exceeded both their RCs and 15 

RBCs or SSLs were arsenic, lead, and nickel. Arsenic's surface soil RC 16 

(14.58 mglkg), residential RBC (0.43 mglkg), industrial RBC (3.8 mg/kg), and 17 

SSL (15 mglkg) all were exceeded in two surface soil samples from the grassy area 18 

(15.3 mg/kg and 27 mg/kg). Lead, which has no RBC or SSL, was compared to 19 

its surface soil RC (26.03 mg/kg) and the USEPA residential and industrial soil 20 

cleanup goals of 400 mg/kg and 1,300 mg/kg. Concentrations of lead in two 21 

surface soil samples from the grassy area (625 mg/kg and 521 mg/kg) exceeded 22 

both the surface soil RC and the USEP A residential soil cleanup goal. Nickel's 23 

subsurface RC (non-detect) and SSL (21 mg/kg) were both exceeded in a 10- to 24 

12-foot bis soil sample from the grassy area (27.8 mglkg). 25 
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Groundwater Contaminants: VOCs, SVOCs, TPH-DRO, pesticides, and Appendix IX metals 

were detected in SWMU 59 groundwater samples. No VOCs, SVOCs, or total TPH concentration 2 

in groundwater exceeded a screening value. Significant exceedances of screening values are 3 

described below. 4 

Pesticides: The loess monitoring well in the grassy area indicated the presence of the following 5 

pesticides at concentrations which exceeded their respective tap-water RBCs, but 6 

not their MCLs: technical chlordane (1.1 I-/-g/L) , dieldrin (0.052 I-/-g/L), heptachlor 7 

(0.069 I-/-g/L), and heptachlor epoxide (0.19 I-/-g/L). The corresponding tap-water 8 

RBCs are as follows: chlordane (0.192 I-/-g/L) , dieldrin (0.0042 I-/-g/L) , heptachlor 9 

(0.0023 I-/-g/L), and heptachlor epoxide (0.0012 I-/-g/L). 10 

Inorganics: Two loess monitoring well samples indicated lead concentrations (18 and 11 

30.6 I-/-g/L) exceeding its loess groundwater RC (17.5 I-/-g/L) and the USEPA 12 

treatment technique action level for lead (15 I-/-g/L). Although barium and 13 

vanadium did not exceed their tap-water RBCs (2,600 I-/-g/L and 260 I-/-g/L) or 14 

MCLs (2,000 I-/-g/L for barium; no MCL is available for vanadium), detected 15 

concentrations in loess groundwater exceeded loess background RCs. The loess 16 

groundwater RC for barium (442I-/-g/L) was exceeded in two loess groundwater 17 

samples (445 and 463 I-/-g/L) and the loess groundwater RC for vanadium 18 

(40.3 I-/-g/L) was exceeded in one loess groundwater sample (46.8 I-/-g/L). 19 

April/May 1997 Groundwater Sampling Event: The three loess and one upper fluvial deposits 20 

groundwater monitoring wells installed at SWMU 59 were sampled and analyzed for chlorinated 21 

pesticideslPCBs and VOCs. The only VOC identified was methylene chloride in one loess well 22 

and the concentration was below both its tap water RBC and MCL. Dieldrin was identified in one 23 

loess well above its tap water RBC. Heptachlor epoxide was identified in the same loess well as 24 

the dieldrin detection and it was above its tap water RBC, but below its MCL. No MCL is 25 

available for dieldrin. 26 
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Sediment Contaminants: As part of the SWMU 38 (Southside Drainage Ditches) RFI, surface 

and subsurface sediment samples were collected from a location southeast of SWMU 59 near 2 

the outfall of the underground storm sewer line leading from the grassy area adjacent to 3 

Building S-335 to the SWMU 38 secondary drainage ditch. The surface sediment sample indicated 4 

concentrations of the pesticides 4,4'-DDD (56 ,ug/kg) and 4,4'-DDE (23 ,ug/kg) exceeding their 5 

SSV (3.3 ,ug/kg for both compounds), the PCB Aroclor-1260 (290 ,ug/kg) exceeding its SSV 6 

(33 ,ug/kg), and the inorganics cadmium (5.3 mg/kg), copper (27.1 mg/kg), lead (39.4 mg/kg), 7 

and nickel (17.5 mg/kg) exceeding their SSVs (l mg/kg, 18.7 mg/kg, 30.2 mg/kg, and 8 

15.7 mg/kg, respectively). No organic or inorganic contaminant in the surface sediment sample 9 

exceeded both its residential RBC or SSL and its RC for surface soil, where applicable. No 10 

organic or inorganic contaminant in the subsurface sediment sample exceeded both its SSL and RC 11 

for subsurface soil. Note that other sediment samples from the SWMU 38 drainage ditches 12 

upgradient (north) of SWMU 59 exhibited higher concentrations of contaminants than were 13 

detected in the sample collected near SWMU 59. 14 

SWMU 59 mIRA 15 

The HHRA evaluated exposure for two land use scenarios: future site residents, and current and 16 

future site workers. The media and exposure pathways included in each scenario are: 

Land Use 

Future Site Residents 

Current and Future Site Workers 

Media and Exposure Pathway 

Soil - Incidental Ingestion. Dermal Contact 
Loess Groundwater - Ingestion 

Soil - Incidental Ingestion. Dermal Contact 
Loess Groundwater - Ingestion 

17 

The HHRA also evaluated exposure pathways for the hypothetical future construction worker. 18 

Although risk was not formally estimated for this scenario, subsurface soil data were screened by 19 

comparing detected concentrations to RBCs. No COPCs were identified for this scenario, so no 20 

risk calculations were performed. 21 
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HHRA risk estimates in the following table include media-specific as well as multi-pathway risk 

estimates. Numbers in bold indicate risk or hazard has exceeded USEPA's acceptable risk range 2 

or hazard index point of departure. 3 

Medium and Exposure Pathway 

Soil - Incidental Ingestion 

Soil - Dermal Exposure 

St,unlf/Stiil< 

Loess Groundwater - Ingestion 

Notes: 
m Hazard Quotient 

Summation of Exposure Pathways for SWMU S9 

Future Site Residents 

Adult Cblld LWA 
m m ll..CR 

0.3 3 le-04 

0.2 O.S 2e-OS 

. ···ll5. ........•.. ~ •.......... ····</l;'t.~···.··········· 

0.8 2 7e-OS 

lLCR Incremental Lifetime Cancer Risk 
LWA Lifetime Weighted Average 

Current and Future Site Workers 

Worker Worker 
m ILCR 

0.1 1e-OS 

0.1 ge-06 

•••· •• ·.·.(112 • 'lJle'llS 

0.2 2e-OS 

Identification of COCs was based on the multi-pathway risk and hazard estimate exceedances 4 

provided on the table above. COCs, identified only for the future site resident scenario, are shown S 

in the following box. 6 

Land Use Exposure Pathway 

Future Site Residents Surface soil - Ingestion 

Loess groundwater ingestion 

SWMU59 ERA 

coc 

Aldrin, alpha-Chlordane, Arsenic, Aroclor-
1260, BEQ, Dieldrin, gamma-Chlordane, 
Heptachlor, Heptachlor epoxide 

Barium, Vanadium, Heptachlor epoxide, Lead 

7 

The SWMU 59 Ecological Risk Assessment concluded there is no quality habitat available and no 8 

viable terrestrial community exists. The site is surrounded by asphalt and the grassy area covers 9 

only an estimated 1,600 square feet. 10 

xlviii 



SWMU 59 Fate and Transport Assessment 

The fate and transport assessment concluded the migration pathways of surface soil erosion, 2 

leaching from soil-to-groundwater, soil-to-sediment transfer, and soil-to-air transfer should not 3 

be significant at SWMU 59 due to the predominance of asphalt cover and the grass that covers the 4 

small, unpaved area. 5 

SWMU 59 Recommendations 6 

• Pesticide contamination on the interior surface of Building S-335 and in the grass covered 7 

area surrounding the building should be addressed through the demolition of the building 8 

and a limited soil excavation. Proper removal and disposal of the building debris and 9 

shallow soil would limit future risk to human health or the environment. Also, since loess 10 

monitoring well 059G02LS is in the grass area surrounding Building S-335, it will need 11 

to be abandoned prior to any soil removal in accordance with Memphis and Shelby County 12 

well abandonment regulations. A Voluntary Corrective Action Work Plan for the 13 

demolition of Building S-335 and the removal of contaminated soil under the building and 14 

in the grass covered area adjacent to the building has been prepared and is being reviewed 15 

by the Navy. The work plan will be submitted to the BRAC Cleanup Team (BCT) after 16 

Navy comments have been reviewed and addressed. 17 

• Reassess the human health risk associated with SWMU 59 following the building 18 

demolition and soil excavation, in order to decide future actions concerning the SWMU. 19 

• Conduct annual sampling and analysis of down gradient monitoring well pair 059G03LS 20 

and 059G03UF, and upgradient monitoring well 059GOILS for pesticides. 21 

SWMU 65 Summary 22 

Site Description and ffistory 23 

SWMU 65 includes Building S-362, a concrete pad mock-up area with spaces for approximately 24 

15 planes; Building S-1503, a wood storage shelter; Building S-346, the former engine test cell 25 

building; and the surrounding grass-covered area. SWMU 65 has been used since the early 1950s 26 
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to train personnel in aircraft startup and has been used to park various aircraft on the concrete pads 

west of Building S-362. SWMU 65 is bound to the south by Big Creek Drainage Canal and to the 2 

east by Seventh Avenue. A broad grassy area and levee separate the concrete pad area from 3 

Big Creek Drainage Canal. The topography slopes gently south, with storm water runoff from 4 

the concrete pads flowing across the grassy area into a linear drainage depression along the south 5 

side of the site. An additional drainage depression bisects the site, conveying water from its west 6 

and east sides to the southern drainage depression. Drainage from both linear depressions enters 7 

a north-south drainage depression at the site's southeast comer, where it exits the SWMU and 8 

eventually enters Big Creek Drainage Canal at an outlet near Seventh Avenue. 9 

Two 30,000-gallon underground storage tanks (USTs), formerly used to fuel the test cell, were 10 

present north of Building S-346. The USTs were removed in 1984, and no free product was 11 

observed in the excavated area; however, a hydrocarbon odor and discolored soil were noted in 12 

the excavation. Underground piping likely transported the jet fuel to the test cell; however, this 13 

piping has not been located. 14 

Prior investigations at SWMU 65 were in response to a 25-gallon jet propulsion fuel #5 (JP-5) 15 

release on April 28, 1992. On May 4, 1992, Navy personnel excavated the impacted soil in the 16 

IP-5 spill area near the easternmost concrete pad, collected four surface and subsurface soil 17 

samples, then backfilled with the excavated material. The soil samples were submitted to a 18 

laboratory for total TPH analysis. Analytical results indicated TPH concentrations ranged from 19 

38,900 mg/kg at the surface to 5,090 mg/kg at a depth of approximately 6 feet bls near the spill 20 

area. In October and November 1992, a limited site investigation was performed at SWMU 65 21 

in response to the JP-5 spill. The investigation consisted of advancing and sampling four soil 22 

borings and installing an upper alluvium groundwater monitoring well within each open borehole. 23 

Five additional soil borings were completed in the upper alluvium. Soil and groundwater samples 24 

were analyzed for TPH-GRO, TPH-DRO, and benzene, toluene, and xylene (BTX). Total TPH 25 

in soil, obtained by adding the GRO and DRO fractions, ranged from non-detect to 7,930 mg/kg. 26 

The majority of total TPH in the soil samples consisted of the TPH-DRO fraction, with 27 

concentrations increasing with depth in seven of the nine soil borings. The sum of BTX 28 



constituents in soil samples ranged from non-detect to 28.0 mg/kg with the majority consisting of 

xylene. Total TPH in upper alluvium groundwater ranged from 295 to 3,156 f.J,g/L and consisted 2 

primarily of TPH-DRO. No BTX was detected in the groundwater samples. 3 

SWMU 65 RFI Sampling Rationale 4 

The SWMU 65 RFI consisted of collecting and analyzing soil, groundwater, and sediment 5 

samples, as summarized below. 6 

Soil 

Groundwater 

Soil Boring 

Monitoring 
Well 

Number of 
Samples 

3 

3 

3 

4 

SWMU65 
Sample Summary 

Interval 
Sampled 

o.s -2 feet 

6-8feet 

12 - 14 feet 

FSA To determine surface and subsurface soil quality in 
the upper alluvium at each corner of the lagoons; the 
human health risk to potential residents, site workers, 
maintenance workers, and trespassers; ecological risk 
to terrestrial species; and the migration potential for 
soil constituents to groundwater and sediment. 

Upper and FSA, less TPH- To determine groundwater quality in the deep 
Deep alluvium GRO alluvium at each corner of the lagoons; the human 

health risk from consumption (assuming alluvial 
groundwater is a drinking water source) to potential 
residents and site workers. 

>10 . ·· .. ····\O-6~· ..... I/SA ··· .. ij~~~i~~~~in!~~ 
·~~~~and~risk:Of~to . 10 . i8-24inches 

eCOiSisal<@tors; . 

SWMU 65 Analytical Results 7 

This discussion presents only those contaminants that exceeded screening values; significantly 8 

affected the results of the HHRA, ERA, and fate and transport assessments; or contaminants that 9 

were obviously the result of SWMU 65 operations. 10 

Soil Contaminants: Soil samples collected during the SWMU 65 RFI indicated the presence of 11 

one SY~C, TPH, one chlorinated pesticide, and two inorganics exceeding screening values. The 12 
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significant exceedances of screening values were as follows: total TPH (910,000 .ug/kg) in one 

DPT soil sample" from the 5- to 7 -foot bls interval exceeded the TDEC cleanup level for total TPH 2 

(500,000 .ug/kg); and dieldrin (340 .ug/kg) in one surface soil sample exceeded its residential RBC 3 

(40 .ug/kg), SSL (l .ug/kg), and the RC (262 .ug/kg) established for dieldrin at NSA Memphis. 4 

Groundwater Contaminants: ~o SVOCs, TPH, chlorinated pesticideslPCBs, organophosphorus 5 

pesticides, or herbicides were detected in groundwater samples from monitoring wells. 6 

Chloromethane was identified in one upper alluvium DPT sample (15 .ug/L) exceeding its tap 7 

water RBC (1.4 .ug/L). Arsenic was identified in one upper alluvium groundwater monitoring 8 

well (4.5 .ug/L) and the deep alluvium well (5.6 .ug/L) exceeding both its tap water RBC 9 

(0.045 .ug/L) and RC (4.2 .ug/L). 10 

April/May 1997 Groundwater Sampling Event: The four upper alluvium groundwater wells 11 

installed in 1992 and the three upper alluvium and one deep alluvium groundwater wells installed 12 

in 1996 were sampled and analyzed for VOCs, TPH, TPH-GRO, and TPH-DRO. The TPH, 13 

TPH-GRO, or TPH-DRO concentrations identified in five of the seven upper alluvium monitoring 14 

wells exceeded the TDEC groundwater cleanup level of 100 .ug/L total TPH for drinking water 15 

aquifers. 16 

Sediment Contaminants: The only constituents detected in SWMU 65 sediment were TPH-GRO 17 

and toluene. No concentration of either constituent exceeded a soil or sediment screening value. 18 

SWMU65mIRA 19 

The HHRA evaluated exposure for two land use scenarios: future site residents, and current and 20 

future site workers. The media and exposure pathways included in each scenario are: 21 
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Land Use 

Future Site Residents 

Current and Future Site Workers 

Media and Exposure Pathway 

Soil - Incidental Ingestion, Dermal Contact 
Alluvial Groundwater - Ingestion 

Soil - Incidental Ingestion, Dermal Contact 
Alluvial Groundwater - Ingestion 

The HHRA also evaluated exposure pathways for the hypothetical future construction worker. 

Although risk was not fonnally estimated for this scenario, subsurface soil data were screened by 2 

comparing detected concentrations to RBCs. No COPCs were identified for this scenario, so no 3 

risk calculations were performed. 4 

HHRA risk estimates in the following table include media-specific as well as multi-pathway risk s 

estimates. Numbers in bold indicate risk or hazard has exceeded USEPA's acceptable risk range 6 

or hazard index point of departure. 7 

Summation of Exposure Pathways for SWMU 65 

Media and Exposure Pathway 

Soil - Incidental Ingestion 

Soil - Dermal Exposure 

Alluvial Groundwater - Ingestion 

Notes: 
HQ Hazard Quotient 

Adult 
HQ 

o.oos 

0.008 

o.s 

ILCR Incremental Lifetime Cancer Risk 
L W A Lifetime Weighted Average 

Future Site Residents 

Child 
HQ 

0.04 

0.03 

• ,"' .. ,>',',', 

0.01·· 

1.2 

·····13 

liii 

LWA 
ILCR 

4.3e-06 

3.8e-06 

1.2e-04 

Current and Future Site Workers 

Worker 
HQ 

0.002 

o.oos 

o.s 

Worker 
ILCR 

4.8e-07 

2e-06 

3e-OS 

..•...... ~ 



Identification of COCs was based on the multi-pathway risk and hazard estimate exceedances 

shown on the table above. No COCs were identified for the current and future site worker 2 

scenario. The only COC identified for the future site resident scenario was arsenic, based on the 3 

risk and hazard estimates for ingestion of alluvial groundwater as a drinking water source. The 4 

maximum concentration reported for arsenic in alluvial groundwater (5.6 J..lg/L) is approximately 5 

one order of magnitude less than the corresponding MCL (50 J..lg/L), and only slightly exceeds the 6 

alluvial groundwater background RC (4.2 J..lg/L). It should be noted that the upper alluvium and 7 

the loess are lithologically and hydrogeologically similar, and the maximum detected concentration 8 

does not exceed the loess groundwater RC (7.32 J..lglL). In addition, arsenic was not an anticipated 9 

site constituent, and no records are available that indicate its use at SWMU 65. Therefore, arsenic 10 

in SWMU 65 alluvial groundwater may be naturally occurring or residual background 11 

concentrations from past agricultural practices. 12 

SWMU 65 ERA 13 

The Ecological Risk Assessment determined no quality habitat is available at SWMU 65, which 14 

has no viable terrestrial community. Surface soil contaminant concentrations at SWMU 65 do not 15 

indicate a risk to lower-level terrestrial receptors and the biotransfer of contaminants up the food 16 

chain would not be a concern because concentrations are not at levels indicative of accumulation. 17 

SWMU 65 Fate and Transport Assessment 18 

The fate and transport evaluation concluded soil contaminants identified at SWMU 65 are not 19 

expected to adversely impact the alluvial aquifer, based on their limited impact to alluvial 20 

groundwater during the April 1996 groundwater sampling event, and the tendency for inorganics 21 

and pesticides to sorb to the soil matrix. 22 

SWMU 65 Recommendations 23 

• Assess the need for a Voluntary Corrective Action to remove soil around the JP-5 spill 24 

area after the BCT evaluates the data from the soil sample collected to characterize the 25 

former JP-5 fuel spill area. 26 

• Final determination on SWMU 65 groundwater should be deferred until the analytical 27 

results from the most recent groundwater sampling event have been evaluated by the BCT. 28 
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1.0 INTRODUCTION 

RCRA Facility Investigation Repon 
Assembly E -SWMUs 2,9,14,38,59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

As part of the U.S. Navy Installation Restoration Program, the following Resource Conservation 2 

and Recovery Act (RCRA) Facility Investigation (RFI) report has been prepared for six Solid 3 

Waste Management Units (SWMUs) on the Southside of Naval Support Activity (NSA) Memphis 4 

(formerly Naval Air Station [NAS] Memphis), Millington, Tennessee. 5 

The Southside of NSA Memphis, on which these SWMUs are located, is being "realigned" for 6 

other uses as a result of the Base Closure and Realignment Act of 1990 (BRAC). Additionally, 7 

one portion of the Northside (primarily the airfield and associated buildings) has been closed and 8 

prepared for property disposal; the remainder is being realigned along with the Southside. Under 9 

the closure and realignment, Navy airfield operations ceased in October 1995. Training operations 10 

moved to NAS Pensacola in 1996, and Navy Bureau of Personnel (BUPERS) operations are 11 

scheduled to move from the Washington, D.C. area to NSA Memphis in 1998. 12 

NSA Memphis received RCRA Permit No. TN2-170-022-600 from the U.S. Environmental 13 

Protection Agency (USEPA) Region IV in September 1986. The Hazardous and Solid Waste 14 

Amendments (HSWA) portion of the permit (HSWA-TN002) required a RCRA Facility 15 

Assessment (RFA) to identify and characterize all active and inactive SWMUs at which there were 16 

known or suspected releases of hazardous constituents. To comply with this requirement, the 17 

Navy retained Engineering Design and Geosciences Group Inc. (EDGe) in December 1986 to 18 

conduct the RFA and followup RFI to evaluate these SWMUs. EDGe completed the RFA and RFI 19 

concurrently and submitted the draft reports in Apri11987. The reports identified 58 potential 20 

SWMUs and recommended 34 for additional study. Since 1987, eight more sites have been added 21 

and a formerly identified site has been divided into two sites, bringing the total number of SWMUs 22 

to 67. On September 24, 1996, the Tennessee Department of Environment and Conservation 23 

(TDEC) issued a permit modification (Installation Identification Number TN2-170-022-600; 24 

Permit Number TNHW-094) to add the new SWMUs and Area of Concern (AOC) A, the 25 
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Northside Fluvial Deposits Groundwater. Thus, there are currently 68 sites needing investigation 

which are listed in the modified permit. 2 

At the present time, 27 of the 68 sites require full RFI characterization, 25 require a confirmatory 3 

sampling investigation (CSI), and the remaining 15 require no further action. The RFI and CSI 4 

SWMUs (including the one AOC) were grouped as eight Assemblies (A, B, C, D, E, F, G, and H) 5 

under the RCRA Corrective Action Program (CAP) at NSA Memphis. Grouping was based on: 6 

• the BRAC status of the SWMU and the type of funds used to investigate them. 7 

Assemblies A, B, C, and D, on the closing portions of NSA Memphis, are being 8 

investigated using BRAC funds. Assemblies E, F, G, and H, on portions of 9 

NSA Memphis that will remain open, are being investigated using funds provided by the 10 

Defense Environmental Restoration Account [DERA]; 11 

• whether the SWMU requires an RFI or CSI. SWMUs in Assemblies A, B, and E required 12 

initial full RFI investigations; the remaining SWMUs required CSls; and 13 

• the SWMUs associated waste sources (surface or subsurface) and the type offield sampling 14 

methods involved (drilling, direct push technology [DPT], hand-auger, etc.) 15 

The six Assembly E SWMUs that are the subject of this RFI require full characterization. These 16 

SWMUs are on the portion of NSA Memphis that will remain open. Therefore, their 17 

investigations are funded by DERA. The Assembly E SWMUs are: 18 

• 
• 
• 

SWMU 2, the Southside Landfill; 

SWMU 9, the Sewage Lagoons; 

SWMU 14, Building S-140 Site and Seventh Avenue Ditch; 
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• SWMU 38, Miscellaneous Drainage Ditches (Southside only); 

• 
• 

SWMU 59, Pesticide Storage Facility (Old Pesticide Shop); and 

SWMU 65, Building S-362 Training Mock-up Site. 

2 

3 

Figure 1.1 provides a vicinity map of the NSA Memphis Southside showing the SWMU locations. 4 

The Assembly E RFI, undertaken by EnSafe/Allen & Hoshall (E/A&H) and the U.S. Geological 5 

Survey (USGS), was conducted in accordance with the Assembly E Site Investigation Plans 6 

(E/A&H, 1995a). The RFI adhered to the requirements of the HSWA portion (HSWA-TNOO2) 7 

of RCRA Permit No. TN2-170-022-600, the HSWA portion of permit modification 8 

No. TNHW-094, and applicable regulations. 9 

1.1 Assembly E SWMU Descriptions and Site Histories 10 

This section provides a description and site history of each Assembly E SWMU. 11 

1.1.1 SWMU 2 - Southside LancJrJII 12 

SWMU 2, the Southside Landfill, covers 42 acres of the southeast quadrant of NSA Memphis. 13 

It is bounded on the east by Perimeter Road, wooded areas, and residential areas. South of the 14 

landftlllies Big Creek Drainage Canal, which flows to the west. South of Big Creek Drainage 15 

Canal lies the southern boundary of NSA Memphis and undeveloped land. West of the landfill 16 

lies Seventh Avenue and the NSA Memphis South Gate. The NSA Memphis shooting range is 17 

near the landfill's northwest comer. A wooded lot and a residential neighborhood are 18 

approximately 1,000 feet north of the landfill. Figure 1.2 provides a site map of SWMU 2. 19 

The landfill is covered with mature hardwood trees and dense undergrowth, as documented in the 20 

Visual Site Inspection (VSI) Report (ERC/EDGe, 1990a). It is relatively flat, subtly Sloping 21 
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downward to the south approximately 0.5% and rising 1 % near Big Creek Drainage Canal (refer 

to the topographic map in Appendix A). 2 

The landfill receives surface drainage from the north, which apparently discharges generally to 3 

the south and west into Big Creek Drainage Canal. During the Assembly E investigation, no 4 

visual evidence of surface-water discharge into Big Creek Drainage Canal was identified, although 5 

topographic features were noted where runoff from the landfill may be concentrated. During 6 

current and previous site investigations, several areas of standing water, up to several inches deep, 7 

have been noted at various landftlllocations. These areas are believed to have resulted from a 8 

combination of precipitation and blocked surface drainage pathways, and not from upward 9 

groundwater movement. The drainage pathways have not been maintained since the landftll closed 10 

in 1970, and dense undergrowth and plant debris may have filled areas which once drained low- 11 

lying areas of the landfill. 12 

According to the ReRA Facility Assessment (RFA) (ERC/EDGe, 1990b), the Southside LandfIll 13 

reportedly received solid waste generated from both the Northside and Southside from 1942 until 14 

1970. Disposed waste included residential waste generated by onsite housing, office solid waste, 15 

aircraft parts, wastewater-treatment plant sludge generated by the trickling ftlter plant, incinerator 16 

ash, waste oil, oily sludge, and solvents generated from industrial operations. An estimated one 17 

ton per year of oily waste and sludge (possibly containing polychlorinated biphenyls [PCBs]) and 18 

approximately two tons per year of wastewater-treatment plant sludge were disposed of by trench- 19 

and-cover in the landfill. Combustible materials were reportedly burned with waste oil to aid in 20 

the burning process and to reduce the waste volume in the landfill. 21 
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The Southside Landfill has been the subject of two previous investigations in which limited 

groundwater and soil-gas samples were collected and analyzed. During the 1984 Confirmation 2 

Study IVerification Phase (CS/VP), five monitoring wells were installed around the landfill and 3 

sampled for volatile organic compounds (VOCs) and select inorganics. The analytical results were 4 

compiled in the NACIP Confirmation Study, Verification Phase report (Geraghty and Miller 5 

[G&M],1985). In 1991, the USGS conducted a limited soil-gas survey and electromagnetic (EM) 6 

survey of the landfill. 7 

A preliminary evaluation of the SWMU 2 RFI data indicates that additional sampling should be 8 

performed to complete the SWMU 2 RFI. Therefore, the nature and extent of contamination 9 

at SWMU 2, and the resulting risk and fate and transport evaluations are not presented in this 10 

report. However, lithologic and hydrogeologic information generated during RFI activities 11 

performed to date have been included in Sections 2 and 3 because they are relevant to 12 

understanding the geology and characteristics of groundwater transport on the Southside of 13 

NSA Memphis. Once SWMU 2 has been adequately characterized and evaluated with respect 14 

to risk and fate and transport, the RFI results wiU be incorporated in subsequent revisions to this 15 

report. 16 

1.1.2 SWMU 9 - Sewage Lagoons 17 

SWMU 9 consists of two sewage lagoons on the Southside's southern boundary, approximately 18 

175 feet south of Big Creek Drainage Canal and 450 feet southwest of the South Gate. The 19 

approximately 400,OOO-square-foot western lagoon is separated from the approximately 20 

141,000-square-foot eastern lagoon by a 25-foot wide dike. The lagoons are bordered by 21 

Big Creek Drainage Canal to the north, wooded areas to the south and west, and 22 

Singleton Parkway to the east. Big Creek Drainage Canal flows to the west. Figure 1.3 provides 23 

a site map of SWMU 9. 24 
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The lagoons, which support a wide variety of wildlife, are constructed of brown clay and are 

currently fed by rainfall. They are surrounded by 10-foot high dikes designed to retain 2 

approximately 3 feet of water. NSA Memphis personnel have reported that the water level in the 3 

lagoons does not noticeably change from season to season. The land surrounding the lagoons 4 

slopes away on all sides for a short distance, with surface water draining generally west before it 5 

enters Big Creek Drainage Canal (refer to the topographic map in Appendix A). The lagoon 6 

bottom sediments are clay and wastewater sludge, underlain by clayey silt. During the 7 

Assembly E investigation, a temporary road was constructed on top of the dikes by clearing the 8 

vegetation with a bulldozer. The levees appeared to be in good condition, except for a beaver 9 

tunnel connecting the south side of the larger western lagoon with, presumably, the surface, at an 10 

unknown point south of the temporary road. 11 

The two lagoons were used as part of the NSA Memphis wastewater treatment system from 1969 12 

to 1978. Although primarily domestic wastewater was treated, limited amounts of industrial 13 

wastewater from aircraft maintenance were also treated. This industrial wastewater may have 14 

contained a wide variety of contaminants, including VOCs, semivolatile organic compounds 15 

(SVOCs), and metals. The lagoons received approximately 35 % of the wastewater produced at 16 

NSA Memphis, with the other 65% going to SWMU 28, the former Southside wastewater 17 

treatment plant. SWMU 28, which was classified as a no-further-action SWMU, was located at 18 

the current site of Building S-787. 19 

An influent line from the former wastewater treatment plant crossed Big Creek Drainage Canal 20 

and entered the lagoon area at the northwest comer of the western lagoon (Figure 1.3). The 21 

wastewater was chlorinated prior to discharge into Big Creek Drainage Canal through an effluent 22 

line at the northeast comer of the lagoons. According to NSA Memphis personnel, all influent 23 

and effluent control valves were closed and concrete-sealed in 1978, when the sewer system was 24 

connected to the City of Millington sewage treatment system. 25 
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Visual inspections by EI A&H personnel during the Assembly E RFI did not identify any evidence 

of discharge into Big Creek Drainage Canal. 2 

The sewage lagoons have been the subject of one previous investigation during which limited 3 

sediment sampling was conducted. In 1984, Geraghty and Miller collected five sediment samples 4 

from the bottom material in the two lagoons during the CSNP. Each sediment sample was 5 

analyzed for total cadmium, chromium, copper, nickel, and lead by SW-846 Method 1310 for 6 

Extraction Procedure (EP) Toxicity. No metal was detected above its method detection limit 7 

(0.01 milligrams per kilogram [mg/kg] for cadmium and nickel and 0.1 mg/kg for chromium, 8 

copper, and lead). According to the NACIP Confirmation Study, Verification Phase report 9 

(G&M, 1985), no further investigation was recommended for the SWMU. However, the 10 

subsequent RCRA Facility Assessment (ERCIEDGe, 1990b) recommended an RFI at SWMU 9 due 11 

to the lack of analytical data for the SWMU. Copies of the CS/VP and RF A reports were 12 

provided as attachments to the Assembly E Site Investigation Plans (EI A&H, 1995a). 13 

1.1.3 SWMU 14 - BuDding S-140 Site and Seventh Avenue Ditch 14 

SWMU 14, the former site of Building S-140, is now a flat, grass-covered area on the Southside, 15 

east of Seventh Avenue and north of Polaris Drive. Drainage ditches are south and west of the 16 

site. The site's eastern portion has a small stand of pine trees, several sidewalks, and a large open 17 

field once used as a trailer park. Residential property is at the far east end of this open field. 18 

Figure 1.4 provides a site map of SWMU 14. 19 

Building S-14O, demolished in 1985, housed a paint spray booth, a paint removing area, and a 20 

paint wash-down area used to train Navy personnel in painting-related processes from 1943 to 21 

1985. According to building diagrams, two drainage systems were associated with painting 22 

activities at S-140: one was in the central portion of the building which housed the paint spray 23 
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booths and water-wash pits, and the other was in the northern portion near the interior wash-down 

area and work table. 2 

Paint-related wastes generated by the paint spray booth and water wash pits in the central portion 3 

of Building S-140 apparently collected in two floor drains which emptied into two 1,885-gallon 4 

sump pits. Paint waste and sludge from these sumps were most likely removed on an as-needed 5 

basis, with any overflow discharged directly to the Seventh Avenue ditch until 1980. After 1980, 6 

the flow from the paint booth and wash-down area was redirected to a paint separator/sump in the 7 

building's mechanical room with the overflow discharged to the sanitary sewer. The paint waste 8 

and sludge likely contained chromium, lead, and various hydrocarbons and paint solvents, 9 

including mineral spirits, toluene, and phenols. 10 

Wastes generated by the paint wash-down area and work tables in the northern portion of the 11 

building were discharged to an unidentified drain line exiting the building's east side. In 1968, 12 

these wastes were diverted to an interceptor-separator beneath the north end of a sidewalk 13 

immediately east of the building. According to construction diagrams, this interceptor-separator 14 

was 3.5 x 5 feet wide and 4.5 feet deep. Interceptor discharge was directed to the sanitary sewer 15 

line to the north. 16 

A former outdoor wash basin next to Building S-140's south side consisted of a 36- x 40-foot 17 

concrete slab surrounded by a 6-inch berm. According to sewer modification diagrams, the 18 

basin's drain connected to a 12-inch concrete line which discharged directly into the Polaris Drive 19 

drainage ditch (Figure 1.4). When the drain line was plugged in 1980, drainage was diverted to 20 

the sanitary sewer. Today, there is no evidence of the drain, but the associated outfall (a small 21 

discharge pipe) can be seen in the Polaris Drive ditch, which has been included in the SWMU 14 22 

RFI. 23 
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According to the building's engineering plans obtained from Public Works, four smaller structures 

were also associated with the building. Building 275, a gear locker approximately 50 feet east of 2 

S-140, was constructed in 1944 and demolished in 1985. Building S-1602, reportedly a temporary 3 

building along the eastern edge of the site, was removed in August 1989. Building 351,50 feet 4 

southeast of S-14O, reportedly was a 12-foot by 20-foot. pre-fabricated metal storage building used 5 

as a paint locker prior to its demolition in 1985. Also associated with Building S-140 is 6 

SWMU 46, a former hazardous waste accumulation point at the north end of a paved area east of 7 

the building. From 1980 until 1985, SWMU 46 was used for less-than-90-day storage of 8 

drummed hazardous waste, including waste paints and thinners. Although SWMU 46 is in 9 

Assembly G, it is included in the SWMU 14 study area and therefore, will not require a separate 10 

investigation. 11 

The site is relatively flat with no obvious direction for surface-water runoff. It is likely, however, 12 

that all runoff currently discharges as sheet flow into the Seventh Avenue ditch to the west and the 13 

Polaris Drive drainage ditch to the south. These ditches, which ultimately discharge into 14 

Big Creek Drainage Canal, are partially concrete-lined. 15 

1.1.4 SWMU 38 - Miscellaneous Drainage Ditches (Southside Only) 16 

In its entirety, SWMU 38 covers most of the open ditches on NSA Memphis. These ditches drain 17 

the Northside and Southside of NSA Memphis; however, only the Southside ditches are included 18 

in the Assembly E RFI, while the Northside ditches were part of the Assembly B RFI. They 19 

receive influent from surface runoff, storm sewers, and formerly, wastewater discharges from 20 

various industrial buildings on the NSA Memphis Southside. The locations of the SWMU 38 21 

primary and secondary drainage ditches were illustrated on Figure 1.1 (shown previously). 22 

SWMU 38's general topography on the Southside ofNSA Memphis subtly slopes downward 1 % 23 

to 3% to the west. SWMU 38 ditches, which appear to have been eroded in several areas, drain 24 
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to Big Creek Drainage Canal in the southwest comer of NSA Memphis. Water levels in the 

ditches may vary as much as several feet during stonns. A topographic map showing local surface 2 

elevations for SWMU 38 is provided as Appendix A. 3 

The original design of many buildings at NSA Memphis (circa 1943) provided for floor drains to 4 

discharge to storm sewers, storm drains, and drainage ditches. As buildings were remodeled and 5 

replaced, however, these drains were eliminated or re-routed to the sanitary sewer. Until 1980, 6 

when most of these drains were replaced, it is reported that various substances, including solvents, 7 

degreasers, oils, and paints, may have been discharged into them. The 1990 RFA description for 8 

SWMU 38 (ERC/EDGe, 1990b) was provided in Attachment A of the Assembly E Site 9 

Investigation Plans (E/A&H, 1995a). 10 

1.1.5 SWMU 59 - Pesticide Storage Facility (Old Pesticide Shop) 11 

The Pesticide Storage Facility (commonly referred to as the "Old Pesticide Shop") consists of 12 

Building S-335, a wood-framed, sheet-metal exterior structure. A small grassy area on the north, 13 

east, and southeast sides of the building separates the building from the adja:cent asphalt lot, which 14 

surrounds the building on the north, south, and west sides. A grassy area on the building's east 15 

side separates it from First Avenue. Figure 1.5 provides a site map of SWMU 59. 16 

The SWMU 59 area slopes gently to the east, with runoff flowing toward a storm drain in the 17 

grassy area east and northeast of Building S-355. This storm drain conveys the water southeast 18 

under First Street to an outfall in the SWMU 38 secondary drainage ditch along the east side of 19 

First Street. SWMU 38 then conveys runoff approximately 1,800 feet south to Big Creek 20 

Drainage Canal. Any storm runoff which does not enter the storm drain northeast of the building 21 

would move across the parking lot as sheet flow to First Street, where it would travel south to 22 

Big Creek Drainage Canal. A topographic map showing local land surface elevations for 23 

SWMU 59 is provided as Appendix A. 24 
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According to the 1990 RFA, the building's exact age is unknown, but it is estimated to be at least 

30 years old. It was used to store pesticides and fertilizers used at NSA Memphis. Pesticides 2 

reported to have been stored at the building included chlordane, dieldrin, and DDT, and arsenic, 3 

a common component of early pesticide formulations. According to NSA Memphis personnel, 4 

employees associated with the SWMU 59 pesticide operation are no longer at NSA Memphis, and 5 

current employees were not involved in the aforementioned activities. Therefore, no personnel 6 

were available for interviews regarding SWMU 59's operating procedures. 7 

SWMU 59 was flooded in 1974 and 1987, as evidenced by the water mark on the wall inside the 8 

building approximately 2.5 feet above the floor. The 1990 VSI conducted by the Navy and the 9 

USGS indicated a pesticide odor emanating from the building's window. A water line leak was 10 

present at the time of this Navy/USGS visit, resulting in clear water trickling from beneath the 11 

building and saturating the ground on the building's east side. According to the Draft Final ReRA 12 

Facility Investigation Work Plan for Naval Air Station - Memphis (SOUTHDIV, 1990), the 13 

building was scheduled for demolition in 1990; however, at the present time it has not been 14 

demolished or cleaned. It is locked, and hazard signs are present on the building's exterior. At 15 

the request of the BRAC Cleanup Team (BCT) , EnSafe is currently preparing a Voluntary 16 

Corrective Action (yCA) Work Plan for SWMU 59. The VCA Work Plan will outline the 17 

demolition of the building and its asphalt flooring, removal of soil beneath the building and its 18 

adjoining grassy area, and disposal of construction debris and excavated soil. 19 

SWMU 59 has been the subject of one previous investigation - a 1990 RFI performed by EnSafe 20 

and ERC in anticipation of the planned building demolition. During the RFI, 16 shallow soil 21 

samples were collected from eight locations surrounding the shop, and 30 wipe samples were 22 

collected from the building's interior surfaces. The samples were analyzed for arsenic, DDT and 23 

related isomers, chlordane, and dieldrin. The ReRA Facility Investigation Report, NAS Memphis 24 

Site No. 59 (Building No. S-335, Former Pesticide Storage Facility), NAS Memphis 25 
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(ERC/EnSafe, 1990) confIrmed the presence of chlorinated pesticides and arsenic in shallow (0 to 

2 feet below land surface [bls]) soil surrounding the building and on surfaces inside the building. 2 

The body of the 1990 RFI report was provided in Attachment 1 of the Assembly E Site 3 

Investigation Plans (E/A&H, 1995a). 4 

1.1.6 SWMU 65 - Building S-362 Training Mockup Site 5 

The Building S-362 Training Mock-Up Site (SWMU 65) has been used since the early 1950s to 6 

train personnel in aircraft startup. The SWMU 65 area includes: S-362, a concrete pad mock-up 7 

area with spaces for approximately 15 planes; Building S-1503, a 128-foot by 16-foot by 9-foot 8 

wood storage shelter; and Building S-346 (formerly the engine test cell building), presently used 9 

for classroom space, training, and a storm shelter. Presently, the U.S. Army Reserves are parking 10 

vehicles on the concrete pads west of Building S-362. SWMU 65 is bound by Big Creek Drainage 11 

Canal on the south and Seventh A venue on the east. A broad grassy area and a levee separate the 12 

concrete pad area from Big Creek Drainage Canal. Figure 1.6 provides a site map of SWMU 65. 13 

SWMU 65 topography slopes gently south. Storm water runoff from the concrete pads flows 14 

across the grassy area into a linear drainage depression along the south side of the site. An 15 

additional drainage depression bisects the site, conveying water from the west and east sides of 16 

the site to the southern drainage depression. Stormwater flows east along the southern drainage 17 

way and enters Big Creek Drainage Canal at an outlet near Seventh Avenue. A topographic map 18 

showing local land surface elevations is provided in Appendix A. 19 

According to the ReRA· Facility Assessment report (ERC/EDGe, 1990b), the jet aircraft at 20 

SWMU 65 were refueled by pumper truck, and no fuel lines or underground storage tanks (USTs) 21 

were present. However, NSA Memphis personnel stated that two 30,OOO-gallon USTs, formerly 22 

used to fuel the test cell, were present north of Building S-346. The USTs were removed in 1984, 23 

and no free product was observed in the excavated area; however, a fuel odor and discolored soil 24 
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were noted in the excavation. Underground piping likely transported the jet fuel to the test cell, 

but this piping has not been located. The RF A listed the following potential contaminants at 2 

SWMU 65: jet fuel, hydraulic fluid, and lubricating oil. 3 

Two previous studies have been conducted at SWMU 65 in response to a reported 25-gallon jet 4 

propulsion fuel (JP-5) release in Apri11992. In May 1992, Navy personnel excavated the soil in 5 

the spill area (near the easternmost concrete airplane pad), collected four soil samples for total 6 

petroleum hydrocarbons (TPH) analyses, and filled the excavation with the excavated material. 7 

In response to the jet fuel spill, a limited site investigation was performed at SWMU 65 by 8 

Memphis Environmental Center Inc. The November 1992 investigation consisted of advancing 9 

and sampling four soil borings and five hand-auger soil borings. The four soil borings were 10 

converted to groundwater monitoring wells (Figure 1.6). Soil and groundwater samples collected 11 

during the investigation were analyzed for TPH and benzene, toluene, and xylenes (BTX). 12 

According to the Site Investigation Report (Memphis Environmental Center, 1992), "significant" 13 

hydrocarbon concentrations were present at this site, and the jet fuel spill was probably not the 14 

sole source of hydrocarbon contamination in soil and groundwater. Copies of the reports 15 

associated with these previous investigations were provided in Appendix A of the Assembly E Site 16 

Investigation Plans (E/A&H, 1995a). 17 

1.2 RFI Report Organization 18 

To facilitate review of the RFI report, general information for Assembly E, the overall technical 19 

approach, and evaluation methodologies are presented first. These general sections are sequenced 20 

according to the natural progression of an RFI investigation. The general sections are as follows: 21 

1.0 INTRODUCTION 22 

2.0 PHYSICAL SETTING 23 
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3.0 ANALYTICAL AND FIELD INVESTIGATION METHODS 

4.0 METHODS FOR DETERMINING THE NATURE AND EXTENT OF 

CONTAMINATION 

5.0 HUMAN HEALTH RISK ASSESSMENT PROCEDURES 

6.0 ECOLOGICAL RISK ASSESSMENT PROCEDURES 

7.0 FATE AND TRANSPORT EVALUATION PROCEDURES 

The site-specific sections are: 

8.0 SITE-SPECIFIC EVALUATIONS 

9.0 CONCLUSIONS 

Followed by: 

10.0 REFERENCES 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Section 8 follows the same chronology as Sections 1 through 7, except site-specifically. The 12 

section is subdivided by specific SWMUs and includes the actual data summaries, human health 13 

and ecological risk evaluations, fate and transport evaluations, and conclusions. In this manner, 14 

the entire investigation sequence, including conclusions and recommendations, can be referenced 15 

within a specific tabbed section. 16 
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Section 9 summarizes the conclusions for each Section 8 site-specific summary. This organization 

makes it easy to determine which SWMUs have been recommended for further investigation, 2 

remediation, or no further action. Section 10 provides references for the entire report. 3 
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2.1 Regional Geology and Hydrogeology 
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2 

The general hydrogeology of the Memphis area and a conceptual model of NSA Memphis 3 

hydrogeology are presented in Sections 2.11 and Section 2.12 of the Comprehensive RFI Work 4 

Plan (E/A&H, 1994a). Updated information is available in the Hydrogeology of Post-Wilcox 5 

Group Stratigraphic Units in the Area of the Naval Air Station Memphis, Near Millington, 6 

Tennessee (Kingsbury and Carmichael, 1995). Additional information was provided by the USGS 7 

after its review of the data collected during the Assembly E RFI (personal communication with 8 

USGS, 1996 and 1997). On the basis of this updated information, the regional geology and 9 

hydrogeology of NSA Memphis are summarized in this section. 10 

The stratigraphic units investigated during the RFIs at NSA Memphis are, in descending order: 11 

the alluvium of Holocene and Pleistocene age, the loess of Pleistocene age, the fluvial deposits of 12 

Pleistocene to Pliocene age, and the Cockfield and Cook Mountain Formations of Eocene age. 13 

The loess - eolian deposits consisting of silt, silty clay, clay, and minor amounts of sand - is the 14 

principal unit at land surface on most of the NSA Memphis Southside, except for the alluvial 15 

plains of streams, where alluvium is present. Water-bearing zones have been encountered in each 16 

of the stratigraphic units investigated during the NSA Memphis RFIs. The following sections 17 

discuss the geology and hydrogeology of each stratigraphic unit. 18 

2.1.1 Alluvium 19 

Alluvium, which underlies the alluvial plains of streams, includes alluviated or reworked loess in 20 

the upper part and locally the fluvial deposits in the lower part. The alluvium's lateral and vertical 21 

extent have not been mapped, because the alluvium is lithologically similar to the loess and fluvial 22 

deposits. For purposes of this RFI report, it is assumed that alluvium is present from land surface 23 

to the top of the Cockfield Formation. Therefore, the total thickness of the alluvium is assumed 24 
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to be between 42 and 72 feet at the Assembly E SWMUs near stream valleys (SWMUs 2, 9, and 

65; refer to Figure 1.1 shown previously). 2 

The lithology of the upper part of the alluvium (called the "upper alluvium") is similar to the loess. 3 

It is composed primarily of silt with varying clay content. At Assembly E SWMU s near 4 

Big Creek Drainage Canal, the upper alluvium is present from ground surface to depths between 5 

22 and 41 feet bls. Fine-grained sand lenses, generally water-bearing and less than 6 inches thick, 6 

are common in the upper alluvium, but are encountered at greater depths than the fIrst water- 7 

bearing zone in the loess. 8 

The lithology of the lower part of the alluvium (called the "deep alluvium" and consisting of the 9 

middle and deep alluvium) is similar to the fluvial deposits. It is composed of fIne to very coarse- 10 

grained sand and gravel with varying clay and silt content. The sand coarsens and the gravel 11 

content increases with depth. Generally, a coarse sand and gravel mixture is present at the base 12 

of the alluvium just above the CockfIeld Formation. Locally, this sand and gravel may be 13 

equivalent to the fluvial deposits. At Assembly E SWMUs near Big Creek Drainage Canal, the 14 

thickness of the deep alluvium ranges between 6 and 34 feet. 15 

As previously mentioned, the alluvium's lateral extent has not been determined. Due to the nature 16 

of alluvial deposition and the lithologic similarity of the lower part of the fluvial deposits and the 17 

deep alluvium, it is reasonable to assume that the lower part of the fluvial deposits and the deep 18 

alluvium are hydraulically connected. It has not been determined if the water-bearing zones of the 19 

loess and upper alluvium are hydraulically connected. The fluvial deposits and deep alluvium are 20 

the preferential zones of groundwater flow and the route for contaminant transport at 21 

NSA Memphis based on their higher permeability compared to the overlying loess/upper alluvium 22 

and underlying CockfIeld Formation. 23 
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The loess is typically 0 to 65 feet thick in the Memphis area; on the Southside of NSA Memphis 2 

it ranges from 30 to 39 feet thick. Water-bearing zones in the loess (if present), are generally in 3 

the upper part of the unit. However, yields are low (less than 1 gallon per minute), and loess 4 

groundwater does not meet select primary and secondary drinking water standards (e .g., antimony, 5 

cadmium, chromium, iron, thallium, nickel, and turbidity), based on water quality analyses of 6 

loess groundwater samples from background monitoring wells throughout NSA Memphis and 7 

previous water use surveys performed during Northside UST investigations. Refer to the 8 

Technical Memorandum -Reference Concentrations (E/A&H, 1996a) for metals concentrations 9 

in loess background monitoring wells. Refer to the Final Site Specific Standard Request - 10 

Building N-126 (E/A&H, 1994b) for metals concentrations and turbidity measurements for 11 

groundwater samples collected from the Building N-126 UST loess monitoring wells. 12 

Previous investigations at NSA Memphis have identified depth-to-water in the loess varying 13 

between 5 and 15 feet bls and vertical hydraulic conductivities from 1~ to 10-8 centimeters per 14 

second (cm/sec). Although the loess may be considered an aquitard on the basis of the relatively 15 

low hydraulic conductivities, the shallowest water-bearing zone may be present within this 16 

interval. In some areas of NSA Memphis, there is no water-bearing zone in the loess; therefore, 17 

the zone is not laterally continuous throughout NSA Memphis and may be considered a "perched 18 

zone" in some areas. Groundwater in the loess, where present, most likely moves primarily 19 

downward to recharge the deeper part of the fluvial deposits, although some groundwater in the 20 

loess may discharge to nearby streams, drainage ditches, and other surface-water bodies. Lateral 21 

groundwater movement in the loess is most likely controlled by topography. 22 

2.1.3 Fluvial Deposits 23 

The fluvial deposits underlie the loess in upland areas; they consist of sand, gravel, and some clay, 24 

with thin layers of ferruginous sandstone and conglomerate at the base. This unit ranges from 0 to 25 
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100 feet thick in the Memphis area. On the Southside of NSA Memphis, where it ranges from 

12 to 59 feet thick, it represents the most significant component of the surficial aquifer. 2 

Groundwater wells screened in the upper or lower part of the fluvial deposits are respectively 3 

called upper fluvial deposits or lower fluvial deposits wells throughout this report. In the past, 4 

many shallow domestic wells in Memphis rural areas were completed in the fluvial deposits, but 5 

most have been abandoned or are not used as a source of drinking water since public water 6 

supplies have been extended into these areas. 7 

Relative groundwater elevations between wells completed in the loess and fluvial deposits indicate 8 

semiconfined to confmed conditions in the fluvial deposits. Typically a downward vertical 9 

gradient exists between water in the loess and the fluvial deposits. Sediments in the fluvial 10 

deposits generally coarsen with depth, and typically, the upper portion consists of a mixture of 11 

very fme sand with varying degrees of silt and clay that become increasingly less silty with depth, 12 

grading into a fme to medium sand near the middle of the unit. Grain sizes typically coarsen 13 

below this interval, grading into a gravelly sand near the basal section of the fluvial deposits. 14 

2.1.4 Cockfield Formation 15 

The Cockfield Formation, a part of the Jackson-upper Claiborne confining unit, is a heterogeneous 16 

formation of very fine silty sand interbedded with clay and silt lenses or clay with interbedded fine 17 

sand lenses. It underlies the fluvial deposits and deep alluvium, and locally serves as part of the 18 

lower confining unit for the alluvial-fluvial deposits aquifer. 19 

2.1.5 Cook Mountain Formation 20 

The Eocene-age Cook Mountain Formation, which underlies the Cockfield Formation, consists 21 

predominantly of clay and silt; however, minor lenses of silty fme sand may be present locally. 22 

The Cook Mountain Formation, which contains the most aerially extensive clay in the upper part 23 

of the Claiborne Group in Shelby County, locally serves as the lower confming unit for the 24 

alluvial-fluvial deposits and Cockfield aquifers and is the upper confming unit for the Memphis 25 

aquifer, which is the principal source of public drinking water in the Memphis area. 26 
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Of the stratigraphic fonnations described in Section 2.1, only the following were encountered 2 

during the Assembly E investigation: alluvium, loess, fluvial deposits, and the 3 

Cockfield Formation. For this RFI report, it is presumed that alluvium is present from ground 4 

surface to the top of the Cockfield Fonnation at SWMUs within approximately 1,000 feet of 5 

Big Creek Drainage Canal (SWMUs 2, 9,65, and the southernmost portion of the SWMU 38 6 

drainage ditches), and that loess and fluvial deposits are present from ground surface to the top 7 

of the Cockfield Formation elsewhere (SWMUs 14, 59, and the central and northern portions of 8 

the SWMU 38 drainage ditches). 9 

2.2.1 Sources of Stratigraphic and Hydrogeologic Information 10 

Several sources of information were used to evaluate the site-specific geology and hydrogeology 11 

of Assembly E SWMUs. The sources of information are listed below, followed by the data they 12 

generated. Based on these data, the site-specific geology and hydrogeology of the Assembly E 13 

SWMUs are discussed in detail in Section 2.2.2. 14 

2.2.1.1 DPT Screening Investigation of Assembly E SWMUs 15 

Stratigraphic and hydrogeologic inforination generated during DPT screening investigations of 16 

Assembly E SWMUs was used to guide the placement of Assembly E soil borings and monitoring 17 

wells. Twelve piezocone soundings perfonned at SWMUs 2,9, 14, and 65 generated stratigraphic 18 

information. Data measured with a transducer attached to a hydrocone groundwater sampler were 19 

used in computer programs to produce horizontal penneability estimates and other hydrogeologic 20 

information and to generate 56 hydrocone plots during the DPT investigations of SWMUs 2, 9, 21 

and 14. (Note: Horizontal permeability estimates are not available from the DPT investigations 22 

of SWMUs 59 and 65, where a GeoProbe sampling device was used to collect groundwater 23 

screening samples). Figure 2.1 shows the DPT piezocone and sampling locations. Appendix B 24 

contains the piezocone soundings, lithologic descriptions, and hydrocone plots. Section 3.2.1 25 

describes the procedures used to collect these measurements. 26 
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The information generated during the DPT investigations identified two discrete units at the 

Assembly E SWMUs. The upper unit (loess or upper alluvium, depending on the proximity to 2 

Big Creek Drainage Canal) consisted of less-permeable silty material. The lower unit (fluvial 3 

deposits or deep alluvium, depending on the proximity to Big Creek Drainage Canal) consisted 4 

of more-permeable sand. Table 2.1 summarizes the estimated contact between the silt and sand 5 

units at SWMUs 2, 9, 14, and 65, and lists horizontal permeability estimates for the loess and 6 

upper fluvial deposits at SWMU 14 and the upper and deep alluvium at SWMUs 2 and 9. 7 

2.2.1.2 Stratigraphic Soil Borings 8 

The following were used to evaluate Assembly E SWMU stratigraphy: stratigraphic soil boring 9 

logs from a Southside public water supply well, two USGS stratigraphic test holes, eight Southside 10 

background monitoring wells, two SWMU 2 soil borings, and 57 new and previously installed 11 

monitoring wells at Assembly E SWMUs. Figure 2.2 shows the locations of the Southside soil 12 

borings and monitoring wells used for the evaluation. Table 2.2 lists the depth of each soil boring 13 

along with the thickness of each stratigraphic unit encountered during drilling activities. 14 

Appendix C contains copies of the boring logs for the stratigraphic soil borings listed in Table 2.2, 15 

except for USGS test holes TH-7 and TH-8. Lithologic descriptions for TH-7 and TH-8 in this 16 

section were based on oral and written communication between E/A&H and USGS during 1996. 17 

The following paragraphs identify the soil borings used to evaluate the Assembly E stratigraphy. 18 

Public Supply Well PW-S 19 

A stratigraphic boring (Sh:U-59) was drilled and visually logged by Layne Western 20 

Company, Inc., in 1983 before the company installed Southside production well PW-5 in 1985. 21 

This soil boring was advanced from land surface through the loess, fluvial deposits, 22 

Cockfield Formation, Cook Mountain Formation, Memphis Sand, Flour Island Formation, and 23 

terminated in the Old Breastworks Formation just below the base of the Fort Pillow Sand at 24 

1,496 feet bls. 25 
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Assembly E DPI' Screening Investigation - Piezocone and Hydrocone Results Summary 

Horizontal Permeability RJmge­
Loess 

~&.~-
Horizontal PermeablHty Range­
Upper Alluvium 

Notes: 

NAOO NA 

1.10 X 10.1 em/sec to 1.59 x l(1s em/sec NA 

a NA denotes not applicable; this unit is either not present at the SWMU or does not contain adequate water for sampling. 
b em/sec denotes centimeters per second 

2.rn x l<rem/seell>l to 1.37 x 10" em/sec NA 

NA _leI 

e - denotes that horizontal penneability measurements are not available; groundwater samples were collected with a OeoProbe sampler (which is not equipped with a transducer) at SWMU 65. 
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MI 
SoiIBorinW 
• Well 

Date Completed 
or Installed 

Stratigraphic Test Boring for Production Well PW-5 
••.•••••••••••••••••• N ••••••••••.••• ~) 

USGS Stratigraphic Test Borings 

m~'~iiifO~>·······>······»>···· 

TII-8 (Sh:V-80)1II 04/12/95 

Southside Background Soil Borings/Monitoring Wells 

OBGS02UPIOBGG02UP 01l17l95 

OBGS04LSIOBGG04LS 01111195 

Table 2.2 
Summary of Assembly E and Other Southside Soil Borings/Monitoring Wells 

Lithologic: 
Unitllll 

CM 

UP 

LS 

BoreboIe 
Depthtlll 
(ft bls)!<I 

182 

46 

20 

Screened 
Inte"aI 
(ft his) 

NA 

9.5 - 19.5 

Loess or Upper 
Alluvium ~aI and 

Thickness (ft his) 

0- 35 (35) 

0- 38 (38) 

Fluvial Deposits or Deep 
Alluvium Inte"aI and 

'1'bidmess (ft his) 

35 - 45 (10) 

38 -71 (33) 

Cockfield Fonnation 
lnte"aI and 

'1'bidmess (ft his) 

45 - 153 (108) 

77- > 87(> 5) 

87(>10) 
71 - > 76 (> 5) 

'l'OC"/Ground 
Surface EleYation 

(feet JDSltI 

NA1267 

:Z74.g7m~.ijO 
274.671272.77 

214;7412'n.H 
265.08/262.18 

264;63/$.:30 
264.631262.25 

263.841261 iii 
OBGSI2UPlOBGGl2VF 02118196 UF 66 36-46 0-30(30) 3O-47(17l 47- > 66(> 19) 268.711268.90 

SWMU 2 - Existing Monitoring Wells 

OOMG02DA 06117/85 DA 44 39-44 

SWMU 2 - Assembly E Soil Borings 

002S003O 02/01196 CF 50 NA 

0- 30 (30) 

0- 24 (24) 

2-12 

30 - 46 (16) 

NA 

35 - SO{I5) 
24 - 48 (24) 

46- > 48 (> 2) 

NA 

NA 

NA 

50· >5) 

48 - > 50 (> 2) 

269.451266.71 

270.54l267 A7 

270.30/267.64 

~.2?t2~~$tI 

NAJU6.m 
NA1265.60 



Son BoriDgI Date Completed 
MOIIitoring Well Designation or IDstaIled 

SWMU 2 - Assembly E Son BoriogsIMOIIitoring Wells 

~ijftPA.~bIiC»·· ..... 
OO2SOlDAlOO200lDA 02113/96 

002S02DAlOO2002DA 00./00196 

002S03DAlOO2003DA 00./06196 

002S05UAIOO2005UA 02105/96 

002S06UAIOO2006UA 00/00./96 

002SCY1UAIOO2007UA 02101196 

002S08DAIOO2008DA 01131196 

002S09DAIOO2009DA 01130/96 

002S10DAlOO2G10DA 00/13196 

002S IlDAlOO2G I1DA 01117/96 

~liij~di2VA>·· . 

Table 2.2 
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Revision I: February 2, 1998 

Summary of Assembly E and Other Southside Son BoringslMonitoring Wells 

Lithologic 
Unit(ol 

DA 

DA 

DA 

UA 

UA 

UA 

DA 

DA 

DA 

DA 

Borehole 
Depth(l>l 
(ft bls)1<I 

66 

56 

60 

27 

27 

27 

51.5 

55 

56 

46 

Screened 
Intenal 
(ft bII) 

48 -58 

41 - 51 

17 - 27 

17 - 27 

17 - 27 

35 - 45 

36 - 46 

4O-SO 

32.2 - 42.2 

Loess or Upper 
ABuvimn Intenal and 

Thidmess (ft bII) 

0- 39 (39) 

0-38 (38) 

0- 29 (29) 

0·34 (34) 

0- 32 (32) 

0·24(24) 

0-22 (22) 

0- 26 (26) 

0·36(36) 

0- 33 (33) 

O~3S(3$)< 

Fluvial Deposits or Deep 
Alluvimn Intenal and 

Tbiekness (ft bls) 

39 - 59 (20) 

38 - 53 (15) 

29·48 (19) 

34 - SO (16) 

32 - 54 (22) 

24 - 48 (24) 

22 - 45 (23) 

26 - 46 (20) 

36 - SO (14) 

(to) 

33 - 43 (10) 

3.S'" S. (16) 

CocldieId Formation 
Intenal and 

Thidmess (ft bII) 

59- > 66(> 7) 

53 - > 56 (> 3) 

C!Q(~j2) 
48· > 60 (> 12) 

5) 

SO- > 55(> 5) 

54- > 55(> 1) 

48- > SO(> 2) 

6.5) 
45· > 51.5 (> 6.5) 

·46., (:>9) 

46- > 55(> 9) 

50 ~ ;>:!J6 (:> 6) 

SO - > 56 (> 6) 

43 >46(>3) 

43 - > 46 (> 3) 

Sl • :> Sl.S (> 1;5) 

TOC'dI'Ground 
Surface Elevation 

(teetmsl)1<I 

269.551266.90 

269s1nt;'bu 
269 .561267 .09 

269.13~;23 
269.621267.16 

" " .. ". 
268.761266.53 

269.391267.14 

2tw.33M1:lfi 

269.611267.82 

2(j1).~tig1Ji6 
268.211266.10 

269;n~61.OS 
269.331267.10 

268.d?li6Sj'j8 
267.961265.51 

270.15>1210.36 

270.171270.36 

266.91126$]2 
266.771265.17 

268.6312M.M 
0(JlS12DAlOO2Gl2DA 01/30196 DA 50 38.5 - 48.5 0 - 35 (35) 35 - 51 (16) 51 - > 51.5 (> 1.5) 268.631266.56 
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Table 2.2 
Sumnlary of Assembly E and Other Southside Soil BoringslMonitoring Wells 

BoreboIe Screened Loess or Upper Fluvial Deposits or Deep 
Soil BorIngf Date Completed Lithologie Depthtlll Interval Alluvium Interval and Alluvium Interval and 

MonitorillR Well DesiInation or Installed Unit(ll) (ft bls)«I (ft bls) Tbidmess (ft bIs) Tbidmess (ft bls) 

SWMU a - AssemblY Ii: Ss!iI BorinImIMonitorIn, Wells 

002S13MA1002013MA 01122196 MA 46 36-46 0- 34 (34) 34 - 66 (32) 

002S14UAlOO2G14UA 02/14196 UA 27 17 - 27 0- 32 (32) 32 - 66 (34) 

SWMU 9 - Assembly E Soil BoringsIMonitorIng Wells 

009S04DAf009004DA 02/15196 DA 76 62-72 0-41 (41) 41 - 72 (31) 

SWMU 14 - Assembly E Soil Borings/Monitoring Wells 

014S05LS/OI4005LS 01121/96 LS 20 10-20 0- > 20(> 20) NA 

Cockfield Formation 
Interval and 

Tbielmess (ft bIs) 

66- > 67(> 1) 

66->76(>10) 

72· > 76(> 4) 

47 - > 51 (> 4) 

NA,< 

NA 

'fOc<'I'/Ground 
Surface Elevation 

(feet _><<1 

269.201267.23 

271.231269.17 

270.091268.15 

269.111267.24 

~1c)j2h6li" 
271.09/268.64 

270.121268.24 

014S07LFfOI4G07LF 01122/96 LF 50 38 - 48 0 - 36 (36) 36 - 48 (12) 48 - > 50 (> 2) 270.63/268.88 
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Summary of Assembly E and Other Southside Soil BoriDgslMooitoriDg WeDs 

Soil BoriDgI Date Completed Utbologic 
MODitorinG WeD Designation or InsaaIIed Unitlol 

SWMU 59 - Assembly E Soil BoriDpIMODitoriDg WeDs 

iV~~~«5~> 
059S02LS/OS9G02LS 03/02196 LS 

059S03UF/059003UF 03/04/96 UF 

SWMU 65 - Existing MODitoriDg WeDs 

065MW02UA 11102/92 UA 

065MW04UA 11102192 UA 

SWMU 65 - Assembly E Soil BorinplMODitoriDg WeDs 

065S06UAI065G06UA 02117196 UA 

Borehole 
Depthlbl 
(ft hIs)(c) 

20 

56 

14 

14 
14 

20 

Screened 
Interval 
(ft bls) 

10-20 

44-54 

4 - 14 

4 - 14 

10 - 20 

Loess or Upper Fluvial Deposits or Deep 
AIhmum Interval and ADuvium Interval and 

Tbickaess (ft his) Tbidmess (ft bls) 

0- > 20(> 20) NA 

0- 39 (39) 39->56(>17) 

0- > 14 (> 14) NA 

0-> 14 (> 14) NA 

0- 29 (29) 29 - 42 (13) 

Cockfield Formation 
Interval and 

Thiekaess (ft his) 

NA 

NA 

NA 

NA 

NA 

NA 
NA 

NA 

42 - > 46 (> 4) 

4i~>.46(>4) 

~/Ground 
Surface Elevation 

(feet msI)!fI 

265.181263.16 

263 •. 351263.54 
263.32/263.51 

2t;i7412(n.1}4 
263.271263.50 

263.171263.30 
263.59/263.74 

2~i04i264JD 
266.281264.25 

266ililiMJ8 
065SQ1UA/065G07UA 02111{96 VA 20 10 - 20 0 - > 20 ( > 20) NA NA 264'86/262 85 

Notes: 
a - For soil borings, the indicated lithologic unit is the one present at the base of the soil boring. For monitoring weDs, the lithologic unit at the base of each soil boring is indicated. For soil borings/monitoring wells, 

the indicated lithologic unit is the one present in the screened interval. Lithologic symbols are as follows: FPS = Fort Pillow Sand; MS = Memphis Sand; LS = loess; UF = upper fluvial deposits; LF = lower 
fluvial deposits; UA = upper alluvium; MA = middle alluvium; DA == deep aDuvium; CF = Cockfield Formation 

b Borehole depth is the depth in feet below land surface of the soil boring. 
c ft bls = feet below land surface 
d roc = top of casing elevation 
e ft msl = feet with respect to mean sea level 
f NA = not applicable 
g No boring logs are available for the USGS stratigraphic soil borings; USGS provided oral and written lithologic descriptions to ElA&H during 1996. 
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USGS Stratigraphic Test Holes 

In 1995, the USGS completed two Southside stratigraphic test holes near Assembly E SWMUs. 2 

Test hole TH-7, approximately 75 feet north of SWMU 14, was advanced through the loess, 3 

fluvial deposits, and Cockfield Formation, and terminated in the Cook Mountain Formation at a 4 

depth of 202 feet bls. Test hole TH-8, near the southeast comer of the SWMU 9 sewage lagoons, 5 

was advanced through the alluvium and Cockfield Formation and terminated at a depth of 182 feet 6 

in the Cook Mountain Formation. 7 

Background Monitoring Wells 8 

During the Assembly A RFI, two background well clusters (OBGG02LS/OBGG02UF/OBGG02LF 9 

and OBGG04LS/OBGG04UF/OBGG04LF) were installed on the Southside in January 1995. Wells 10 

in each of these clusters were screened in the loess, upper fluvial deposits, and lower fluvial 11 

deposits. Two additional background wells (OBGGllMA and OBGG12UF) were installed on the 12 

Southside in February 1996. Well OBGG11MA was screened in the middle alluvium, and well 13 

OBGG12UF was screened in the upper fluvial deposits. A USGS geologist logged the stratigraphic 14 

soil borings associated with these monitoring wells. 15 

New and Existing Soil Borings and Monitoring Wells at Assembly E SWMUs 16 

During the Assembly E RFI, an EI A&H or USGS geologist continuously sampled, classified, and 17 

logged two deep alluvium soil borings at SWMU 2 near existing G&M monitoring wells, and 18 

30 fluvial deposits or deep alluvium soil borings associated with the installation of 48 Assembly E 19 

monitoring wells. Of these monitoring wells, 24 were installed in the loess or upper alluvium, 20 

one was installed in the middle alluvium, and 23 were installed in the deep alluvium. Twenty- 21 

eight of the wells were installed in shallow-deep well pairs. Three were installed in a cluster. The 22 

17 remaining wells were installed as single wells. 23 
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Prior to the Assembly E RFI, Geraghty and Miller (G&M) installed one upper alluvium 

monitoring well and four deep alluvium monitoring wells at SWMU 2 in 1984 and 1985 as part 2 

of the CSIVP. In 1992, Memphis Environmental Center installed four upper alluvium monitoring 3 

wells at SWMU 65 in response to a jet fuel spill. Appendix C contains the boring logs for the new 4 

and existing monitoring wells at the Assembly E SWMUs. 5 

2.2.1.3 <7eotecbrndcal ~alyses 6 

Supplemental information was obtained through geotechnical laboratory analysis of two soil 7 

samples from the Southside USGS stratigraphic test holes and 11 soil samples from various 8 

Assembly E soil borings. USGS collected soil samples from select intervals at stratigraphic test 9 

holes TH -7 and TH -8 for geotechnical analyses of porosity and permeability. Table 2.3 lists the 10 

geotechnical laboratory results for the USGS test holes. E/A&H collected Shelby tube soil 11 

samples from at least one soil boring per Assembly E SWMU from the loess/upper alluvium and 12 

the fluvial deposits/deep alluvium, except for the deep alluvium at SWMU 9 due to poor sample 13 

recovery. The samples were analyzed for the following geotechnical parameters: bulk density, 14 

percent moisture, porosity, specific gravity, and vertical permeability. Table 2.3 summarizes the 15 

porosity and vertical permeability results. Appendix C to this report contains the geotechnical 16 

laboratory reports for the soil samples collected from Assembly E soil borings. 

Table 2.3 
Geotechnical Laboratory Test Results - Assembly E and USGS Soil Samples 

Soil Depth Lithologic 
SWMU Boring (ft bls)(a) Unit(b) Porositic) 

2 002S0030 41 - 43 DA 0.33 

2 002SOO29 17 - 19 UA 0.41 

2-17 

Coefficient of 
PermeabiHty 
(cmlsect)(tI) 

3.4 X 10-4 

6.8 X 10-7 

Soil Description 

Coarse sand with gravel and some 
clay 

Clayey silt 
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Table 2.3 
Geotechnical Laboratory Test Results - Assembly E and USGS Soil Samples 

SWMU 

9 

14 

14 

14 

59 

59 

65 

Notes: 

Soil 
Boring 

USGS TH-8 

014S01LF 

USGSTH-1 

059S03UF 

065S060A 

Depth Lithologic 
(ft bls)(·) Unit(b) 

17 - 19.5 UA 

41- 43 LF 

10-:12 LS 

13 - 15 LS 

14 - 16 UA 

a ft bls = feet below land surface 

Coefficient of 
Permeability 

Porosity(C) ( cm/sec)(c)(d) 

0.48 2.41 x 10-6 

0.32 4.0 X 10'7 

0.36 5.7 X 10'7 

0.43 4.8 X 10-6 

Soil Description 

Lean silt 

Silty clay with sand and small 
gravel 

Clayey silt 

Clayey silt 

b Lithologic unit refers to the sampled interval. LS = loess; UF = upper fluvial deposits; LF = lower fluvial deposits; 
UA = upper alluvium; OA = deep alluvium 

c Porosity and the coefficient of permeability were analyzed using American Society of Testing and Materials (ASTM) 
Method 0-5084-90. 

d cm/sec = centimeters per second. 

2.2.1.4 Geophysical Logging 

At least one of the deepest monitoring wells at each of SWMUs 2,9, 14,59, and 65, and both of 2 

the Southside background wells installed in 1996 were geophysically logged to provide additional 3 

stratigraphic information. Geophysical logging was not performed at SWMU 38; only sediment 4 

samples were collected from this SWMU. Appendix C to this report contains the geophysical 5 

logs. The following wells were logged: 6 

SWMU 2 002G03DA, 002G09DA, 002GllDA, 002G14DA 7 

SWMU 9 009G04DA 8 

SWMU 14 o 14G04LF 9 

SWMU 59 059G03UF 10 

SWMU 65 065G06DA 11 

Background OBGG lIMA, OBGG 12UF 12 
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The boring logs, geotechnical laboratory results, and geophysical logs were used to generate 2 

geologic cross sections defIning stratigraphic relationships at SWMU 2 (Figures 2.3 and 2.4), 3 

SWMU 9 (Figures 2.5 and 2.6), SWMU 14 (Figures 2.7 and 2.8), SWMU 59 (Figure 2.9), and 4 

SWMU 65 (Figure 2.10). Section 2.2.2 discusses the stratigraphy at each Assembly E SWMU. 5 

2.2.1.6 Groundwater Elevation Measurements 6 

In April 1996, E/A&H collected groundwater elevation data from new and existing monitoring 7 

wells at Assembly E SWMUs, background monitoring wells throughout NSA Memphis, and select 8 

Northside monitoring wells completed in the upper and lower fluvial deposits. Groundwater 9 

elevations have been measured twice since then: once in August 1996 for SWMU 2 and 10 

background monitoring wells, and again in September 1996 for SWMU 2 monitoring wells only. 11 

Table 2.4 lists measurement dates, depth-to-water measurements, and groundwater elevations for 12 

the Assembly E and Southside background monitoring wells. The April 1996 event was the most 13 

comprehensive sampling event, so measurements from this event were used for potentiometric map 14 

construction and display. Figures 2.11 and 2.12 show potentiometric maps of the upper fluvial 15 

deposits and upper alluvium, respectively. The groundwater elevation measurements from the 16 

lower fluvial deposits and deep alluvium were combined and used to prepare Figure 2.13, because 17 

of the lithologic similarity of these units on the Southside and the probability that they are 18 

hydraulically interconnected. 19 

2.2.1. 7 Specific Capacity Testing 20 

Groundwater movement and possible contaminant migration rates in the upper alluvium, upper 21 

fluvial deposits, lower fluvial deposits, and deep alluvium were evaluated through limited aquifer 22 

characterization of nine select wells from SWMUs 2, 9, 14, 59, and 65. Limited aquifer 23 

characterization consisted of conducting specifIc capacity tests for two upper alluvium monitoring 24 

wells at SWMU 2, one upper fluvial deposits well at SWMU 59, one lower fluvial deposits well 25 

at SWMU 14, and fIve deep alluvium monitoring wells - two at SWMU 2, two at SWMU 9, and 26 

one at SWMU 65. Groundwater migration rates in the loess were not evaluated during the RFI 27 

due to the abundant historical information from previous investigations across NSA Memphis. 28 
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E/ A&H input the data from specific capacity testing into a computer program developed by 

Bradbury and Rothschild (1985) to facilitate the process of estimating specific capacity, 2 

transmissivity, hydraulic conductivity, and potential well yield. The procedures used for specific 3 

capacity testing and data reduction are discussed in Section 3.12.1 of this report, which also 4 

presents a table of hydraulic conductivity estimates for each tested well. Refer to Appendix D for 5 

the data from the Bradbury and Rothschild program used to estimate hydraulic conductivity. The 6 

hydraulic conductivities calculated from the lower fluvial deposits and deep alluvium were 7 

averaged to determine the mean hydraulic conductivity, because of the lithologic similarity of these 8 

units and the probability that they are hydraulically interconnected. The mean hydraulic 9 

conductivity was used to calculate estimated horizontal groundwater velocities at each SWMU. 10 

As previously outlined, Shelby tube soil samples collected from each aquifer were submitted for 11 

physical parameter analysis to obtain porosity estimates (refer to Table 2.3 and the laboratory 12 

reports in Appendix C). Based on these results, average effective porosities of 0.43 and 0.29 were 13 

calculated for the upper alluvium and fluvial deposits/deep alluvium, respectively. Horizontal 14 

hydraulic gradients for each SWMU's aquifers were obtained from the well measurements and 15 

piezometric map contours (Figures 2.11, 2.12, and 2.13). 16 

Horizontal groundwater velocities were calculated for the upper alluvium, upper fluvial deposits, 17 

and deep alluvium/lower fluvial deposits aquifers using the average hydraulic conductivities from 18 

Table 2.5 and the following derivation of Darcy's law: 19 

v Ki/n 

where: 

K = hydraulic conductivity from specific capacity tests 

i-groundwater gradient 

n - effective porosity of aquifer matrix 
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MoolturiDg WeD ~ 
Ba!:kgnIumI MonItorIng Wells 

OBGG02UF UF 

OBGG04LS 

OBGG04LF LF 

OBOG12UF UF 

SWMU 2 - EDsting Monitoring Wells 

OGMG02DA DA 

OGMOO4UA UA 

Table 2.4 

RCRA Facility Investigation Report 
Assembly E -SWMUs 2,9, 14,38,59, and 65 

NSA Memphis - Millington, Tennessee 
Revision I: February 2, 1998 

Summary of Groundwater Elevatioos In Assembly E and Other SouthsIde Monitoring Wells 

WeDDepthtl» 
:reet bfs)(cI 

45.96 

20.0 

saG 
70.0 

48.0 

46.0 

44.0 

22.0 

Screened IDterva1 
'eet bIs)(cI 

35.5 -45.5 

9.5 -19.5 

59.5 - 69.5 

i$;t).4U 

36.0-46.0 

39.0-44.0 

17.0 - 22.0 

TOO4I/Ground SUrI'a£e 
EmatIoo (feet 1IIII)(t! 

274.671272.77 

265 .081262.18 

264.631262.25 

268.711268.90 

269.451266.71 

270.301267.64 

2-43 

Stkkup(ll 
(feet) 

1.90 

2.90 

2.38 

..(1.19 

2.74 

2.66 

Date 
Measured 

04118196 
08/14196 

Iii 
NM 

ooi~ 
O(It4$i 
04118196 
08/14196 

iii~ 
~~ 
04108196 
08/14196 

04/23196 
08/15196 
09/12196 

04/23196 
08/15196 
09/12196 

Deptbto 
Water 

(feet 1Jtoc{fl) 

12.04 
14.48 

NM 
i~.oi 
16;11 
14.54 
16.84 

16.42 
lIMl'l 
9.09 
10.66 

9.27 
14.98 
16.53 

12.15 
18.15 
19.85 

~o 
(feet bIs)(<I 

10.14 
12.58 

lO.t7 
12.69 
NM 
hi. 
t3.~ 

12.16 
14.46 

14.39 
lfi.99 
9.28 
10.85 

6.53 
12.24 
13.79 

ID.ll 
14.31 
l6.29 

9.49 
15.49 
17.19 

Groundwater 
EmatIoo 
(feet II1II) 

NM< 
262.63 
260.19 

2~;6$ 
260.13 

NM 
go.iIi 
248,36 
250.09 
247.79 

24M2 
244.81 
259.62 
258.05 

i!S4.SO 
259." 
257.37. 

260.18 
254.47 
252.92 

1$1.U 
25UO 
25t.18 

258.15 
252.15 
250.45 



RCRA Facility Investigation Repon 
Assembly E -SWMUs 2,9,14,38,59, and 65 
NSA Memphis - Millington, Tennessee 
Revision I: February 2, 1998 

Table 2.4 
Summary of Groundwater Elevations In Assembly E and Other Southside MonICoring Wells 

Depth to Depth to Gl'OOBdwater 
MouICoriDg Well ~ Well Depthoo Sereeoed IDtenaI roC<dl/Gl'OOBd Surface Stldmp<ll Date Water Water EImdioIl 

DesIgIIatioa --Uili(l'"- (feet b&Y'" (feet blsY'" EImdioo (feet msIt" (feet) M__ (feet btoclll) (feet bIJi)"l __ [eet msI) 

SWMU 2 -~.E~WeIIs 

00200lUA UA 27.0 17.0 - 27.0 

002002UA UA 27.0 17.0 - 27.0 

002G03UA UA 27.0 17.0 - 27.0 

002004UA UA 27.0 17.0-27.0 

002005DA DA SO.5 40.5 - SO.5 

002G06DA DA 54.5 44.5 - 54.5 

002008UA UA 27.0 17.0 - 27.0 

269.30/266.72 2.58 

269.571267.43 2.14 

269.731267.28 2.45 

268.76f266.53 2.23 

269.331267.16 2.17 

269.691267.86 1.83 

269.371267.05 2.32 

2-44 

04/10196 
08114196 
09/11196 

04lO8I96 
08114196 
09/03196 

04lO8I96 
08115196 
09/10196 

04/10196 
08115196 
O9lO6196 

04108196 
08115196 
09/10196 

04/08196 
08115196 
09/11196 

04lO8I96 
08115196 
09105196 

6.98 
12.38 
15.60 

10.64 
14.37 
16.06 

~;1" 
l~UJ 
1~;t9 

13.09 
16.28 
17.92 

8.91 
14.70 
15.96 

U . .6 .. tt4! 
j8:61 
12.99 
16.33 
17.91 

16.52 
19.76 
20.69 

11Sd 
21.00 
23.11 
17.34 
23.13 
24.62 

itS. 
23.56 
24.25 

4.40 
9.80 
13.02 

8.50 
12.23 
13.92 

10.64 
13.83 
15.47 

·!:iY.· 
14.90 
6.68 
12.47 
13.73 

bo 
lU1 
IU2 

10.82 
14.16 
15.74 

14.69 
17.93 
18.86 

l:U$ 
1!U9 
21.01 

15.02 
20.81 
22.30 

is.:'' 
21.33 2un 

262.32 
256.92 
253.70 

258.93 
255.20 
253.51 

259.12 
3$;75 
253:3'1 
256.64 
253.45 
251.81 

259.85 
254.06 
252.80 

256.34 
253.00 
251.42 

25:U1 
250.43 
249~81 

253.17 
249.93 
249.00 

252.03 
246.24 
244.75 

251;1' 
245.17 
245.08 



M=r"'anJ!elI u~ 

002<109DA DA 

002GlODA DA 

002GllDA DA 

002GI2DA DA 

002GI3MA MA 

002GI4UA UA 

002Gl"DA DA 

Table 1.4 

RCRA Facility Investigation Report 
Assembly E -SWMUs 2,9,14,38,59, and 65 

NSA Memphis - Millington, Tennessee 
Revision I: February 2, 1998 

Summary of Groundwater Elevations In "-bIy E and Other SouthsIde Moaltoring Wells 

Well De\ItIl(bl 
(feet bfa)'" 

46.0 

SO.O 

42.2 

48.5 

46.0 

27.0 

;SO,I) 

ScreaIed Interval 
(feet his)'" 

36.0- 46.0 

40.0- SO.O 

32.2 - 42.2 

38.5 - 48.5 

36.0 - 46.0 

17.0 - 27.0 

4O.0.SO.0 

TOCl"'/GnMmd Surface 
EImIdoa ({eet .)'" 

267.961265.51 

270.171270.36 

266.771265.17 

268.631266.56 

269.201267.23 

271.231269.17 

.. ··111 ,00!:l()9.00 

2-45 

De\ItIl to 
Stickup(/) Date Water 

(feet) Measured (feet 1Jtuc'II) 

2.45 04lO8I96 17.15 
08115196 22.24 
09/10/96 23.03 

'().l9 04lO8I96 9.36 
08115196 16.45 
09/11196 19.48 

1.60 04108196 4.17 
08115196 11.92 
09109196 14.54 

2.07 04108196 6.02 
08115196 11.65 
09/12196 14.04 

3;30. 
Il.20 
15.8 

1.97 04108196 5.38 
08115196 10.99 
09/10196 13.22 

5.36 
IM6 
12.94 

2.06 04108196 5.50 
08115196 10.65 
09/06196 11.98 

2.00 04/QSf96 6.90 
OSl1.!1196 10.84 
O!I!06I96 12;57 

Depth to 
Water 

(feet his)'" 

14.70 
19.79 
20.58 

9.55 
16.64 
19.67 

2;(3 
9';. 
tM! 
2.57 
10.32 
12.94 

to.iIi 
15.01 
i1.45 
3.95 
9.58 
11.97 

.l.i." 
10.n 
tt42 

3.41 
9.02 
11.25 

:t29 S." 10 .. 

3.44 
8.59 
9.92 

4.90 
8.84 
10.51 

Groundwater 
ElevatIon 
(feet.) 

250.81 
245.72 
244.93 

261.40 
256.15 
251.30 

260.81 
253.72 
250.69 

2\ij.99 
85.43 
252.71 

262.60 
254.85 
252.23 

255.16 
251.62 
249.19 

262.61 
256.98 
254.59 

165.6<t 
2$6.76 
m.71 

263.82 
258.21 
255.98 

263.16 
258.36 
256.18 

265.73 
260.58 
259.25 

264.10 
26().J6 
253.43 



RCRA Facility Investigation Report 
Assembly E - SWMUs 2, 9, 14, 38, 59, and 65 
NSA Memphis - Millington, Tennessee 
Revision I: February 2, 1998 

Table 2.4 
Summary of Groundwater ElewtIons In Assembly E and Other Southside Monitoring Wells 

Monitoring WeH ~ 
SWMU 9 - Assembly E Moaitoring Wells 

009G02DA DA 

009G04DA DA 

SWMU 14 - Assembly E Moaitoring Wells 

014GOILF LF 

014G03LS LS 

014G05LS LS 

SWMU9-AuaaWyEMoaitoringWeIIs 

059002LS LS 

059G03UF UP 

SWMU 6S - Emting Moaitoring Wells 

065MW02UA UA 

065MW04UA UA 

WeHDeptbOll 

(feet bIi)1<I 

46.0 

n.o 

20.4· 
47 

20 

20 

20 

54 

14 

14 

~Intenal 
(feet bIs)l<l 

36.0-46.0 

62.0-n.0 

37 -47 

10-20 

10-20 

10 -20 

44-54 

4-14 

4-14 

ToCi·'G_d Surface 
Elevation (feet msI)'" 

270.801268.85 

270.091268.15 

269.111267.24 

271.091268.64 

270.121268.24 

265.181263.16 

263 .32/263 .51 

263.271263.50 

263.591263.74 

2-46 

Stlc:ku~(/) Date 
(feet Measured 

t!E ···>H~ 

1.95 

1.94 

<1;., 
1.87 

2.45 

1.88 

2.02 

..n.19 

..n.23 

..n.15 

04108196 

~ 
04108196 

.~. 

04lO8I96 

04108196 

~ 
04lO8I96 

04108196 

04lO8I96 

NA 

NA 
NA 

~to 
ater 

(feet JJtocIII) 

19;87 
11.65 

19.89 

<,:'79 
7.46 

8.39 

9.84 

10.14 

14.63 

NM 
NM 
NM 

~to 
ater 

(feet bIs)(d 

h.M 
9.70 

17.95 

4.99 
5.59 

5.94 

7.96 

8.12 

9:69 
14.82 

NM 
NM 
NM 

Groundwater 
Elevation 
(feet DIll) 

rll.75 
259.15 

253.26 
250.21 

2tU.:f8 
261.65 

261.51 

262.70 

26%.09 
260.28 

260.25 

2$$;69 

255.04 

:lSi§ 
248.69 

NM 
NM 
NM 



Table 2.4 

RCRA Facility Investigation Repon 
Assembly E - SWMUs 2, 9, 14, 38, 59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

Summary of Groundwater Elevadons In Assembly E and Otber Soutbstde Monitoring Wells 

Wei ~ 
SWMU 6S - Assembly E MonitorIng Wells 

065G06UA UA 

WelDepthOO 
(feet bIi)(I;\ 

20 

Screened lutcnal 
(feet bIs)(I;\ 

TOCIlII/Ground Surface 
Elevation (feet msI)1eI 

266.281264.25 

Stlekup(l) Date 
(feet) Measured 

~. 
2.03 

Depth to 
Water 

(feet btoclll) 
~.: 

(feet bIs)l<I 

2.05 

Groundwater 
EIeutIoo 
(feet msI) 

262:05 

NoUlI: 
a The Indicated litbologic IIIIit is the one present in the screened inlerval of the monicoring well. LS = loess. UF '" upper nuvial deposits. LF = lower nuvlal deposits. UA ,. upper aIluviwn. MA ,. middle alluviwn. 

DA =.deqI a1luviwn. 
b 
c 
d 
e 
f 

ft 

Total ~_ for monicoring wells is the base of the monitoring well. 
feet bIs = feet bel9w . -

sea level 
TOe = lOp of ca51!lB 
feet msl ,. feet willi 
S~wascalc 
feet bloc '" feet 

: the ground surface elevation from the tcp-of-casing elevation. 

levelS~ DOl measured in Ibis well during 1996. NM Indk:ates groundwal 
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Table 2.5 
Specific Capacity Test Hydraulic Conductivity Estimates - Assembly E Monitoring Wells 

Aquifer 
Qpper:AlluVi1:m1 ............ . 

Upper Fluvial Deposits 

Monitoring WeD 

oozooaUi\·· 
DtJ2GOOUA 

~tri~~··· 
059G03UF 

Hydraulic Conductivity (K) 
(feet/day) 

O~:W 

0.92 

O~63 

60.2 

The estimated horizontal groundwater velocities for each SWMU's aquifers are: 

2 

SWMU 2 Upper Alluvium = 0.63 feet/day X 0.0085 feet/foot / 0.43 = 0.012 feet/day 3 

Deep Alluvium = 8.1 feet/day X 0.0083 feet/foot / 0.29 = 0.23 feet/day 4 

SWMU 9 Deep Alluvium = 8.1 feet/day X 0.0091 feet/foot / 0.29 = 0.25 feet/day 5 

SWMU 14 Lower Fluvial Deposits = 8.1 feet/day X 0.005 feet/foot /0.29 = 0.14 feet/day 6 

SWMU 59 Upper Fluvial Deposits = 60.2 feet/day X 0.0029 feet/foot / 0.29 = 0.6 feet/day 7 

SWMU 65 Deep Alluvium = 8 . .1 feet/day X 0.014 feet/foot / 0.29 = 0.39 feet/day 8 

These data, along with historical data from other NSA Memphis monitoring wells, were used to 9 

evaluate the hydrogeology for Assembly E SWMUs, which is discussed in Section 2.2.2. 10 
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2.2.2 Geology and Hydrogeology of Assembly E SWMUs 

The following sections describe the geology and hydrogeology of Assembly E SWMUs by 2 

stratigraphy. Section 2.2.2.1 summarizes the geology and hydrology for SWMUs 2, 9, and 65, 3 

where alluvium is present. Section 2.2.2.2 summarizes the geology and hydrogeology of 4 

SWMUs 14 and 59, where loess and fluvial deposits are present. 5 

2.2.2.1 Alluvium 6 

Alluvium is assumed to be present from land surface to the top of the Cockfield Formation near 7 

Big Creek Drainage Canal. Therefore, soil borings and monitoring wells at SWMUs 2, 9, and 8 

65, and background well location OBGGllMA are presumed to be completed in the alluvium. 9 

These borings and wells are within 100 to 1,000 feet of Big Creek Drainage Canal. 10 

Two water-bearing zones are present in the alluvium. The first water-bearing zone, present in thin 11 

sand lenses near the middle and base of the upper alluvium, appears to be unconfined. The second 12 

water=bearing zone, in the sand and gravel of the deep alluvium, appears to be semi-confined in 13 

some locations and unconfined in others, based on water elevations measured in paired monitoring 14 

wells (refer to groundwater elevations on Table 2.4). 15 

Upper Alluvium 16 

The upper alluvium consists of clay, silty clay, clayey silt, and silt. In general, the clay content 17 

decreased while the sand content increased with depth. The basal portion of the upper alluvium 18 

in most soil boring locations consisted of a sandy silt and silty or clayey sand. Sand laminations 19 

or lenses in the middle to lower portions of the upper alluvium were generally water-bearing, and 20 

ranged from less than 0.01 inches to 6 inches thick. The water-bearing sand laminations were 21 

more common in soil borings at SWMUs 2 and 65 than at SWMU 9. 22 

The color of the material in the uppermost portion of the upper alluvium varied from brown, 23 

yellowish-brown, olive gray, gray, brownish-gray, and yellowish-gray with sparse to common 24 
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iron staining. The lower portion of the upper alluvium was generally greenish-gray to olive gray, 

with infrequent dark yellowish-orange mottling. Iron or manganese nodules were present at 2 

various depths throughout the upper alluvium. At SWMUs 2 and 9, snail shells, which are 3 

characteristic constituents of alluvium, were sparse to common from 16 to 39 feet bls. Wood 4 

fragments were occasionally observed in SWMU 2 soil borings from 23 to 39 feet bls. 5 

The thickness of the upper alluvium ranged from 22 feet in soil boring 002S08DA to 41 feet in 6 

soil boring 009S04DA. Soil boring 002S08DA is at the southwest comer of the SWMU 2 landfill, 7 

and soil boring 009S04DA is at the northwest comer of the SWMU 9 sewage lagoons. Table 2.2 8 

lists the thickness of the upper alluvium for soil borings at SWMUs 2, 9, and 65, and background 9 

location OBGGllMA, while the lithologic cross sections (Figures 2.3, 2.4, 2.5, 2.6, and 2.10) 10 

graphically depict the vertical thickness. As the cross sections demonstrate, the upper alluvium 11 

thickness is fairly consistent (averaging 35 feet) across the southern portion of the NSA Memphis 12 

Southside, except for the landfIll's southwest comer, where it averages 25 feet in thickness. 13 

Soil samples collected for geotechnical analysis from the upper alluvium consisted of two 14 

SWMU 2 samples (locations 002S0029 and 002S0030 from 17 to 19 feet bls), one SWMU 9 soil 15 

sample (location 009SOlDA from 16 to 18 feet bls), the USGS test hole near SWMU 9 (location 16 

TH-8 from 17 to 19.5 feet bls), and SWMU 65 (location 065S06DA from 14 to 16 feet bls). The 17 

vertical permeability coefficient for these samples ranged from 4.8 x 1<r cm/sec to 18 

6.8 x 10-7 em/sec, as previously shown on Table 2.3. The sieve analyses of the samples indicated 19 

a silty clay or clayey silt classification, with porosities ranging from 0.41 to 0.48. The 20 

geotechnical reports are provided in Appendix C of this report. 21 

Depth-to-groundwater measurements were collected during April, August, and September 1996 22 

for SWMU 2 monitoring wells, whereas wells at SWMU 65 were measured only in April 1996. 23 

Table 2.4 presents the depth-to-groundwater measurements for individual upper alluvium wells 24 
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and shows what appears to be a seasonal trend in groundwater elevations in the SWMU 2 upper 

alluvium monitoring wells; i.e., water is higher in the spring and lower in the fall. 2 

Groundwater in the upper alluvium flows south, southwest, and southeast near SWMUs 2 and 65, 3 

with an average horizontal gradient of 0.0085 at SWMU 2 and 0.0065 at SWMU 65 (refer to 4 

Figure 2.12). Relative groundwater elevations between monitoring wells screened in the upper 5 

and deep alluvium indicate an upward gradient at some locations and a downward gradient at 6 

others. Therefore, no conclusion can be made regarding the recharge/discharge potential of the 7 

upper alluvium at SWMU 2. 8 

Horizontal groundwater velocities in the upper alluvium were calculated from the SWMU 2 OPT 9 

investigation results, the upper alluvium potentiometric map, and specific capacity test results of 10 

upper alluvium wells at SWMUs 2 and 65. Table B-1 in Appendix B provides the OPT horizontal 11 

grouncJ.water velocity calculations, Figure 2.12 presents the upper alluvium potentiometric map, 12 

and Section 2.2.1.7 summarizes the specific capacity test results. The horizontal groundwater 13 

velocity calculated during the SWMU 2 OPT investigation averaged 4.95 x 1<Yi cm/sec, or 14 

0.01 feet per day. Likewise, the calculated horizontal groundwater velocity from the specific 15 

capacity tests averaged 0.012 feet per day. 16 

Deep Alluvium 17 

The deep alluvium consists of sand and gravel. In general, its uppermost portion is a silty or 18 

clayey fine- to medium-grained sand with sparse to frequent gravel, which coarsens downward to 19 

a medium to very coarse-grained sand and gravel above the erosional contact above the 20 

Cockfield Formation. Most of the gravel is subangular to rounded gray quartz or chert, with the 21 

longest diameter generally ranging from 0.5 to 2 inches in the upper portion and from 0.75 to 22 

. 4 inches in th~ lower portion. Some clay, silt, or sandy silt seams, along with occasional snail 23 

shells and wood fragments, is present in the upper portion of the deep alluvium. Sandy gravel 24 
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lenses are common throughout the deep alluvium, as shown on the Appendix C boring logs. In 

several borings, portions of the gravel were iron-cemented. 2 

Material in the uppermost portion varied from light olive gray, olive gray, greenish-gray, light 3 

yellowish-brown, and dusky yellow, with common iron staining. In the lower portion, the sand 4 

ranged from very light to light gray, yellowish-brown, and yellowish-orange. 5 

The thickness of the deep alluvium ranged from 6 feet in soil boring 009S03DA to 34 feet in soil 6 

boring 002S14DA. Soil boring 009S03DA is at the southwest comer of the SWMU 9 sewage 7 

lagoons. Soil boring 002S14DA is at the northeast comer of the SWMU 2 landfIll. Table 2.2 lists 8 

the thickness of the deep alluvium for SWMU 2, 9, and 65 soil borings and background soil 9 

boring OBGSllMA, while the lithologic cross sections (Figures 2.3, 2.4, 2.5, 2.6, and 2.10) 10 

graphically depict the vertical thickness of the deep alluvium. As the cross sections demonstrate, 11 

the thickness of the deep alluvium decreases from north to south along the east side of the landfill 12 

(Figure 2.3), but it is generally consistent from west to east (Figures 2.4 and 2.6). Based on its 13 

thickness, the portion of Big Creek on the southeast side of NSA Memphis may have once 14 

transected the northeast to southwest portion of the area beneath the SWMU 2 landfill. The 15 

SWMU 9 cross section (Figure 2.5) shows the deep alluvium thins dramatically from north 16 

(OO9G04DA, 31 feet thick) to south (OO9G02DA, 6 feet thick), showing the typical configuration 17 

of the center to the edge of a buried stream channel. 18 

Soil samples collected for geotechnical analysis from the deep alluvium consisted of two SWMU 2 19 

samples and one SWMU 65 sample. SWMU 2 samples were collected from 41 to 43 feet bls at 20 

boring locations 002S03DA and 002S0030 and the SWMU 65 sample was collected from 38 to 21 

40 feet bls at boring location 065S06DA. The vertical permeability coefficients of the samples 22 

ranged from 1.8 x 104 cm/sec to 8.6 x 104 cm/sec, as shown on Table 2.3. Sieve analyses of 23 

these samples indicated a sand with gravel or gravelly sand classification, with porosities ranging 24 

from 20 % to 33 % . The geotechnical reports are provided in Appendix C of this report. 25 
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As previously discussed, depth-ta-groundwater measurements for SWMU 2 monitoring wells were 

collected during April, August, and September 1996, while the same measurements were collected 2 

in April 1996 only for monitoring wells at SWMUs 9 and 65. Table 2.4 presents the depth-to- 3 

groundwater measurements for individual deep alluvium wells and shows what appears to be a 4 

seasonal trend in groundwater elevations in the SWMU 2 deep alluvium monitoring wells and 5 

middle alluvium monitoring well OBGGllMA; i.e., water is higher in the spring and lower in the 6 

fall. 7 

The deep alluvium groundwater flowed southwest on the north side of Big Creek Drainage Canal 8 

and northwest on the south side of the canal during April 1996, as shown on Figure 2.13. Based 9 

on the potentiometric contour lines shown on Figure 2.13, average groundwater gradients in the 10 

deep alluvium were as follows: at SWMU 2 it was 0.0083; at SWMU 9 it was 0.0091; and at 11 

SWMU 65 it was 0.014. Relative groundwater elevations between monitoring wells screened in 12 

the upyer and deep alluvium indicate an upward gradient at some locations and a downward 13 

gradient at others. Therefore no conclusion can be made regarding the recharge/discharge 14 

potential of the deep alluvium at SWMU s 2 and 65. 15 

Horizontal groundwater velocities in the deep alluvium were calculated from the DPT investigation 16 

results at SWMU 2 and 9, from the lower fluvial deposits/deep alluvium potentiometric map, and 17 

specific capacity test results from SWMUs 2,9, and 65. Table B-1 in Appendix B shows the DPT 18 

horizontal groundwater velocity calculations, Figure 2.13 provides the lower fluvial deposits/deep 19 

alluvium potentiometric map, and Section 2.2.1.7 summarizes the specific capacity test results. 20 

At SWMU 2, the horizontal groundwater velocity calculated during the DPT investigation 21 

averaged 2.32 x 1<r cm/sec. or 0.65 feet per day; the calculated horizontal groundwater velocity 22 

from the SWMU 2 specific capacity tests averaged 0.23 feet per day. At SWMU 9, the horizontal 23 

groundwater velocity calculated during the DPT investigation averaged 1.31 x 1<r cm/sec, or 24 

0.37 feet per day; the calculated horizontal groundwater velocity from the SWMU 9 specific 25 
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capacity test was approximately 0.25 feet per day. At SWMU 65, the horizontal groundwater 

velocity calculated from the specific capacity test was 0.39 feet per day. 

2.2.2.2 Loess and Fluvial Deposits 

2 

3 

As previously discussed, SWMU 14 and 59 monitoring wells and background monitoring wells 4 

OBGG02LS, OBGG02UF, OBGG02LF, OBGG04LS, OBGG04UF, OBGG04LF, and OBGG12UF 5 

were completed in either the loess or fluvial deposits. These wells are between 1,300 and 6 

5,000 feet north of Big Creek Drainage Canal, as shown on Figure 2.1. 7 

Loess 8 

The loess encountered in soil borings consists of clay, silty clay, clayey silt, and silt from land 9 

surface to depths ranging from 30 to 39 feet. In general, the clay fraction decreases and the silt 10 

fraction increases with depth. The upper 6 or 7 feet are typically dry. A moist to wet zone 11 

encountered between 10 and 16 feet in most SWMU 14 and 59 soil borings represents the 12 

uppermost water-bearing zone in the loess. The loess color ranged from moderate to dark 13 

yellowish-brown, brown, brownish-gray, greenish-gray, and light olive gray. Sparse to common 14 

dark orangish-yellow or light olive gray mottling was observed in some soil borings, as was iron 15 

staining, iron/manganese nodules, and organic material. Hard, siliceous clayey material or 16 

concretions were present near 27 feet bls in one SWMU 14 soil boring. 17 

Table 2.2 lists the loess thickness at SWMU 14, SWMU 59, and background locations, while the 18 

geologic cross sections (Figures 2.7,2.8, and 2.9) show the vertical thickness. As shown on the 19 

geologic sections, the loess thickness was fairly consistent at SWMUs 14 and 59, except for the 20 

west-east geologic section of SWMU 14 (Figure 2.8), where the loess slightly thinned from west 21 

to east. 22 

Loess soil samples collected for geotechnical analysis consisted of one sample from SWMU 14 23 

(location 0l4SOlLF, 8 to 10 feet bls), one from SWMU 59 (location 059S03UF, 13 to 15 feet bls), 24 
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and one from the USGS test hole north of SWMU 14 (location TH-7, 10 to 12 feet bls). The 

vertical coefficient of permeability for these samples, which was calculated from falling head 2 

permeability testing, ranged from 2.83 x 10-7 cm/sec to 5.7 x 10-7 cm/sec, as previously shown 3 

on Table 2.3. Sieve analyses of these samples indicated a clayey silt or silt classification, with 4 

porosities ranging from 0.36 to 0.44 percent. The geotechnical reports are provided in 5 

Appendix C of this report. 6 

Table 2.4 (shown previously) summarized the depth-to-groundwater and groundwater elevation 7 

measurements in the loess monitoring wells at SWMUs 14 and 59. As shown on the table, depth- 8 

to-groundwater measurements in SWMU 14 loess monitoring wells ranged from 4.99 feet bls to 9 

7.96 feet bls (014GOILS and 014G05LS). At SWMU 59, the depth to loess groundwater ranged 10 

from 7.71 feet bls to 9.69 feet bls (059GOILS and 059G03LS). Depth-to-groundwater 11 

measurements were not collected from loess background wells during 1996. As outlined in 12 

Sectiqn 2.1, loess groundwater migrates primarily downward, although locally, some may 13 

discharge to nearby streams, drainage ditches, and other surface-water bodies. Potentiometric 14 

maps were not constructed for the Assembly E loess monitoring wells. 15 

The average loess horizontal groundwater velocity calculated from the DPT investigation results 16 

at SWMU 14 was 3.44 x 10-5 cm/sec, or 0.09 feet per day. Refer to Table B-1 in Appendix B for 17 

calculations. Since the hydrogeology of the loess has been adequately characterized during 18 

previous NSA Memphis investigations, specific capacity tests were not performed for the 19 

Assembly E loess monitoring wells. 20 

Fluvial Deposits 21 

The upper portion of the fluvial deposits consisted of a silty, clayey, fine to medium-grained sand. 22 

At some locations, it also contained scattered quartz and chert gravel up to 0.75 inches in 23 

diameter. In general, the sand's grain size coarsened with depth. The percentage of gravel and 24 

its maximum diameter also generally increased with depth. In most soil borings, the fluvial 25 
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deposit's base consisted of a sand-and-gravel mixture, with gravel up to 4 inches in diameter. The 

percentage of gravel within the sand matrix varied from approximately 10% to 75%, depending 2 

on the boring location. 3 

The thickness of the fluvial deposits varies across the Southside as shown on Table 2.2. The 4 

fluvial deposits range from 12 to 20 feet thick at SWMU 14 to between 33 and 47 feet thick at 5 

Southside background well locations. Refer to the cross sections on Figures 2.7 and 2.8 for 6 

details. At SWMU 59, the deepest soil boring (059S03UF, terminated at 56 feet bls) did not 7 

encounter the base of the fluvial deposits as shown on the cross section, Figure 2.9. 8 

Two soil samples were collected from 41 to 43 feet bls in the fluvial deposits for geotechnical 9 

analyses: one from SWMU 14 soil boring 0l4SOlLF and the second from SWMU 59 soil boring 10 

059S03UF. The vertical permeability coefficients were 4.0 x 10"7 cm/sec (location 014S01LF) 11 

and 2.6 x 10-4 cm/sec (location 059S03UF). Sieve analyses and porosity testing classified the 12 

sample from location 014SOlLF as a silty clay containing sand and small gravel with a porosity 13 

of 32 %. The sample from soil boring 059S03UF was classified as a gravelly sand with a trace 14 

of silt and a porosity of 30%. Appendix C contains the geophysical laboratory reports. 15 

As previously discussed, depth-to-groundwater measurements for SWMUs 14 and 59 were 16 

collected in April 1996 and from background wells in both April and August 1996. Table 2.4 17 

presents the depth-to-groundwater and groundwater elevation measurements for individual fluvial 18 , 

deposits wells. The groundwater measurements from the fluvial deposits background monitoring 19 

wells indicate a seasonal trend. Water levels are higher during the spring and lower during the 20 

late summer, as shown in Table 2.4. 21 

Potentiometric maps for the April 1996 monitoring event are provided as Figures 2.11 (upper 22 

fluvial deposits) and 2.12 (lower fluvial deposits). The April 1996 water-level measurements were 23 

collected from upper and lower fluvial deposits wells at select locations throughout 24 
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NSA Memphis; therefore, the potentiometric maps cover all of NSA Memphis rather than only 

Assembly E SWMUs. The groundwater elevations for these lower fluvial deposits and deep 2 

alluvium were combined to generate Figure 2.13, because of the lithologic similarity between 3 

these units and the probability that they are hydraulically connected. The horizontal gradient at 4 

each SWMU was calculated from the well measurements and contour lines on the potentiometric 5 

maps. 6 

7 

As shown on Figure 2.11, groundwater in the upper fluvial deposits flows southwest near 8 

SWMU 59 and background well OBGG04UF and west near background well OBGGI2UF. The 9 

horizontal gradient in upper fluvial deposits groundwater at SWMU 59 was approximately 0.0029. lO 

As shown on Figure 2.13, lower fluvial deposits groundwater near SWMU 14 and background 11 

well OBGG04LF flows west, and flows north near background well OBGG02LF. The approximate 12 

horizontal gradient of groundwater in the lower fluvial deposits beneath SWMU 14 was 0.005. 13 

As shown on Table 2.4, relative groundwater elevations between upper and lower fluvial deposits 14 

background well pairs OBGG02UF/OBGG02LF and OBGG04UF/OBGG04LF are nearly identical, 15 

indicating the upper and lower fluvial deposits may be hydraulically connected at these locations 16 

and elsewhere on the Southside. 17 

At SWMU 14, the horizontal groundwater velocity calculated from DPT investigations in the 18 

upper fluvial deposits averaged 3.98 x 10-5 cm/sec, or 0.11 feet per day (refer to Table B-1 in 19 

Appendix B). The horizontal velocity for groundwater in the lower fluvial deposits at SWMU 14 20 

as calculated from specific capacity testing of monitoring well 014G07LF was 0.14 feet per day 21 

(refer to Section 2.2.1.7). At SWMU 59, the calculated horizontal groundwater velocity in the 22 

upper fluvial deposits was 0.6 feet per day, based on specific-capacity test results from monitoring 23 

well 059G03UF. 24 
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3.0 ANALYTICAL AND FIELD INVESTIGATIONS METHODS 

The RFI sampling program was developed to defme the nature and extent of contamination 2 

associated with past activities at Assembly E SWMUs. The RFI's specific objectives were to: 3 

• Determine the nature and extent of potential contamination in soil, sediment, surface water, 4 

and biota. 5 

• Characterize the Southside alluvial and fluvial aquifers and their preferred contaminant 6 

migration pathways. 7 

• Identify potential groundwater contamination in the loess, fluvial deposits, and alluvial 8 

aquifers. 9 

• Identify the human health and ecological risks associated with any identified contamination. 10 

The RFI was conducted in two phases. The first phase consisted of a DPT subsurface soil and 11 

groundwater screening investigation at each of the Assembly E SWMUs (except for SWMU 38, 12 

where only sediment samples were collected). Lithologic and analytical data from the DPT soil 13 

and groundwater investigation were used to determine the optimum placement and depth of 14 

samples collected during second phase RFI characterization. The second phase included advancing 15 

and sampling soil borings and installing and sampling monitoring wells to determine the vertical 16 

and lateral extent of contaminants, including those detected during the investigation's screening 17 

phase. Surface soil, sediment, surface water, and biota samples were also collected from various 18 

SWMUs to identify human health or ecological risk posed by site contaminants. In addition, 19 

ancillary data were collected through aquifer characterization (specific capacity testing of select 20 

monitoring wells) and borehole geophysics. 21 
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This section summarizes the analytical, drilling, and field sampling protocols employed during the 

Assembly E RFI, which were based on the USEPA and the TDEC-approved Comprehensive RFI 2 

Work Plan (E/A&H, 1994a) and the Assembly E Site Investigation Plans (E/A&H, 1995a). 3 

Sampling locations were chosen to provide adequate coverage around each SWMU's suspected 4 

source areas and to supplement previous investigation results at SWMU s 2 and 65, as outlined in 5 

the SWMU-specific tabbed sections (Section 8). 6 

Sections 3.1 and 3.2 present the analytical test methods used for each of the medias sampled and 7 

provide an overview of the equipment used to conduct the DPT investigation, advance and sample 8 

soil borings, and install groundwater monitoring wells. The next five sections organize and 9 

present general sampling protocols for soil, groundwater, sediment, surface water, and fish tissue 10 

sampling. Specific sampling, protocols (sample handling, field Quality Assurance/Quality Control 11 

[QNQC], and decontamination) are in Section 3.8, which is followed by a summary of the data 12 

validation process and a discussion of decontamination procedures and investigation-derived waste 13 

(lDW). The last two sections summarize ancillary data collected during the RFI and survey 14 

techniques. 15 

3.1 Analytical Methods 16 

The organic analyte list for Test Methods for Evaluating Solid Waste, Physical/Chemical Methods 17 

(SW-846) Methods 8240 (VOCs), 8270 (SVOCs), and 8080 (pesticides/PCBs) was selectively 18 

obtained from the Contract Laboratory Program (CLP) Target Compound List (TCL) statement 19 

of work OLM03.1 The inorganic analyte list for metals for SW-846 Method 6010/7000 series was 20 

obtained from USEPA Title 40 Code of Federal Regulations (CPR) Part 264, Appendix IX. The 21 

analyte lists for SW-846 Methods 8021 (VOCs) , 8140 '(organophosphorus pesticides), 22 

8150 (chlorinated herbicides), 9010 (cyanide), and 8015 Tennessee (TN) Modified (TPH Gasoline 23 

Range Organics [TPH-GRO] and Diesel Range Organics [TPH-DRO]) were obtained directly from 24 

the respective test methods. Table 3.1 sunui1arizes the SW-846 reporting levels and analytical 25 

methods used during the Assembly E RFI. 26 
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Media Loc:atioIl and Desert ., 

Subsurface DPT locations along landflll perimeter 
Soil 

RFI soil borings along landfill perimeter 

Groundwater DPT locations along landfill perimeter 

Groundwater 5 existing G&M wens and 27 new RFI wells 
(Event 1) 

Table 3.1 
Analytical Parameters and Methods 

RFI Soil, Groundwater, Sediment, Surfaee Water, and Biota Samples 

Collection 
Method 

DPT 

Rotasonic 

DPT 

Submersible 
Electric 
Pump!" 

5 to 7 reet 
9 to 11 reet 
11 to 13 reet 

2 to 4 reet 
8 to 10 feet 
13 to 15 feet 
14 to 16 reet 
19 to 21 feet 

UA 
DA 

UA 
MA 
DA 

Parameter and SW-846 Method 

13 (3) VOCs (An samples - Method 8021) 
1 (0) TCL VOCs (Duplicates - Method 8240) 
1(0) 

1 (0) FSA 
13 (1) 
1 (0) 

13 (4) 
1 (0) 

13 (3) VOCs (All samples - Method 8021) 
16 (5) TCL VOCs (Duplicates - Method 8240) 

15 (1) FSA less TPH-GRO 
1(0) 
16 (3) 

Groundwater 5 existing G&M wells and 27 new RFI wells Submersible UA 15 (Of TCL VOCs (Method 8240) 
(Event 2) Electric Pump MA 1 (0) Appendix IX metals (6010nooo series) 

DA 16 (4)" 
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La Level 

Onsite Level U-equivalent (Hydrologic) 
(Hydrologic) Level UIlLeve11V -equivalent 
Offsite (NET) (NET) 

Off site (NET) Level UIlLevel IV -equivalent 

Onsite Level U-equivalent (Hydrologic) 
(Hydrologic) Level UIlLeve11V -equivalent 
Offsite (NET) (NET) 

oosite (NET) LevelIUlLevellV-equivalent 

Offsite (NET) Level UVLevel IV-equivalent 

~teWir$lj~i~~«<Oi:at>;r( .< Oto~~1ia Hi) ·~SAl~TP8~OROOff$ite (Nlrr) LevellDJLeveJIV-eqijivalent 
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Table 3.1 
Analytical Parameters and Methods 

RFI Soil, Groundwater, Sediment, Surface Water, and Biota Samples 

No. of Samples 
Collection Interval (No. of 

Media Locatiop .1IIlCl Description Method Sam~ Duplicates) Parameter and SW-846 Method Laboratory ~ltepctl"till2 Level 

Subsurface DPT locations along the lagoons' perimeter DPT 8 to 10 feet 15 (4) VOCs (All samples - Method 8021) Onsite Level I1-equivaient (Hydrologic) 
Soil TCL VOCs (Duplicates - Method 8240) (Hydrologic) Level IIULevel IV -equivalent 

Offsite (NET) (NET) 

RFI soil borings at the lagoon area's four Rotasonic 8 to 10 feet 4 (0) FSA Offsite (NET) Level IIULevel IV -equivalent 
comers 14 to 16 feet 4 (2) 

Groundwater DPT locations along lagoons' perimeter DPT DA 15 (4) VOCs (All samples - Method 8021) Onsite Level I1-equivaient (Hydrologic) 
TCL VOCs (Duplicates - Method 8240) (Hydrologic) Level IIULevel IV -equivalent 

Offsite (NET) (NET) 

RFI monitoring weDs at the lagoon area's four Submersible DA 4 (0) FSA less TPH-GRO Offsite (NET) Level IIULevel IV -equivalent 
comers Electric Pump 

Surface Water Big Creek Drainage Canal Grab Sorface 2 (1) FSA less TPH-GRO Offsite (NET) Level IIULevel IV -equivalent 
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Media 

Subsurface 
Soil 

Table 3.1 
Analytical Parameters and Methods 

RFI Soil, Groundwater, Sediment, Surface Water, and Biota Samples 

Location and Descri 

DPT locations throughout SWMU 14 

CoRection 
Method 

DPT 

Interval 
SamJII...l(ol 

5 to 7 feet 
11 to 13 feet 

From above the outfall aod concrete lining in Haod auger 18 to 24 
the drainage ditch south of SWMU 14 inches 

RFI soil borings Ihrooghout SWMU 14 Rotasonic 4 to 6 feet 
8 to 10 feet 

11 (4) 
3(1) 

2 (0) 

8 (1) 
8 (3) 

Parameter and SW-846 Method 

VOCs (All samples - Method 8021) 
TCL VOCs (Duplicates - Method 8240) 

FSA 

FSA 

Grouodwater DPT locations throughout SWMU 14 DPT LS 
UP 

9 (1) 
9 (3) 

VOCs (AIl samples - Method 8021) 
TCL VOCs (Duplicates - Method 8240) 

RFI monitoring wells throughout SWMU 14 Submersible LS 
Electric Pump LF 

5 (0) 
4(1) 
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Laborato' 

Onsite 
(Hydrologic) 
Offsite (NET) 

Offsite (NET) 

Offsite (NET) 

Onsite 
(Hydrologic) 
Offsite (NET) 

Offsite (NET) 

Level II-equivalent (Hydrologic) 
Level III/Level IV -equivalent 
(NET) 

Level III/Level IV -equivalent 

Level IIIILevel IV -equivalent 

U~t~'~I1V~vlli~Ut 

Level II-equivalent (Hydrologic) 
Level IIIILevel IV -equivalent 
(NET) 

Level IIIlLevel IV -equivalent 

41~el~~~ 
Level Dl/Lev¢1 IV~ivaleni 
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Table 3.1 
Analytical Parameters and Methods 

RFI Soil, Groundwater, Sediment, Surface Water, and Biota Samples 

Media 

Subsurface 
Soil 

Locatioo and Desed ., 
Collection 

Method 

DPT (Geoprobe) locations surrounding the old DPT 
Pesticide Sbop building (Geoprobe) 

RFI soil borings Rotasonic 

Parameter and SW-846 Method 

3 to 5 feet 10 (0) TCL VOCs (Method 8240) 
9 to 11 feet 10 (0) TCL Chlorinated Pesticides/PCBs (Method 

8080) 

4 to 6 feet or 3 (0) FSA 
6 to 8 feet 
10 to 12 feet 3 (1) 
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Table 3.1 
Analytical Parameters and Methods 

RFI Soil, Groundwater, Sediment, Surface Water, and Biota Samples 

No. of Samples 
Colledioa Interval (No. of 
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MediaLoeatiopg J)esqiPdQa Method Sampledoo Duplicates) Parameter and SW-846 Method Laboratory J:>QQ", ~po~ Level 

Subsurface soil Soudl of each concrete airplane pad, near DPT 5 to 7 feet or 
existing monitoring wells and dle former UST (Geoprobe) 7 to 9 feet 
area 

RFI soil borings Rotasonic 6 to 8 feet 
12 to 14 feet 

Groundwater From various Geoprobe soil boring locations Geoprobe UA 
DA spaced throughout SWMU 

RFI monitoring wells 

Nous: 

Submersible UA 
Electric PumP DA 

30 (3) 

3 (0) 
3 (1) 

11 (1) 
6 (I) 

3 (0) 
1(0 

TPH-GRO and DRO (TN Modified 8(15) 

FSA 

TCL VOCs (Medlod 8240) 

FSA less TPH-GRO 

OOsite (NET) Level Ill/Level IV-equivalent 

Offsite (NET) LevellU/Level IV-equivalent 

Off site (NET) Level Ill/Level IV -equivalent 

Off site (NET) Level III/Level IV -equivalent 

a - Interval for soil and sediment samples is provided in inches or feet below land surface as indicated. 1be interval for groundwater refers to dle aquifer widlin dle screened interval of dle DPT sample or monitoring 
well - LS = loess; UP = upper fluvial deposits, LF = lower fluvial deposits, UA = upper alluvium, MA = middle alluvium, DA = deep alluvium. 

b DQO .. Data Quality Objective 
c - FSA .. Full Scan Analysis. FSA for soil and sediment samples consisted of dle following Target Compound List parsmeters: VOCs by SW-846 Medlod 8240; SVOCs by SW-846 Medlod 8270; chlorinated 

pesticideslPCBs by SW-846 Metbod 8080; organophosphorus pesticides by SW-846 Metbod 8140; chlorinated herbicides by SW-846 Medlod 8150; Appendix IX metals and cyanide by SW-846 Medlods 6010,7060, 
7421,7841. and 9012; and TPH-GRO and DRO by dle Modified Tennessee SW-846 Medlod 8015. FSA for groundwater and surface water samples consisted of dle above parameters, except for TPH-GRO, because 
these lighter fraction hydrocarbons could be identified by dle tentatively identified compounds in VOC analysis. 

d - WellS were sampled using dle low-flow micropurging tecbnique as long as dle static water level did not vary more than 1.0 foot during purging. When dle static water level varied more than 1.0 foot, at least three 
well volumes were removed, or dle well was purged dry and allowed to recharge prior to sampling. 
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3.1.1 Analytical Methods for DPT Samples 

Soil and groundwater samples were collected during the DPT screening investigation to 2 

approximate the extent of anticipated contaminants at each SWMU. Based on the anticipated site 3 

constituents, samples were submitted for select analyses as outlined below. 4 

SWMUs 2, 9, and 14: Anticipated site constituents included solvents and petroleum-related 5 

compounds. Therefore, VOCs were used as an indicator parameter during the DPT screening 6 

phase at these SWMUs. The DPT subsurface soil and groundwater samples were transported 7 

directly to an onsite mobile laboratory provided by Hydrologic, Inc., of Frankfort, Kentucky, for 8 

the immediate analysis of VOCs by SW -846 Method 8021. The laboratory analyzed the DPT 9 

samples using Level IT-equivalent Data Quality Objectives (DQOs). In accordance with the 10 

Assembly E Site Investigation Plans (E/ A&H, 1995a), approximately 25 % of the primary samples 11 

submitted to the onsite laboratory for VOC analysis were split as confirmation samples for QAlQC 12 

purposes. The confmnation samples were shipped to National Environmental Testing, Inc. (NET) 13 

laboratory in Bedford, Massachusetts, for VOC analysis by SW-846 Method 8240. Ninety-five 14 

percent of the confmnation samples were reported at Level ill DQO-equivalent, while 5 % of the 15 

samples were reported at Level IV DQO-equivalent. The analytes in SW -846 Method 8021 and 16 

the VOC TCL differ due to the instrumentation used; refer to the analytical data in the Data 17 

Validation Report -Assembly E (ElA&H, 1997a) for the analyte list for each VOC test method. 18 

SWMU 59: Pesticides and their carriers (solvents) were anticipated site constituents. Therefore, 19 

subsurface soil and groundwater samples collected during the DPT screening investigation were 20 

submitted to NET for VOC and pesticide/PCB analyses by SW -846 Methods 8240 and 8080, 21 

respectively. In accordance with the Assembly E Site Investigation Plans (E/A&H, 1995a), 22 

approximately 10% of the DPT samples were split for duplicate analysis. NET analyzed primary 23 

and duplicate samples using a Level ill DQO-equivalent for 95 % of the samples and a Level IV 24 

DQO-equivalent for the remaining 5 %. 25 
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SWMU 65: Anticipated site constituents were petroleum-related compounds. Surface and 

subsurface DPT soil samples were submitted to NET for TPH-GRO and TPH-DRO analyses by 2 

SW-846 Method 8015 TN Modified, while groundwater samples were submitted to NET for VOC 3 

analysis by SW -846 Method 8240. In accordance with the Assembly E Site Investigation Plans 4 

(E/A&H, 1995a), approximately 10% of the DPT samples were split for duplicate analysis. NET 5 

analyzed primary and duplicate samples using a Level m DQO-equivalent for 95 % of the samples 6 

and a Level IV DQO-equivalent for the remaining 5 % . 7 

3.1.2 Analytical Methods for RFI Samples 8 

Based on DPT investigation results, RFI soil and groundwater were collected and analyzed to 9 

further assess the nature and extent of contamination at the Assembly E SWMUs. Where present, 10 

sediment and surface water samples were collected to assess the nature and extent of contamination 11 

ip. the drainage pathways near the SWMUs. The samples were submitted to NET and analyzed 12 

using a modified full scan analysis in accordance with SW -846 Methods and analyte lists based 13 

on the CLP TCL with the following exception: groundwater and surface water samples were not 14 

submitted for TPH-GRO analysis, because the tentatively identified compounds (TICs) in the VOC 15 

analysis would identify many of these lighter fraction hydrocarbons. NET analyzed the RFI 16 

samples using a Level m DQO-equivalent for 95% of the samples and a Level IV DQO-equivalent 17 

for the remaining 5%. Table 3.1 summarizes the methods and reporting levels. 18 

Biota (fish tissue) samples were collected from the SWMU 9 sewage lagoons and submitted to 19 

Ceimic Corporation of Naragansett, Rhode Island, for the following analyses: TCL SVOCs and 20 

TCL pesticideslPCBs and TAL metals according to the CLP Statement of Work (SOW) OLM03.1 21 

and ILM03.0 (USEPA 1994a, 1994b). Ceimic analyzed the samples using a Level IV DQO- 22 

equivalent. 23 
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In addition, select soil samples were analyzed for design parameters for later remedial design, 

modeling, and (or) migration studies, if needed. Soil samples collected for physical 2 

characterization were submitted to Tri-State Testing, Inc. in Memphis, Tennessee, while soil 3 

samples collected for chemical characterization were submitted to NET. Table 3.2 summarizes 4 

the physical and chemical design parameters used for the soil sample analyses. 5 

Table 3.2 
Design Parameters and Methods 

RFI Soil Samples Collected for Physical and Chemical Characterization 

Chemical: 
Total Phosphorus 
Nitrate-N 
Total Kjeldahl Nitrogen 
Heterotrophic Plate Count 
Total Organic Carbon 
Cation Exchange Capacity 

Notes: 

USEPA 365.4 
US EPA 352.1 
USEPA351.2 
SM(·) 9215B 
USEPA 415.1/9060 
USEPA 9081 

Number of Samples per 

SWMU2-2 UA 
SWMU9-1 UA 
SWMU 14 - 1 LS, 1 UF 
SWMU 59 - 1 LS, 1 UF 
SWMU65 -1 UA 

a - Interval sampled refers to the lithologic unit from which the soil sample was collected. UA, OA, LS, and 
UF refer to upper alluvium, deep alluvium, loess, and upper fluvial deposits, respectively. 

b ASTM = American Society for Testing and Materials 
c - SM = Standard Method 

3.2 Equipment Overview 6 

The following sections describe the DPT equipment used to conduct the fIrst-phase screening 7 

investigation and the drilling equipment used to advance and sample soil borings and install 8 

monitoring wells during the investigation's second phase. 9 
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Between October 26 and December 18, 1995, E/A&H conducted DPT investigations at 2 

SWMUs 2,9, 14,59, and 65 to obtain soil and groundwater samples from the locations proposed 3 

in the Assembly E Site Investigation Plans. InSitu, Inc., of Travelers Rest, South Carolina, 4 

provided and operated the DPT equipment at SWMUs 2, 9, and 14. ProTech, Inc., of 5 

Baton Rouge, Louisiana, provided and operated the DPT Geoprobe equipment at SWMUs 59 6 

and 65. 7 

SWMUs 2, 9, and 14: The DPT investigations were conducted with truck-mounted, hydraulically 8 

operated probes and samplers, including the piezocone system and geocone and hydrocone 9 

samplers. The piezocone system, consisting of an electronic cone penetrometer, measured and 10 

plotted point-stress, sleeve friction, and pore pressure as the cone penetrometer was advanced from 11 

ground surface, through the loess or upper alluvium, and into the upper fluvial deposits or deep 12 

alluvium. The geocone sampler, a split-spoon sampler with a push plug on the leading end, was 13 

advanced and retracted to retrieve relatively undisturbed subsurface soil samples from specific 14 

depths at various locations throughout the SWMUs. The hydrocone groundwater sampler obtained 15 

groundwater samples from specific depths in the loess or upper alluvium and upper fluvial deposits 16 

or deep alluvium, with and without an applied vacuum, and generated hydraulic conductivity 17 

information when no vacuum was applied. Hydraulic conductivity information was generated by 18 

a transducer within the hydrocone that recorded rate of fill over time. Details for the DPT 19 

sampling methods were provided in Section 4.4.4.3 of the Comprehensive RFI Work Plan. 20 

SWMUs 59 and 65: The DPT investigations were conducted using both truck-mounted and all- 21 

terrain vehicle (ATV) mounted Geoprobe sampling rigs. The Geoprobe is a hydraulically-powered 22 

soil probing machine that uses static force and percussion to advance small diameter sampling tools 23 

into the subsurface to collect soil core and groundwater samples. A closed-piston sampling tool 24 

with plastic liner was used to collect soil samples. From the ground surface, the sampler was 25 
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advanced 24 inches (sampling tool length) and retrieved from the borehole with the frrst sample. 

The plastic liner and soil core were removed, a new liner was installed, and the sampler was 2 

inserted back down the same hole to collect the next sample. The groundwater sampling device 3 

is a screen-point sampler with a stainless-steel wire mesh screen insert and screen sleeve that is 4 

driven to depth in an alloy steel sampler sheath using standard Geoprobe rods. The screen is 5 

sealed inside the sheath with rubber o-rings which prevent the inflltration of formation fluids until 6 

the screen is deployed. 7 

3.2.2 Drilling Equipment 8 

Between January 15 and March 4, 1996, soil borings were advanced and sampled, and 9 

groundwater monitoring wells were installed and developed at SWMUs 2, 9, 14, 59, and 65. 10 

Alliance Environmental, Inc., of Marietta, Ohio, provided and operated the drilling equipment. 11 

Most soil borings and monitoring wells were completed using the rotasonic drill rig, which is 12 

preferred over conventional drilling techniques due to its speed, high quality of lithologic 13 

information and well construction, and the minimal amount of lOW generated. 14 

Where the soil was not adequately compacted to support the weight of the rotasonic drilling 15 

equipment, that is, wooded areas with limited access and areas with uneven terrain, Alliance used 16 

an all-terrain Doodlebug carrier equipped with a CME-55 hollow-stem auger rig to reach the soil 17 

boring locations. The following sections describe each drilling method used during the 18 

Assembly E RFI. 19 

3.2.2.1 Rotasonic Drilling Method 20 

The rotasonic drill mechanically induces vibrations through a drill head housing in which two steel 21 

rollers rotate in eccentric orbits, creating equal centrifugal forces. The combined centrifugal 22 

forces create a vertical force that is transmitted into the steel drill pipe and effectively transferred 23 

through the pipe to its bottom cutting edge. A series of high-frequency, sinusoidal, wave 24 
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vibrations are induced in the steel drill pipe at its resonance frequency or at a rate proportional to 

its ability to accept and reflect each wave. With the pipe resonating, the energy stored in it greatly 2 

exceeds the energy being dissipated on the medium being drilled and the maximum strain is 3 

imparted to the steel pipe's end, and in turn, to the medium being drilled. With this pressure 4 

pushing down on it, the steel drill pipe behaves like a spring, expanding and contracting as the 5 

vibrations are imparted through the sonic head, creating a cutting action at the bit face that allows 6 

a continuous core of the formation to move into the core barrel. Refer to The Resonant Sonic 7 

Drilling Method: An Innovative Technology for Environmental Restoration Programs 8 

(Barrow, 1994) for details on this drilling method. 9 

Rotasonic drilling consists of advancing two drill casings, generally an inner 4-inch diameter core 10 

(or sample) barrel and an outer 6-inch diameter casing. The inner core barrel, which has a 11 

studd@d bit attached to its base, is ftrst vibrated to the desired sample depth, which results in 12 

sample material being captured in the barrel. The outer 6-inch casing is then vibrated around and 13 

to the inner barrel's sample depth, displacing the I-inch soil annulus between the core barrel and 14 

casing into the formation. The outer casing serves two purposes - it ensures that the borehole 15 

remains open during sampling, eliminating borehole "slough," and it prevents potential 16 

communication between shallower and deeper zones by continuously casing the borehole as it is 17 

advanced. After the outer casing is advanced, the inner core barrel is retrieved to the surface, 18 

leaving the outer casing in place, and the sample is vibrated out of the core barrel into a plastic 19 

sleeve. A decontaminated core barrel replaces the previous one, and the process is repeated until 20 

the desired sample depth is reached. Typically, 10-foot sections of core are collected at a time and 21 

extruded in two 5-foot lengths. 22 

Potable water is used to drill below the saturated zone. After the inner barrel is advanced to the 23 

desired sample depth, water is pumped between the inner barrel and outer casing while the outer 24 

casing is vibrated down to flush soil out of the annular space. Soil in the annular space is either 25 
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circulated to the surface with the water and emptied into a tub or displaced into the borehole wall. 

Once the soil boring is complete, a monitoring well may be installed through the outer casing as 2 

outlined in the Comprehensive RFI Work Plan. 3 

3.2.2.2 Hollow-Stem Auger Drilling Method 4 

The hollow-stem auger consists of a 6IA-inch outer diameter, open steel shaft with a continuous 5 

spiraled steel flight welded to the outside. Each auger flight is connected in 5-foot sections to the 6 

lead flight auger, which is connected to an auger bit which cuts. Soil cuttings are brought to the 7 

surface as the top-head drive unit rotates the flights. A plug inserted into the center of the augers 8 

attaches to the drive unit with smaller rods to prevent soil from rising inside the auger until the 9 

desired sampling depth is reached. A 3-inch diameter, 2-foot long, split-spoon sampler is then 10 

attached to the inner rods and inserted into the center of the augers. After a drop-hammer drives 11 

the inner rods and split-spoon sampler 2 feet, a relatively undisturbed soil core collects in the 12 

sampler. The inner rods are then removed, and the split-spoon sampler is detached. When the 13 

sampler is opened, material is collected from the soil core. Once the soil boring is complete, a 14 

monitoring well may be installed through the hollow-stem augers as outlined in the Comprehensive 15 

RFI Work Plan. 16 

The soil borings advanced and sampled with the all-terrain rig were as follows: 17 

SWMU2: 

SWMU9: 

Soil borings 002S11 UA, 002S11DA, 002S12UA, 002S12DA, 002S13UA, 18 

002S13MA, and 002S13DA, and their associated monitoring wells. These soil 19 

borings were along the temporary road constructed along the landfill's north side, 20 

and on the east central side of the landfill where trees were cleared with a bulldozer 21 

to allow access for the buggy rig. 22 

Soil boring 009S03DA and its associated monitoring well. This soil boring is on 23 

the southwest comer of the sewage lagoons in a wooded, low-lying area that could 24 

not be accessed by the rotasonic rig. 25 
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E/A&H collected 250 soil samples (excluding duplicate samples and samples split for confinnation 2 

purposes) during both phases of the Assembly E RFI: 3 

• 40 surface soil samples and 94 subsurface soil samples from DPT screening investigations 4 

of SWMUs 2, 9, 14, 59, and 65 5 

• 31 surface soil samples and 65 subsurface soil samples from drill rig soil borings at 6 

SWMUs 2, 9, 14, 59, and 65 7 

• 18 surface soil samples and 2 subsurface soil samples collected with a stainless-steel hand 8 

auger from various locations at SWMUs 2, 9, 14, and 59 9 

Table 3.1, shown previously, summarizes the location, number, media, collection depth, collection 10 

method, and analyses for surface and subsurface soil samples collected during the Assembly E 11 

RFI, while the following sections describe the soil sampling procedures. 12 

3.3.1 DYf Soil Samples 13 

An EI A&H or USGS geologist logged and processed the soil samples fo~ field screening and 14 

submittal to the analytical laboratory . Soil samples were collected with either the DPT equipment 15 

using a 2-foot long, 2-inch outside diameter (aD), split-spoon geocone sampler, or the 16 

2-foot long, 1.5-inch aD Geoprobe closed-piston sampler. After it was retrieved, the DPT 17 

sampler was opened and the soil was immediately screened for VOCs using an HNu 18 

photo ionization detector (PID). When using the Geoprobe soil sampler, the geologist removed 19 

the plastic liner containing the sample, sliced it open, and screened the exposed sample for VOCs 20 

with the PID. 21 
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The geologist collected representative soil samples from the site-specific intervals (outlined in 

Section 8 of this report), placed them in un preserved sample containers provided by the testing 2 

laboratory, and placed the containers on ice in a cooler. Samples for VOC analyses were collected 3 

directly from the sampling device, immediately placed in sample containers (minimizing 4 

headspace), placed on ice in a cooler, and transported directly to the onsite laboratory for analysis 5 

(samples from SWMUs 2, 9, and 14) or to the field trailer to be prepared for shipment to NET 6 

(samples from SWMU 59). The DPT soil samples from SWMUs 59 and 65 for pesticidelPCB and 7 

TPH analyses were homogenized in a stainless-steel bowl in accordance with Section 4.4 of the 8 

Comprehensive RFI Work Plan prior to containerization. As outlined in Section 3.1.1, 25 % of 9 

the samples to be submitted for onsite VOC analyses were split and containerized separately for 10 

subsequent offsite shipment to NET for confirmation analyses. Ten percent of the samples to be 11 

submitted for offsite analysis were split and submitted to NET as duplicates. Each soil sample, 12 

the field screening results, and sample location, designation, and time of collection were described 13 

in the site logbook. 14 

Grouting ProcedUre for DPT Boreholes 15 

Each DPT boring was filled with neat cement grout to land surface following soil and groundwater 16 

sample collection. Many of the DPT boreholes, which were less than 2 inches in diameter, 17 

collapsed when the soil or groundwater sampler was removed. The DPT equipment operator 18 

poured cement grout powder into each borehole that remained open and hydrated the grout by 19 

pouring potable water into the borehole. The grout was allowed to cure for at least 24 hours to 20 

allow for shrinkage. After the waiting period, additional grout was added as necessary to bring 21 

the grout to land surface. 22 

3.3.2 Soil Samples from Borings Associated with Monitoring Well Installation 23 

During the Assembly E RFI, an EI A&H or USGS geologist continuously sampled, classified, and 24 

logged two deep alluvium soil borings at SWMU 2 near existing G&M monitoring wells and 25 
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30 fluvial deposits or deep alluvium soil borings associated with the installation of 48 Assembly E 

monitoring wells. 2 

A sample team - a USGS or EI A&H geologist and an environmental scientist or technician - 3 

logged and processed soil samples for field screening and submittal to the analytical laboratory. 4 

When using the rotasonic drilling method, Alliance collected continuous soil cores to the 5 

termination depth of the soil boring. When using the hollow-stem auger drilling method, 2-foot- 6 

long soil cores were collected continuously with a split-barrel sampler to approximately the top 7 

of the sand and gravel unit, then at 5-foot intervals to the boring's termination depth. 8 

Lithologic descriptions and soil samples for analytical testing were obtained from the soil cores 9 

collected from the soil borings. The intervals sampled varied between SWMUs; refer to Section 8 10 

o:(this report for the sampling rationale and intervals sampled. Where well pairs or clusters were 11 

installed, the deepest monitoring well's soil core was used to prepare lithologic descriptions and 12 

to provide soil for organic vapor field screening. Soil samples for analytical testing were generally 13 

obtained from the soil cores from the shallowest monitoring well. 14 

Rotasonic soil cores were split into 2-foot-Iong sections (hollow-stem auger soil cores were 15 

approximately 2 feet long). A portion of each core section was composited in 1-gallon resealable 16 

plastic bags and allowed to equilibrate for at least 15 minutes prior to field screening for organic 17 

vapors. Field screening consisted of placing the probe of an HNu PID into the soil headspace, 18 

measuring any organic vapor concentrations in the bag, and recording the readings on the 19 

individual boring logs. The field screening readings were used by the onsite geologist to 20 

determine if additional soil samples would be collected. However, no elevated field screening 21 

readings were detected in the Assembly E soil borings that warranted additional sample collection. 22 

The remaining soil in each core section was classified in the field by an EI A&H or USGS 23 

geologist. Classifications were recorded on individual boring logs, along with data such as soil 24 
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types, depth interval of samples submitted for analytical purposes, and other relevant information. 

Boring logs are provided in Appendix C of this report. 2 

A new pair of disposable nitrile gloves was donned prior to sample collection. Representative soil 3 

samples from the site-specific intervals (outlined in Section 8 of this report) were collected with 4 

a stainless-steel sampling implement, placed in unpreserved sample containers provided by the 5 

analytical laboratory, and labeled with the sample designation, date and time collected, and 6 

requested analyses. Samples for VOC analysis were collected first directly from the soil core, and 7 

packed tightly into the sample container to minimize headspace and the potential loss of volatiles. 8 

The remaining portion of the soil core was trimmed, placed in a stainless-steel bowl, and 9 

homogenized in accordance with Section 4.4 of the Comprehensive RFI Work Plan (E/A&H, 10 

1994a). Samples for remaining analyses (including chemical design parameters) were placed in 11 

the appropriate sample containers, labeled, and placed on ice for transportation to the field trailer 12 

to be prepared for shipment. As outlined in Section 3.1.2, approximately 10% of the samples 13 

were split for duplicate analysis. Each soil sample, the field screening results, and sample 14 

location, designation, and time of collection were described in the SWMU logbook. 15 

Design Parameters 16 

As outlined in Section 3.1.2, additional samples were collected from the soil borings and analyzed 17 

for the design parameters listed on Table 3.2 for later remedial design, modeling, and (or) 18 

migration studies, if needed. 19 

Physical Design Parameters: Soil samples submitted for physical design parameters analysis (Le., 20 

geotechnical testing) were collected with the drilling rig using a 2-foot-Iong, stainless-steel, 21 

Shelby tube sampler. At least one Shelby tube soil sample was collected per SWMU from each 22 

water-bearing unit (Le., loess, upper alluvium, fluvial deposits, or deep alluvium), except for 23 

SWMU 9, where the Shelby tube did not retain the sample from the deep alluvium. Table 2.3 24 

(shown previously) lists the locations and depth intervals of the Assembly E Shelby tube samples. 25 
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Once the Shelby tube had been driven through the desired sampling interval, it was retrieved, 

capped, labeled, and submitted to Tri-State Testing Services for the following geotechnical 2 

analyses: permeability, porosity, particle size, bulk density, specific gravity, and moisture 3 

content. The sample interval was recorded on the field boring log. 4 

Chemical Design Parameters: At least one soil sample per SWMU was collected for chemical 5 

design parameters analysis in accordance with the Assembly E Site Investigation Plans 6 

(E/A&H, 1995a). As outlined in the work plans, the following samples were collected: 7 

• 
• 
• 

From above the first zone of saturation in the upper alluvium at SWMUs 2, 9, and 65. 

From above the first zone of saturation in the loess at SWMU 14. 

From above the zones of saturation in the loess and fluvial deposits at SWMU 59. 

8 

9 

10 

An additional sample was collected from the upper fluvial deposits at SWMU 14, because 11 

trichloroethene had been detected in upper fluvial deposits groundwater during the DPT screening 12 

investigation. This deviation was recorded in the field logbook. The samples for chemical 13 

characterization were collected in the same manner as the primary soil boring samples described 14 

above, labeled, placed on ice in a cooler, and transported to the field trailer to be prepared for 15 

shipment to NET for the following analyses: total phosphorus, nitrate-N, total Kjeldahl nitrogen, 16 

heterotrophic plate count, total organic carbon, and cation-exchange capacity. 17 

Grouting Procedures for Soil Borings 18 

A groundwater monitoring well was installed in each of the Assembly E soil borings, except for 19 

SWMU 2 soil borings 002S0029 and 002S0030, which were advanced and continuously sampled 20 

next to existing G&M monitoring wells to provide soil data for these locations. After they were 21 

completed, these borings were pressure-grouted from the bottom of the borehole to land surface 22 

with a cement-bentonite slurry using a tremie pipe. The grout was allowed to cure at least 23 
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24 hours to allow for shrinkage. After the waiting period, additional grout was added as necessary 

to bring the grout to land surface. 2 

3.3.3 Hand-Auger Soil Samples 3 

Between October 12 and November 2, 1995, E/A&H used a stainless-steel hand auger to collect 4 

surface and subsurface soil samples from various locations throughout SWMUs 2, 9, 14, and 59. 5 

Eighteen surface soil samples (0 to 6-inch interval) and two subsurface soil samples (18- to 24-inch 6 

interval) were collected using the hand-auger sampling procedures outlined in Section 4.4.3 of the 7 

Comprehensive RFI Work Plan (E/A&H, 1994a). Table 3.1 (shown previously) summarizes the 8 

location, number, depth interval, and analytical test methods for each hand-auger soil sample. The 9 

SWMU-specific tabbed sections within Section 8 of this report provide the sampling rationale for 10 

the hand-auger soil samples. The sampling procedures are summarized below. 11 

Vegetation and debris were cleared from the sample location prior to sampling. Sampling 12 

personnel donned clean gloves and began to auger, continuing until the top of the desired sampling 13 

interval was reached, then the auger was retrieved from the borehole. A decontaminated auger 14 

was then inserted in the borehole, and augering proceeded until the bottom of the desired sample 15 

interval was reached. The auger was retrieved from the borehole, and personnel donned a new 16 

pair of disposable nitrile gloves prior to sample collection. A portion of the soil was immediately 17 

removed from the auger bucket and placed in a VOC sample container, which was completely 18 

filled to eliminate any headspace where volatilization might occur. The remaining soil was 19 

removed from the auger bucket and placed in a stainless steel bowl, where it was thoroughly 20 

homogenized in accordance with Section 4.4 of the Comprehensive RFI Work Plan 21 

(E/A&H, 1994a). The soil was then transferred to the appropriate sample containers, labeled, and 22 

placed on ice in a cooler chilled to 4°C (±2°C). The samples remained in the ice chest until the 23 

sampling team returned to the field trailer where they were prepared for shipment to the 24 

laboratory . 25 
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The groundwater investigation focused on two water-bearing zones: the loess or upper alluvium, 2 

and the underlying fluvial deposits or deep alluvium. The loess or upper alluvium are considered 3 

the zones most likely to contain contaminants associated with the site based on shallow depth, 4 

while the fluvial deposits or deep alluvium are a preferential zone of groundwater flow and, thus, 5 

a potential route for contaminant transport. One hundred thirty-three groundwater samples 6 

(excluding duplicate samples and samples split for confirmation purposes) were collected during 7 

the Assembly E investigation as outlined below: 8 

• 80 groundwater samples collected during the DPT investigations of SWMUs 2, 9, 14, 9 

59, and 65. 10 

• 53 groundwater samples were collected from new and existing Assembly E monitoring 11 

wells during the April 1996 sampling event. 12 

The following sections describe the groundwater sampling procedures used to collect groundwater 13 

samples from the DPT locations and the procedures used to install, develop, and sample the new 14 

and existing Assembly E monitoring wells. 15 

3.4.1 DPT Groundwater Investigation 16 

Groundwater samples were collected during the screening investigation using either a hydrocone 17 

groundwater sampler with the DPT rig or with a Geoprobe screen-point sampler. The following 18 

describes both techniques. 19 

3.4.1.1 DPT Hydrocone Samples 20 

Groundwater samples were collected from SWMUs 2, 9, and 14 by advancing the hydrocone 21 

sampler to the targeted depth, and retracting it approximately 1 foot to expose the sampling screen. 22 
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A transducer in the hydrocone, which records the volume of groundwater and the fill rate, 

transmitted the data to an on-board computer where it could be monitored on a computer screen. 2 

When approximately 300 milliliters (ml) of groundwater had entered the sampler, the hydrocone 3 

was returned to the surface. Groundwater samples were then collected directly from the 4 

hydrocone by inserting a new piece of Teflon tubing into the bottom port of the sampler and 5 

decanting the groundwater directly into the sample vials to minimize the loss of VOCs. If no 6 

groundwater entered the hydrocone after 30 minutes, a vacuum was applied to the sampling 7 

device. If no water had entered the hydrocone after 20 or 30 minutes, it was raised approximately 8 

1 foot in an attempt to fmd a water-bearing zone. If no water entered the sampler after an 9 

additional waiting period (typically 15 minutes), attempts to collect a DPT groundwater sample 10 

were abandoned at that sampling location (SWMUs 2 and 9), or a subsurface soil sample was 11 

collected instead of a groundwater sample (SWMU 14 loess groundwater sampling locations). 12 

When time permitted, the hydrocone was left in the ground overnight to collect a groundwater 13 

sample where recharge was slow. 14 

Groundwater samples for onsite VOC analysis were decanted into unpreserved 40-ml glass sample 15 

vials provided by Hydrologic. The onsite laboratory did not require a preservative in the samples, 16 

because they were transported on ice directly to the laboratory for immediate analysis. 17 

Twenty-five percent of the groundwater samples split for offsite VOC confirmation analyses were 18 

decanted into laboratory-provided 40-ml glass vials pre-preserved with hydrochloric acid. The 19 

sample designation, date, and collection time were recorded in the field logbook. 20 

3.4.1.2 Geoprobe Screen-Point Samples 21 

Groundwater samples were collected at SWMUs 59 and 65 by advancing the Geoprobe screen- 22 

point sampler to the target depth and opening it to expose the screen, through which groundwater 23 

flows into the sampler. A threaded adaptor was fitted on the end of a new piece of clean Teflon 24 

tubing. The tubing was inserted into the rod string and lowered through the rods to the top of the 25 
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sampler, where the adapter was attached to a threaded nipple on the top of the screen point. A 

peristaltic pump was attached to the tubing and water was drawn up into the tubing. Once the 2 

tubing filled with water, the pump was deactivated and the tubing crimped to prevent backflow 3 

into the sampler. The tubing was pulled free from the nipple and retrieved from the rod string. 4 

Once removed from the rods, the tube's contents were gently drained into sample containers. 5 

All Geoprobe screen-point groundwater samples were submitted to NET, which provided the 6 

sample containers. Samples submitted for VOC analyses were decanted into pre-preserved 40-ml 7 

glass vials. The single Geoprobe groundwater sample collected for pesticidelPCB analysis from 8 

SWMU 59 was decanted into an unpreserved 2-liter amber glass bottle. Each sample was placed 9 

on ice in a cooler immediately upon sample collection, and subsequently shipped to NET for 10 

analyses. The sample designation, date, and collection time were recorded in the field logbook. 11 

3.4.2 Groundwater Samples from Monitoring Wells 12 

Forty-eight new monitoring wells were installed and sampled during the Assembly E RFI, along 13 

with five existing SWMU 2 monitoring wells. Of these monitoring wells, eight are screened in 14 

the loess, one in the upper fluvial deposits, four in the lower fluvial deposits, 18 in the upper 15 

alluvium, one in the middle alluvium, and 21 in the deep alluvium. Thirty-four are installed in 16 

shallow-deep well pairs. Three are installed in a cluster. The 16 remaining wells are installed as 17 

single wells. Table 2.2 summarizes the location, depth, and screened interval for each 18 

Assembly E monitoring well. The following sections describe the procedures used to install, 19 

develop, and sample the Assembly E monitoring wells. 20 

3.4.2.1 Monitoring Well Installation 21 

All Assembly E RFI monitoring wells were installed using the previously described drilling 22 

methods and constructed using a 10-foot section of 0.010-slotted, 2-inch diameter, Schedule 40 23 

polyvinyl chloride (PVC) screen, attached to 5- and lO-foot sections of Schedule 40 PVC riser. 24 
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After the soil boring was completed, the appropriate screened interval and depth of the monitoring 

well were determined, based on the lithology encountered in the soil boring. The borehole was 2 

prepared for monitoring well placement by placing a cement-bentonite plug in the bottom of the 3 

soil boring to bring the bottom of the boring up to within 6 inches of where the base of the 4 

monitoring well would be installed, and placing a 6-inch thick layer of filter pack sand in the 5 

borehole. The casing string, consisting of a bottom plug, 10-foot screen, and a predetermined 6 

length of riser pipe, was then lowered into the borehole. A tremie pipe, inserted along the outside 7 

of the casing string, emplaced the filter pack sand to approximately 2 feet above the top of the 8 

screen. A bentonite seal, at least 2 feet thick, was emplaced above the sand pack through the 9 

tremie pipe. A cement-bentonite slurry was then tremied from the bentonite seal to between 2 and 10 

4 feet of land surface. Locking expansion caps were installed in each monitoring well. The 11 

monitoring wells were completed with stickup outer protective casings and surrounded by 12 

four outer protective guard posts set in a 4' x 4' x 6" concrete pad, or with a steel, flush-mount 13 

protective cover. All monitoring wells were tagged with the designated well name, date of 14 

completion, and depth of screened interval. Monitoring well completion data are provided in 15 

Table 2.2 (shown previously). Well construction logs are provided in Appendix C of this report. 16 

3.4.2.2 Monitoring Well Development 17 

Monitoring wells were developed using electric submersible pumps to improve flow to the well 18 

by removing fme sediments that may have accumulated from the sand pack during the drilling 19 

process. Well development was considered complete after conductivity, turbidity, temperature, 20 

and pH stabilized, as described in the Assembly E Site Investigation Plans (E/A&H, 1995a). 21 

Shallow (loess) monitoring wells typically bailed dry several times during development. 22 

Development water was containerized in 55-gallon drums and handled with other IDW as 23 

described in Section 3.11 and the Investigation-Derived Waste Management Plan 24 

(E/A&H, 1995b). 25 
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The new and existing Assembly E monitoring wells were sampled between April 9 and 2 

May 16, 1997 (designated "initial sampling event," or Event 1). Groundwater samples collected 3 

during this initial sampling event were analyzed for FSA, with the following exceptions: No 4 

samples were analyzed for chemical design parameters or TPH-GRO, as shown on Table 3.1. 5 

Chemical design parameters were excluded so that EI A&H could thoroughly review the 6 

groundwater data to keep from collecting unnecessary groundwater samples. TPH-GRO was not 7 

requested in the initial sampling event analyses, since VOC analysis (and associated TICs) would 8 

identify important gasoline-range hydrocarbons. A supplementary sampling event (designated 9 

"Event 2") was conducted for SWMU 2 monitoring wells only between September 3 and 12, 1996. 10 

Groundwater samples were submitted for VOC and Appendix IX analyses only, as shown on 11 

Table 3.1. 12 

After reviewing the analytical data from the initial sampling event and Event 2, two additional 13 

sampling events were scheduled for all Assembly E monitoring wells - Event 3 was completed 14 

in May 1997, and Event 4 will be conducted one year later. During Event 3, select Assembly E 15 

monitoring wells were sampled for various parameters, including TPH-GRO and chemical design 16 

parameters, as outlined on Table 3.3. Ten percent of the samples were split for duplicate analysis 17 

as outlined in the Comprehensive RFI Work Plan (E/A&H, 1994a). The primary and duplicate 18 

Event 3 groundwater samples were submitted to Savannah Laboratories in Savannah, Georgia. 19 

At the current time, the analytical results have not been received from the laboratory. Therefore, 20 

they are not discussed in the SWMU-specific tabbed sections (Section 8). Once the Event 3 21 

analytical results are received and validated, they will be incorporated in subsequent revisions of 22 

this RFI report. 23 
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Table 3.3 
Analyses or Assembly E Groundwater Samples - Event 3 (April and May 1997) 

SWMU Parameter 

9 

59 

Notes: 

VOCs, TPH-GRO, TPH-DRO 

Chemical design parameters 

VOCs, pesticideslPCBs, and 
chemical design parameters 

Monitorins Wells Sampled 

<Mi~~>i'··· 

...•... ~~.'~~~~~~q~~~~.OO2~A; 
·······~u:A;tmm~fl(J!GnUA;1m012uAoom1:3UAOOlG14t1A·1Uld 
~~~~~~.( .... ' .. 
All monitoring wells 

Deep alluvium monitoring wells OO9OOlOA, OO9G02DA, and OO9OO3DA 

All monitoring wells 

a - FSA = Full scan analysis, consisting of the following SW-846 analyses: VOCs (Method 8240), SVOCs (Method 8270), chlorinated 
pesticideslPCBs (Method 8080), organophosphorus pesticides (Method 8140), herbicides (Method 8150), Appendix IX metals (Method 
601017000 series), cyanide (Method 9010), TPH (Method 418.1), and TPH-GRO and DRO (TN Modified Method 8015). 

b - Chemical design parameters analysis consists of the following USEPA Methods: 5-day biological oxygen demand (Method 405.1), 
chemical oxygen demand (Method 410.1), hardness (Method 130.1), total suspended solids (Method 160.2), total dissolved solids 
(Method 160.1), alkalinity (Method 310.2), total phosphorus (Method 365.4), total Kjeldahl nitrogen (Method 351.2), Nitrate-N 
(Methods 352.119056), chloride and sulfate (Methods 300/9056), heterotrophic plate count (Standard Method 92158), turbidity (Method 
180.1), total iron and manganese (Method 6010), total organic carbon (Method 9060), and methane (Method 8020). 

Groundwater Purge Methods 

Three methods of purging were used for Assembly E monitoring well sampling: low-flow 2 

micropurging, removing three well volumes, or purging the well dry and allowing recharge prior 3 

to sampling. All wells were purged and sampled using dedicated Teflon tubing and submersible 4 

electric pumps. Groundwater was considered stable and ready for sampling after three consecutive 5 

pH, specific conductance, and temperature readings within ± 0.5 units, ± 10%, and ± 10 C, 6 

respectively, as outlined in the Comprehensive RFI Work Plan and the Assembly E Site 7 

Investigation Plans. In certain instances, the well did not recharge at a rate equivalent to the 8 

lowest purge rate allowed by the submersible pump, and the well purged dry. When this 9 

occurred, the well was allowed to recharge prior to sainpling. 10 
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The monitoring well designation, date, purging procedure and equipment used, gallons removed, 

water quality parameters, and time sampled were recorded on a groundwater sampling form. 2 

Purge water was containerized in 55-gallon drums and handled with other IDW as described in 3 

Section 3.11 and the Investigation-Derived Waste Management Plan (E/A&H, 1995b). Table 3.4 4 

lists the purge method used for Events 1 and 2, and the fInal water-quality data measured before 5 

each well was sampled. The purge methods are described in the following paragraphs. 6 

Low-Flow Micropurging 7 

Where possible, Assembly E monitoring wells were purged and sampled using micropurging 8 

techniques. In general, only the fluvial deposits and deep alluvium wells could be sampled by this 9 

method. Micropurging is based on the premise that stagnant water in the well casing does not 10 

completely mix with groundwater flowing through the screen when pumping at relatively low flow 11 

ra~s. Studies have suggested that flow in the well screen is horizontal and laminar, and that 12 

groundwater moving through the screened portion of a well interacts minimally with stagnant 13 

water in the overlying well casing (Robin and Gillham, 1987). Purging several well volumes prior 14 

to sample collection has been shown to be unnecessary and recent studies have demonstrated that 15 

water-chemistry results from micropurging methods are comparable to traditional sampling 16 

methods (Kearl et aI., 1994). Micropurging also reduces purge-water volume and takes less time 17 

than conventional sampling. Micropurging consisted of using an electric submersible pump to 18 

remove groundwater from the wells at a rate roughly equivalent to their recharge rate. 19 

Drawdown, monitored during purging to ensure that the pumping rate did not signifIcantly exceed 20 

the well's recharge rate, ranged from 0.0 to 0.80 feet during Event 1 groundwater sampling. 21 

Adequate volume was removed from each well to ensure that at least two sampling tube volumes 22 

were removed before pH, temperature, specific conductance, and turbidity were measured. 23 

Purging was consider~d complete after three consecutive readings stabilized. 24 
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Table 3.4 
Summary of Assembly E Monitoring Well Purging Data - Event 1 (April19%) 

Monitoring 
WelllD Date 

pH 
(Sl!J 

Specific 
Conductance 

(mS/cmb @ 2SoC1 
Temperature 

("C) 

SWMU 2 Monitorins Wells 

OGMG02DA 

OGMG04UA 

002G02UA 

002GO'lDA 

002G03UA 

oo2G04UA 

oo2G06DA 

002G08UA 

4/23196,;49, "', >O~S7 '~~~i 
!mt~Y~;!$,\>' >'O;~~~;> .. ,!~ 
4/23/96 
9/12/96 

5/16/96 
9/12/96 

4/10/96 
9/3/96 

4/10/96 
9/10/96 

4/10/96 
9/6/96 

4/9/96 
9111196 

4/9/96 
915196 

6.99 
6.84 

8.27 
6.57 

6.77 
6.41 

7.06 
6.77 

6.78 
6.68 

4.28 
6.84 

6.97 
6.79 

1.70 
0.944 

0.279 
0.301 

0.80 
0.747 

0.61 
0.648 

0.79 
1.850 

1.28 
1.475 

14.91 
1.342 

16.5 
19.52 

17.8 
17.26 

16.0 
18.83 

14.9 
21.96 

15.0 
17.71 

18.9 
18.84 

18.9 
24.72 

3-28 

Turbidity 

CNTUs' 
Gallons 
Pursed Puree Metbod 

NA: .,>.:' <i<:::~ ::' ,': , 31!1t11\1bhm1e$removed 
:::.,~~ ••••• ,'.:: 'S?': »:'~~>~ 

NA 
1,560 

8 
NA 

>200 
318 

>200 
978.3 

52.4 
327.1 

124.6 
106.9 

50.8 
165.3 

26 
2.5 

6 
0.9 

5 
5 

4.5 
3 

8 
7 

4.5 
4 

6 
2 

3 well volumes removed 
Low-flow micropurging 

""'.~ 
3 well volumes removed 

Purged dry 

Purged dry 
Purged dry 

Purged dry 
Purged dry 

3 well volumes removed 
Purged dry 

Low-flow micropurging 
Low-flow micropurging 

Purged dry 
Purged dry 
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Summary of Assembly E MoDitoring Well Purging Data - Event 1 (April19%) 

MoDitoring 
WellID Date 

SWMU2 MoDito. Wells 

002G08DA 

002G09UA 

002GIOUA 

002G 11 UA 

002Gl2UA 

002GI3DA 

002GI4DA 

><~~ .. 

4/9/96 
9/10/96 

4111196 
9/11/96 

4111196 
9/9/96 

4/11196 
9/12/96 

4/12/96 
9/10196 

4/11196 
9/6/96 
9/6/96 

SWMU 9 MoDitoring Wells 

~i~A 4fi~·· 

009G02DA 4/12/96 

009G04DA 4/12/96 

pH 

eM 

6;;98 
6;86·· 

6.74 
6.66 

6.87 
6.74 

6.89 
6.83 

6.84 
6.72 

6.71 
6.56 

6.72 
6.25 
6.21 

6~.< 

7.06 

6.90 

Specific 
Conductance 

emS/em· (I 25°S) 

10.96 
0.594 

1.93 
1.022 

0.73 
0.748 

0.97 
0.546 

3.02 
0.347 

0.56 
0.524 
0.489 

/·~in 

1.03 

6.10 

Temperature 
("C) 

<J7~3 
:20~67 

19.3 
23.28 

17.6 
18.28 

14.1 
16.64 

15.3 
16.19 

16.3 
18.51 

15.6 
18.14 
17.18 

;-:,',', 

<1$,7·. 

18.5 

18.7 

3-29 

Turbidity 
(NT!1(> 

38 
411.3 

> 200 
44.8 

> 200 
982 

>200 
27 

520 
3,744 

NA 
696.9 
272 

.. 

>200 

194 

> 200 

Gallons 
Purged 

NA 
2;5 

2 
1 

NA 
6.5 

.. ~ ... 

2 

16 
5.5 

8 
8 

3.5 
2.5 

1.5 
4 
18 

3.5 

NA 

Purge Metbod 

Low"fIowmic~ 
·<Low·f.Iowmic~ 

Purged dry 
Low-flow micropurging 

Purged dry 
Purged dry 

<~~<i •• ·· ••••.•..•....• , .. .• • ilDlCfllPI.IlI1DJ 

.~~~~~ 
3 wen volumes removed 

Purged dry 

3 well volumes removed 
3 well volumes removed 

Low-flow micropurging 
Low-flow micropurging 

Low-flow micropurging 
Low-flow micropurging 
3 well volumes removed 

.... ~~ ..• ~~ 

Low-flow micropurging 

Low-flow micropurging 



RCRA Facility Investigation Report 
Assembly E -SWMUs 2,9,14,38,59, and 65 
NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

Table 3.4 
Summary of Assembly E Monitoring Well Purging Data - Event 1 (Aprll1996) 

Specific 
Monitoring pH Conductance 

Wellm Date (SU") (mS/cmb @ 25 DC, 

SWMU 14 Monitorinl ~ells 

014GOILS ·411~. (j,W 

01 4GOI LF 4/16/96 6.91 

>Ol~ 

0l4G03LS 4/16/96 7.06 

014G05LS 4/16/96 6.96 

(J14QOQ:;f 

014G07LF 4/17/96 6.82 

059G02LS 4/18/96 6.39 

059G03UF 4/18/96 6.21 

SWMU 65 Monitoring Wells 

065G06UA 

065G06DA 
065G07UA 

Notes: 
sua 
mS/cmb 

DC 

4/17/96 7.23 

4/18/96 6.86 

Standard Units 
milli-Siemens per centimeter 
Degrees Celsius 
Nephelometric Turbidity Units 

6~86·· 

0.55 

0.70 

0.82 

2.20 

1.96 

1.60 

1.16 

1.75 

Temperature Turbidity 
("9 (NTUs' 

ii.~><····· .~* .... 
18.1 > 200 

15.6 > 200 

15.9 48.6 

19.1 > 200 

19.3 NA 

21.3 NA 

16.3 >200 

18.1 >200 

NTUsd 

> 200' 
NAr 

NR 

Turbidity reading greater than maximum instrument detection of 200 NTUs. 
Information not available due to instrument malfunction 
Not Recorded 

Purge Three Well Volumes 

Gallons 
Pur,ed 

.".s< 
4 

5 

6 

NA 

5 

5 

5 

3 

Purge Metbod 

.<.~.~ 

Low-flow micropurging 

Purged dry 

Purged dry 

Low-flow micropurging 

Purged dry 

Low-flow micropurging 

Purged dry 

Low-flow micropurging 

In most cases, the loess and upper alluvium wells would not sustain a'recharge rate equivalent to 2 

the pumping rate. If the well did not purge dry, three well volumes of groundwater were 3 

removed, as shown on Table 3.4. The well was allowed to recharge to near-static levels prior to 4 
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sampling. The length of required recharge time varied between a few minutes and a few hours. 

During Event 2, three deep alluvium monitoring wells (OO2G03DA, 002G09DA, and 002GI4DA) 2 

were purged and sampled using both low-flow micropurging and three well volume removal 3 

techniques, so that the analytical results from both methods could be compared. The results of 4 

these samples will be presented in the SWMU 2 site-specific section (to be included in subsequent 5 

revisions of this RFI report). 6 

Purge Well Dry and Allow Recharge 7 

In all loess monitoring wells and many upper alluvium monitoring wells, the recharge rate was less 8 

than the lowest possible purge rate allowed by the submersible pump, resulting in the well purging 9 

dry. Wells were allowed to recharge to near static groundwater levels prior to sampling. The 10 

length of required recharge time ranged from a few hours to overnight. 11 

Groundwater Sampling Methods 12 

As previously outlined, groundwater samples were collected using submersible electric pumps and 13 

dedicated Teflon tubing. For wells requiring recharge after removing three well volumes or 14 

purging dry, the pump was gently lowered into the well to approximately the middle of the 15 

screened interval and turned on. For micropurged wells, the pump was already operating in the 16 

middle of the screened interval. Sampling was conducted over a 5-gallon bucket to collect excess 17 

water flowing from the tubing. The excess water was containerized along with purge water in 18 

55-gallon drums and handled with other IDW as described in Section 3.11 and the Investigation- 19 

Derived Waste Management Plan (E/A&H, 1995b). 20 

Prior to sampling, clean nitrile gloves were donned and the sample container cap was removed. 21 

Personnel fIlled VOC containers fIrst, being careful to reduce water disturbance, then SVOC 22 

containers and the remaining sample containers. Samples requiring chemical preservation were 23 

either collected in pre-preserved sample containers provided by the analytical laboratory or 24 
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preserved in the field according to Section 4.12.2 of the Comprehensive RFI Work Plan. The 

sample designation, time collected, sample date and time, and requested analyses were recorded 2 

on a sample label and affixed to each sample container. The samples were then immediately 3 

placed on ice in a cooler chilled to 4°C (±2°C) and transported to the field trailer to be prepared 4 

for shipment to the analytical laboratory . 5 

3.5 Sediment Sampling 6 

For the purposes of this RFI report, the samples collected from drainage pathways or sewage 7 

lagoons are designated as "sediment samples". Those sediment samples collected from the 0- to 8 

6-inch interval are termed "surface sediment", and those collected from the 18- to 24-inch interval 9 

are termed "subsurface sediment". As shown in Table 3.1, 50 surface sediment samples and 10 

41 subsurface sediment samples from the same locations were collected during the Assembly E 11 

RFI. All Assembly E SWMU sediment sampling locations were in areas of very shallow water 12 

or in dry areas along the water's edge. Specifically, sediment samples were collected from 13 

Big Creek Drainage Canal near SWMUs 2 and 9, from the SWMU 9 sewage lagoons, from the 14 

7th Avenue drainage ditch west of SWMU 14, from the SWMU 38 primary and secondary 15 

drainage ditches on the Southside, and from the drainage depressions at SWMU 65. The sediment 16 

samples were collected with a stainless steel hand auger using the procedures for hand-auger soil 17 

sampling described in Section 3.3.3. 18 

3.6 Surface Water Sampling 19 

Four surface water samples were collected from Big Creek Drainage Canal at locations upgradient 20 

and downgradient of SWMUs 2 and 9, as summarized in Table 3.1. Surface water samples were 21 

collected using the submerged laboratory bottle method. Prior to sample collection, personnel 22 

donned clean nitrile gloves and removed the sample container cap. The container was gently 23 

submerged with the container opening pointing upstream. VOC samples were collected in 24 

unpreserved vials completely submerged and recapped underwater to ensure there was no 25 
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headspace in the container. Remaining sample containers were uncapped and slowly submerged 

until sufficient volume had been obtained. The container was then removed and recapped, labeled, 2 

placed in an ice chest, and chilled to 4°C (±2°C). The samples remained in the ice chest until 3 

the sampling team returned to the field trailer. Samples requiring chemical preservation (VOCs, 4 

TPH, Appendix IX metals, and cyanide) were preserved prior to shipment to the laboratory. 5 

3.7 Fish Tissue Samples 6 

To determine the potential risk of bioaccumulation of sediment contaminants by demersal (bottom- 7 

dwelling) species in the sewage lagoons, E/A&H conducted a fish study at SWMU 9, which 8 

included the collection of three composite fish samples, two from the larger lagoon and one from 9 

the smaller lagoon. For cost-effectiveness, trotlines were the chosen sampling device. A trotline 10 

is a cord stretched horizontally across the surface of the lagoon, from which baited fishing hooks 11 

are sllspended vertically from equally spaced fishing lines along the cord. One trotline with 12 

approximately 50 baited hooks was set in the smaller lagoon (designated "Pond 1/1 during the 13 

study), while two trotlines with approximately 100 baited hooks each were set in the larger lagoon 14 

(designated "Pond 2/1 during the study). 15 

Only one species of potentially edible game fish, the black bullhead catfish Ictalurus melas, was 16 

caught during the study. Clean nitrile gloves were worn during sample collection and preparation 17 

for shipment. Seven small to medium (0.25 to 1.5 pound) catfish were collected from the smaller 18 

lagoon and submitted as a composite sample designated 009J01oool. Four small to medium 19 

catfish were collected from the larger lagoon and submitted as two composite samples designated 20 

009J02oool and oo9J02ooo2. The whole fish were wrapped in aluminum foil, frozen alive, and 21 

shipped to Ceimic Corporation for analysis. 22 
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3.8 Sampling Protocol 

All sampling activities adhered to the approved Comprehensive RFI Work Plan and the Assembly E 2 

Site Investigation Plans. Where warranted by field conditions, personnel deviated from the 3 

approved procedures and appropriately documented these deviations in the site logbook. These 4 

deviations are discussed in Section 8's SWMU-specific sections. 5 

Samples were transferred from the sampling device to containers expediently, in as clean an 6 

environment as possible. Plastic sheeting was placed over the sample area (around the well or 7 

sampling table), and personnel donned a new pair of disposable nitrile gloves before collecting 8 

each sample. Empty containers were kept packaged until used, at which time they were placed 9 

on ice and isolated in coolers. Soil samples for VOC analysis were containerized first from 10 

unhomogenized material to lessen the loss of volatile constituents. All other soil samples were II 

homogenized in a stainless-steel mixing bowl in accordance with the Comprehensive RFI Work 12 

Plan, the Assembly E Site Investigation Plans, and the USEPA Standard Operating Procedures 13 

Quality Assurance/Quality Control Manual (USEPA, 1991a) and then placed in the appropriate 14 

containers. 15 

QAlQC samples were collected during the RFI to test the level of reproducibility attainable in the 16 

sampling and analytical process, quality of equipment decontamination, quality of source waters 17 

and materials, sample exposure to ambient contamination during handling, and the level of 18 

laboratory precision and accuracy. QAlQC samples were analyzed for the same contaminant 19 

assessment constituent parameters as the associated environmental samples. All field QAlQC 20 

samples were collected in accordance with the work plans and consisted of the following: 21 
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• Confirmation Samples: 25% ofDPT soil and groundwater samples to be analyzed by the 2 

onsite laboratory were split and submitted to the offsite laboratory for VOC confirmation 3 

analysis. 4 

• Duplicate Samples: 10% of soil, groundwater, sediment, and surface water samples were 5 

split as duplicates and analyzed along with the primary samples by the offsite laboratory. 6 

• Equipment Rinsates: One per week during sampling. During rotasonic drilling, rinsates 7 

were collected from both the inner core barrels and from the stainless-steel sampling 8 

implements used for sample collection and soil homogenization. During groundwater 9 

sampling, equipment rinsates were obtained from the submersible electric pump. 10 

• Field Blanks: One per sampling event (week) per source of water. 11 

• Matrix Spikes/Matrix Spike Duplicates: 5% of the samples collected. 12 

• Trip blanks: One per cooler containing VOC samples. 13 

During the DPT screening investigation, unpreserved sample containers were shipped to EI A&H 14 

in sealed packages for use in onsite laboratory analysis. Since the DPT samples submitted to the 15 

onsite laboratory would be analyzed within seven days, no chemical preservation was required 16 

according to the Contract Laboratory Program National Functional Guidelines for Organic Data 17 

Review (USEPA, 1994a). Sample containers requiring chemical preservation during the DPT 18 

investigation (i.e., groundwater VOC conftrmation samples submitted to the off site laboratory) 19 

were pre-preserved with hydrochloric acid by the testing laboratory and shipped to EI A&H in 20 

sealed packages. During the RFI, samples were preserved in the fteld with preservatives provided 21 
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by the analytical laboratory in accordance with the USEPA Region IV Standard Operating 

Procedures and Quality Assurance Manual (USEPA, 1991a). As soon as samples were collected, 2 

the containers were labeled with the sample identification number, date, sampler's name, and 3 

requested analytical parameter. Samples were individually bubble-wrapped, bagged in resealable 4 

plastic bags, and packed on sealed ice inside sturdy coolers. 5 

Samples for onsite laboratory analysis were transported by the USGS or EI A&H geologist directly 6 

to the laboratory. The Hydrologic chemist recorded each sample in a sample logbook immediately 7 

upon receipt. Samples for offsite laboratory analysis were transported to the field trailer where 8 

they were prepared for shipment on the day when they were collected. Preparation involved 9 

logging the sample information into the EI A&H analytical database and arranging the samples in 10 

iced coolers with sufficient volume to maintain uniform and appropriate preservation temperatures 11 

during shipment. Temperature blanks were placed in all coolers for laboratory verification of their 12 

temperature upon arrival. Trip blanks were placed in coolers containing samples for VOC 13 

analysis. Cooler lids were secured with packing tape and sealed with signed custody seals. 14 

Packaged samples were shipped overnight via FedEx priority service for next morning delivery. 15 

The laboratory was notified the day of shipment of the number of samples to be submitted, and 16 

EI A&H personnel were contacted by the laboratory the following day to acknowledge receipt of 17 

the samples and their condition. When samples were collected on Fridays, E/A&H arranged for 18 

the laboratory to receive the samples on Saturday. When samples were collected on Saturday or 19 

Sunday, they were shipped the following Monday. All sample shipments were reported to have 20 

arrived at the testing laboratories in good condition and at appropriate temperatures. 21 

To ensure the integrity of the sample transfer process, a strict chain-of-custody procedure was 22 

implemented. This procedure was initiated in the field for each sampling event and conducted 23 

through custody transfer to the analytical laboratory . A chain-of-custody form was completed for 24 

each sample batch. The following were listed on each form: sample numbers, containerization, 25 
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preservatives, analysis requested, date and time of sampling, and FedEx air bill shipping number. 

Custody transfers were recorded by signature, date, and time of relinquishment, and receipt of 2 

custody. A copy of each chain of custody is provided in the Data Validation Report -Assembly E 3 

(E/A&H, 1997a). 4 

Sample Labeling 5 

All samples collected in the field were labeled with a 10-digit alphanumeric code that identified 6 

the site, sample type, sample location, sample depth, and QA sample type (as appropriate). The 7 

first three digits identify the site location (SWMU 9 = 009). The fourth digit identifies the sample 8 

type (for instance, soil = S, soil duplicate = C, groundwater = G, groundwater duplicate = H). 9 

The matrix codes are listed with the analytical data in the Data Validation Report -Assembly E. 10 

The fifth through eighth digits represent the station location (location 12 = 0012, upper fluvial 11 

well 3 = 03UF). The final two digits represent the deepest point of the sample interval for soil 12 

(15 to 17 feet = 17), screened interval for DPT groundwater samples (39 to 40 feet = 40), or the 13 

sampling event for groundwater monitoring wells (01 = first sampling event). Examples of 14 

sample labels are: 15 

DPT Samples 16 

o 14S0oo507 SWMU 14 soil sample from location 5, 5- to 7-foot interval 17 

002G001327 SWMU 2 groundwater sample from location 13, 26 to 27-foot screened interval 18 

All Other Samples 19 

059S02LS02 SWMU 59 soil sample from loess soil boring location 2,0 to 2-foot interval 20 

065G06UAOI SWMU 65 groundwater sample from upper alluvium monitoring well 6, first 21 

sampling event 22 
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3.9 Data Validation 

The NSA Memphis data were validated by either E/A&H or E/A&H's subcontractors, Heartland 2 

Environmental Services, Inc., of St. Charles, Missouri, or Validata Chemical Services of 3 

Norcross, Georgia. Ninety-five percent of the data were validated at DQO Level ill-equivalent 4 

while 5 % were validated at DQO Level IV -equivalent. Data validation was performed in 5 

accordance with the following documents (as appropriate): 6 

• USEPA Contract Laboratory Program National Functional Guidelines for Organic Data 7 

Review (OLM03.1), OSWER, February 1994 (EPA-5401R-94/012). (Organic Functional 8 

Guidelines) . 9 

• USEPA Contract Laboratory Program National Functional Guidelines for Inorganic Data 10 

Review (lLM03.0), OSWER, February 1994 (EPA-5401R-94/013). (Inorganic Functional 11 

Guidelines) . 12 

The data validation fmdings for Assembly E SWMUs are presented under separate cover within 13 

Data Validation Report - Assembly E (EI A&H, 1997a). 14 

3.10 Decontamination Procedures 15 

Field equipment was decontaminated in accordance with guidelines set forth in the Assembly E Site 16 

Investigation Plans and the Comprehensive RFI Work Plan. All downhole and sampling , 17 

equipment for the Assembly E investigations were decontaminated before and after each use at the 18 

Southside decontamination pad set up at Wash Rack 1638 on C Street. Rinse water generated 19 

during the Assembly E investigation was stored in a 2,OOO-gallon holding tank at the wash rack. 20 

Following a VOC scan and approval from the City of Millington's wastewater consultant, 21 
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Fisher and Arnold, Inc., the holding tank contents were discharged to an oil-water separator and 

then to the sanitary sewer. 

Decontamination procedures for downhole equipment consisted of the following steps: 

l. 

2. 

3. 

4. 

5. 

6. 

High-pressure wash with a hot mixture of soap and water. 

Potable water rinse. 

Deionized, organic-free water rinse. 

Two pesticide-grade isopropyl alcohol rinses. 

Deionized organic-free water rinse. 

Air dry. 

2 

3 

4 

5 

6 

7 

8 

9 

7. Aluminum foil or plastic wrap. 10 

8. Donning of a new pair of disposable nitrile gloves before handling decontaminated 11 

sampling equipment. 12 

3.11 Investigation-Derived Waste 13 

During the DPT screening investigations, soil samples were collected directly from the split-spoon 14 

samplers and groundwater samples directly from the hydrocone or screened sample chamber; 15 

therefore, these sampling activities generated no IDW. During the soil boring advancement and 16 

monitoring well installation, soil cuttings, water generated during drilling. and well 17 

development/purge fluids were stored in labeled 55-gallon drums. 18 

The following was recorded in the Assembly E IDW logbook: drum contents. date fIlled, 19 

boring/wen identification, and a tracking code. Soil and water drums were loaded on pallets and 20 

staged in a fenced and paved area at the former Aircraft Intermediate Maintenance Department van 21 

storage area (Facility N-1665). 22 
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The soil data were reviewed to characterize the waste soil generated during the investigation. The 

IDW generated from the Assembly E RFI did not meet the criteria for a hazardous waste 2 

(Technical Memorandum - Characterization of Investigation-Derived Waste from Assembly E 3 

SWMUs (E/A&H, 1996b). However, TPH was considered a potential disposal problem. TDEC 4 

requested that E/ A&H screen the drums with a PID. Detectable levels of organic vapors were 5 

detected in some drums (Technical Memorandum - Assembly E IDW Drum Screening Results 6 

(E/A&H, 1997b). The drums with detectable levels were sampled for TPH analysis. Results for 7 

these were presented to TDEC and USEPA in Technical Memorandum -Assembly E IDW TPH 8 

Sampling Results (E/A&H, 1997c). The memorandums referenced above are included in 9 

Appendix E of this document. As a result of the data review and supplemental sampling, E/ A&H 10 

segregated six drums for disposal as a special waste (petroleum-contaminated soil). The remainder 11 

was spread near SWMU 41 (Salvage Yard #1) in accordance with the Investigation-Derived Waste 12 

Management Plan (E/A&H, 1995b). 13 

3.12 Ancillary Data Collection 14 

Supplemental information collected during the Assembly E RFI consisted of aquifer 15 

characterization, borehole geophysics, geophysical surveys, and global positioning system (GPS) 16 

surveys, as outlined in the following sections. 17 

3.12.1 Aquifer Characterization 18 

The rate of groundwater movement and possible contaminant migration was evaluated through a 19 

limited aquifer characterization at Assembly E. Characterization involved testing the specific 20 

capacity of the monitoring wells listed on Table 3.5 and constructing potentiometric maps for 21 

Assembly E wells screened in the upper alluvium, upper fluvial deposits, and lower fluvial 22 

deposits/deep alluvium (shown previously as Figures 2.11, 2.12, and 2.13). Groundwater 23 

migration rates in the loess were not evaluated during the RFI due to the abundant historical 24 

information from previous investigations across NSA Memphis. 25 
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Specific Capacity Testing of Select Assembly E Monitoring Wells 

A9Wfsr Tmted SlfMU MonitoQp2 w"n ID 

Qp~i:~~<SW:M~2:DOlG()3UA 
002G09UA 

A well's specific capacity is the ratio of the yield per foot of drawdown, usually expressed in 

terms of gallons per minute per foot of drawdown. During specific capacity testing, E/A&H used 2 

an electric submersible or peristaltic pump to withdraw water from the well at a known discharge 3 

rate for a designated time. Drawdowns were measured with an electronic water level indicator 4 

until relative stabilization occurred at that pumping rate. Specific capacity is a function of the 5 

following variables: 6 

• Well efficiency. 7 

• Transmissivity of the zone supplying water to the well, which may be less than the 8 

transmissivity of the aquifer, depending on the length of the screen. 9 

• Storage coefficient of the aquifer. 10 

• Length of the pumping period. 11 

• Effective radius of the well. 12 

• Pumping rate. 13 
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The relationship between specific capacity and transmissivity is based on the Theis equation: 

where T is the transmissivity, Qis is the specific capacity, Q is the pumping rate, s is the 2 

drawdown, and W(u) is the well function of u. This equation requires use of consistent units. The 3 

W(u) is defmed as: 4 

where T is defined as above, r is the effective radius of the well, S is the storage coefficient, and 5 

t is the duration of pumping. Once again, this equation requires use of consistent units. 6 

Bradbury and Rothschild (1985) have developed a computer program to facilitate the parameter 7 

estimation process using the Theis solution modified for partial penetration of a well using a 8 

method adopted from Brons and Marting, and the Csallany-Walton correction for welllo~s. The 9 

data from the Bradbury and Rothschild program is in Appendix D to this report. Two assumed 10 

variables entered into the specific capacity program were the storage coefficient and well loss 11 

coefficient. Storage coefficients were calculated by multiplying the aquifer's specific storage by 12 

the thickness of the aquifer at each tested well. A specific storage value for the fluvial aquifer of 13 

1.2E-6 per foot was used to calculate the storage coefficient for all tested wells except 002G03UA. 14 

A specific storage for the loess of 58E-6 per foot was used for this well because it is screened 15 

entirely in silt. These specific storage values were obtained during aquifer characterization of the 16 

fluvial deposits at the USGS well WL-2F (USGS, 1996). Aquifer thickness was obtained from 17 

the individual Assembly E boring logs. A well loss coefficient of 0.1 was selected from 18 

Todd (1980) for well screens and sand packs that are properly designed and developed. The 19 
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specific capacity data were used to derive T and the hydraulic conductivity (K), which were 

presented in the discussion of site-specific geology in Section 2. 

3.12.2 Borehole Geophysics 

2 

3 

The stratigraphy at SWMUs 2, 9, 14,59, and 65 was characterized through physical description 4 

of the soil cores recovered while the soil borings and monitoring wells were being completed. 5 

Supplemental lithologic information was gathered through geophysically logging at least one of 6 

each SWMU's deepest monitoring wells. A combination probe consisting of natural-gamma ray 7 

and electrical induction was used to measure the natural gamma-ray emission and electrical 8 

conductivity of the adjacent strata penetrated by the monitoring well. Table 3.6 lists the 9 

monitoring wells which were geophysically logged. Selection of these wells was based on their 10 

areal coverage on the Southside. Appendix C of this document contains a copy of each 11 

geophysical log. 12 

SWMU9 

SWMUl4 

SWMU 59 
, , , 

SWMU:6s"· 

Table 3.6 
Geophysical Logging of Select Assembly E Monitoring Wells 

NSA Memphis - MiIIington, Tennessee 

009G04DA 72 Deep Alluvium 

059G03UF 54 Upper Fluvial Deposits 

>·~l)A'·" "'~2>·' .'g~~~? .. 
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The logging probe was approximately 5.5 feet long and designed to run in 2-inch, PVC-cased 

holes in or out of the water column. The probe was lowered and raised at a set speed by a cable 2 

attached to a winch. The cable contained electronic wiring connecting the probe to a computer 3 

inside the logging truck. The operator positioned the logging truck close to the hole and began 4 

entering well information into the computer, while the second operator attached the 5 

decontaminated probe to the cable and positioned the probe in the monitoring well for temperature 6 

equilibration. The probe was zeroed to ground surface before being lowered to the bottom of the 7 

well. At the bottom, the probe's temperature was allowed to equilibrate. Data were recorded at 8 

D.1-foot intervals by digital computer as the probe ascended. When the probe reached the surface, 9 

it was detached from the cable and stored for transport to the decontamination pad. Before the 10 

logging unit left the monitoring well, a paper copy of the data was generated to check instrument 11 

function. QC was obtained daily by repeating 2D-foot sections of various monitoring wells. 12 

3.12.3 Geophysical Surveying 13 

Prior to the DPT screening investigations, geophysical surveys were performed at SWMUs 2, 14, 14 

and 65 to identify former site features and structures, and to clear zones for subsequent soil and 15 

groundwater sampling. E/A&H conducted the geophysical surveys using frequency-domain 16 

electromagnetic instrumentation (EM-31). Each EM-31 survey included a conductivity survey and 17 

an in-phase (metal detection) survey. Geophysical anomalies due to disturbed soil or metal objects 18 

were plotted on a map and compared with the as-built engineering drawings (where available). 19 

Proposed sample locations were chosen after results were reviewed. The following sections 20 

summarize the geophysical surveys conducted at SWMUs 2, 14, and 65. 21 

SWMU2 22 

The SWMU 2 geophysical survey was intended to identify landfIll boundaries and clear zones for 23 

landfill soil sampling. Data were collected on four traverses; two across the northern section of 24 

the SWMU, and two along the southern boundary following the perimeter road. The traverses 25 
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were approximately 1,970 feet long with station readings every 10 feet. Survey results identified 

the landfill boundaries and several anomaly-free zones for subsequent drilling and sampling. 2 

SWMU14 3 

On July 19, 1995, E/A&H performed a geophysical survey at SWMU 14 in an attempt to verify 4 

the approximate location of the former building and subsurface structures. The geophysical survey 5 

identified one moderate anomaly at SWMU 14 near the former location of an outdoor washbasin. 6 

The rest of the surveyed area was anomaly-free, indicating the sumps and separators may have 7 

been removed during building demolition. A linear feature along the site I s eastern survey 8 

boundary may be an abandoned potable water line that supplied water to the adjacent property 9 

when it was a trailer park. The geophysical survey results for SWMU 14 were presented in 10 

Geophysical Survey Report -SWMUs 14,36, and 65 (E/A&H, 1995c). 11 

SWMU65 12 

On July 18, 1995, E/A&H performed a geophysical survey at SWMU 65 in an attempt to verify 13 

the former location of the two USTs used to fuel the test cell in Building S-346. The geophysical 14 

survey identified a significant anomaly corresponding to the former location of the USTs. A 15 

strong, localized anomaly was identified along the southeastern boundary of the surveyed area, 16 

but its source is undetermined. Two additional linear anomalies may represent buried utility lines 17 

bisecting the survey area and along the eastern side of the site. The geophysical survey results for 18 

SWMU 65 were presented in Geophysical Survey Report - SWMUs 14, 36, and 65 (EI A&H, 19 

1995c). 20 

3.12.4 GPS Surveying 21 

EI A&H performed a GPS survey of the Assembly E sampling locations. The GPS survey 22 

established the horizontal position (latitude and longitude) of each DPT, soil boring, monitoring 23 

well, sediment, and surface water sample location. The survey also established the vertical 24 

position in feet above mean sea level to the nearest 0.01 foot of the ground surface and top of 2S 

casing elevation for each Assembly E monitoring well. The GPS data were input into the 26 

Geographical Information System (GIS) database for display on maps shown in this report. 27 
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4.0 NATURE AND EXTENT OF CONTAMINATION 

This section outlines the methods used to organize and evaluate the analytical data for each 2 

Assembly E RFI sample. The nature and extent of contamination evaluations for individual 3 

Assembly E SWMUs are provided as tabbed sections in Section 8 of this report. 4 

Detected concentrations of organic compounds and inorganics in each Assembly E sample were 5 

compared to published USEPA risk-based screening values and other criteria to determine if 6 

additional evaluation might be warranted. The screening values for each media are discussed in 7 

Sections 4.1 through 4.5. In addition, detected concentrations of inorganics in soil and 8 

groundwater were compared to their established NSA Memphis background reference 9 

concentrations (RCs. or two times the mean background concentration) to provide an indication 10 

whether the detected inorganic is naturally occurring or might be related to SWMU operations. 11 

RCs for soil and groundwater are summarized in Section 4.2. The calculations for the background 12 

RCs were provided in the Technical Memorandum - Reference Concentrations (EI A&H, 1996a). 13 

No background RCs have been established for sediment or surface water for NSA Memphis 14 

Southside. 15 

4.1 General Procedures for Constituent Evaluation 16 

4.1.1 Soil Samples 17 

USEPA risk-based concentrations (RBCs) for residential and industrial soil, along with USEPA 18 

soil screening levels (SSLs) for evaluating the potential transfer from soil to groundwater, were 19 

used to assess individual concenn:ations of organic compounds and inorganics detected in surface 20 

soil samples collected from SWMUs 9, 14,59, and 65. RBC and SSL criteria are outlined in the 21 

Risk-Based Concentration Table, January to June 1996 (USEPA, 1996a). Since soil RBCs apply 22 

only to surface soil samples, SSLs were used to assess contaminants in subsurface soil samples. 23 

SSLs, as outlined in the USEPA Soil Screening Guidance: Users Guide (USEPA, 1996b), should 24 

be compared to the contaminant average in each borehole, beginning at 6 inches bls and ending 25 
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at the borehole's tennination. The maximum concentration of each constituent was compared to 

the SSL value, rather than the borehole average, to simplify the comparison of SSLs to 2 

contaminants and because not all soil data collected during the RFI began at 6 inches bls. Using 3 

the maximum concentration provided a more conservative comparison. Individual contaminants 4 

exceeding SSL values are evaluated in the Section 8 SWMU-specific fate and transport 5 

evaluations. 6 

In certain instances, RBCs or SSLs are not available. Therefore, values for similar compounds 7 

or other published risk values were substituted for residential and industrial soil RBCs to evaluate 8 

detected constituents in Assembly E surface soil samples. Benzo(g,h,i)perylene and phenanthrene 9 

do not have published RBCs. Therefore, the RBCs for a chemically similar compound, 10 

fluoranthene, were substituted for these analytes. No RBC is available for lead. Therefore, 11 

guidance concentrations of 400 and 1,300 mg/kg for lead in residential and industrial soil were 12 

substituted for the RBCs. These concentrations are from the Revised Interim Soil Lead Guidance 13 

for CERCLA Sites and RCRA Corrective Action Facilities (USEPA, 1994c). TPH-GRO and 14 

TPH-DRO have no published RBC or SSL. Therefore, the TDEC soil cleanup level of 15 

500,000 JLg/kg total TPH for nondrinking water aquifers with a soil permeability of let to 10-6 16 

centimeters per second (cm/sec) was substituted for the SSL and compared to the sum of detected 17 

TPH-GRO and TPH-DRO concentrations in each soil sample. The TDEC soil cleanup standards 18 

are from the memorandum Policy Statement for Petroleum Contaminated Sites (TDEC, 1997). 19 

Inorganics in surface and subsurface soil were compared to their RCs to determine if they may be 20 

naturally occurring or a result of SWMU operations. Section 4.2 discusses this issue. 21 

4.1.2 Groundwater Samples 22 

RBCs for tap water and maximum contaminant levels (MCLs) for drinking water were used to 23 

evaluate concentrations of organic compounds and inorganics in groundwater samples. Tap water 24 
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RBCs are from the Risk-Based Concentration Table, January to June 1996 (USEPA, 1996a), and 

MCLs are from Drinking Water Regulations and Health Advisories (USEPA, 1996c). Because 2 

lead does not have an MCL, its Treatment Technique Action Level (TTAL) from Drinking Water 3 

Regulations and Health Advisories (USEPA, 1996c) was used for comparison. 4 

TPH, TPH-GRO, and TPH-DRO have no published RBC or MCL. Therefore, the TDEC cleanup 5 

standard of 100 p,g/L for drinking water aquifers for petroleum-contaminated sites was substituted 6 

for the tap water RBC and compared with the TPH concentration or the sum of detected TPH- 7 

GRO and TPH-DRO concentrations in each groundwater sample. The TDEC groundwater 8 

cleanup standard is from the memorandum Policy Statement for Petroleum Contaminated Sites 9 

(IDEC, 1997). The water quality classification of the alluvial aquifer has not yet been established 10 

at NSA Memphis. Although groundwater wells completed in the fluvial deposits are present off 11 

of NSA Memphis property, USGS representatives have stated that they are not aware of any 12 

drinking water wells completed in the alluvial aquifer in the vicinity of NSA Memphis. EnSafe 13 

is currently conducting a water use survey to establish the absence or presence of alluvial water 14 

wells in the vicinity of NSA Memphis. The results of this survey will be included in subsequent 15 

revisions to this RFI report. 16 

Detected inorganics in groundwater samples are also compared to their established RCs to 17 

determine if they may be naturally occurring or a result of SWMU operations. Section 4.2 18 

discusses this issue. 19 

4.1.3 Sediment Samples 20 

For the purposes of this RFI report, the samples collected from drainage pathways or lagoons are 21 

defined as sediment samples. Samples collected from the 0- to 6-inch interval are termed sUrface 22 

sediment, and samples collected from the 18- to 24-inch interval are termed subsurface sediment. 23 
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Some sampling locations are submerged throughout the year and others are intermittently 

submerged. Sediment samples collected from locations that are submerged are those from 2 

Big Creek Drainage Canal (SWMUs 2 and 9) and the SWMU 9 sewage lagoons. Sediment 3 

samples collected from locations that are intermittently submerged are those from the SWMU 38 4 

Southside drainage ditches (including the Seventh Avenue drainage ditch) and the drainage 5 

depressions at SWMU 65. Ecological risk was evaluated by comparing USEPA Sediment 6 

Screening Values (SSVs) to detected concentrations of organic and inorganic constituents in 7 

Assembly E surface sediment samples. SSVs were obtained from Supplemental Guidance to 8 

RAGS: Region IV, Bulletin 2, Ecological Risk Assessment (USEPA, 1995a). 9 

At locations that are intermittently submerged, sediments have many of the exposure 10 

characteristics of soil. Human health risk was evaluated by comparing USEPA residential and 11 

industrial soil RBCs to contaminant concentrations in surface sediment from intermittently 12 

submerged locations. The potential for contaminants to leach from intermittently submerged 13 

sediment to underlying groundwater was evaluated by comparing contaminant concentrations in 14 

surface and subsurface sediment to USEPA SSLs for soil-to-groundwater transfer. No inorganic 15 

sediment RCs have been established for the NSA Memphis Southside. However, sediment 16 

samples from locations that are intermittently submerged are compared to soil RCs. 17 

4.1.4 Surface Water Samples 18 

Freshwater Quality Standards (FWQS) were used to evaluate detected concentrations of organic 19 

compounds and inorganics in surface water samples collected from Big Creek Drainage Canal. 20 

FWQSs were obtained from the water quality criteria specified in 40 CFR Part 131.36. No 21 

inorganic surface water background RCs have been established for the NSA Memphis Southside. 22 

4-4 



4.1.5 Fish Tissue Samples 

ReRA Facility Investigation Repon 
Assembly E -SWMUs 2,9, 14, 38, 59, and 65 

NSA Memphis -Millington, Tennessee 
Revision 1: February 2, 1998 

USEPA RBCs for fish tissue consumption, based on adult exposure, were used to evaluate the 2 

detected concentrations of organic compounds and inorganics in fish tissue samples from the 3 

SWMU 9 sewage lagoons. Fish tissue RBCs were obtained from the Risk-Based Concentration 4 

Table, January to June 1996 (USEPA, 1996a). 5 

4.2 Background Reference Concentrations for Soil and Groundwater Samples 6 

Background sample stations (shown on Figure 4.1) were established at 13 NSA Memphis locations 7 

to determine ambient soil and groundwater quality conditions. Table 4.1 summarizes the RCs 8 

used to compare inorganics detected in Assembly E samples. The RCs, and the methodologies 9 

used to calculate them, are further described in Technical Memorandum - Reference 10 

Concentrations (E/A&H, 1996a). 11 

If a detected soil or groundwater analyte did not exceed its established RC, the analyte was not 12 

evaluated as a contaminant of concern in the human health and ecological risk assessment, even 13 

if the analyte exceeded its residential RBC or SSL. However, if an analyte's chemical 14 

characteristics and the physical characteristics of the SWMU affected the analyte' s migration 15 

potential, it was discussed in the fate and transport evaluation, even if the RC was not exceeded. 16 

The following sections describe the background samples used for each media. 17 

4.2.1 Background RCs for Inorganics in Surface and Subsurface Soil 18 

Background data for surface soil (0 to 1 foot bls) were collected from 13 soil boring locations 19 

(OBGS0001 through OBGS1301), shown on Figure 4.1. Surface soil RCs were used for later 20 

health risk evaluation. Background data for subsurface soil (9 to 10 feet or 10 to 11 feet bls) were 21 

collected from five soil boring locations (OBGSOOO1 through OBGSOOO5). As discussed in the 22 

Comprehensive RFI Work Plan (E/A&H, 1994a), NSA Memphis has 13 soil types. Eleven are 23 

silty loams, and two are fill containing silt. NSA Memphis soil was assumed to be homogeneous, 24 

and the RCs were assumed to represent conditions throughout NSA Memphis. RCs do not 25 

account for different soil types. 26 
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Table 4.1 

AnaIyte 

Arsenic 

Beryllium 

Copper 

~~ .... 

Lead 

~e~ 

Silver 
::;'/.« ';:;, ',<, 
~ ........ 

Tin 

\!'~~ 
Zinc 

Notes: 

Loess 
Groundwater 

<eEF» 
;;'<":-::;",:;>, 

'!O;I· 

7.32 

1.3 

38.8 

4.5 

NO 

154.6 

Background Reference Concentrations 

Fluvial Deposits 
Groundwater 

<fflH 
}, .... ' ........• ~ .................... . 

3.5 

NO 

5.6 

NO 

NO 

39.8 

Alluvial 
Groundwater Surface 

<eEL) Soil (J]lfikg)(b) 
.•..•.• ~){< .............................. ~ •••• 

4.2 14.58 

NO 

NO 24.19 

NO 2.05 

NO 33.56 

NO 98 

a I'g/L denotes background concentration is reponed in micrograms per liter, or parts per billion. 
b mglkg denotes background concentration is reponed in milligrams per kilogram, or parts per million. 
c NO denotes this analyte was not detected in any background sample collected from the indicated interval. 

4.2.2 Background RC for Dieldrin in Surface Soil 

Subsurface 
Soil <J]lfik&> 

ND 

20.32 

265~12 

1.004 

3:24 

32.52 

NO 

NO 

109 

A RC for dieldrin in surface soil at NSA Memphis has been established as outlined in the 2 

Technical Memorandum - Surface Soil (0 to 1 foot) Background Dieldrin Concentrations at 3 

NSA Memphis (E/A&H, 1997d). As outlined in the technical memorandum, dieldrin is ubiquitous 4 

at NSA Memphis as a result of aerial applications during the 1950s and 1960s during a 5 

U.S. Department of Agriculture white-fringed beetle quarantine. Dieldrin was also used 6 

in the pest-control trade along with chlordane for general subterranean termite control. Samples 7 
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collected from the 0- to I-foot interval from five NSA Memphis background locations (OBGSOOOl, 

OBGS0002, OBGSOOO3, OBGSOOO4, and OBGSOOO5) were analyzed for dieldrin, resulting in an 2 

RC of 262 J,Lg/kg. Figure 4.1 shows the background soil sample locations. The maximum dieldrin 3 

concentration reported in surface soil at each SWMU is compared to the RC and exceedances are 4 

discussed in the nature and extent of contamination summaries within the SWMU-specific portions 5 

of Section 8. 6 

4.2.3 Background Res for Inorganics in Groundwater 7 

Background data for groundwater consist of samples collected from 12 of the 13 NSA Memphis 8 

background locations. Background monitoring wells were not installed at soil boring 9 

location OBGS0003, near the horse stables on the NSA Northside, because the loess did not 10 

provide sufficient groundwater and the fluvial deposits are thin (less than 5 feet thick) in this area. 11 

The background samples for each groundwater interval evaluated during the Assembly E 12 

investigation are summarized in the following paragraphs. 13 

Loess Groundwater 14 

Background data for loess groundwater are from two sampling events of four loess background 15 

monitoring wells: two on the Northside and two on the Southside (OBGGOILS, OBGG02LS, 16 

OBGG04LS, and OBGG05LS). 17 

Fluvial Deposits Groundwater 18 

Background data for fluvial deposits groundwater are from two sampling events of four upper 19 

fluvial deposits wells (OBGGOIUF, OBGG02UF, OBGG04UF, and OBGG05UF), two sampling 20 

events of four lower fluvial deposits monitoring wells (OBGGOILF, OBGG02LF, OBGG04LF, and 21 

OBGG05LF), and one sampling event of five upper fluvial deposits monitoring wells (OBGG08UF, 22 

OBGG09MF, OBGGI0UF, OBGGI2UF, and OBGGI3UF). 23 
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Alluvial Groundwater 

Background data for alluvial groundwater are from one sampling event of middle alluvium 2 

monitoring well OBGG lIMA, on the southwest corner of the NSA Memphis Southside near 3 

Big Creek Drainage Canal. 4 
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A baseline risk assessment (BRA) establishes a baseline of risk to facilitate risk management 2 

decisions. Risk is the estimated potential for toxic effects on actual or hypothetical human or 3 

ecological receptors, while baseline risk refers to risk arising from exposures to chemicals 4 

assuming site conditions remain unchanged. BRAs are used by risk managers to decide if remedial 5 

actions are necessary and to determine the extent of remediation necessary to reduce the risk to 6 

acceptable levels. Generally, a BRA is divided into two sections, one assessing human health risk, 7 

and a second addressing ecological risk. 8 

The Technical Memorandum - General Human Health Risk Assessment (HHRA) Approach for 9 

NSA Memphis (E/A&H, 1997e), which is provided as Appendix F of this report, details the 10 

HHRA methodology applied to this RFI. Individual HHRAs for Assembly E SWMUs are in the 11 

Section 8 site-specific tabbed sections. 12 
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An ecological risk assessment (ERA) has been prepared for each Assembly E SWMU. Individual 2 

ERAs for Assembly E SWMUs are in the Section 8 site-specific tabbed sections. 3 

Each ERA focuses on the terrestrial ecosystem of each SWMU, and assesses the actual or potential 4 

risk to ecological receptors due to SWMU contamination. Each assessment evaluates the surface 5 

soil contaminant concentrations and distributions, media-specific physicochemical conditions, and 6 

exposure pathways which could result in unacceptable levels of exposure to ecological receptors 7 

now or in the future. The approach to this assessment is based on USEPA' s Risk Assessment 8 

Guidance for Superfund Vol. n -Environmental Evaluation Manual (USEPA, 1989a), Framework 9 

for Ecological Risk Assessment (USEPA, 1992a), and Ecological Risk Guidance for Superfund: 10 

Process for Designing and Conducting Ecological Risk (USEPA, 1994d). 11 
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This section provides guidance for evaluating contaminants' environmental transport, 2 

transformation, and fate. Specifically, fate and transport assessment seeks to evaluate a 3 

constituent's ability to become mobile or change in the environment. To accomplish this, the 4 

assessor must understand the chemical and physical properties that govern the constituent's 5 

interaction with environmental media. Site characteristics, e.g., topography, geology, and 6 

hydrogeology, and characteristics of site soil, sediment, and water, as well as the contaminant's 7 

chemical and physical properties, play roles in evaluating the processes of fate and transport. To 8 

streamline the fate and transport discussion, this section focuses on providing an understanding 9 

of the properties which affect fate and transport. The SWMU-specific tabbed sections (Section 8) 10 

focus only on the primary contaminants detected in the various media at each SWMU. 

The primary contaminants are defmed as: 

• 
• 
• 

Contaminants of concern (COCs) per the human health risk assessment (HHRA). 

Any organic contaminant which exceeds its soil to groundwater SSL. 

Any inorganic contaminant which exceeds both its soil to groundwater SSL and RC. 

11 

12 

13 

14 

15 

Also, all contaminants will be evaluated if they exceed the SSL for soil-to-air transport. 16 

Based on the characteristics above, an evaluation of Assembly E SWMUs identified four potential 17 

routes of constituent migration: 

• 
• 
• 
• 

Air emissions from VOCs released from surface soil; 

Constituents leaching from soil to groundwater; 

Surface soil eroding and contaminating runoff; and 

Constituents migrating from shallow groundwater into surface water bodies. 
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7.1 Properties Which Affect Fate and Transport 

The persistence, transport, and fate of chemicals in the environment depend on individual chemical 2 

and physical properties as well as properties of the media in which the chemicals reside. The 3 

following paragraphs briefly describe these properties, along with their significance to 4 

volatilization, sorption, diffusion, dispersion, biodegradation, and other attenuation processes. 5 

7.1.1 Chemical and Physical Properties 6 

The following chemical and physical properties are relevant to the evaluation of transport and fate 7 

of organic contaminants: water solubility, vapor pressure, Henry's law constant, specific gravity, g 

organic carbon partition coefficient, distribution coefficient, and half life. For inorganic 9 

contaminants, water solubility and adsorption coefficients are the properties of interest. This 10 

subsection introduces the properties, then discusses their impact on each of the relevant compound 11 

classes. Table 7.1 provides an overview of chemical property behavior based on these properties. 12 

Table 7.1 
Chemical and Physical Properties 

Density(C) water: 1.0 gfcrr1(1I) sink in water or fall in the atmosphere. float on water or rise in the atmosphere. 
air: 1.20 kgfm3

(C) 

Henry's Law Constant 10.3 to 10"' atm- volatilize easily from water. not volatilize easily from water. 
m3fmole(a) 

Organic Carbon 10 to 10,000 L..-/kgoc(Jl) be more apt to remain in soil. be more mobile and diffuse easily in 
Partition Coefficient water 

Notes: 
a Critical values are based on literature review and professional judgement. 
b Hg = mercury 
c gfcm3 = grams per cubic centimeter 
d Approximate density of air at standard temperature and pressure. 
e kgfm3 = kilograms per cubic meter 
f mg/L = milligrams per liter 
g atm-m3fmole = atmospheres-cubic meter per mole 
h L..-/k~ = kilograms of organic carbon per liter of water 
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A chemical's solubility in water is the maximum amount of the chemical that will dissolve in pure 2 

water at a specified temperature. Chemicals with high solubility are relatively mobile in water and 3 

are likely to leach from wastes and soils. These chemicals tend to have low volatilization 4 

potential, but do tend to be biodegradable. Conversely, chemicals with low solubility tend to sorb 5 

on soils and sediments and are not readily biodegraded. They also have a greater tendency to 6 

volatilize. 7 

Vapor Pressure 8 

Vapor pressure is a measure of the tendency of a substance to pass from a solid or a liquid to a 9 

vapor state. It is measured as the pressure of the gas in equilibrium with the liquid or solid at a 10 

given temperature. From dry soils, vapor pressure determines a given chemical's volatilization 11 

to the atmosphere. From surface waters and moist soils, volatilization depends on vapor pressure 12 

and the Henry's law constant (discussed below). A chemical with a vapor pressure less than 13 

10-6 millimeters of mercury (mm Hg) tends to associate with particulate matter; a chemical with 14 

a higher vapor pressure tends to associate with the vapor phase. Highly water-soluble compounds 15 

generally show little volatilization from water or moist soils, unless they also have a high vapor 16 

pressure. 17 

Henry's Law Constant 18 

The Henry's law constant describes a linear relation between vapor pressure and water solubility, 19 

providing a measure of a chemical's ability to move from water or moist soils to air. Compounds 20 

with Henry's law constants greater than 10.3 atmospheres-cubic meter per mole (atm-n::ffmole) can 21 

be expected to readily volatilize from water. Compounds with values ranging from 103 to 22 

10-5 atm-m3 fmole exhibit moderate volatilization. Compounds with values less than 10-5 atm- 23 

m3 fmole show limited ability to volatilize from water or moist soils. 24 
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Specific Gravity 

A substance's specific gravity (SG) is the ratio of its given volume weight to the same volume of 2 

water's weight. The water weight is usually measured at 4°C; the other substance is often 3 

measured at some other temperature, typically 20°C. If the SG of a substance is less than 1.0, that 4 

substance will float on water; if the SG is greater than 1.0, the substance will sink in water. The 5 

SG can sometimes be used to predict the vertical distribution of a chemical's immiscible or 6 

insoluble portion within an aquifer or other water body. 7 

Organic Carbon Partition Coefficient 8 

The organic carbon partition coefficient CKoJ is a measure of an organic substance's tendency to 9 

sorb to organic carbon. Chemicals moving through the subsurface will alternately adsorb or 10 

desorb from available organic matter in the soil matrix. The higher the ~ values, the more a 11 

chemical tends to be attracted to soil's organic fraction and lower its mobility in the subsurface. 12 

Half-Life 13 

A half-life is the time required for a substance's concentration to decrease from its initial level to 14 

one-half its initial level. The apparent decrease may be caused by various processes, including 15 

biodegradation, reactions with other substances, or mass removal from the media in question. 16 

VOCs can be expected to be mobile in the environment based on their physical and chemical 17 

properties. They have the potential to volatilize to the atmosphere, leach to groundwater or erode 18 

to surface water, and to move with groundwater flow. Relative to other compound categories, 19 

VOCs have low molecular weight and high water solubility, vapor pressure, and Henry's law 20 

constant, along with a corresponding low Koc. These properties all enhance the potential for 21 

degradability of VOCs. Relative to chemicals in other categories, many VOCs tend to have 22 

relatively short half-lives in groundwater and surface water. VOCs have a limited tendency to 23 

sorb to solids and can be expected to be moderately to highly mobile in the environment. 24 
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Especially in near-surface soils, VOCs can migrate via diffusion through soil-air pore spaces to 

the ground surface, where they can be transported by wind. 2 

SVOCs generally have higher molecular weights, and lower solubilities, vapor pressures, and 3 

Henry's law constants than VOCs. Because of higher ~, SVOCs tend to sorb to solids and are 4 

relatively immobile in the environment. They are more likely to be transported as solids than in 5 

their dissolved phase. Because of these characteristics, SVOCs are likely to persist in the 6 

environment longer than VOCs, but be less mobile. 7 

Pesticides/PCBs have moderate molecular weights; generally high densities, high ~ values, and 8 

generally low solubilities, vapor pressures, and Henry's law constants. They tend to sorb to soil 9 

particles, are hydrophobic (avoid water), are immobile in the environment, and tend to degrade 10 

relatively slowly. Overall, pesticides/PCBs are anticipated to be immobile and persistent in the 11 

environment, not readily diffusing into groundwater. 12 

Herbicides, which can leach from soil particles to groundwater, tend to be mobile in both soil and 13 

groundwater and to degrade relatively slowly. The chemical property most greatly influencing 14 

herbicide fate and transport is solubility. Herbicides have low Henry's law constants and vapor 15 

pressures, and moderate molecular weights, organic carbon/water partitioning coefficients, and 16 

solubilities. Overall, herbicides are expected to be moderately mobile in groundwater, with some 17 

retention in soil. 18 

Inorganic chemicals do not degrade in the environment, but they may change chemical form or 19 

speciation. They are generally considered to be indefinitely persistent. Inorganics may interact 20 

with soil or other solids by ion exchange, adsorption, precipitation, or complexation, and they can 21 

act as catalysts in biodegradation processes. These processes are affected by pH, composition of 22 

leachate or groundwater oxidation-reduction condition, and the type and amount of organic matter, 23 
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minerals, clay, and hydrous oxides present. Groundwater containing elevated levels of chloride, 

bicarbonate, sulfate, or phosphate can enhance the solubility and mobility of metal compounds by 2 

forming aqueous complexes. Complexation is the process in which a cation (positively charge ion) 3 

combines with molecules containing free pairs of electrons (negatively charged ions). An aqueous 4 

complex forms when an inorganic in a cationic state is subjected to chloride, sulfate, or other 5 

compounds containing free pairs of electrons. Inorganics which have undergone aqueous complex 6 

formation become more aqueous and mobile in groundwater, and less able to sorb to soil particles. 7 

7.1.2 Media Properties 8 

The environmental media properties used to evaluate fate and transport are total organic carbon, 9 

soil sorptive capacity, cation exchange capacity, redox conditions, pH, and hydrogeology. The 10 

following briefly discusses them. 11 

Total Organic Carbon 12 

Sorption's abiotic process (contaminant accumulation at a solid surface) slows down a 13 

contaminant's movement as it accumulates on the subsurface medium. In organic contaminants 14 

and subsurface soil in which organic carbon is present, hydrophobic chemicals commonly sorb to 15 

the soil's organic carbon. As the subsurface soil's organic content increases, its total capacity to 16 

sorb the chemicals increases. Fate and transport calculations typically express the organic carbon 17 

as a fraction of organic carbon (~). 18 

Distribution Coefficient 19 

The distribution coefficient~) represents the partitioning between liquid and solids, or the ratio 20 

of the soil's contaminant mass to the contaminant mass dissolved in the groundwater. The ~ is 21 

used to model subsurface contaminant movement. The larger the ~ value, the greater the sorption 22 

to the solid phase. The simplest way to acquire a ~ value for a specific contaminant is to obtain 23 

it from a Kuc value listed in literature sources. Koc is analogous to ~, except that the sorbing 24 
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material is considered to be the organic carbon (oc) in the soil as opposed to the entire soil matrix. 

N ormalizing ~ based on the soil's organic carbon content can eliminate much of the variation 2 

observed among ~ values in different soils; thus, ~ can be estimated from the chemical's Kac and 3 

foc in the soil, e.g., Kd = Koc xfoc. 4 

Cation Exchange Capacity 5 

Cation exchange capacity (CEC) reflects the soil's capacity to adsorb ions by neutralizing an ionic 6 

deficiency on its surface. Certain compounds can either gain or lose a proton as a function of pH 7 

and thus go from a neutral to an ionic form. For organic compounds, this ionization greatly 8 

increases the chemical's groundwater solubility. Gaining a proton forms a positive ion. In this 9 

case, the ionic compound may associate to a greater degree with the clay minerals' CEC. The 10 

overall impact on sorption (mobility) depends on the relative sorption of the compound's neutral 11 

and ionic forms. 12 

Redox Conditions 13 

Oxidation and reduction (redox) refer to the ions or compounds transferring electrons or changing 14 

species. Redox includes oxidation (the loss of electrons) and reduction (the gain of electrons). 15 

As an example, consider iron in groundwater. When the groundwater reaches the surface in a 16 

highly reduced state, it is exposed to the atmosphere (oxygen), resulting in the iron's oxidation. 17 

This reverse process causes the iron to go from its soluble form to its insoluble complex. 18 

~ ~ 

pH, a logarithmic measure of hydrogen ions in the soil and groundwater, indicates the medium's 20 

acidity or basicity. Chemicals react significantly different under changing pHs. Low pH 21 

conditions tend to mobilize chemicals, especially inorganics, while high pH conditions may lead 22 

to the formation of immobile metal hydroxides. 23 
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Hydrogeology 

The physical properties of soil (mineralogical composition, particle size distribution, etc.) dictate 2 

how a contaminant is transported in the subsurface. Some of these properties are porosity, 3 

hydraulic gradient, hydraulic conductivity, unsaturated flow, and saturated flow. 4 

Porosity: This property is defined as the ratio of openings (voids) to a soil or rock's total volume. 5 

Typically, fine-grained materials tend to be better sorted and, thus, tend to have the largest 6 

porosities. Porosity indicates the maximum amount of water that a rock or soil can contain when 7 

it is saturated. Total porosity represents all voids in soil or rock, whereas, effective porosity 8 

represents only those voids which are interconnected and may contribute to movement of fluids. 9 

Hydraulic Gradient: The groundwater table's slope direction indicates groundwater movement 10 

direction. All other factors being constant, the groundwater movement rate depends on the 11 

hydraulic gradient, the change in head-per-unit distance in a given direction. The hydraulic 12 

gradient is important in contaminant transport because it may indicate the velocity and direction 13 

of contaminant migration in groundwater. 14 

Hydraulic Conductivity: This property largely dictates the factors controlling groundwater 15 

movement. It depends on the pores' size and arrangement and groundwater's dynamic 16 

characteristics such as viscosity and density. Hydraulic conductivity refers to the water- 17 

transmitting characteristics of soil; it varies in different soil types. If the hydraulic conductivity 18 

is essentially the same in any area of soil, it is said to be homogeneous; otherwise, it is 19 

heterogeneous. Hydraulic conductivity tends to be greater in sand and less in material containing 20 

clay. 21 

Unsaturated Flow: Most aquifer recharge occurs when water percolates across the unsaturated 22 

zone. Water movement in this unsaturated zone is controlled by both gravitational and capillary 23 
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forces. Capillarity results from two forces: the mutual attraction (cohesion) between water 

molecules and the molecular attraction (adhesion) between water and different solid materials. 2 

These two forces pull water upward into a capillary fringe above the water table. Flow in the 3 

unsaturated zone is important because contaminants released at the surface which percolate through 4 

the unsaturated zone may remain in the unsaturated zone due to capillarity, or may arrive in the 5 

unsaturated zone due to a fluctuating water table. 6 

Saturated Flow: In the saturated zone, all interconnected openings are full of water, and 7 

groundwater moves through these openings in the direction controlled by the hydraulic gradient. 8 

Movement in this zone may be either laminar or turbulent. In laminar flow, water particles move 9 

in an orderly manner along streamlines. In turbulent flow, water particles move in a disordered, 10 

highly irregular manner, which results in a complex mixing of the particles. Dispersion is an 11 

important contaminant transport process in the saturated zone. This is the process by which 12 

solutes are mixed with uncontaminated water, diluted, and transported due to the aquifer's 13 

heterogeneity. Also, diffusion is the process by which solutes are transported from a region of 14 

high concentration to a region of low concentration. In very fme sediments, diffusive transport 15 

may be the dominant process. Typically, flow is advective, that is, dissolved substances migrate 16 

with flowing groundwater. Advective flow is the dominant transport process for contaminant 17 

movement in groundwater. 18 

7.2 Fate and Transport Approach for Assembly E 19 

Fate and transport discussion for each SWMU begins by describing site characteristics that have 20 

the potential to promote or inhibit migration of contaminants. As presented in 7.0, four potential 21 

contaminant migration routes may exist. Each SWMU was evaluated relative to site conditions 22 

that affect these migration pathways. 23 
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Evaluation of an individual contaminant's ability to migrate is based on four cross-media transfer 

mechanisms: soil to groundwater, groundwater to surface water, surface soil to sediment (erosion 2 

of sorbed contaminants), and surface soil to air. The contaminant's chemical and physical 3 

properties will be evaluated, where necessary, in support of each transfer mechanism. Table 7.2 4 

presents the chemical and physical properties used to evaluate fate and transport for all 5 

contaminants detected at Assembly E. Table 7.3 presents the primary Assembly E contaminants 6 

and summarizes why they are considered primary contaminants for fate-and-transport discussion. 7 

The following describes the methods used to evaluate the potential migration of contaminants 8 

identified at each SWMU. In some cases, specific migration pathways do not exist for a SWMU. 9 

When this occurred, that pathway was not discussed in the site-specific fate and transport 10 

evaluations in Section 8. 11 

7.2.1 Soil-to-Groundwater Cross-Media Transport 12 

To evaluate the potential for soil-to-groundwater migration of constituents, a phased screening 13 

approach focused on chemicals with the greatest potential for impacting the water-bearing zones. 14 

Qualitative: Analytical data for soil and groundwater were compared to determine which 15 

chemicals were present in both media. Due to the nature and age of most SWMU operations, it 16 

was assumed that any impacts associated with compounds with the potential to migrate from soil 17 

would be currently manifested in the shallow aquifer. The number and placement of monitoring 18 

wells or DPT groundwater samples were considered adequate to detect the presence of 19 

groundwater contamination. As a result, the qualitative comparison was used to identify those 20 

chemicals with reported concentrations in both media. 21 

Quantitative: Soil results were compared to the leachability-based soil-to-groundwater screening 22 

levels as presented in the Risk-Based Concentration Table, January to June 1996 (USEPA, 23 

1996a). An organic contaminant is considered a threat for impacting a water-bearing zone if 24 
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.e 

Organic Compounds 

Carbon disulfide 

gamma-Chlordane 

Chlorofonn 

Chrysene 

2.4-DB 

4.4'-DDE 

2.4.5-T 

Dibeoz(a.h)anthracene 

Dicamba 

Parameter 

VOC 

Pesticide 

voc 

VOC) 

SVOC 

Herbicide 

Pesticide 

Herbicide 

svoc 

Herbicide 

76.13 

409.80 

119.38 

228.30 

NDA 

319.03 

255.48 

278.36 

221.04 

Table 7.2 
Fate and Transport Properties for 

Contaminants Detected in Assembly E Soil and Groundwater Samples 
NSA Memphis - MiDingtoD, Tennessee 

1.3Oe+OO 

1.6Oe+OO 

1.5Oe+OO 

1.27e+OO 

NDA 

6.4ge-06 

1.4Oe+OO 

1.28e+OO 

NDA 

Vapor 
~ 

3.00e+02 

1.00e-05 

1.6Oe+02 

6.3Oe-09 

NDA 

6.50e-06 

7.5Oe-07 

1.00e-1O 

3.4Oe-05 

SolubmtyloJll 
(IJII/L) 

2.10e+03 

5.6Oe-02 

8.00e+03 

1.8Oe-03 

NDA 

4.00e-02 

2.8Oe+02 

5.00e-03 

6.5Oe+03 
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Henry's 
Law Constant(lt,cl 

(atm-llt/mole) 

1.33e-02 

4.8Oe-05 

3.23e-03 

7.26e-20 

NDA 

2.34e-05 

8.68e-08 

7.33e-09 

1.30e-09 

,.~~ 

K,.,(II,<) 

(LI 

2.95e+02 

4.95e+04 

4.6Oe+01 

2.45e+05 

NDA 

2.45e+05 

2.04e+02 

1. 66e +06 

1.001:+04 

NDA 

2.30e-02. 

Soil-to-Groundwater 
SSL(d) 

(I 

14 

SoiJ..to-Air 
SSL(d) 

(I 

11 

NDA . NDA 

NDA 

0.3 

~;~ 

0.5 

NDA 

NDA 
11 

120 

NDA 

NDA 

NDA 

94 

0.2 

0;003 

3.6 

NDA 

37 

10 

SO. 

NDA 

NDA 
7.2 

120 

NDA 

NDA 
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Molecular Vapor Henry's SoiI-to-Groundwater SoiI-to-Air 
Weightoo DensityOO Pressure(o,lol SoIubiIity(o,lol Law Constant\ll,c) K.. (10,<1 SSLItII SSLItII 

Affldyte Parameter (gImole) (went) (IDOl He> (mgIL) (am.-ml/mole) (Ukg) (mglkg) (mg/kg) 

Orpaie. CCIDlpounds 

Dichlorprop 

trans-l,2-Dichloroelhene 

Diethylpbtbalate 

Di-n-octylpbtbalate 

Endrin aldehyde 

Elhylbenzene 

F1uoranlhene 

Guthion 

Herbicide 

VQC 

voc 

svoc 

svoc 

Pesticide 

voc 

SVOC 

Pesticide 

235.07 

96.94 

222.24 

390.57 

380.92 

106.16 

202.26 

317.34 

NDA 

l.25e+OO 

l.lOe+OO 

9.78e.()1 

NDA 

8.70e'()1 

1.3Oe+OO 

l.44e+OO 

1.00e.()6 

3.24e+02 

2.00e'()3 

1.4Oe.()4 

2.00e-07 

7.10e+OO 

5.00e.()6 

8.00e.09 
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3.5Oe+02 NDA NDA 

6.30e+03 6.500-00 5.9Oe+Ol 

9.00e+02 8.46e-07 6.92e+01 

3.00e+OO 1.41e-12 9.77e+08 

2.6Oe'()1 3.800-07 4.27e+OS 

1.50e+02 6.6Oe'()3 l.87e+02 

2.4Oe'() 1 1.6ge.()2 4. 17e+04 

5.01e+OO 
3.3Oe+01 NDA NDA 

2,~413 2.6ge+04 

NDA 

1;5 

0.3 

(tOOl 

110 

120 
1,000,000 

Nl)A 
0.4 

0.4 

5 

980 

160 

NDA 

0.06 

MOO 

NDA 

37 

3,600 

2 

520 

tOO 

NDA 

NDA. 
16 

16 

260 

2io 

68 

89 

NDA 
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Table 7.2 
Fate and Transport Properties for 

Contaminants Detected in Assembly E Soil and Groundwater Samples 
NSA Memphis - MiDington, Tennessee 

Molecular Vapor Heury's SoiJ..to-Groundwater SoiJ..to-Air 
Weight(ol Densityfol ~ Solubility""" Law Constant(lo,c) K.c (Io,c) SSLIdI SSLIdI 

AnaIyte Parameter (gfmole) (gfc:ai') (mm Hg) (mg!L) (alm-nr/mole) (LIke) (mgIkg) (mg!ke) 

Organic: ~ds 

Heptachlor epoxide Pesticide 389.32 NDA 2.6Oe-06 3.5Oe-Ol 3.206-05 2.0ge+04 0.03 

15 280 

MCPA(I) Herbicide 200.63 1.21e+00 1.5Oe-06 8.25e+02 NDA NDA NDA NDA 

MDIt. NVA 

2-Methylnaphthalene SVOC 142.21 1.00e+00 NDA 2.50e+01 NDA 8.51e+03 NDA NDA 

NbA 

2-Methylphenol (o-Cresol) SVOC 108.14 1.00e+00 2.406-01 2.5Oe+04 1.23e-06 2.1ge+Ol 6 12,000 

'I 

Naled Pesticide 380.80 1.96e+00 2.00e-03 Insoluble" NDA NDA NDA NDA 

180 

Pentacblorophenol SVOC 266.34 2.00e+00 l.l0e-04 2.00e+Ol 2.10e-06 4.0ge+02 0.2 7.9 

NOA NDA 

Pyrene SVOC 202.26 1.306+00 2.5Oe-06 1.406-01 I.0ge-05 6.46e+04 1,400 56 

2 1;400 

TPH-DRO TPH NDA NDA NDA NDA NDA NDA NDA NDA 

NOi\ NDA NDA NDA 
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Molecular Vapor Henry's SoIl-to-Groundwater SoiI-to-Air 
Weight- DeusitT'" Pressurelo.b) SoIubiUty(o,bl Law Ccmstanttl>.<) K.., (1),<1 SSLoo SSLldI 

ADalyte Parameter (;!mole) (;Icnr) (mID JIg) (mgIL) (atm·m'lmole) (Uk&) (mg/k&) (m;ik&) 

()rpnic COJDpo1IDds 

Toluene VOC 92.13 8.70e'()1 2.2Oe+0l 5.2Oe+02 6.70e'()3 1.2ge+02 5 520 

Nl>A: NnA NnA JiiDA 

Tetrachloroethene (PCB) VOC 165.85 1.6Oe+OO 1.4Oe+Ol 1.5Oe+02 l.53e.()2 2.64e+02 0.04 11 

>C).OI O,g 

Trichloroethene VOC 131.40 1.5Oe+OO 5.8Oe+Ol 1.l0e+03 9.10e'()3 8.70e+Ol 0.02 3 

o,ot 0.002 

Xylene VOC 106.17 8.8Oe.()1 8.7Oe+OO 2.00e+02 7.10e.OJ 2.34e+02 74 320 

Inorganics 

F~~<)··· ·TNQ~ Nl>A .. NDA 
Arsenic Inorganic 74.90 NDA NDA NDA NDA NDA 15 380 

3sO,000 
Beryllium Inorganic 9.01 NDA NDA NDA NDA NDA ISO 690 

NnA ~ 

Chromium Inorganic 52.00 NDA NDA NDA NDA NDA NDA NDA 

NDA NDA NDA 

Copper Inorganic 63.55 NDA NDA NDA NDA NDA NDA NDA 

NDA NDA NDA NDA 
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.e Parameter 

Inorpuies 

Lead Inorganic 207.20 

lO,I).fio 
Nickel Inorganic 58.71 

.~ 78.96 
Silver Inorganic 107.90 

~ HU9 

Vanadium Inorganic 50.94 

Table 7.2 
Fate and Transport Properties for 

Contaminants Detected in Assembly E Soil and Groundwater Samples 
NSA Memphis - Millington, Tennessee 

NDA 

NDA 

NDA 

NDA 

NDA 

Vapor 
~ 

NDA 

WA. 
NDA 
.' 
NDA> 

NDA 

NDA 

SoIubiIity(a,l>l 
(mgIL) 

NDA 

NDA 

NDA 

NDA 

Henry's 
Law Constanttlo.<l 

(atm-llT/moIe) 

NDA 

NtiA 
NDA 

NDA 

NDA 

K..,tIo.<I 
(Ll 

NDA 

NtiA 
NDA 

NOA 
NDA 

NDA 

SoiI-to-Groundwater 
SSL(d) 

(: 

NDA 

3. 

21 

" NDA 

81)1\ 

NDA 

SoiI-to-Air 
SSLIdl 

(1 

NDA 

6,900 

NoA 

NDA 

NDA 

NDA 

.~c·.····.··,·, .. ··· ........ · ...... ~ ............ ·.ijg.· ••••... ·. ···~AC< ••• •·•· ••. ·•• ••• NJjA.ri.~jjA .)( ............... ~ ••••.•..••. · ••• ·..~tiA....· •.. · .•...••• · .. 4~ ..••.•••••• ·.··. ···.···NDA·.·.··· 

NOles: 
a Merck & Co., The Merck Index, Merck & Co., Rahway NJ. (1983). 

Lide, CRC Handbook of Chemistry and Physics, CRC Press, Boca Raton. (1994). 
USEPA, TrealtlbiIity Dalabase, USEPA Risk Reduction Engineering Laboratory, Cincinnati OH. (1992). 
Resource Consultants, ChemtDX Release K, 1985-1995. 

b Howard, Fate and Exposure Data, Lewis Publishers, Chelsea MI. (1993a). 
c Knox, Sabatini, Canter, Subsurface Transport and Fate Processes, Lewis Publishers, Chelsea MI. (1993). 
d USEPA. Risk-Based Concentration Table, January to June 1996 (USEPA, 1996a). 
e NDA denotes no data is available for this property. 
f MCPA = 2-Methyl-4-cblorophenoxyacetic acid 
g MCPP = 2-(2-Methyl-4-cblorophenoxy)propionic acid 
h Insoluble denotes that the compound is practically insoluble in water. 
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Analyte 

Aldrin 

Aroclor-1260 

Benzene 

BenZo(a~. 

BEQ(I) 

CbIofoform 

alpha Chlordane 

technical Chlordane 

4,4'-000 

Table 7.3 
Primary Contaminants in Assembly E Soil and Groundwater Samples 

NSA Memphis - Millington, Teunessee 

SWMU DesiaDation 

14 

S9 

S9 

14 

59 

59 

59 

59 

Reason 

.·.·.~~~ •• ~.~ •• dte··~.SSL ..... ~.~~~~~~_.~.~~atet·SSL 
.·····.~~.iIi.~ .. s6iI •• ,,~·~.~t·SSL 

Concentration in drainage ditch soil and subsurface soil exceeded the soil-to-groundwater 
SSL 

Concenttation in surface and subsurface soil exceeded the soil-ta-groundwater SSL, 
concenttation in surface soil exceeded the soil-to-air SSL. analyte is a COC in surface soil 
pertheHHRA 

Analyte is a COC in surface soil per the HHRA 

Analyte is a COC in fluvial deposits groundwater per the HHRA 

Analyte is a COC in surface soil per the HHRA 

Concenttation in surface and subsurface soil exceeds the soil-ta-groundwater SSL. 
analyte is a COC in surface soil per the HHRA 

Concenttation in surface and subsurface soil exceeds the soil-to-groundwater SSL. 
concenttation in surface soil exceeds the soil-to-air SSL 

Concenttation in surface aoil exceeds the soil-to-groundwater SSL 
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Analyte 

4,4'-DDE 

1,2-Dichloroethene 

Heptachlor 

Lead 

Nickel 

Tetrachloroethene 

Vanadium 

Notes: 

Table 7.3 
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Primary Contaminants in Assembly E Son and Groundwater Samples 
NSA Memphis - Millington, Tennessee 

SWMU Designation Reason 

59 Concentration in subsurface soil exceeds the soil-to-groundwater SSL 

14 

59 

59 

9 

14 

59 

65 

14 

14 

59 

.· .. ~~_~~JCril~~~rssL 
Analyte is a cac in loess groundwater per the:HHRA 

Concentration in surface and subsurface soil exceeds the soil-to-groundwater SSL, 
concentration in surface soil exceeds the soil-to-air SSL, analyte is a cac in surface soil 
per the HHRA 

Analyte is a cac in loess groundwater per the HHRA 

Concentration in subsurface soil exceeds both the soil-to-groundwater SSL and the 
background RC 

Concentration in subsurface soil exceeds both the soil-to-groundwater SSL and the 
background RC 

Concentration in subsurface soil exceeds both the soil-to-groundwater SSL and the 
background RC 

Concentration in subsurface soil exceeds both the soil-to-groundwater SSL and the 
background RC 

Analyte is a cac in loess groundwater per the HHRA 

Analyte is a cac in fluvial deposits groundwater per the HHRA 

Analyte is a cae in loess groundwater ger the HHRA 

a BEQ = benzo(a)pyrene equivalent 
b MCPA = 2-Methyl-4-chlorophenoxyacetic acid 
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the maximum detected concentration of the contaminant exceeds its SSL. An inorganic 

contaminant is considered a threat for impacting a water-bearing zone if the maximum detected 2 

concentration of the contaminant exceeds its SSL and its background RC. 3 

In addition to the screening assessments above, any chemical considered a COC per the HHRA 4 

is also discussed. 5 

7.2.2 Soil-to-Air Cross-Media Transport 6 

To evaluate the potential for soil-to-air migration of volatile contaminants, a screening approach 7 

focused on contaminants with the greatest potential to volatilize in sufficient quantities to create 8 

a human health threat in ambient air. The screening process may be summarized as follows: 9 

Quantitative: The maximum concentrations of each SWMU's surface soil volatile contaminants 10 

were compared to soil-to-air screening levels presented in the Risk-Based Concentration Table, 11 

January to June 1996 (USEPA, 1996a). 12 

Contaminants were not qualitatively screened because ambient air sampling was not part of each 13 

SWMU's RFI. 14 

If soil concentrations did not exceed soil-te-air volatilization screening levels, it was assumed that 15 

no significant migration potential exists and that current surface soil conditions protect human 16 

health from potential inhalation exposure pathways. Other factors were considered such as type 17 

of cover (vegetation, asphalt, etc.), surface soil physical properties that might limit or enhance 18 

contaminant mobility, and physical/chemical properties of the contaminants' class (e.g., VOCs 19 

are more likely to volatilize from soil to air than SVOCs). 20 
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In addition to the screening assessments above, any chemical considered a cae per the HHRA 

is also discussed. 2 

7.2.3 Groundwater-to-Surface Water Cross-Media Transport 3 

This evaluation principally focused on determining whether constituents identified in groundwater 4 

have the potential to extend their impacts or discharge to surface water. This transport mechanism 5 

is not discussed in great detail due to the lack of water bodies at or near the SWMUs, and because 6 

it is unlikely that shallow groundwater will impact surface water, based on the soil matrix 7 

lithology. 8 

In addition to the screening assessments above, any chemical considered a cae per the HHRA 9 

is also discussed. 10 

7.2.4 Surface Soil-to-Sediment Cross-Media Transport 11 

To evaluate the potential for surface soil-to-sediment erosional migration, the following approach 12 

was taken: 13 

Qualitative: Analytical data from both soil and sediment (if sediment samples were taken) were 14 

compared to determine which chemicals were present in both media. 15 

To evaluate the potential for sorbed contaminants in near-surface soil to migrate by erosional 16 

processes, contaminants were also identified by characteristics that would render them mobile 17 

under erosional processes such as surface water drainage and wind erosion. The most influential 18 

process by which sediments are formed involves the erosion of unvegetated surface soil that 19 

eventually collects in depositional areas. Therefore, each SWMU's topography is also used as a 20 

screening process to evaluate this transport mechanism as a migration pathway. 21 

In addition to the screening assessments above, any chemical considered a cae per the HHRA 22 

is also discussed. 23 
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This section will be inserted upon completion of the ongoing investigation. 
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The two SWMU 9 lagoons were used as part of the wastewater treatment system for 2 

NSA Memphis from 1969 to 1978. Although they were primarily used to treat domestic 3 

wastewater, limited amounts of industrial wastewater from aircraft maintenance also were treated. 4 

This industrial wastewater may have contained a wide variety of contaminants, including VOCs, 5 

SVOCs, and metals. The Navy has prohibited fishing at the lagoons due to their former use. 6 

Refer to Section 1.1.2 for a historical summary of activities conducted at SWMU 9. 7 

8.2.1 Previous Investigation Results 8 

In 1984, Geraghty and Miller collected five sediment samples from the bottom material in the two 9 

lagoons during the Confirmation Study/Verification Phase. Each sediment sample was analyzed 10 

for total cadmium, chromium, copper, nickel, and lead using SW.,.846 Method 1310 for Extraction 11 

Procedure Toxicity Test Method and Structural Integrity Test (EP Toxicity). No metal was 12 

detected above its method detection limit (0.01 mg/kg for cadmium and nickel and 0.1 mg/kg for 13 

chromium, copper, and lead). According to the NACIP Confirmation StudylVerification Phase 14 

report (Geraghty and Miller, 1985), no further investigation was warranted at SWMU 9. 15 

However, the RCRA Facility Assessment (ERC/EDGe, 1990b) recommended an RFI at SWMU 9 16 

due to the lack of analytical data for the SWMU. Copies of the CSIVP report and the RFA were 17 

provided as Attachments to the Assembly E Site Investigation Plans (E/A&H, 1995a). 18 

8.2.2 RFI Characterization 19 

RFI characterization focused on the nature and extent of contamination in the following media: 20 

• Surface and subsurface soil along lagoon perimeters 21 

• Groundwater near the lagoons 22 
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• Sediment within the lagoons 

• Sediment and surface water in Big Creek Drainage Canal immediately north of the 2 

sewage lagoons 3 

• Biota inhabiting the lagoons 4 

8.2.2.1 DP'f Screening Investigation 5 

As part of the RFI characterization, a subsurface soil and groundwater screening investigation was 6 

conducted along the perimeter of the lagoons using DPT equipment operated by 7 

InSitu Technologies of Traveler's Rest, South Carolina. These sample results were used to 8 

determine the optimum placement and depth of soil borings and monitoring wells. VOCs were 9 

chosen as the indicator parameter for the DPT screening investigation, because of the small sample 10 

volume required, the ease of onsite VOC analysis, and VOCs have been the most common 11 

groundwater contaminant at NSA Memphis. 12 

Fifteen soil samples (locations 009S0009 through 009S(023) from 8 to 10 feet bls (corresponding 13 

to just below the base of the lagoons) and 15 groundwater samples (locations 009GO009 through 14 

009G0023) collected from the deep alluvium (at depths ranging from 42 to 52 feet bls) were 15 

analyzed for VOCs by Hydrologic's onsite mobile laboratory using SW-846 Method 8021. 16 

Figure 8.2.1 shows the DPT soil and groundwater sample locations. Four of the DPT soil samples 17 

(009S0009, 009S0014, 009S0019, and 009SOO22) and four of the DPT groundwater samples 18 

(009GO009, 009GO014, oo9GOO15 , and oo9GOO22) were split and submitted to an offsite 19 

laboratory (NET) for VOC confirmation analysis by SW-846 Method 8240. Although 20 

Methods 8021 (Gas Chromatograph/Electrolytic Conductivity Detector) and 8240 (Gas 21 

ChromatographlMass Spectrometry) both analyze for VOCs, the compound list for each method 22 

differs slightly. Refer to the analytical data in the Attachment of the Data Validation Report - 23 

Assembly E (E/A&H, 1997a) for a complete list of each VOC test method's analytical compounds. 24 
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The DPT investigation results indicated the presence of limited VOC contamination in deep 2 

alluvium groundwater. Based on the DPT investigation results, the optimal number, placement, 3 

and depth of soil borings and monitoring wells was determined. Four soil borings (OO9S01DA, 4 

009S02DA, 009S03DA, and 009S04DA), one at each comer of the lagoons, were advanced 5 

through the upper and deep ~luvium to the top of the Cockfield Formation (ranging from 46 to 6 

72 feet bls). Groundwater monitoring wells (OO9G01DA, 009G02DA, 009G03DA, and 7 

009G04DA), installed through the open borehole at each soil boring location, were screened in 8 

the basal 10 feet of the deep alluvium just above the Cockfield Formation. Figure 8.2.2 shows 9 

the soil boring and monitoring well locations . 10 

Each soil boring/monitoring well, except for 009S03DAlOO9G03DA, was advanced, continuously 11 

sampled, and installed with a rotasonic drilling rig operated by Alliance Environmental of 12 

Marietta, Ohio. Alliance used an ATV drilling rig equipped with a Doodlebug carrier to advance, 13 

selectively sample, and install soil boring/monitoring well 009S03DAlOO9G03DA; this location 14 

was not accessible to the rotasonic drilling rig due to soft ground. 15 

The following intervals were sampled in each soil boring: 0.5 to 2 feet, 8 to 10 feet, and 14 to 16 

16 feet bls. To provide adequate sample volume for analysis, surface soil was collected from 0 to 17 

2 feet bls at each location. The uppermost portion, which contained organic material, roots, grass, 18 

and gravel, was discarded, yielding an approximate surface-soil sampling interval of 0.5 to 19 

2 feet bls. Two of the samples from the 14 to 16-foot interval (OO9S01DA and 009S02DA) were 20 

split as duplicates. The soil samples were submitted to NET for full-scan analysis, which 21 

consisted of VOC, SVOC, TPH-GRO, TPH-DRO, chlorinated pesticidelPCB, organophosphorus 22 

pesticide, herbicide, Appendix IX metal, and cyanide analyses. The analytical test methods used 23 

for each RFI sample are listed in Section 3 of this report. The analytical data reports· in the 24 

Attachment of the Data Validation Report -Assembly E (E/A&H, 1997a) lists each method's 25 

compounds or elements. 26 
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Several weeks after monitoring well installation and development, the wells were purged and 

sampled. The groundwater samples were submitted to NET for FSA excluding TPH-GRO, since 2 

TICs from the VOC analyses would identify many of the lighter fraction hydrocarbons. 3 

The Assembly E work plan stated that 10% of the groundwater samples collected during the 4 

Assembly E investigation would be split for duplicate analysis. Groundwater sampling at 5 

SWMU 9 was conducted concurrently with groundwater sampling at other Assembly E SWMUs, 6 

with duplicate and other QAlQC groundwater samples collected on an assembly-wide basis (i.e., 7 

10% of the samples collected from all Assembly E SWMUs combined were split as duplicates) 8 

rather than on an individual SWMU basis. As a result, no duplicate groundwater samples were 9 

collected from SWMU 9. 10 

8.2.2.3 Surface Soil Samples From the Lagoon Banks 11 

To determine what constituents were present in surface soil on the lagoon banks just above the 12 

water's edge and to determine the risk associated with exposure to that soil, eight surface-soil 13 

samples (009S0001 through 009S0008) were collected from the 0- to 6-inch interval using a 14 

stainless-steel hand auger. One surface soil sample (009S0001) was split as a duplicate. The 15 

samples were submitted to NET for FSA. Figure 8.2.3 shows the surface soil sample locations. 16 

8.2.2.4 Sediment Samples 17 

For the purpose of this RFI Report, the samples collected from drainage pathways and lagoons are 18 

designated as "sediment samples." Those sediment samples collected from the 0- to 6-inch interval 19 

are termed "surface sediment" and those collected from the 18- to 24-inch interval are termed 20 

"subsurface sediment." Sediment samples were collected in the sewage lagoons and Big Creek 21 

Drainage Canal from locations that are generally submerged throughout the year. The following 22 

sections summarize the sediment sampling locations, procedures, and analyses. 23 
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To determine potential contaminants present in the lagoon bottom sediments, samples were 2 

collected from the sediment in the 0- to 6-inch and the 18- to 24-inch intervals at eight locations 3 

(OO9MOOOI through 009MOOO8). The sample locations were accessed with a boat and the samples 4 

were collected with a stainless-steel hand auger. Two of the 0- to 6-inch interval samples were 5 

split as duplicates. The primary and duplicate samples were submitted to the off site laboratory 6 

(NET) for FSA. Figure 8.2.4 shows the sediment sampling locations. 7 

Sediment Sampling in Big Creek Drainage Canal 8 

To determine if contaminants potentially associated with SWMU 9 had affected the sediment in 9 

Big Creek Drainage Canal north of SWMU 9, sediment samples from four locations (OO9MOO09 10 

through 009MOOI2) were collected at the water's edge using a stainless-steel hand auger. At each 11 

sediment sampling location, the following intervals were sampled: 0 to 6 inches bls and 18 to 12 

24 inches bls. One of the 0- to 6-inch interval sediment samples (OO9MOOO9) was split as a 13 

duplicate. The primary and duplicate sediment samples were submitted to NET for FSA. 14 

Figure 8.2.4 shows·Big Creek Drainage Canal sediment sampling locations. 15 

8.2.2.5 Sediment and Surface Water Sampling in Big Creek Drainage Canal 16 

To determine if contaminants potentially associated with SWMU 9 had affected the surface water 17 

quality in Big Creek Drainage Canal north of SWMU 9, two grab surface water samples were 18 

collected. One surface water sample was collected downstream (northwest) of SWMU 9 (location 19 

009WOOOl) and the second was collected upstream (northeast) of SWMU 9 (location 009WOOO2). 20 

The surface water sample from 009WOOOl was split as a duplicate. The primary and duplicate 21 

surface water samples were submitted to NET for FSA excluding TPH-GRO, since many of the 22 

lighter fraction hydrocarbons would be identified in the TICs from the VOC analyses. 23 

Figure 8.2.4 shows the surface water sampling locations. 24 
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8.2.2.6 Biota Sampling 

To determine the potential risk to humans that might consume fish from the sewage lagoons, a fish 2 

study was conducted at SWMU 9 from March 26 through March 28, 1996. For cost-effectiveness, 3 

trotlines were the chosen sampling device. One trotline was set in the smaller east lagoon, and 4 

two trotlines were set in the larger west lagoon. Only one species of potentially edible game fish, 5 

the black bullhead catfish Ictalurus melas, was caught during the study. Seven small to medium 6 

(0.25- to 1.5-pound) catfish were collected from the smaller lagoon and submitted as a composite 7 

sample designated oo9J01ooo1. Four small to medium catfish were collected from the larger 8 

lagoon and submitted as two composite samples designated oo9J02ooo1 and oo9J02oo02. Each 9 

whole fish was frozen alive and submitted to Ceimic Corporation of Naragansett, Rhode Island, 10 

for the analysis of SVOCs (Method 8270), pesticides/PCBs (Method 8080), and TAL metals 11 

(Appendix IX Metals, 601017000 Series). 12 

8.2.3 Nature and Extent of Contamination 13 

This section summarizes the nature and extent of contamination in soil, groundwater, sediment, 14 

surface water, and fish tissue samples collected during the Assembly E SWMU 9 RFI. 15 

Additionally, the analytical results for groundwater samples collected during the April/May 1997 16 

sampling event are included in the nature and extent of groundwater contamination section. 17 

8.2.3.1 Nature and Extent of son Contamination 18 

This section summarizes the nature and extent of contamination in SWMU 9 surface and 19 

subsurface soil samples. This discussion includes the results of the DPT subsurface soil samples, 20 

surface and subsurface soil samples collected from soil borings associated with monitoring well 21 

installation, and surface soil samples collected from the banks of the sewage lagoons. 22 

Sections 8.2.2.1, 8.2.2.2, and 8.2.2.3 provide details and rationale for sample locations and 23 

intervals sampled. 24 
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VOCs, SVOCs, TPH-GRO, TPH-DRO, chlorinated pesticides/PCBs, herbicides, and 

Appendix IX metals were detected in surface and/or subsurface soil samples collected during the 2 

RFI. Constituents in surface soil were compared to their respective residential and industrial 3 

RBCs and SSLs. Constituents in subsurface soil samples were compared to their respective SSLs. 4 

Each detected inorganic concentration was also compared to its background RC to determine if 5 

the element occurs naturally or may be the result of SWMU 9 operations. 6 

8.2.3.1.1 Organic Compounds in Soil Samples 7 

VOCs in Soil 8 

During the DPT screening investigation, no VOCs were identified in subsurface soil samples 9 

analyzed by Hydrologic's onsite laboratory by SW-846 Method 8021 or in soil samples split and 10 

submitted to NET for off site confirmation analysis by SW-846 Method 8240. The following 11 

VOCs were detected in surface and/or subsurface soil samples: 

Acetone 
2-Butanone (MEK) 

Ethylbenzene 
Total Xylenes 

12 

13 

14 

Acetone was detected in most of the surface soil samples collected from the lagoon banks. 15 

However, this compound may be a laboratory artifact, based on its occurrence at similar 16 

concentrations at other SWMUs at NSA Memphis. 2-Butanone, ethylbenzene, and total xylenes 17 

were detected in soil samples collected from the borings associated with monitoring well 18 

installation. As shown in Table 8.2.1 and Figure 8.2.5, no VOC in surface soil exceeded its 19 

residential RBC. The SSL for acetone (8,000 f,Lg/kg) was exceeded only in the hand auger surface 20 

soil sample collected from location 009S0007 (25,000 f,Lg/kg), as shown on Figure 8.2.6. No 21 

VOC in subsurface soil exceeded its SSL. 22 

8.2-15 



RCRA Facility Investigation Report 
Assembly E - SWMUs 2, 9, 14, 38, 59, and 65 
NSA Memphis - Millington, Tennessee 
Revision I: February 2, 1998 

This page intentionally left blank. 

8.2-16 



• 
009S0008 

)S02DA 

009S04DA ~ .. 

009$OOO~ 
~ / 

SWMU9 
i 

~! 

LEGEND 

NO CONSTITUENT IN SURFACE SOIL EXCEEDS THE RESIDENTIAL 
RBC (AND THE BACKGROUND REFERENCE CONCENTRATION, 
WHERE APPLICABLE). 

ONE OR MORE CONSTITUENTS IN SURFACE SOIL EXCEEDS 
THE RESIDENTIAL RBC (AND THE BACKGROUND REFERENCE 
CONCENTRATION (WHERE APPLICABLE), BUT NOT THE 
INDUSTRIAL RBC. 

SURFACE SOIL (0· 6") SAMPLING LOCATION; SAMPLES 
WERE COLLECTED FROM THE LAGOON BANKS WITH A 
STAINLESS-STEEl HAND AOOER. 

SOil BORING DESIGNATION; SURFACE SOIL SAMPLES WERE 
COLlECTED FROM 0 TO 2 FEET BELOW LAND SURFACE WITH 
THE ROTASONIC DRill RIG DURING RFI MONITORING WELL 
INSTALLATION. 

300 a r-..-_-- 300 Feet 
S 

RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MILLINGTON. TENNESSEE 

FIGURE 8.2.5 
RBC EXCEEDANCES IN SURFACE SOIL FROM SOIL BORINGS 

AND HAND AUGER SAMPLING LOCATIONS 
SWMU 9 - SEWAGE LAGOONS 



N 

t 

• 
009S0008 

009S02DA 

,g/kg 

tlg/kg 

SWMU9 

Otf9S03DA& 

LEGEND 

NO CONSTITUENT IN ANY SOIL SAMPLE FROM THIS 
LOCATION EXCEEDED THE SOIL TO GROUNDWATER SSL 
(AND THE BACKGROUND REFERENCE CONCENTRATION, 
WHERE APPliCABLE). 

ONE OR MORE CONSTITUENTS IN A SOIL SAMPLE FROM 
THIS LOCATION EXCEEDED THE SOIL TO GROUNDWATER 
SSL (AND THE BACKGROUND REFERENCE CONCENTRATION, 
WHERE APPUCABLE). 

THE FOLLOWING CONSTITUENT WAS 
DETECTED IN THE 14 TO 16 FOOT INTERVAL 
SAMPLE FROM SOIL BORING 009S02DA AT 
A CONCENTRATION THAT EXCEEDED ITS 
SOIL TO GROUNDWATER SSL: 25.6 mglkg 
NICKEL. 

HAND AUGER SURFACE SOIL SAMPLE DESIGNATION 

ROTASONIC SOIL BORING DESIGNATION 

MIlliGRAMS PER KILOGRAM 

MICROGRAMS PER KILOGRAM 

300 o 300 Feet - - -- - -
RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MILLINGTON, TENNESSEE 

FIGURE 8.2.6 
SOIL TO GROUNDWATER SSL EXCEEDANCES IN 

SOIL SAMPLES FROM SOIL BORINGS AND HAND AUGER 
SAMPLING LOCATIONS 

SWMU 9 - SEWAGE LAGOONS 



AnalyteOO 

2·Butanone (MEK) 

Xylene (toIaI) 

SVOCs 

Beozo(a)pyrene 

Cbrysene 

Frequeaey of 
IDterfaPI Detedloaoo 

0.5' - 2' 

S' ·10' 

0.5' - 2' 

S' -10' 

14' - 16' 

0-6· 

0- 6" 

114 

1/4 

3/4 

1/4 

114 

1/8 

liS 

Raagel<l 

1,200 

4.0 

7 -16 

3 

2 

180 

180 
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Meanoo RBC"" 
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NA 
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88 
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NA 

NA 
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Industrial SolI RBC-Ind. SSL 
RBCI<i EJiI:eedaDees 

1,000,000,000 

NA 
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NA 

NA 
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NA 

SSL" 

_(10) 

74,000 

74,000 

74,000 

4,000 

1,000 

980,000 
35,000 

6,000 

o 
o 
o 
o 
o 

Q 

o 
o 

0 

0 

0 

0 

Pbenanlhrene 0" - 6" 118 120 120 3,l00,OOQIO o S2,OOO,OOQIO 0 

0 1.400,000 0 
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IudusCriaI Soil RBC-lad. SSL 
beedaDCaI RIICOO ~ SSL(II 

1,000,000 0 

NA NA 

NA NA 

20,000,000 0 

NA NA 

a Only primary samples are included in Ibis table. Eight IIanIi-auger surface.soil samples were collected from 0 10 6 inches bls in soiL along the lagoon banks. One of Ibese samples was split as a duplicate. NET analyzed the samples for VOCs, 
SVOCs, chlorinated pesticideslPCBs, organophosphorus pesticides, Appendix IX IIIIIIaIs, and cyanide. Samples OO9SOOO1 and 009S0008 were also analyzed for IOIaI TPH bY MedJod 418.1. Samples 009S0002 tbrnugh 009S0007 were also 
analyzed for TPH-GRO and TPH DRO. Twelve soil samples were ooIIeeted from four soil borings associated wiIh monitoring well insIaIlation. Four of Ibese samples were from the 0 10 UOO( interval, four were from the 8- to I ().foot interval, 
and four were from the 14-10 16-fooI interval. Four of the 8-10 I()'foot interval samples were split as duplicates. The soil samples from soil borings were analyzed bY NET for VOCs, SVOCS, TPH-GRO, TPH-DRO, chlorinated pesticideslPCBs, 
organopbospborus pesticides, Appendix IX 1IIIIIaIs, and cyanide. 

b Intervals are shown in inches and feet bls 
c Range lower limit is the lowest detected anaIyte concentration. 
d Mean based on detected anaIyte CIII1CeIlIDlions only. 
e Residential and indusIriaI screening vaIocs (RBC-Res., RBC-Ind.) are from the Risk.JJared Concnrtradon Table, Jt1IIImTy to June 1996 (USEPA, 19961). RBCs only apply for comparison to data from samples collected across the surface interval 

(010 2 feet bls). 
f Soil Screening Levels, considered protective of colllalllina.ot transfer from soil 10 groundwater, are from the JQ1UIQ1'Y to June, 1996 Risk-Based ConcenlrOliOfl Table (USEPA, 19961). 
g NA denotes RBC comparison is not applicable 10 Ibis subsurface sample. 
h denotes RBC or SSL is not available for this anaIyte; therefore, 110 comparison can be made. 

The RBCs for fIuorsnthene were used as a surrogate for benm(g,h,i)peryleoe and phenanthrene, which do not have RBCs. 
No RBC or SSL exista for TPH; the TDEC soil cleanup level of 500,000 ,.gIkg IOtaI TPH for nondrinking water aquifers with a soil permeability of 10" 10 10'" has been substilOted for the SSL. Standard obtained from the Policy Statemt/Ilt 
for Pelrolellm Conwminated Situ (TDEC, 1997). 
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SVOCs in Soil 

Detected SVOCs, primarily limited to the surface soil samples collected from the banks of the 2 

lagoons, consisted of the following constituents: 3 

Benzo(a)anthracene Fluoranthene 4 

Benzo(a)pyrene Indeno(1,2,3-cd)pyrene 5 

Benzo(b )fluoranthene 2-Methylphenol 6 

Benzo(g,h,i)perylene Phenanthrene 7 

Benzo(k)fluoranthene Pyrene 8 

Chrysene 9 

The benzo(a)pyrene concentration in the hand auger surface soil sample from location OO9S0007 10 

(180 JLg/kg) exceeded its residential RBC (88 JLg/kg) but not its SSL (4,000 JLg/kg). No other 11 

detected SY~C exceeded its residential RBC or SSL, as shown in Table 8.2.1. 12 

TPB in Soil 13 

TPH-GRO and TPH-DRO were detected in several SWMU 9 soil samples. The USEPA has not 14 

established an RBC or SSL for TPH. For evaluation, the TDEC cleanup level of 500,000 JLg/kg 15 

for total TPH in nondrinking water aquifers (the upper alluvium, which is lithologically similar 16 

to the loess) with soil permeabilities ranging from let to 10-6 cm/sec (TDEC, 1997) has been 17 

compared to total TPH concentrations in surface and subsurface soil. As shown in Table 8.2.1, 18 

the TDEC cleanup standard was not exceeded by the total TPH concentration in any sample. 19 

PesticideslPCBs in Soil 20 

The following pesticideslPCBs were detected in RFI soil samples: 21 

Aldrin 
Aroclor-1254 
Aroclor-1260 
alpha-Chlordane 
gamma-Chlordane 

8.2-24 

4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Dieldrin 

22 

23 

24 

25 

26 
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As shown in Table 8.2.1 and Figure 8.2.5, no detected pesticide or PCB in surface soil exceeded 

its respective residential or industrial RBC. The SSL for dieldrin (1 Jl.g/kg) was exceeded at 2 

surface-soil hand-auger sampling locations 009Soool (5.2 Jl.g/kg), 009SOOO2 (24 Jl.g/kg), 3 

009SOOO5 (6.4 Jl.g/kg) and 009SOOO7 (26 Jl.g/kg), as shown on Figure 8.2.6. Dieldrin's SSL was 4 

not exceeded in any subsurface soil sample. 5 

Although SSLs for dieldrin were exceeded in several samples, concentrations did not exceed the 6 

RC (262 Jl.g/kg) established for dieldrin at NSA Memphis in the Technical Memorandum - 7 

Surface Soil (0 to 1 foot) Background Dieldrin Concentrations at NSA Memphis (E/A&H, 1997d). 8 

Herbicides in Soil 9 

The following herbicides were detected in RFI soil samples: 10 

2,4-D 
2,4-DB 
2,4,5-T 
2,4,5-TP (Silvex) 

Dicblorprop 
MCPA 
MCPP 

11 

12 

13 

14 

As shown in Table 8.2.1, no herbicide in any surface soil sample exceeded its residential RBC. 15 

SSLs (where available) were not exceeded for any herbicide detected in individual surface or 16 

subsurface soil samples. 

8.2.3.1.2 Inorganics in Soil Samples 

The following inorganics were detected in RFI soil samples: 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Cyanide 

8.2-25 

Lead 
Nickel 
Selenium 
Silver 
Tin 
Vanadium 
Zinc 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 
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As previously outlined, detected concentrations of inorganics have been compared to their RBCs 

(surface soil only), and to RCs and SSLs (all soil samples). Table 8.2.2 summarizes the 2 

inorganics detected in RFI surface and subsurface soil samples. As shown in Table 8.2.2, no 3 

inorganic in surface soil exceeded both its background RC and residential RBC. Barium and 4 

nickel concentrations exceeded both their background RC and SSL. Exceedances are discussed 5 

in the following paragraphs and plotted on Figure 8.2.6. 6 

Barium - The barium concentration in the 0.5 to 2.0-foot interval of soil boring 009S04DA 7 

(244 mg/kg) exceeded both its RC (233.46 mg/kg) and SSL (32 mg/kg). The barium 8 

concentration in the 8- to 10-foot interval sample from the same soil boring (288 mg/kg) exceeded 9 

both its RC (265.12 mg/kg) and SSL. 10 

Nickel- Both the RC (non-detect) and SSL (21 mg/kg) for nickel were exceeded in the following 11 

subsurface soil samples: 009SOlDA (24.1 mg/kg in the 14- to 16-foot interval sample), 12 

009S02DA (25.6 mg/kg in the 14-to 16-foot interval sample), and 009S04DA (23.5 mg/kg in the 13 

8- to to-foot interval sample). 14 

8.2.3.2 Nature and Extent of Groundwater Contamination 15 

This section summarizes the nature and extent of contamination in alluvial groundwater samples 16 

collected from the DPT sampling locations and monitoring wells. VOCs, SVOCs, TPH-DRO, 17 

and Appendix IX metals were detected in RFI groundwater samples. As discussed in Section 3, 18 

constituents in groundwater are compared to their respective RBCs for tap water and MCLs for 19 

drinking water. Inorganics in groundwater are also compared to their established background RCs 20 

to determine if they occur naturally. 21 
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Frequency of 

Barium O' - 6" 8/8 93.6-200 136 

os -2' 4/4 135 - 244 161 

8' -10' 4/4 101- 288 110 

14' -16' 4/4 108 -197 ISS 

5,500 

S,SOO 

NA 

NA 

TableS.2.2 
Detected C~ of ID«pRIcs In SolI Samples 

SWMU , -1DdustriaI Sewage I..agIJmu 
(data In mgIkg) 

RBC-Res. 

0 140,000 

0 140,000 

NA NA 

NA NA 

8.2-27 

RBC-lad. 

0 

0 

NA 

NA 
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RC 

223.46 0 32 8 (009S0001, 009S0002, 
009S0003, 009S0004, 009S000S, 
009S0006, 009S0007, 009S0008) 

233.46 1 (OOOS04DA) 32 4 (oo!)solDA, 009S02DA, 
009S03DA, OOOS04DA) 

265.12 1 (OOOS04DA) 32 4 (oo!)solDA, 009S02DA, 
009S03DA, OOOS04DA) 

265.12 0 32 4 (oo!)solDA, 009S02DA, 
009S03DA, OOOS04DA) 



RCRA Facility Investigation Report 
Assembly E - SWMUs 2, 9, 14, 38, 59, and 65 
NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

FrequeMyof 
:eoo l.atenaJoo Detedioaoo 

Cadmium O· - 6· 6/8 

0.5' - 2' 4/4 

8' -10' 4/4 

14' - 16' 3/4 

Cobalt o· -6" 818 

0.5' - 2' 414 

8' -10' 4/4 

14' -16' 414 

Cyanide 0.5' - 2' 1/4 

,«<I M_1tII 

1.5 - 3.2 2.5 

1.1 - 4.0 2.2 

1.3 - 2.5 1.7 

1.6-2.1 1.9 

4 -9.7 7 

6.1-19.8 9.6 

5.9-10.8 8.2 

3.6 -10.1 7.8 

0.022 0.022 

ResideIItiaI Soil RBC'"' 

39 

39 

NA 

NA 

4,700 

4,700 

NA 

NA 

1,600 

Table8.l.2 
Detected Coaceutratloas of ~ iD Soil Samples 

SWMU 9 - IndustrIal Sewage Lagoons 
(data iD mgIkg) 

RBC-Ra. 
IndustrIal Soil RBC'"' 

o 1,000 

o 1,000 

NA NA 

NA NA 

o 120,000 

o 120,000 

NA NA 

NA NA 

o 41,000 

8.2-28 

RBC -lad. 
beecla_ 

o 

o 

NA 

NA 

o 

o 

NA 

NA 

o 

RCU' 

1.54 

1.54 

3.24 

3.24 

15.98 

15.98 

14.36 

14.36 

NDOI 

5 (009S0003, 
009S0004, 
009S0005, 
009S0006, 
009S00(7) 

2 (OO9SOIDA, 
009S04DA) 

0 

0 

o 

1 (OO9S04DA) 

o 

o 

SSfo<a 

6 

6 

6 

6 

I (OO9S02DA) -

SSL~ 

0 

0 

0 

0 



Nickel o· - 6" 

OS -2' 

S' -10' 

14' -16' 

Frt!queacy or 
DetectloD' 

6/8 

4/4 

4/4 

4/4 

1.5 - 13.8 10.2 

12 - 19.1 14 

14.2 - 23.5 16.9 

10.S - 25.6 19.9 

1,600 

1,600 

NA 

NA 

Table8.:U 
Detected CoaceotnUkms or IDm'gIIDIcs In SolI Samples 

SWMU 9 - IndustrIal Sewage Lapms 
(data In mgIkg) 

RBC-Res. 

0 41,000 

0 41,000 

NA NA 

NA NA 

8.2-29 

RBC-Ind. 

0 

0 

NA 

NA 
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RC 

20.62 0 21 0 

20.62 0 21 0 

ND 4 (OO9SOlDA, 21 1 (OO9S04DA) 
009S02DA, 
009S03DA, 
009S04DA) 

ND 4 (009S01DA, 21 2 (009S01DA, 009S02DA) 
009S02DA, 
009S03DA, 
009S04DA) 
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Table 8.2.2 
Detected CoaeeatratioDs of ID.paIcs In Soil Samples 

SWMU 9 - Industrial Sewage Lagoons 
(data In mgIkg) 

Frequeney of RBC - Res. RBC - Ind. RC ~.ft 
AmIIY!e(ll Intervaf'l Detedkm(ll Raamr Mean(" Reskleatial Soil ~ ~ Industrial Soil ~ ~ RC(ll ~..,. SSL~ 

Silver 8' -10' 1/4 0.99 0.99 NA 

14' - 16' 2/4 0.96-1.6 1.3 NA 

Vanadium O· - 6" 818 13.7 - 28.8 22.1 sso 

0.5' - 2' 4/4 21.2 - 32.6 24.9 SSO 

S' -10' 4/4 16.4 - 26.1 22.5 NA 

14' - 16' 4/4 11- 29.4 23 NA 

NA 

NA 

o 

o 

NA 

NA 

8.2-30 

NA 

NA 

14,000 

14,000 

NA 

NA 

NA 

NA 

o 

o 

NA 

NA 

ND 

ND 

45.11 

45.11 

43.68 

43.68 

1 (OO9S03DA) 

2 «109S01DA, 
009S03DA) 

o 

o 

o 

o 



HDllls: 

Table 8.2.2 
Detected ~ of Inorgaaies In SolI Samples 

SWMU 9 -Industrial Sewage Lagoons 
(data In IIIIfkI) 
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a Only prinwy samples are included in Ibis !able. Bight hand-augcc surfac:e..soil samples were colleeted from 0 to 6 inches bls in soil along the lagoon banks. One of these samples was split as a duplicate. NET analyzed the samples for YOCs, SYOCs, 
cbIorinaIed pesIicldesJPCBs, organopiIospboIlIII pesticides, Appendix IX metals, and cyanide. Samples 009S0001 and 009S0008 were also analyzed for toIal TPH by Melhod 418.1. Samples 009S0002 tbrough 009S0007 were also analyzed for TPH-GRO 
and TPH-DRO. Twelve soil samples were coIIeeted from four soil borings associated willi IIIOIIitoriDg well insIaIIaIion. Four of these samples were from the 0 to 2-fOOl interval, four were from the 8- to 100fOOl interval, and four were from the 14- to 16-fOOl 
interval. Four of the 8- to 100fOOl interval samples were split as duplicates. The soil samples from soil borings were analyzed by NET for YOCs, SYOCs. TPH-GRO, TPH-DRO, cbIorinaled pesticideslPCBs, organop/losphorus pesticides, Appendix IX 
metals, and cyanide. 

b Intervals are sbown in inches and feet below land surface 
c Ranac lower limit is the lowest deteeted analyte concenIration. 
d Mean based on deteeted anaIyte concentratiollll only. 
e Residential and industrial screening values (RBC-Res., RBC-ind.) are from the Risk-Based Concentration Table, Jt1IIIIIUY to J/UII! 1996 (USEPA, 1996&). RBCs only apply for comparison to da!a from samples collected seross the surface interval (0 to 

2 feet bls). 
f Reference concentration (RC) is lWO times the mesn bsckground concentration eslablished for 13 bsckground surface soil samples and 5 background subsurface soil samples collected throughout NSA Memphis. Refer to Technical Memoromill1ll - ReferelfCe 

Conantrations (E/ A&H, 1996&) for background reference concenttaIion calculations. 
g Soil Screening Levels, considered protective of contaminant transfer from soil to groundwater, are from the Risk-Based Concentration Table. Jt1IIIIIUY to J/UII! 1996 (USEPA. 1996&). 
h NA denotes RBC comparison is not applicable to this subsurface sample. 
i ND denotes anaIyte was not deteeted in this interval. 
j denotes RBC or SSL is not available for this anaIyte; therefore, no comparison can be made. 
t No RBC exists for lead; the soil screening value for residential and industrial soil (400 p.glkg and 1,300 p.gIkg) from OSWER Directive 9355.4-12 are used for comparison. 
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8.2.3.2.1 Organic Compounds in Groundwater Samples 

VOCs in Groundwater 2 

During the DPT investigation of the deep alluvium groundwater at SWMU 9, only chloroform and 3 

trichloroethene were detected, as shown in Table 8.2.3 and plotted on Figure 8.2.7. Chloroform's 4 

RBC for tap water (0.15,JLg/L) but not its MCL for drinking water (80 JLg/L) was exceeded in the 5 

duplicate groundwater sample from location 00900014 (1 JLg/L); this compound was not detected 6 

in the primary sample analyzed by the onsite laboratory. Chloroform may be considered a 7 

laboratory artifact. The RBC (1.6 JLg/L) and MCL (5 JLg/L) for trichloroethene (TCE) were 8 

exceeded in the DPT groundwater sample from location 00900023. At location 009G0020 9 

(1.68 JLg/L TCE), the detected concentration exceeded only the RBC. TCE, a common solvent, 10 

has been detected at other SWMUs at NSA Memphis, and mayor may not be related to SWMU 9 11 

operations. TCE was also detected in the groundwater sample collected from monitoring well 12 

009G01DA (1 JLg/L); the detected concentration did not exceed its RBC or MCL, as shown in 13 

Table 8.2.4. No other VOCs were detected in the RFI monitoring wells. 

trichloroethene (TCE) 009G0020 

009G0023 

Notes: 

Table 8.2.3 
Detected Concentrations of VOCs in DPT Grouudwater Samples 

SWMU 9 - Sew8ae Laaoons 

DA(50') 

DA (47') 

(data in pg/L) 

1.68 

11 

NAI 

NA 

1.6 

1.6 

5 

5 

a Fifteen deep alluvium groundwater samples were analyzed by the onsite laboratory for VOCs using SW-846 Method 8021. Of these 
samples. three of the groundwater samples were split and analyzed for VOCs by the offsite laboratory using SW -846 Method 8240. 

b Hydrologic, Inc. of Travelers Rest, South Carolina provided onsite laboratory services for primary samples. 
c NET of Cambridge, Massachusetts provided offsite laboratory services for confirmation samples. 
d Risk-based concentrations for tap water obtained from the Risk-Based Concentration Table, JaTIlIIJI'Y to June 1996 (USEPA, 19961). 
e Maximum contaminant levels in drinking water obtained from the Drinldng Water Regulations and Health Advisories (USEP A. 1996c). 
f DA denotes deep alluvium 
g ND denotes analyte not detected. 
h J denotes estimated concentration. 
i - NA denotes this sample was not submitted for offsite confirmation analysis. 
Bold Type denotes this concentration exceeds the RBC for tap water and/or the MCL for drinking water. 
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N 

t 
.009G0013 

.009G0015 
'& OOSG0012 

f.lg/L 

4009G0016 

.Oq9G0017 

• 8 

\

GROUNDWATER 
FLOW DIRECTION 
IN THE DEEP ALLUVIUM 

LEGEND 

A 009GW 

NO VOC IN GROUNDWATER COLLECTED FROM THIS DPT 
SAMPLING LOCATION EXCEEDED THE RBC FOR TAP WATER OR 
THE MCl FOR DRINKING WATER. 

ONE OR MORE VOCs IN GROUNDWATER COLLECTED FROM 
THIS DPT SAMPLING lOCATION EXCEEDED THE RBC FOR TAP 
WATER ANDIOR THE MCl FOR DRINKING WATER. 

THE DPT GROUNDWATER SAMPLE 
FROM lOCATION 009G0023 CONTAINED 
THE FOllOWING VOC THAT EXCEEDED 
THE RBC FOR TAP WATER ANDIOR THE 
MCl FOR DRINKING WATER: 11 Ilg/l 
TRICHLOROETHENE. 

MICROGRAMS PER LITER 

NOTE: ALL OPT GROUNDWA TER SAMPLES WERE COLLECTED FROM THE 
DEEP ALLUVIUM. 

A 00000011 
"\-'0 ' 

6..009G0010 

··.009G0009 

A 009G,0022 

'.009(;,002'1 

300 o 300 Feet - - -- - -
RCRA FACiliTY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MILLINGTON, TENNESSEE 

FIGURE 8.2.7 
RBC ANDIOR MCl EXCEEDANCES IN 

DPT GROUNDWATER SAMPLES 
SWMU 9 - SEWAGE LAGOONS 



AllalyteOO 

Barium 

Cobalt 

NoUs: 
a 

b 
c 
d 
e 
f 
g 

h 

j 
k 

Number of 
Intervaf" DetectielJsOO 

DA 4/4 

DA 114 

Range'<1 

250 -806 

5.5 

Table 8.2.4 
Detected COIIIItituents in RFI Monitoring Wells 

SWMU 9 - Sewage Lagoons 
(data in pgIL) 

MCL - DrinkIng RBC-Tap 
MeJII waterW RBC ExI:eedaBces water<Jl MCL Exceedances 

529 2600 o :Woo o 

5.5 2200 o 

RCW 

844 

27 

RC ExI:eedaBces 

o 
o 
o 

Only primary samples are included on this table. Four groundwater samples were collected during the initial sampling event; one from each deep alluvium monitoring well. The samples were analyzed by NET, the offsite 
laboratory, for VOCs, SVOCS, TPH-DRO, pesticideslPCBs, organophosphoru pesticides, berbicides, Appendix IX metals, and cyanide. 
Interval refers 10 the aquifer present in the screened Interval of the monilOring well. DA = Deep alluvium. 
Range lower limit is the lowest detected anaIyte concentration. 
Mean based on detected analyte concentraIions only. 
Risk-based concentrations (RBCs) for tap water obtained from the Risk-Based Concentration Table, Jll1UI01'J to June 1996 (USBPA, 19968). 
Maximum contaminant levels (MCLs) in drinking water obtained from the Drinking Water Regulations and Health Advisories (USBPA, 1996c). 
Reference concentration (RC) is two times the mean background concentration. Analytical data from one sampling event of background middle alluvium monitoring well OBGGllMA was used 10 establish background 
concentrations. Refer 10 the TecJmical Memorandum -Rl!jtltVlCe ConcenlraIions (ElA&H, 19968) for background reference concentration calculations. 
denotes MCL or background RC is not available for this anaIyte; therefore, no comparison can be made. 
No RBC or SSL exists for TPH; the IDEC groundwater cleanup level of 100 pg/L IOtaI TPH for drinking water aquifers has been substituted for the tap water RBC. Standard obtained from the Policy Stotement for Petroleum 
ContomintIted SiJes (IDEe, 1997). 
Lead does not bave an RBC or MCL; therefore, the USEPA treatment technique action level of IS pglL has been substituted for the RBC and MCL (USEPA, 1996c). 
ND denotes analyte was not detected in the background sample used 10 calculate reference concentrations. 
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SVOCs in Groundwater 

Only one SVOC, bis(2-ethylhexyl)phthalate (BEHP) was detected in groundwater at SWMU 9. 2 

As shown in Table 8.2.4, the detected BEHP concentration (4 p,g/L in monitoring well 3 

009G01DA) did not exceed its RBC (4.8 p,g/L), and no MCL exists for this compound. 4 

TPH-DRO in Groundwater 5 

Deep alluvium groundwater samples were not tested for TPH-GRO because many of the lighter 6 

fraction hydrocarbons of interest (e.g., BTEX) are identified during the VOC analyses. TPH has 7 

no RBC or MCL; therefore, the detected concentration of TPH-DRO was compared with the 8 

100 p,g/L TDEC cleanup standard for drinking water aquifers for petroleum-contaminated sites 9 

(TDEC, 1997). As shown in Table 8.2.4 and plotted on Figure 8.2.8, the TPH-DRO 10 

concentration in monitoring well 009G03DA (230 p,glL) exceeded the TDEC drinking water 11 

cleanup standard of 100 p,glL. The water quality classification of the alluvial aquifer has not yet 12 

been established at NSA Memphis; however, the USGS stated that they are not aware of any 13 

drinking water wells completed in the alluvial aquifer in the vicinity of NSA Memphis 14 

(USGS, 1996). EnSafe is currently conducting a water use survey to establish if alluvial water 15 

wells are present in the vicinity of NSA Memphis. The results of this survey will be included in 16 

subsequent revisions to this RFI report. 17 

Pesticides, PCBs, and Herbicides in Groundwater 18 

No chlorinated or organophosphorus pesticides, PCBs, or chlorinated herbicides were detected in 19 

the SWMU 9 monitoring wells, as shown in Table 8.2.4. 20 

8.2.3.2.2 Inorganics in Groundwater Samples 

The following inorganics were detected in RFI monitoring wells: 

Arsenic Cobalt 
Barium Lead 
Chromium 
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N 

I 

ARSENiC 122 

009G04DA 

• 

TPH-DRO 230 fJg/L 

'

GROUNDWATER 
FLOW DIRECTION 
IN THE DEEP ALLUVIUM 

LEGEND 

NO CONSTITUENT IN GROUNDWATER EXCEEDED THE RBC 
FOR TAP WATER OR THE MCl FOR DRINKING WATER (AND 
THE BACKGROUND REFERENCE CONCENTRATION, WHERE 
APPLICABLE)< 

ONE OR MORE CONSTITUENTS IN GROUNDWATER EXCEEDED 
THE RBC FOR TAP WATER OR THE MCL FOR DRINKING WATER 
(AND THE BACKGROUND REFERENCE CONCENTRATION, WHERE 
APPLICABLE)< 

THE GROUNDWATER SAMPLE FROM MONITORING 
WELL 009G03DA CONTAINED THE FOLLOWING 
CONSTITUENTS THAT EXCEEDED ONE OR MORE 
APPLICABLE STANDARDS: 12.2 ~gJL ARSENIC AND 
230 ~glL TPH DIESEL· RANGE ORGANICS. 

MICROGRAMS PER LITER, OR PARTS PER BILLION 

TPH·DRO CONCENTRATION EXCEEDS THE TDEC CLEANUP 
STANDARD OF 100 ~glL FOR TOTAL TPH IN DRINKING WATER 
AQUIFERS (POLICY STATEMENT FOR PETROLEUM·CONTAMINATED 
SITES· TOEC 1997). 

--

-. : 
',I 

009G01DA 

'.A 

o 300 Feet 

RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MILLINGTON, TENNESSEE 

FIGURE 8.2.8 
RBCAND TOTAL TPH EXCEEDANCES IN GROUNDWATER 

FROM RFI MONITORING WELLS 
SWMU 9 - SEWAGE LAGOONS 
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Table 8.2.4 compares the detected inorganic constituents in groundwater to their respective RBCs 

for tap water, MCLs for drinking water, and background RCs for alluvium groundwater. As 2 

shown on Figure 8.2.8, the arsenic concentration in groundwater from monitoring well 3 

009G03DA (12.2 JLglL) exceeded both its background RC (4.2 JLg/L) and the RBC for tap water 4 

(0.045 JLg/L); however, the detected concentration did not exceed the MCL for drinking water 5 

(50 JLg/L). No other detected inorganic in groundwater exceeded both its RC and RBC or MCL. 6 

8.2.3.2.3 Groundwater Samples From the April/May 1997 Sampling Event. 7 

The four deep alluvium groundwater monitoring wells installed at SWMU 9 were sampled during 8 

the AprillMay 1997 groundwater sampling event and submitted to an offsite laboratory for analysis 9 

of VOCs, TPH, TPH-GRO, and TPH-DRO. The groundwater samples from monitoring wells 10 

009G01DA, 009G02DA, and 009G03DA did not indicate any VOCs, TPH, TPH-GRO, or TPH- 11 

DRO. However, a duplicate sample from monitoring well 009G01DA .indicated trichloroethene 12 

at a concentration of 1.0 JLg/L, below its tap water RBC (1.6 JLg/L) and MCL (5 JLg/L), and 13 

tetrachloroethene at a concentration of 1.3 JLg/L, above its tap water RBC (1.1 JLg/L) but below 14 

its MCL (5 JLg/L). The only compound indicated in the groundwater sample from monitoring well 15 

009G04DA was methylene chloride at a concentration of 0.77 JLg/L, below its tap water RBC 16 

(4.1 JLg/L) and MCL (5 JLg/L). 17 

8.2.3.3 Nature and Extent of Sediment Contamination 18 

Sediment samples were collected with a stainless-steel hand auger from the SWMU 9 sewage 19 

lagoon sediments and from Big Creek Drainage Canal. Sections 8.2.2.4 and 8.2.2.5 summarize 20 

the number of samples collected, depth intervals sampled, and sample locations. VOCs, SVOCs, 21 

TPH, chlorinated pesticides and PCBs, herbicides, and Appendix IX metals were detected in the 22 

sediment samples. Since the SWMU 9 sediment sample locations are generally submerged 23 

throughout the year, each detected constituent in surface sediment is compared to its USEP A SSV 24 
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(USEPA, 1995a), and the results are presented below. Subsurface sediments (18"-24"), which 

are not true sediments from an ecological perspective, have been compared to USEPA SSL. 2 

8.2.3.3.1 Organic Compounds in Sediment Samples 3 

VOCs, SVOCs, TPH, pesticides/PCBs, organophosphorus pesticides, and herbicides were 4 

detected in sediment samples from the sewage lagoons and/or Big Creek Drainage Canal 5 

(Table 8.2.5). The following paragraphs discuss detected organic compounds by parameter. 6 

VOCs in Sediment 7 

Acetone, chlorobenzene, and 2-butanone (methyl ethyl ketone, or MEK) were the only VOCs 8 

detected in sediment samples from the sewage lagoons. No detected VOC in surface sediment 9 

from the sewage lagoons exceeded its respective SSVor SSL, as shown in Table 8.2.5. Acetone 10 

was the only VOC detected in sediment samples from Big Creek Drainage Canal and it did not 11 

exceed its SSVor SSL, as noted in Table 8.2.6. 12 

SVOCs in Sediment 13 

The following SVOCs were detected in sediment samples from the sewage lagoons: BEHP, 14 

diethylphthalate, and 4-chloroaniline. The SSV for BEHP (182 p.g/kg) was exceeded in the 15 

sewage lagoon surface sediment sample (0-6 ") from location 009MOOO7 with a detected 16 

concentration of 1,700 p.g/kg, as shown on Figure 8.2.9. No other detected SVOC in sewage 17 

lagoon sediments exceeded its SSV, as shown in Table 8.2.5. The SSL for 4-chloroaniline 18 

(300 p.g/kg) was exceeded in the subsurface sediment sample (18"-24") from location 009M0007 19 

with a detected concentration of 1,200 p.g/kg. Fluoranthene and pyrene were the two SVOCs 20 

detected in sediment samples from Big Creek Drainage Canal. Neither exceeded its SSV, as 21 

shown in Table 8.2.6. 22 
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009M0007 
BEHP 1,700 \lglkg 

COPPER 58 
MERCURY 0.71 

SILVER 1.5 mgtk!! 

ARSENIC 
CHROMIUM 

COPPER 
LEAD 46 

MERCURY 2. 
NICKEL 2. 
SILVER 

COPPER 98.7 mg/kg 
MERCURY 1.1 mg/kg 

SiLVER 7.6 mil/kg 
llNC 178 mglkg 

LEGEND 

NO DETECTED CONSTITUENT IN SEDIMENT EXCEEDS ITS 
USEPA SEDIMENT SCREENING VALUE. 

ONE OR MORE DETECTED CONSTITUENTS IN SEDIMENT 
EXCEEDS ITS USEPA SEDIMENT SCREENING VALUE. 

THE USEPA SEDIMENT SCREENING VALUE WAS 
EXCEEDED BY THE FOLLOWING CONSTITUENT 
CONCENTRATIONS IN THE SURFACE SEDIMENT 

DIELDRIN 3.5 \llltkg 
CADMIUM 2.1 mg/kg 

(0 TO 6-INCH INTERVAL) SAMPLE FROM LOCATION 
009MOOO9: 3.5 ~glkg DIELDRIN AND 2.1 mglkg 
CADMIUM. 

mg/kg 

1J9/kg 

MILLIGRAMS PER KILOGRAM 

MICROGRAMS PER KlLOG RAM 

SURFACE WATER FLOW DIRECTION 

300 o 300 Feet --- - --- ---
RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MILLINGTON, TENNESSEE 

FIGURE 8.2.9 
SSV EXCEEDANCES IN SEDIMENT SAMPLES 

COLLECTED FROM THE 0- TO 6-INCH INTERVAL 
SWMU 9 - SEWAGE LAGOONS 



Number of 

TableS.2.S 
Detected Organic Compounds in Sewage Lagoon Sediment Samples 

SWMU 9 - Sewage Lagooas 
(data in "gIkg) 

Anal1!elll __ . IntervatO'l Deteetions"" Range(cl Mean{dl SSVIII 
ssv 

Exceedances 

Chlorobcnzene 18 - 24" 35802 4-4 4 NA NA 

Diedlylpbtbalate 18 - 24" 35802 52 52 NA NA 
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110000 
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Number of 
:eOO mtervaf"l DetectionS'" 

PestiddeslPCBs 

4,4'-DDD IS - 24" liS 

Da.lapon 0- 6" 2/S 

IS - 24" 1/S 

Dicblorprop 0- 6" 4/S 

IS - 24" 118 

MCPP 0- 6" 2/S 

18 ·24" 21S 

Table 8.2.5 
Detected Orpnk: Compouuds in Sewage Lagoon Sediment Samples 

SWMU 9 - Sewage Lagoons 

,(tj 

9.3 

1.9 - 3.6 

1.2 

4.S - 22 

10 

2,500·21,000 

2.100·3.000 

(data in "glkg) 

Mean'" SW" 

9.3 NA 

2.S 

1.2 NA 

10 

10 NA 

11.750 

2.550 NA 

ssv 
Esc:eedances 

NA 

NA 

NA 

_.NA 

SSL SSL Exeeedances 

o 

700 o 

NA NA 

NA NA 

NA NA 

Noles: 
a led in Ibis table. Silleell sediment f!8IIlPles were collected from eilllbt sanmlillllncatinos from the followin2 intervals: 0 to 6 im:Ites below land surface and 18 to 24 incites below land 

'. • lies were SIIlit as 1I\1l11ieates (AttacI!ment 1 of the DaiQ VaIi4DIi.otl.8~ - Asse'!lblY E [EI A&H, 1997al Jtrovides the duplicate !I!!lIPie analytical results). The sediment 
VOCs, SVOCs. total TPH. chlorinated pesueicIesIpt;Bs. orpnophoSpborus pesticides. hCfbieides. AppeOOix IX Metals and cyanide. 

b 
c 
d 
e 
f 

ft 
ssl 

from the Ecological Screening Values· Ecological Risk Assessment Bulletin No. 2 (USEPA. 1995a). 
Ire.)10 COIIlpI!rIson can be miile . .... --.-;,neg total TPH for nondrinkilll water aquifers with a soil permeability of 1O~ to 10'" has beco substituted for the SSV. Standard obtained from the 

once,uration Table. JtVIIIl1IY-JIIIIII /996 (USEPA. 19961) 



Analytellll 

4,4'-DDT 

Endosulfan 
sulfate 

lDtenaf'l 

18 - 24" 

Table 8.2.6 
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Detected Concentrations of Organic Compounds in Big Creek Drainage CIIDIlI Sediment Samples 
SWMU 9 - Sewage Lagoous 

Number of DetecticmJ'I 

114 

114 

Range«) 

130 

25 

(data in "glkg) 

Mean"" 

130 

25 
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SSL 

NA 
3000 

SSL Exceedances 
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Table 8.2.Ci 
Detected Coocentraticms of Orpuic Compounds in Big Creek Drainage Canal Sediment Samples 

SWMU' - Sewage Lagoons 
(data in "gIkg) 

Aoalytelll IDtervaP'I Number or DetectioDJ"l Raage(cl Mean"" SSV"I ssv Exeeedances 

Berbk:ideI 

MCPA 0- 6" 114 4000 4000 

Notes: 

SSL SSL Exeeedances 

a Only primary samples an: included in Ibis llIbIe. Sixteen sediment samples were conceted from eight sampling locations from the following intervals: 0 to 6 inches below land surface and 18 
to 24 inches below land surface. Two of the 0- to 6-inch interval samples were split as duplicates (Attachment 1 of the Data ValitltJtitm Report -Assembly E [E/A&H, 1997a] provides the 
duplicate sample analytical results). The sediment samples were submitted to NBT for the following analyses: VOCs, SVOCs, chlorinated pesticideslPCBs, organophosphoros pesticides, 
herbicides, Appendix IX Melals, and cyanide. TPH analyses were conducted for samples from Iocatinn 009MOOO9 using Method 418.1. TPH analyses for samples from locations 009MOOIO, 
009MOOll, and 009MOOI2 were conducted using the Modifted Tennessee Method S015 for TPH-GRO and TPH-DRO. 

b Intervals shown an: in inches below land (sediment) surface. 
c Range lower limit is the lowest detected anaIyte concentratinn. 
d Mean based on detected anaIyte concentrations only. 
e SSV = Sediment Screening Value; values obtained from the Ecological Screening Values - Ecological Risk Assessment Bulletin No.2 (USEPA, 1995a). 
f denotes SSV is not available for this ana1yte; therefore, no comparison can be made. 
g NA denotes comparison is not applicable to this subsurface sample. 
h No SSV exists for TPH; the IDEC soil cleanup level of 500,000 "g/kg total TPH for nondrinldng water aquifers with a soil permeability of l(t to 10"' has been substituted for the SSV. 

Standard obtained from the Policy Statemelllj'or Petroleum Contaminated Sites (IDEC, 1997). 
SSL Soil Screening Level; values obtained from the RIsk Based Concentration Table, Januory - June 1996 (USEPA, 19961). 
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TPH was detected in most sediment samples collected from both the sewage lagoons and 2 

Big Creek Drainage Canal. The USEPA has not established an SSV for TPH. For evaluation, 3 

the TDEC cleanup level of 500,000 p,g/kg for total TPH in nondrinking water aquifers with soil 4 

permeabilities ranging from 1<r" to 10-6 cm/sec (TDEC, 1997) has been compared to total TPH 5 

concentrations in surface and subsurface sediment. Tables 8.2.5 and 8.2.6 summarize the detected 6 

TPH concentrations in sediment samples from the sewage lagoons and Big Creek Drainage Canal, 7 

respectively. As shown on the tables, no sediment sample exceeded the TDEC cleanup level for 8 

total TPH. 9 

PesticideslPCBs in Sediment 10 

The following pesticideslPCBs were detected in sediment samples from the sewage lagoons: 11 

4,4'-DDD 
4,4'-DDE 
4,4 '-DDT 
Aroclor-1254 

gamma-Chlordane 
Dieldrin 
Endrin aldehyde 
Methoxychlor 

12 

13 

14 

15 

As shown in Table 8.2.5 and plotted on Figure 8.2.9, Aroclor-1254 was the only compound listed 16 

above that exceeded its SSV value. The SSV for Aroclor-1254 (33 /lglkg) was exceeded at sample 17 

locations 009MOOO1 (650 p,g/kg), 009MOOO4 (320 p,g/kg), and 009MOOO8 (950 p,g/kg). However, 18 

the SSL for dieldrin (1 p,g/kg) was exceeded in the subsurface sediment at sample location 19 

009M0003 (6.6 p,g/kg). 20 

The following pesticides were detected in sediment samples from Big Creek Drainage Canal: 21 

4,4'-DDD 
4,4 '-DDT 
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Dieldrin 
Endosulfan sulfate 

22 

23 
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As shown in Table 8.2.6, the SSVs for 4,4'-DDD and 4,4'-DDT (3.3 J..l.g/kg for both compounds) 

were exceeded at sample location 009MOO10 (140 J..l.g/kg of 4,4'-DDD and 150 J..l.g/kg of 2 

4,4'-DDT). The SSV for dieldrin (3.3 J..l.g/kg) was exceeded at sample location 009M0009 3 

(3.5 J..l.g/kg). Figure 8.2.9 plots the SSV exceedances. As shown in Table 8.2.6, no SSL 4 

exceedances were detected in the Big Creek subsurface sediments. 5 

Herbicides in Sediment 6 

The following herbicides were detected in sediment samples· collected from the sewage lagoons: 7 

2,4-DB 
Dalapon 
Dicamba 

Dichlorprop 
Dinoseb 
MCPP 

8 

9 

10 

The following herbicides were detected in sediment samples from Big Creek Drainage Canal: 11 

2,4-D 
2,4-DB 
2,4,5-TP (Silvex) 

MCPA 
MCPP 

No SSVs or SSLs are available for the detected herbicides in sediment. 

8.2.3.3.2 Inorganics in Sediment Samples 

The following inorganics were detected in the sewage lagoon sediment samples: 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
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Mercury 
Nickel 
Selenium 
Silver 
Tin 
Vanadium 
Zinc 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
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The following inorganics were detected in the sediment samples collected at Big Creek Drainage 

Canal: 

Arsenic Lead 
Barium Nickel 
Beryllium Selenium 
Cadmium Tin 
Chromium Vanadium 
Cobalt Zinc 
Copper 

2 

3 

4 

5 

6 

7 

8 

9 

Tables 8.2.7 and 8.2.8 summarize the detected inorganics from the sewage lagoons and Big Creek 10 

Drainage Canal, respectively, and compare the detected concentrations in the surface interval 11 

(0 to 6 inches bls) to USEPA SSVs. Figure 8.2.9 shows SSV exceedances. The following 12 

paragraphs discuss the inorganics in the surface sediment sampling interval that exceeded their 13 

applicable SSVs. 14 

Sewage Lagoon Sediment Samples 15 

Arsenic was detected in all eight surface sediment samples (0- to 6-inch interval) at concentrations 16 

ranging from 2.2 to 8.3 mg/kg. The SSV (7.24 mglkg) was exceeded only at location 009MOOO6 17 

(8.3 mg/kg). 18 

Barium was detected in all eight surface sediment samples (0-6" interval) at concentrations ranging 19 

from 96-274 mg/kg; however, there is no SSV for this compound. Barium was also detected in 20 

7 of the 8 subsurface sediment samples at concentrations ranging from 105 - 270 mg/kg. Both the 21 

RC (265 mg/kg) and SSL (32 mg/kg) were exceeded in the subsurface sample from location 22 

009MOO7. 23 
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Table 8.2.7 
Detected Coocmtrations of Inorganies In Sewage Lagoort Sediment Samples 

SWMU 9 - Sewage Lagoons 

Barium 0-6" 

IS - 24" 

Cadmium IS - 24" 

Cobalt 0-6" 

IS - 24" 

Lead 0- 6" 

IS - 24" 

SIS 

7IS 

liS 

SIS 

7IS 

8/8 

S/8 

96 - 274 

lOS - 270 

2.6 

4.S - 11.4 

4.5 - 19.5 

13.6 - 45.7 

9.6 • 2S.4 

(data In mglkg) 

165 

IS3 

2.6 

7.1 

S.l 

23.7 

16.9 

8.2-50 

_1&1 

NA 

NA 

NA 

30.2 

NA 

NA 

NA 

NA 

1 (OO9MOOO6) 

NA 

NA 

265.1 

3.24 

NA 

14.4 

NA 

19.5 

NA 

32 

6 

NA 

NA 

400 

NA 

1 (OO9MOOO7) 

o 

NA 

1 (OO9MOOO7) 

NA 

o 



Number of 

Nickel 0-6" 2IS 

18 - 24" liS 

Silver 0-6" 6/8 

18 - 24" 3/8 

Vanadium 0-6" 8/S 

18 - 24" 7/8 

TableS.2.7 
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Detected Concentrations of Inorpnics In Sewage Lagoon Sediment Samples 
SWMU 9 - Sewage Lagoons 

(data In mglkg) 

23.6 - 24.2 23.9 15.9 

22.6 22.6 NA 

1.7 - 21 8 2 

1.2 - 9.7 4.4 NA 

11.5 - 30.9 21.8 

16.3 - 34.2 23.4 NA 
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2 (OO9MOOOl, 
009M00(6) 

NA 

5 (009M0004, 
009MOOOS, 009MOOO6, 
009MOOO7, 009MOOOS) 

NA 

NA 

NA 

NA 

NA 

43.4 

NA NA 

21 I (OO9MOOO7) 

NA NA 

-
NA NA 
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Table 8.2.7 
Detected Concentrations of Inorganics in Sewage Lagoon Sediment Samples 

SWMU , - Sewage Lagoons 
(data in mgIkg) 

Number of 

Notes: 
a Only primary samples are included in this table. Sixteen sediment samples were conected from eight sampling locations from the fonowing intervals: 0 to 6 inches below land surface and 

18 to 24 inches below land surface. Two of the 0- to 6-inch interval samples were split as duplicates (Attachment 1 of the Data Valitkrtitm Report -Assembly E [ElA&H, 1997a] provides 
the duplicate sample ana1ytical results). The sediment samples were submitted to NET for the following SW-846 analyses: VOCs, SVOCs, chlorinated pesticideslPCBs, organophosphorus 
pesticides, herbicides, Appendix IX ntelals, and cyanide. TPH analyses were conducted for samples from location OO9MOOO9 using Method 418.1. TPH analyses for samples from locations 
009MOOI0, 009MOOll, and 009MOOI2 were conducted using the Modified Tennessee Method 8015 for TPH-GRO and TPH-DRO. 

b Intervals shown are in inches below laod (sediment) surface. 
c Range lower limit is the lowest detected anaIyte concentration. 
d Mean based on detected anaIyte concentrations only. 
e SSV = Sediment Screening Value; values obtained from the Ecological Screening Values - Ecological Risk Assessment Bulletin No.2 (USEPA, 1995a). 
f NA denotes SSV comparison is not applicahle to this subsurface sample. 
g denotes SSV is not available for this anaIyte; therefore, no comparison can be made. 
h RC = Reference Concentration 
I ssl=sOIL Screening Level; values obtained from the Risk Based Concentration Table, lO1llllUY - lillie 1996 (USEPA, 19961). 

8.2-52 



Barium 

Cadmium 

Cobalt 

Lead 

Selenium 

Table 8.2.8 
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Detected Concentrations of Inorganics in Big Creek Drainage Canal Sediment Samples 
SWMU 9 - Sewage Lagoons 

Number of 

0-6" 4 4 

18 - 24" 4 4 

0-6" 4 I 4 

18 - 24" 4 I 4 

0-6" 4 4 

18-24" 4 4 

0-6" 4 4 

18 - 24" 3 4 

0-6" 

18 - 24" 

3 4 

4 

50.8 - 222 

34.3 - 852 

1 - 4 

1 - 7.7 

4.5 - 25.1 

2.3 - 64.4 

6 - 44.7 

5.6 - 51.6 

0.44 - 0.72 

0.61 

(data in mglkg) 

136 

244 

3 

3 

14.3 

18.6 

NA 

1 

NA 

NA 

ssv 

NA 

3 
(OO9MOOO9, 
009MOOlO, 
009MOOll) 

NA 

NA 

22 30.2 1 
(OO9MOOI0) 

21.8 NA NA 

0.54 

0.61 NA NA 
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NA 

265 

NA 

3.2 

NA 

14 

NA 

20 

NA 

NA 

32 

NA 

6 

NA 

NA 

400 

NA 

3 

NA 

1 (OO9MOOll) 

NA 

1 (OO9MOOll) 

NA 

1 (OO9MOOll) 

NA 

o 

NA 

o 
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Table 8.2.8 
Detected Concentrations of Inorgamcs in Big Creek Drainage Canal Sediment Samples 

SWMU 9 - Sewage Lagoons 
(data in mglkg) 

Number or ssv 
AnalyteOO Interval(b) Detect!onsOO Mean(· ssV') Exc:eedances RC(H) SSLffl SSL Exceedances 

Vanadium 0-6" 4/4 

18-24" 4 I 4 

Notes: 

9.8 - 32.9 

6.5 - 71.2 

23.2 

25.2 NA NA 

NA 

43 

NA NA 

o 

a Only primary samples are included in this table. Sixteen sediment samples were collected from eight sampling locations from the 
following intervals: 0 to 6 inches below land surface and 18 to 24 inches below land surface. Two of the 0- to 6-inch interval samples 
were split as duplicates (Attachment 1 of the Data Validation Report - Assembly E [ElA&H, 1997a] provides the duplicate sample 
analytical results). The sediment samples were submitted to NET for the following SW-846 analyses: VOCs, SVOCs, chlorinated 
pesticides/PCBs, organophosphorus pesticides, herbicides, Appendix IX metals, and cyanide. TPH analyses were conducted for 
samples from location 009MOOO9 using Method 418.1. TPH analyses for samples from locations 009MOOlO, 009MOOll, and 
009MOOI2 were conducted using the Modified Tennessee Method 8015 for TPH-GRO and TPH-DRO. 

b Intervals shown are in inches below land (sediment) surface. 
c Range lower limit is the lowest detected anaIyte concentration. 
d Mean based on detected anaIyte concentrations only. 
e SSV = Sediment Screening Value; values obtained from the Ecological Screening Values - Ecological Risk Assessment Bulletin No. 

2 (USEPA, 1995a). 
f NA denotes SSV comparison is not applicable to this subsurface sample. 
g denotes SSV is not available for this anaIyte; therefore, no comparison can be made 
h RC = Reference Concentration 
I ssl=sOIL Screening Level; values obtained from the Risk Based Concentration Table, January - June 1996 (USEPA, 1996a). 

Chromium was detected in all eight surface sediment samples, with concentrations ranging from 

14.1 to 57.1 mg/kg. The SSV (52.3 mg/kg) was exceeded only at location 009M0006 2 

(57.1 mg/kg). The RC (28.3 mg/kg) and SSL(19mg/kg) were exceeded in the subsurface sample 3 

from location 009MOO08. 4 

5 

Copper was detected in all eight surface sediment samples, with concentrations ranging from 6 

33.8 to 162 mglkg. The SSV (18.7 mglkg) was exceeded by all eight surface sediment samples. 7 

Lead, detected in all eight surface sediment samples and all eight subsurface sediment samples 8 

at concentrations ranging from 13.6 to 45.7 mg/kg and 9.6 to 28.4 mgIkg, respectively, exceeded 9 

8.2-54 



ReRA Facility Investigation Report 
Assembly E -SWMUs 2,9,14,38,59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

its SSV (30.2 mg/kg) at only one surface sediment location: 009MOOO6 (45.7 mg/kg). The SSL 

was not exceeded. 2 

Mercury was detected in six of eight surface sediment samples at concentrations ranging from 3 

0.31 to 2.1 mg/kg. Mercury concentrations exceeded the SSV (0.13 mg/kg) at all six locations 4 

where it was detected: 009MOOO2 (0.31 mg/kg), 009MOOO4 (1.1 mg/kg), 009M0005 5 

(0.36 mg/kg), 009MOOO6 (2.1 mg/kg), 009MOOO7 (0.71 mg/kg), and 009MOOO8 (0.74 mg/kg). 6 

Mercury was also detected in four of eight subsurface sediment samples at concentrations ranging 7 

from 0.16 to 1.5 mg/kg, but none exceeded the SSL (3 mg/kg). 8 

Nickel, detected in two of eight surface sediment samples, exceeded its SSV (15.9 mg/kg) at both 9 

locations: 009MOOO1 (23.6 mg/kg) and 009MOOO6 (24.2 mglkg). Nickel was also detected in one 10 

subsurface sediment sample (OO9MOOO7), at a concentration of 22.6 mg/kg exceeding its 11 

SSL(21 mg/kg). 12 

Silver, detected in six of eight surface sediment samples, exceeded its SSV (2 mg/kg) at the 13 

following locations: 009MOOO4 (7.6 mg/kg), 009MOOO5 (3.0 mg/kg), 009MOOO6 (21.0 mg/kg), 14 

009M0007 (7.5 mg/kg), and 009MOO08 (8.3 mg/kg). Silver was also detected in 3 of the 8 15 

subsurface sediments at concentrations ranging from 1.2 to 9.7 mg/kg. 16 

Zinc, detected in all eight surface sediment samples and seven of eight subsurface samples" 17 

exceeded its ssv (124 mg/kg) at locations 009MOOO4 (178 mg/kg) and 009MOOO6 (303 mg/kg); 18 

however, the SSL was not exceeded. 19 

Big Creek Drainage Canal Sediment Samples 20 

Arsenic, detected in three of the four surface sediment samples collected from Big Creek Drainage 21 

Canal at concentrations ranging from 6.1 to 32 mg/kg, exceeded its SSV (7.24 mg/kg) at the 22 
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following two surface sediment sample locations: 009MOOlO (32 mg/kg) and 009MOOll 

(17.9 mg/kg). Arsenic was also detected in two of the four subsurface sediment samples at 2 

concentrations ranging from 1.6 to 28.5 mg/kg. The RC (20.3 mg/kg) and SSL (15 mg/kg) were 3 

exceeded at one location: 009MOOll (28.5 mg/kg). 4 

Barium was detected in all 4 sediment samples collected at concentrations ranging from 50.8 to 5 

222 mg/kg in the surface sediment samples and 34.3 to 852 mg/kg in the subsurface sediment 6 

samples. The RC (265.1 mg/kg) and SSL (32 mg/kg) were exceeded in one subsurface location: 7 

009MOOll (852 mg/kg). 8 

Cadmium was detected in all four surface samples at concentrations ranging from 1 to 4 mg/kg 9 

and in the subsurface sediment samples ranging from 1 to 7.7 mg/kg. The SSV (1 mg/kg) was 10 

exceeded in the surface sediment at locations 009MOOO9 (2.1 mg/kg), 009MOOI0 (4.0 mgIkg). and 11 

009MOOll (3.9 mg/kg); and the RC (3.24 mg/kg) and SSL (6 mg/kg) were exceeded in the 12 

subsurface sediment sample from sample location 009MOOll (7.7 mg/kg) .. 13 

Cobalt was detected in all of the sediment samples collected. at concentrations ranging from 4.5 to 14 

25.1 mg/kg in the surface sediment and 2.3 to 64.4 mg/kg in the subsurface sediment. The RC 15 

(14.4 mg/kg) was exceeded at one subsurface sediment location: 009MOOll (64.4 mg/kg). 16 

Lead was detected in all four surface sediment samples, at concentrations ranging from 6 to 17 

44.7 mg/kg, and in the subsurface sediment samples ranging from 5.6 to 51.6 mg/kg. The SSV 18 

(30.2 mg/kg) was exceeded at one surface sediment location: 009MOOI0 (44.7 mg/kg). 19 

Nickel, detected in all four surface sediment samples at concentrations ranging from 5.3 to 20 

22.2 mg/kg, exceeded its SSV of 15.9 mglkg at two locations: 009MOOI0 (20 mg/kg) and 21 

009MOOll (22.2 mg/kg). Nickel was also detected in 2 of the 4 subsurface sediment samples at 22 
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concentrations ranging from 6.9 to 42.8 mg/kg. The SSL (3 mg/kg) was exceeded at subsurface 

sediment location 009MOOll (42.8 mg/kg). 

8.2.3.4 Nature and Extent of Surface Water Contamination 

2 

3 

Two surface water samples were collected from Big Creek Drainage Canal- one upstream and 4 

one downstream of SWMU 9. No organic compounds were detected in either sample. Silver and 5 

barium were the only detected inorganic constituents. As shown on Table 8.2.9, neither inorganic 6 

constituent exceeded its Fresh Water Quality Standard (FWQS), RBC for tap water, or MCL for 7 

drinking water. 8 

TableB.2.9 
Detected Concentrations of Inorpnlc:s In Surface Water Samples 

SWMU 9 - Sewage Lagoons 
(data In "gIL) 

Number of FWQS RBC - Tap Tap Water RBC MCL - DrinkIn& MCL 
Analyte(1I) Detectlons(·) Ranae(b) Mean(o:) FWQg!dl Exceedances Water!e) Exceedances Waterm Exceedances 

_ >i}l·<f~·'~~ ••••. ·< .•••••.•.•• ·~.·....~ll.t );U:<li~n?~ul~/< ... · ... · •.• ·.<'O 
2 I 2 152 - 214 183 2.600 o 2.000 o 

Notes: 
a Only primary samples are included on this table. Two surface water samples were collected from Big Creek Drainage Canal; one upstream and one 

downstream of SWMU 9. The upstream sample (OO9WOOOl) was split as a duplicate. The samples were submitted to NET for a modified FSA, 
consisting of VOCs. SVOCS, TPH-DRO. chlorinated pesticidesIPCBs, organophosphorus pesticides, herbicides, Appendix IX metals, and cyanide. 

b Range lower limit is the lowest detected anaJyte concentration. 
c Mean based on detected analyte concentrations only. 
d FWQS = Freshwater Quality Standard, specified in 40 CPR Pan 131.36. 
e Risk-based concentrations for tap water obtained from the Risk-Bosed ConctnJrOlion Table, January to June 1996 (USEPA, 19961). 
f Maximum contaminant levels in drinking water obtained from the Drinking Water RtguJations and Htalth Advisorits (USEPA, 19900). 
g Value shown is the USEPA secondary MeL. 
h denotes FWQS is not available for this analyte; therefore, no comparison can be made . 

./ 

8.2.3.5 Nature and Extent of Biota Contamination 9 

As outlined in Section 8.2.2, ElA&H conducted a fish study at SWMU 9. Two composite samples 10 

of the black bullhead catfish Ictalurus melas were collected and submitted for whole fish analysis 11 

for the following parameters: SVOCs (Method 8270), pesticideslPCBs (Method 8080), and TAL 12 

metals (Appendix IX Metals, 601017000 Series). 13 
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The results of the fish study were compiled in a Technical Memorandum - SWMU 9 Sewage 

Lagoons, Preliminary Fish Tissue Sample Results (E/A&H, 1996c). Table 8.2.10 provides a 2 

summary of the detected contaminants in fish tissue compared to USEP A RBCs for fish tissue 3 

(USEPA, 1996a). Sections 8.2.8 and 8.2.9 thoroughly evaluate the risk posed by biota 4 

contamination. 5 

8.2.3.5.1 Organic Compounds in Fish Tissue Samples 6 

As shown in Table 8.2.10, the following organic compounds were detected in the fish tissue 7 

samples at concentrations exceeding their RBCs for fish tissue consumption: 4,4'-DDE, 8 

Aroclor-1254, and Aroclor-1260. 4,4t-DDE, detected in all three composite samples at 9 

concentrations ranging from 27 to 88 p.g/kg, exceeded its RBC of 9.3 p.g/kg for fish tissue 10 

consumption. Aroclor-1254 exceeded its RBC (27 p.g/kg) in all three composite samples, with 11 

detected concentrations ranging from 100 to 280 p.g/kg. Aroclor-1260 exceeded the RBC for 12 

PCBs (0.41 p.g/kg) in all three composite samples, with detected concentrations ranging from 38 to 13 

100 p.g/kg. 14 

8.2.3.5.2 Inorganics in Fish Tissue Samples 15 

Arsenic (0.12 mg/kg), detected only in sample 009J02ooo2, exceeded its RBC (0.0021 mg/kg for 16 

arsenic as a carcinogen) for fish tissue consumption. As shown in Table 8.2.10, no other detected 17 

inorganic in the composite fish tissue samples exceeded its applicable RBC for fish tissue 18 

consumption. 19 
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Analyte(a) 

#.~"PPI?:.<> ........... . 
Endrin 

Aroclor-126O 

Arsenic 

Calcium 

Cobalt 

iron 

Potassium 

Sodium 

Zinc 

Notes: 

Table 8.2.10 
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Detected Constituents in Fish Tissue Samples 
SWMU 9 - Sewage Lagoons 

East Lagoon(a) 

0091010001 

49J 

l00J 

ND 

ND 

19.3 

2,600 

976 

14 J 

West Lagoon(a) 

00?J020001 OO9J02OOO2 
syo~{.) 

40J 25 J 

79J 38J 

ND 0.03J 

11,300 J 13,4ooJ 

0.05 J 0.1 J 

15.4 47.8 

0.01 J ND 

2,140 2,360 

1,060 1,100 

17.2 J 23.2J 

RBC - Fish Tissue(b) 

·9~3:e 

410n 

0.41c 

0.0021 c 

81 n 

410 n 

410 n 

a One composite sample of whole fish, designated oo9JO 1 000 1 , was collected from the smaller (east) sewage lagoon, and 
two composite samples of whole fish, designated oo9J02ooo1 and oo9J02OOO2, were collected from the larger (west) 
sewage lagoon. The samples were submitted to Ceimic Corporation of Naragansett, Rhode Island, for the analysis of 
SVOCs, pesticideslPCBs, and TAL metals (Appendix IX Metals, 601Onooo Series). 

b RBC = Risk-based concentration for fish tissue consumption, based on adult exposure; values obtained from the Risk-
Based Concentration Table, January to June 1996 (USEPA, 1996a). 

c J denotes estimated value. 
d ND denotes analyte was not detected in this sample. 
e On" denotes RBC is based on noncarcinogenic effects, ·c" denotes RBC is based on carcinogenic effects. 
f denotes RBC for tissue consumption is not available for this parameter. 
Concentrations listed in BOLD exceed the RBC for fish tissue. 
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8.2.4 Human Health Risk Assessment for SWMU 9 

8.2.4.1 Site Background and Investigative Approach 2 

As discussed in Section 8.2.2, SWMU 9 was investigated to assess surface soil, subsurface soil, 3 

sediment, groundwater, surface water, and fish ingestion. The investigation focused on two 4 

former sewage lagoons. The lagoons were used as part of the NSA Memphis wastewater 5 

treatment system from 1969 to 1978 to treat domestic wastewater, including limited amounts of 6 

aircraft maintenance industrial wastewater. The industrial wastewater may have contained VOCs, 7 

SVOCs, and metals. The Navy has prohibited fishing at the lagoons due to their former use. 8 

This risk assessment utilizes analytical results from twelve surface soil samples, eight from berms 9 

constructed of fill material (Figure 8.2.2) and four from soil borings associated with monitoring 10 

well installation (Figure 8.2.3), 22 alluvial groundwater samples from DPT samples and 11 

monitoring wells (Figure 8.2.3), two surface water samples (Figure 8.2.4), and three composite 12 

fish tissue samples. The surface soil, alluvial groundwater, surface water, and fish tissue sample 13 

designations are listed below. 14 

• Surface SoH oo9Sooo101 OO9SOOO201 OO9SOOO301 009S000401 15 

OO9SOOO501 OO9SOOO601 OO9SOOO701 OO9SOOO801 16 

0090 1 DA02 oo902DA02 oo903DA02 00904DA02 17 

• Alluvial Groundwater 00900 1 DAO 1 009OO2DA01 oo9OO3DA01 oo9G04DA01 18 

0090000946 0090001046 0090001150 0090001246 19 

0090001348 0090001547 0090001644 0090001747 20 

0090001852 0090001946 0090002050 0090002142 21 

0090002244 0090002347 oo9H000946 oo9H001445 22 

oo9H001547 oo9H002244 23 

• Surface Water oo9W000101 OO9W000201 24 

• Fish Tissue OO9J02ooo1 oo9J02ooo2 oo9JOlOOOi 25 
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8.2.4.2 Chemicals of Potential Concern Identification 

Surface Soil 2 

Table 8.2.11lists chemicals present in site samples (CPSS) and identifies chemicals of potential 3 

concern (COPC) in surface soil. No COPCs were identified, so soil exposure was not quantified. 4 

Surface Water 5 

Table 8.2.12lists CPSS for surface water. No COPCs were identified. As a result, surface water 6 

exposure was not assessed further. 7 

Alluvial Groundwater 8 

As shown in Table 8.2.13 , arsenic, chloroform, and trichloroethene were identified as COPCs 9 

in alluvial groundwater. 10 

Fish Tissue Ingestion 11 

Table 8.2.14lists CPSS in fish tissue and identifies the COPCs: Aroc1or-1254, Aroclor-1260, 12 

4,4'-DDE, lead, and arsenic. It should be noted that there is no RC for comparison to fish tissue 13 

data. 14 

COPCSummary 15 

Table 8.2.15 summarizes the COPCs and their respective exposure pathways. 16 
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Frequency of 

Dichlorprop (4-(2,4-Dichloro- J,4g1kg 4 I 12 
vbenoxv)butvric Acid) 

Table 8.2.11 
Chemicals Present in Surface Soil Samples 

SWMU 9 - Sewage Lagoons 

Range of Detected Average Detected ResideDtiaI 

9.4 - 9.4 7.6 - 32 16 63,000 
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Number 

C o NA NA 



Zinc 

Notel: 
a 
b 
c 
d 
e 
f 
g 
N 
C 

* 
BEQ 
NA 

Table 8.2.11 
Chemicals Present in Surface Soil Samples 

SWMU 9 - Sewage Lagoons 
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Range of Detected Average Detected Residential NlmIber 

mgIkg 12 I 12 NA - NA 29.2 - 70.1 47 2,300 N o 98 o 

p.glkg denotes micrograms per kilogram soil; mg/kg denotes milligrams per kilogram soil 
Residential risk-based concentrations (RBCs) for soil ingestion are from the Risk-Based Concentration Table, JOIIIIary to June 1996 (USEPA, 1996a). 
RC- Reference Concentration (tw!> times the mean background concentration). Refer to Technical Memoronthml-Reference ConcentratiOfll (ElA&H, 1996a) for RC calculations 
New RBC for PCBs based on updated slope factor from IRIS (Integrated Risk Information System). 
Screening based on 400 mglkg for lead in soil (USEPA, 1994c). 
MCPA -2-methyl-4-cblorophenoxyacetic acid 
MCPP - 2-(2-Methyl-14-<:b1orophenoxy)propionic acid 
Noncarcinogen, RBC screening value adjusted from a hazard quotient of 1.0 to 0.1 
Carcinogen 
Identified as a contaminant of potential concern 
benzo(a)pyrene equivalent 
Not Applicable 
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Table 8.2.12 
Chemk:als Pn!seot in Surface Water Samples 

SWMU 9 - Sewage Lagoons 

Range of 

Barium /JIll 2 I 4 10 - 10 152 - 214 

Notes: 

183 

a Screening based on Tap Water Screening Values from the Risk-Based Concentration Table, Jt1IIUQI'Y to June 1996 (USEPA. 1996a). 
N Noncarcinogen, RBC screening value adjusted from a hazard quotient of 1.0 to 0.1 
RBC Risk Based Concentration 
J.lglL micrograms per liter 
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Number Over 

260 a, n o 



Cobalt 

NotllS: 

* 
a 
BEHP 
c 
e 
NA 
n 
RBC 
RC 
/-lg/L 
x 
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/-lS/L 

Table 8.2.13 
Chemicals Present in Alluvial Groundwater Samples 

SWMU 9 - Sewage Lagoons 

Range of 
Frequency of Nondetected 

1 I 4 4 - 4 

Range of 
Detected 

5.5 - 5.5 

Average Tap Water 
Detected RBC 

5.5 . 220 

Identified as a chemical of potential concern 

Number 
Over RC Number 

a, n o 27 o 

Screening based on Tap Water Screening Values from the Risk-Based Concentration Table, January to June 1996 (USEPA, 1996a). 
bis(2-Ethylhexyl)-phtha1ate 
Carcinogen 
Screening based on 15 /-lglL oflead in groundwater (USEPA, 1996c). 
Not applicable 
Noncarcinogen, RBC screening value adjusted from a hazard quotient of 1.0 to 0.1 
Risk Based Concentration 
Reference concentration; background concentration (ElA&H, 1996a). 
micrograms per liter of water 

Maximum Contaminant Limit for Arsenic is 50 /-lg/L (USEPA, 1996c). 
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Table 8.2.14 
Chemicals Present in Fish Tissue Samples 

SWMU ,-Sewage LagOODS 

East Lagoon west Lagoon 

Notes: 

Max-West 

Max Maximum concentration reponed in West Lagoon fish tissue samples 009J020001 or 009J02COO2. Sample 0091010001 was 
collected from the East Lagoon. 

NA Not applicable 
RBC Risk-based concentration for tissue consumption excerpted from the Risk-Based Concetration Table (USEPA, 1998). 
n RBC based on noncarcinogenic effects. 
c RBC based on carcinogenic effects. 
1 Estimated value 
* Chemical of Potential Concern 

Calcium, iron, magnesium, potassium, and sodium were estimated as essential nutrients. 
mg/kg milligram per kilogram 
J.l.g/kg micrograms per kilogram 
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Chlorofonn 

4-~4:';DDB 

Lead 

T~ 

Table 8.2.15 
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Summary of Chemicals of Potential Concern Identified 
SWMU 9 - Sewage Laloons 

x 
x 
X 

8.2.4.3 Exposure Assessment 

Exposure Setting 2 

SWMU 9's exposure setting consists of two fonner sewage lagoons. The east lagoon covers 3 

approximately 3.2 acres, and the west lagoon covers approximately 9.1 acres. No residential or 4 

industrial activity is expected in the future. Although never officially allowed, fishing has 5 

occurred in the past. Signs prohibited fishing have been posted at the access points to the lagoons. 6 

Potential Exposed Populations 7 

Current Residents 8 

No residences are present at SWMU 9. 9 

Current Site Workers 10 

Maintenance workers mow this site infrequently. 11 

Hypothetical Site Residents 12 

It is assumed that residents could live at this site, but this is unlikely. The Navy plans to retain 13 

this property, and there are no plans for residential use. 14 
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Future Site Workers 

The Navy plans to retain this property, and future site workers will be exposed to the site. 2 

1Tespassers 3 

It is assumed that adolescent trespassers may visit this site. 4 

Exposure Pathways 5 

Table 8.2.16 lists potentially exposed populations and possible pathways. Potentially exposed 6 

populations include hypothetical residents, future workers, construction workers, and adolescent 7 

trespassers. Exposure pathways for hypothetical residents include water ingestion, and subsistence 8 

fish ingestion. The only exposure pathways for future workers groundwater ingestion and 9 

inhalation of VOCs in groundwater. The only exposure pathway for construction workers is 10 

subsurface soil which will be described in detail in the Risk Uncertainty Section 8.2.4.7. 11 

Adolescent trespassers' were addressed assuming they would ingest fish tissue. 12 

Exposure Point Concentrations 13 

The exposure point concentration (EPC) was set to the maximum reported concentration for each 14 

COPC. 15 

Alluvial Groundwater 16 

No groundwater plumes were clearly defmed in this RFI; therefore, EPCs are the maximum 17 

reported concentrations. 18 
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Potentially Exposed 
Population 

Table 8.2.16 
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Exposure Pathways Summary 
SWMU 9 - Sewage Lagoons 

Medium and Exposure Pathway 

Air, inhalation of chemicals entrained in 
fugitive dust 

Goundwater, inhalation of VOCs from 
the groundwater 

Soil, dermal contact 

Sediment, dermal contact 

Air. inhalation of chemicals entrained in 
fugitive dust 

Groundwater, inhalation of VOCs from 
the groundwater 

Pathway Selected for 
Evaluation? 

No 

Yes 

No 

No 

No 

Yes 
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Reason for Selection or Exclusion 

The particulate emission factor would result in orders 
of magnitude less exposure that than which would be 
estimated for direct exposure pathways, such as 
incidental soil ingestion. 

VOCs were identified in this HHRA as COPCs at 
SWMU9 

This exposure pathway was considered, but no 
COPCs were identified. 

Sediment at the site is completely submerged under 
water. 

The particulate emission factor would result in 
orders of magnitude less exposure that which 
would be estimated for direct exposure pathways, 
such as incidental soil ingestion. 

VOCs were identified as COPCs at.SWMU 9. 
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Table 8.2.16 
Exposure Pathways Summary 
SWMU 9 - Sewage Lagoons 

Potentially Exposed 
Population Medium and Exposure Pathway 

Soil, dermal contact 

Sediment, dermal contact 

Air, inhalation of chemicals entrained in 
fugitive dust 

Groundwater. inhalation of VOCs from 
the groundwater 

Soil, dermal contact 

Sediment, dermal contact 

Soil, dermal contact 

Sediment, dermal contact 

Pathway Selected for 
Evaluation? 

No 

No 

No 

No 

Yes (Qualified) 

No 

No 

No 
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Reason for Selection or Exclusion 

This exposure pathway was considered, but no 
COPCs were identified. 

Sediment at the site is completely submerged under 
water. 

The particulate emission factor would result in 
orders of ntagnitude less exposure that which 
would be estintated for direct exposure pathways, 
such as incidental soil ingestion. 

There are no significant VOCs identified as COPC 
atSWMU9. 

It is assumed that workers will be derntally 
exposed to subsurface soil. 

Sediment is completely submerged under water. 

This exposure pathway was considered, but no 
COPCs were identified. 

Sediment is completely submerged under water. 
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Table 8.2.17 presents EPC estimates offish ingested by humans. Each reported concentration was 2 

used as the EPC for the east lagoon. The maximum concentrations in the west lagoon fish tissue 3 

composite samples were used as EPCs. 4 

Five sediment samples were collected from the west lagoon and three samples were collected from 5 

the east lagoon. Although DDE is a COPC in fish tissue, it was detected in only one of eight 6 

samples in the 18-to-24-inch interval bls. It was not detected in any samples at the 0-to-6 inch 7 

interval bls. Another fish tissue COPC, Aroc1or-1254 was detected in only three of eight samples 8 

in the 18-to-24-inch interval bls; however, this compound was not detected in the 0-to-6 inch 9 

interval sediment samples. The origin of the PCBs and DDE in the fish is not fully known since 10 

these compounds were not detected in any 0-to-6-inch bls interval sediment samples. The lagoons 11 

were not stocked with fish from an outside source, so it is possible that contaminants present in 12 

the sediment at concentrations below detection limits bioaccumulated in the fish. 13 

Lead and arsenic were detected in all sediment samples, except for one sample in the 18-to-24-inch 14 

interval bls. Table 8.2.17 also lists the concentrations of the fish tissue COPCs in the lagoon 15 

sediment and surface water from the nearby Big Creek Drainage Canal, and the surface soil 16 , 
RC lead and arsenic. The concentrations are for comparison to determine the possible source of 17 

some of the inorganic COPCs. It is possible that lead and arsenic are natural in origin based on 18 

their presence in soil which surrounds the lagoon. 19 
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Table 8.2.17 
Exposure Point ConcentratIon Estimates for Pond 1 and 2 

Ingestion of FISh Tissue at SWMU 9 NSA Memphis 

Fish Tissue Concs. 

EPC EPC Max. 

Sedbnent~oDS Max. Surface 

Surface Water 

East Soil Sedbnent East Water Freq. of 
Lagoon West Lagoon Conc. East Lagoon West Lagoon Lagoon West Lagoon Conc. Detection 

RC 

Not,,: 
EPC - Exposure Point Concentration 
Max. Maximum 
D - Depth 
NA - Not Available 
NO - Not Detected 
mglkg - milligrams per kilogram 
mg/L - micrograms per liter 
RC - Reference Concentrations 

8.2.4.4 Quantification of Exposure 

The Technical Memorandum on HHRA (E/A&H, 1997e) listed human exposure quantifications 2 

for soil and groundwater exposures. The assumptions and formulas used for fish ingestion 3 

exposures are listed below. 4 

Fish Ingestion 5 

Exposure was estimated by calculating the RME (Reasonable Maximum Exposure) Chronic Daily 6 

Intake (CDI) using the exposure assumptions presented in Table 8.2.18 and Equations 1 and 2. 7 

Table 8.2.18 lists intake assumptions for resident children and adults and trespasser children and 8 

adolescents. Equation 1 estimates chronic daily intake for fish ingestion. Equation 2 shows the 9 

adjustment to the Lifetime-Weighted-Average (LWA) for trespassers. The remaining steps for 10 

risk and hazard estimations are detailed in the HHRA memorandum. 11 
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Equation 1 

CDI = 

C = 

IR -
EF -
ED -
BW -
AT = 
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CDIFtmg/kg-day) = CxIRxEFxED 
BWxAT 

Chronic Daily Intake (mg/kg-day) 

Concentration in Fish Tissue (mg/kg) 

Tissue ingestion rate (kg/day) 

Exposure Frequency (days/year) 

Exposure Duration (yr) 

Body Weight (kg) 

Averaging Time (days) 

2 

3 

4 

5 

6 

7 

The RME scenario assumes that residents consume 54 grams of fish 350 days per year for 8 

30 years. Trespasser exposure frequency assumes that a child and/or adolescent ingests 145 grams 9 

of fish at a frequency of 52 days per year. It is assumed that the trespasser is exposed as an 10 

adolescent four years and as a child for six years. A central tendency (CT) exposure scenario will 11 

be discussed in the risk uncertainty section. 12 

Equation 2 LWA IRchild X EFchiid X EDchild IRadolescent x EFadolescent x EDadolescent 
= + ----------------------~--

BWchiid BWAdolescent 

8.2-73 



RCRA Facility Investigation Repon 
Assembly E -SWMUs 2,9,14,38,59, and 65 
NSA Memphis - Millington, Tennessee 
Revision I: February 2, 1998 

Table 8.2.18 
RME Assumptions for Fish Tissue 

SWMU 9 - Sewage Lagoons 

Notes: 

Resident 
(subsistence) Trespasser 

USEPA's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure were used to develop 
the exposure assumptions above (USEPA, 1993a). 
The EF of 52 days per year was selected as a conservative estimated based on 1 day per weekend. 

8.2.4.5 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in the Technical Memorandum on HHRA 2 

(E/A&H, 1997e). The USEPA has established a classification system for rating th~ potential 3 

carcinogenicity of environmental contaminants based on the weight of scientific evidence. The 4 

cancer classes are described below. Cancer weight-of-evidence class "A" (human carcinogens) 5 

means that human toxicological data have shown a proven correlation between exposure and the 6 

onset of cancer. The Bl classification indicates some human exposure studies have implicated the 7 

compound as a probable carcinogen. Weight -of -evidence class B2 indicates a possible human 8 

carcinogen, a description based on positive laboratory animal data (for carcinogenicity) in the 9 

absence of human data. Weight-of-evidence class C identifies possible human carcinogens, and 10 

class D indicates a compound not classifiable with respect to its carcinogenic potential. The 11 

USEPA has established slope factors (SF) for carcinogenic compounds as a "plausible upper-bound 12 

estimate of the probability of a response (cancer) per unit intake of a chemical over a lifetime" 13 

(RAGS, Part A). In addition to potential carcinogenic effects, most substances also can produce 14 

other toxic responses at doses greater than experimentally derived threshold concentrations. The 15 
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USEPA has derived Reference Dose (RID) values for these substances. A chronic RID is defmed 

as "an estimate (with uncertainty spanning perhaps an order of magnitude or greater) of a daily 2 

exposure concentration for the human population, including sensitive subpopulations, that is likely 3 

to be without an appreciable risk of deleterious effects during a lifetime." These toxicological 4 

values are used in risk formulae to assess the upper-bound level of cancer risk and noncancer 5 

hazard associated with exposure to a given concentration of contaminant listed in Table 8.2.19. 6 

Toxicological proflles of identified COPCs are presented below. 7 

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically 8 

exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and 9 

cardiovascular effects (Klaassen, et al., 1986). USEPA set 0.0003 mg/kg-day as the RID for 10 

arsenic based on a No-Observed-Adverse-Effect Level (NOAEL) of 0.0008 mg/kg-day in a human 11 

exposure study. Arsenic I s effects on the nervous and cardiovascular systems are primarily 12 

associated with acute exposure to higher levels. Exposure to arsenic-containing materials has been 13 

shown to cause cancer in humans (as shown in IRIS). Inhalation of these materials are shown to 14 

cause cancer in humans (as shown in IRIS). Inhalation of these materials can lead to increased 15 

lung cancer risk, and ingestion of these materials is associated with increased skin cancer rates. 16 

Arsenic has been classified as a group A carcinogen by USEP A, which set the SF to 17 

1.5 kg-day/mg. Also, increased mortality from multiple internal organ cancers (liver, kidney, 18 

lung, and bladder) and an increased incidence of skin cancer were observed in populations 19 

consuming drinking water high in inorganic arsenic. Human milk contains about 3 f.-i,g/L arsenic. 20 

The RBC for arsenic in tap water is 0.038 f.-i,g/L. As listed in IRIS (search date 9/1/95), the 21 

critical effect of this chemical is hyper pigmentation, keratosis, and possible vascular 22 

complications. The uncertainty factor was determined to be 3 and the modifying factor was 23 

determined to be 1. 24 
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CbemIcaI 

Arsenic 
Benm(a)pyrene Equivalents 
8eJyIlium 
Cadmium (food) 
Cadmium (water) 
Chloroform 
Chloromethane 
4,4'-DDE 
Lead 
PCB Aroclor-12S4 
PCB Aroclor·l260 
TrichJoroethene 

Oral Unmtainty Inhalation 
Reference Dose Confidence Critical Effect Factor Reference Dose 

(mglkg-day) Level Oral (mg/kg-day) 

0.0003 a M bypeIpigmentation 3 ND 
NO NO ND 

0.005 a L microscopic mg8n changes 100 ND 
0.001 a H proteinuria 10 ND 

O.OOOS a H proteinuria 10 ND 
0.01 a MIL fatty cysts in liver 1000 ND 

0.257 H hepatotoxicity 300 0.257 
NO ND ND 
NO ND ND 

2E"()S NA ND ND 
NO NO ND 

0.006 e NA NA NA 0.006 

NOTES: 

a Integtated Risk Information System (IRIS) 
b Health Effects Assessment Stumnary Tables (HEAST) 
e EPA Enviromnentul Criteria aad Assessment Office - Cincinnati (provisinnal) 
fWithdrawn liom IRIS or HEAST 
NA Not appIieable or not available 
NO Not determined doe 10 lack of ioformation 
HHigb 
MMedium 
LLow 

Table 8.2.19 
Toxlcologial Refenoce Information 
for Cbemlcals of Potential Concern 

SWMU9 
NSA Mempbls RFI 

Unmtainty Oral Slope Inhalation Weight 
Confidence Critical Effect Factor Factor Slope Factor of Tumor 

Level Inhalation (kgImg-day) (kglmg-day) Evidence Type 

ND I.S a 15.1 A various 
ND 7.3 a 82 mutageo 
ND 4.3 a 8.4 82 osteosarcoma 
ND ND 6.3 a 81 lung 
NO ND 6.3 a 81 lung 
ND 0.0061 a 2.3E..o5 «uglcm3)-1 a 82 hepatocellular carcinoma 

H hepatotoxicity ND 0.012 b 0.0063 b C kidney tumors 
ND 0.034 a ND 82 liver 
ND ND NO 82 various 
ND 2 ND 82 hepatocellular carcinoma 
ND 2 NO 82 hepatocellular carcinoma 
ND 0.011 f 0.006 e 82 forestomach tumors in mice 
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Chloroform, a halogenated hydrocarbon, has been used as a fumigant and an additive to suppress 

the fIre hazard of carbon disulfIde, as well as having a low capacity for insect control. Volatile 2 

and gaseous anesthetics such as chloroform are sometimes used to produce general anesthesia. 3 

This contaminant is the primary chlorinated hydrocarbon produced during chlorination of drinking 4 

water, and is commonly present at low concentrations in most drinking water supplies. This 5 

compound depresses all CNS function in descending order from the cortex to the medulla. 6 

Additional target organs include the liver, heart, and kidney. Chloroform exposure to the heart 7 

sensitizes the muscle to arrhythmias, as do many halogenated hydrocarbons. This action could 8 

interfere with digitalis glycosides or a pacemaker in the form of premature or uncontrolled beats. 9 

Chloroform is a class B2 carcinogen, and USEPA set the oral SF and inhalation SF to 0.0061 and 10 

0.0805 (mg/kg-dayyl, respectively. The oral RID is 0.01 mg/kg-day (Dreisbach et aI., 1987). 11 

DDT, or 1, 1, 1-trichloro-2, 2-bis-(p-chlorophynyl)ethane , was one of the most widely used 12 

chemicals for controlling agricultural insect pests and insects that carry diseases such as malaria 13 

and typhus. Technical DDT is primarily a mixture of three forms (p,p'-DDT, o,p'-DDT, and 14 

0,0' -DDT); all are white, crystalline, tasteless, and almost odorless solids. DDT is anthropogenic 15 

in origin and its presence in the environment is due to past production and application. Some 16 

DDT can be photo-oxidized in air and on surface soils, but the compound tends to bind to certain 17 

types of soil. DDE (1,1-dichloro-2,2-bis [p-chlorophenylj ethylene) and DDD (1,1-tlichloro-2,2- 18 

bis [p-chlorophenyl] ethane) are found in small amounts as contaminants in technical grade DDT. 19 

DDD has had some use as a pesticide and also as a treatment for adrenal gland cancer. The use 20 

of DDD, DDE, and DDT is banned in the United States (ATSDR, 1992). 21 

With acute exposure to high doses of DDT, the nervous system appears to be the major target in 22 

both humans and experimental animals (Herr and Tilson, 1987; Hayes, 1982). Information on 23 

health effects in humans following acute inhalation exposure to DDD or DDE is limited 24 

(ATSDR, 1992). Chronic exposure of experimental animals to DDT is associated with tremors 25 
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and general hyperirritability (NCI, 1978; Rossi et al., 1977). In male and female mice, a single 

oral dose of between 32 to 237 mg DDT/kg caused the death of all the mice (Bathe et al., 1976; 2 

Kashyap et al., 1977; Tomatis et al., 1972). There is evidence of mild to severe hepatic effects 3 

in experimental animals as a result of acute, subchronic, or chronic oral administration of DDT 4 

(pasha, 1981). 5 

Epidemiological evidence is inconclusive for establishing, with reasonable certainty, if DDT is a 6 

human carcinogen. Evidence exists from animal studies to consider DDT, DDE, and DDD 7 

probable human carcinogens based on USEPA's B2 classification (IRIS, 1996). For example, 8 

DDT is carcinogenic in most strains of mice tested (Innes et al., 1969; Thorpe and Walker, 1973; 9 

Tomatis et al., 1972; Kashyap et al., 1977; Shabad et al., 1973). In a few studies, it was 10 

carcinogenic in rats (Cabral et al., 1982b; Rossi et al., 1977). However, several other rat studies 11 

reported negative results (Legator et al., 1973; Palmer et al., 1973; Cameron and Cheng, 1951; 12 

Shivapurkar et al., 1986), as did most of those on hamsters (Agthe et al., 1970; Cabral et al., 13 

1982a; Graillot et al., 1975), and the one study on monkeys (Adamson and Sieber, 1979, 1983). 14 

One area of uncertainty is the significance of liver tumors in certain strains of mice and the 15 

appropriateness of extrapolating this information to humans. Several studies in rats, mice and 16 

hamsters have been conducted to determine the potential carcinogenicity of DDD and DDE. A 17 

chronic feeding study in mice has shown DDE to produce liver tumors at doses of 19 to 18 

34 mg/kg-day for 124 weeks (NCI 1978; Tomatis et al., 1974a). A similar study produced liver 19 

tumors in hamsters given DDE for 40 mg/kg-day for 124 weeks (Rossi et al., 1983). However, 20 

DDE did not induce significant tumor frequencies in rats given 12 to 42 mg/kg/day for 78 weeks 21 

(NCI,1978). DDD induced liver tumors and lung adenomas in CF-l mice (Tomatis et al., 1974a) 22 

and thyroid follicular cell tumors in Fischer-344 rats (NCI, 1978), but was not tumor producing 23 

in B6C3Fl mice (NCI, 1978). 24 
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The oral SF for DDD, DDE, and DDT are 2.4E-01, 3.4E-0l, and 3.4E-0l kg-day/mg, 

respectively. DDT's inhalation SF equals 3.4E-0l kg-day/mg. An oral RID of 5E-04 has been 2 

issued for DDT (IRIS, 1996). 3 

Lead has been classified as a group B2 carcinogen by USEPA based on animal data. No RID or 4 

SF has been set by USEP A. However, USEP A has set an action level for residential soil to be 5 

400 mg/kg (USEPA, 1994c). An RID and SF have not been set because of the confounding nature 6 

of lead toxicity. Lead accumulates in fat tissue and affects the brain, blood, and mental 7 

development of children. RIDs are based on the assumption that a threshold must be exceeded to 8 

result in toxic effects (other than carcinogenicity). Once lead accumulates in the body, other 9 

influences cause the actual levels in the blood to fluctuate; sometimes the lead is attached to 10 

binding sites, and sometimes lead is free flowing. This fluctuation and lack of previous lead 11 

exposure data are two of the reasons lead effects are difficult to predict (Klaassen, et al, 1986). 12 

PCB Aroclors are a group of chlorinated hydrocarbons (such as Aroclors-1248, 1254, and 1260) 13 

that accumulate in fat tissue. Occupational exposure (both inhalation and dermal) to PCBs causes 14 

eye and lung irritation, loss of appetite, liver enlargement, increased serum liver enzyme levels, 15 

rashes and chloracne, and decreased birth weight of infants in heavily exposed worker/mothers. 16 

Of the effects listed above, the liver is the primary target organ (Klaassen, et al., 1986; Dreisbach, 17 

et aI., 1987). USEPA classified PCB Aroclors as group B2 carcinogens, primarily based on 18 

animal data. As listed in IRIS (search date 6/29/95), the basis for the classification is 19 

hepatocellular carcinomas in three strains of rats and two strains of mice and inadequate, yet 20 

suggestive, evidence of excess risk of liver cancer in humans by ingestion and inhalation or dermal 21 

contact. Oral ingestion of PCBs causes liver and stomach tumors in rat studies. USEPA set 22 

2.0 kg-day/mg as the oral SF for PCB Aroclors, and the RID was set to 0.00007 mg/kg/day for 23 

Aroclor-1260 and 0.00002 mg/kg-day for Aroclor-1254. 24 
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Trichloroethene is a mobile, volatile liquid which has the characteristic odor of chloroform. 

Inhalation, intravenous, and subcutaneous routes are all viable exposure pathways for this 2 

compound. TCE is a strong skin and eye irritant that is relatively less toxic if ingested. Inhaling 3 

high concentrations causes narcosis and anesthesia. This compound targets the liver and other 4 

organs. TCE is a B2 carcinogen, and the oral SF and inhalation SF have been set by USEPA to 5 

0.011 and 0.006 (mg/kg-day)"l, respectively. USEPA also set the oral RID to 0.006 mg/kg-day 6 

(Dreisbach et al.. 1987). 7 

8.2.4.6 Risk Characterization 8 

Risk and hazard were estimated for hypothetical site residents, future workers, and trespassers. 9 

Exposure pathways for hypothetical residents included alluvial groundwater ingestion and fish 10 

ingestion. Exposure pathways for future workers included alluvial groundwater ingestion and 11 

inhalation of VOCs in groundwater. The exposure pathway included for site trespassers is fish 12 

ingestion. 13 

TDEC assumes all groundwater is potential drinking water. Consequently, hypothetical future site 14 

residents and hypothetical nonresidential site worker receptors were assumed to use alluvial 15 

groundwater for drinking water. Carcinogenic risk and HQ estimates are presented in 16 

Tables 8.2.20 and 8.2.21. 17 

Fish ingestion exposure risk/hazard estimates are presented in Tables 8.2.22 and 8.2.23. Fish 18 

ingestion scenarios include hypothetical resident subsistence and RME (Reasonable Maximum 19 

Exposure) to trespassers for both lagoons. 20 

Exposure pathways are first discussed below for hypothetical residents, followed by a discussion 21 

of the site worker scenario, and finally a discussion of a trespasser scenario. 22 
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Chemical 

Arsenic 
Chloroform 
Trichloroethene 

Cumulative HI or ILCR 

Chemical 

Chloroform 
Trichloroethene 

Cumulative HI or ILCR 

Notes: 

swmu9.XLS 

EPC OralRW 
(mg/L) (mg/kg-day) 

0.012 0.0003 
0.001 0.01 
0.011 O.OOS 

Table 8.2.20 
Risk Estimates 

Ingestion of A"uvial Groundwater 
SWMU9 

NSA Memphis RFI 

Site Resident 

Adult 
Oral SF 

(kg-day/mg) HQ 

1.5 1.1 
0.OOS1 0.003 
0.011 0.050 

Table 8.2.21 
Risk Estimates 

Child 

HQ 

2.S 
0.01 
0.12 

3 

LWA 

ILCR 

2.7E-04 
9.1E-08 
1.8E-OS 

3.E-04 

Inhalation and Dermal Contact Exposure to VOCs in A"uvial Groundwater 
SWMU9 

NSA Memphis RFI 

Site Resident 

Adult Child LWA 
EPC Inhalation RW Inhalation SF 

(mg/L) (mg/kg-day) (kg-day/mg) HQ HQ ILCR 

0.001 0.01 0.0805 0.0027 0.00S4 1.2E-OS 
0.011 O.OOS O.OOS 0.050 0.117 9.8E-07 

0.05 0.1 2.E-OS 

EPC = Exposure point concentration 
RfD = Reference Dose; the oral RfD was applied when no inhalation RfD was available 
SF = Slope Factor 
HQ = Hazard quotient 

ILCR = Incremental excess lifetime cancer risk 
HI = Hazard index 

NA = Not applicable 
LWA = Lifetime weighted average 

Site Worker 

Adult 

HQ ILCR 

0.39 S.3E-05 
0.0010 2.1E-08 
0.Q18 4.2E-07 

0.4 S.E-05 

Site Worker 

Adult 

HQ ILCR 

0.0010 2.8E-07 
0.018 2.3E-07 

0.02 5.E-07 
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Table 8.2.22 
RME Risk Estimates for Ingestion of Fish Tissue from East Lagoon 

SWMU 9 - Sewage Lagoons 

EPC 

Oral 

RID 

Oral 

SF 

Hypothetical Site 
Resident (Subsistence) 

Adult Child LWA 

Potential Future 

Trespasser 

Adolescent Child 

Not,s: 
RME 
HQ 
ILCR 
kg-day/mg 
mglkg 
mglkg-day 
HQ 
NA 

Reasonable Maximum Exposure 
Hazard Quotient 
Incremental Lifetime Cancer Risk 
kilograms day per milligram 
milligrams per Idlograms 
milligrams per idiogram per day 
Hazard Quotient 
Not Applicable 

Sum 

n.CR 

4 17 

Table 8.2.23 
RME Risk Estimates for Ingestion of Fish Tissue from West Lagoon 

SWMU 9 - Sewage Lagoons 

Hypothetical Site 

Resident (Subsistence) 

2 7 

Potential Future 

Trespasser 

6E-05 

EPC 

Oral 

RID 

Oral 

SF' Adult ChId LWA Adolescent ChId LWA 

Aroclor-I254 0.28 NA 2.0 NA NA 3.1E-04 NA NA S.IE-05 

Arsenic 0.03 0.0003 1.5 0.1 0.3 2.5E-OS 0.0 0.14 6.5E..Q6 

Sum 3 14 4E-04 2 6 1E-04 

Notes: 
RME Reasonable Maximum Exposure 
HQ Hazard Quotient 
lLCR Incremental Lifetime Cancer Risk 
kg-day/mg Idlogram day per milligram 
mg/kg milligrams per Idlograms 
mg/kg-day milligrams per Idlogram per day 
HQ Hazard Quotient 
NA Not Applicable 
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Figure 8.2.10 shows the total residential risk from all exposure pathways at SWMU 9. 2 

Figure 8.2.10 yields qualitative information, showing which exposure pathways contribute the 3 

most to total risk, and which COPCs have the largest individual chemical risk contribution. 4 

However, chemicals that contribute a relatively small amount of risk cannot be easily distinguished 5 

in this figure. The COPCs present at SWMU 9 are shown in the key below the figure. The 6 

largest risk contributions come from fish and groundwater ingestion. The estimated risk for fish 7 

ingestion in Figure 8.2.10 is based on the maximum reported contaminant concentration of the two 8 

lagoons. Figure 8.2.11 shows risk associated with individual chemical from all exposure 9 

pathways. PCBs (Aroclor-1254 [42.6%] and Aroclor-1260 [15.1 %]) and arsenic (40.8%) are the 10 

major risk contributors. Figure 8.2.12 shows the hazard index for children for all exposure 11 

pathways. Figure 8.2.13 is similar to Figure 8.2.10 in its qualitative nature. The individual 12 

pathways are discussed below. 13 

Alluvial Groundwater 14 

Based on the projected RME, the ingestion-related ILCR from groundwater was .estimated to be 15 

3E-4 (as shown in Table 8.2.20), while inhalation ILCR was estimated to be 2E-6 (as shown in 16 

Table 8.2.21). The ingestion HI for adults and child residential receptors were estimated to be 17 

1 and 3, respectively under a RME scenario. As shown in Table 8.2.21, inhalation HIs were less 18 

than 1.0. Arsenic was the primary contributor to both the ILCR and HI, which exceed acceptable 19 

limits. 

Fish Ingestion 

East Lagoon 

20 

21 

22 

Based on the RME subsistence exposure scenario, the ILCR estimate for the east lagoon is 2E-4, 23 

as shown in Table 8.2.22. The major risk contributors are PCBs and 4,4'-DDE. The 24 
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East lagoon's m estimates for adults and children are 4 and 17, respectively. PCBs are the major 

hazard contributors. The ILCR and m exceed acceptable limits. 2 

VVemLagoon 3 

Based on the RME subsistence exposure scenario, the ILCR for west lagoon is 4E-4, as shown in 4 

Table 8.2.23. The major risk contributors are PCBs, arsenic, and 4,4'-DDE. The west lagoon's 5 

HI estimates for adults and children are 3 and 14, respectively. PCBs are the major hazard 6 

contributors. The ILCR and m exceed acceptable limits. 7 

Future Site Workers 8 

Figure 8.2.14 shows the total from all exposure pathways at SWMU 9. The presence of arsenic 9 

in groundwater accounted for more than 98% of the total risk for future site workers. 10 

Alluvial Groundwater 11 

The projected ingestion-related ILCR from groundwater was 6E-5; and the m was estimated to 12 

be 0.4. Inhalation ILCR was 3E-7, and inhalation m was less than 1.0. Arsenic was the largest 13 

contributor to both the ILCR and ms. No acceptable limits were exceeded for this exposure 14 

~~. ~ 

Trespassers 

Fish Ingestion 

Em Lagoon 

16 

17 

i8 

For the east lagoon, the LWA ILCR (weighted average for children and adolescents) is estimated 19 

to be 6E-5 (as shown in Table 8.2.22). The m for child and adolescents are 7 and 2, respectively. 20 

PCBs are the major risk and hazard contributors. The acceptable limit for the m was exceeded 21 

for this exposure pathway. 22 
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Figure 8.2.10 SWMU 9 Residential Risk Estimates 

With Fish Ingestion 

~ 

II" ~ 
I 

Combined ILCR 

II Sum 

fZJ Arsenic 

D 4,4-DDE 

~ Aroclor-1254 

I [7' ~ 
1/ g 
~ ~ 

I 

Alluvial GW 

C Aroclor-1260 

~ Chloroform 

~ TCE 

I 

Fish Ing. 

Figure 8.2.11 SWMU 9 Residential Risk Contributors Including Fish Ingestion 

Risk Estimates are 1 E-5 Times Value Shown 
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Figure 8.2.12 SWAfU 9 Residential Child Hazard Index Estimates 
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Figure 8.2.14 SWMU 9 Industrial Risk Estimates 
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For the west lagoon, the LWA ILCR is estimated to be lE-4 (as shown in Table 8.2.23). The HI 2 

for children and adolescents are 6 and 2, respectively. PCBs were the major risk and hazard 3 

contributors. The acceptable limits for the ILCR and HI were exceeded for this exposure 4 

~~. 5 

COCs Identified 6 

As described in the Technical Memorandum on HHRA, COCs were identified based on 7 

cumulative (all pathway) risk and hazard projected for this site. USEPA has established a 8 

generally acceptable risk range of lE-4 to lE-6, and an HI threshold of 1.0 (unity). In 9 

Assembly E HHRAs, a COC was considered to be any chemical contributing to a cumulative risk 10 

level of lE-6 or greater and/or a cumulative HI above 1.0, if its individual ILCR exceeds lE-6 11 

or its HQ exceeds 0.1. 

Hypothetical Site Residents 

Alluvial Groundwater 

12 

13 

14 

Arsenic, chloroform, and trichloroethene were identified as COCs for the hypothetical site resident 15 

scenario based on contributions to risk/hazard. 16 

Fish Ingestion 17 

East Lagoon 18 

COCs identified are 4,4'-DDE, Aroclor-1254, and Aroclor-1260. 19 

west Lagoon 20 

COCs identified are 4,4'-DDE, Aroclor-1254, Aroclor-l 260 , and arsenic. Arsenic has no 21 

comparative reference, and it is likely to be natural in origin. 22 
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Future Site Workers 

Alluvial Groundwater 2 

No risk- or hazard-based COCs were identified for the future site worker scenario. 3 

Trespassers 4 

Fish Ingestion 5 

East Lagoon 6 

COCs identified were 4,4'-DDE, Aroclor-1254, and Aroclor-1260. 7 

West Lagoon 8 

COCs identified were 4,4'-DDE, Aroclor-1254, Aroclor-1260, and arsenic. Arsenic has no 9 

comparative reference, and it is may be natural in origin. 10 

8.2.4.7 Risk Uncertainty 11 

Several parameters contribute to risk assessment uncertainty or variability including: 12 

• 
• 
• 
• 
• 

Future exposure settings and exposure pathways are unknown 

Toxicological uncertainty in the determination of SFs and RIDs 

EPC estimation 

Human exposure quantification 

Elimination of some CPSSs that could result in overestimations or underestimations 

Exposure Setting and Identification of Exposure Pathways 

13 

14 

15 

16 

17 

18 

The potential for high bias is introduced through the exposure setting and pathway selection 19 

process due to the highly conservative assumptions (Le., future residential use) when assessing 20 

potential future and current exposure. 21 
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Groundwater is not currently used at SWMU 9 for potable or industrial purposes. NSA Memphis 2 

has a system supplying drinking and process water and it is to remain in operation under the 3 

current reuse plan. As a result, groundwater use would not be expected under future site use 4 

scenarios. Therefore, the scenario established to project risk/hazard associated with shallow 5 

groundwater exposure is highly conservative, and associated pathways are not expected to be 6 

completed in the future. 7 

Fish Ingestion 8 

Although it is possible that someone would ingest fish for subsistence from these lagoons, it is 9 

improbable. Currently fishing is not allowed, and it is a policy that NSA Memphis Security 10 

enforces. 11 

Subsurface Soil 12 

One uncertainty for this site is the possibility of heavy construction. This HHRA addresses that 13 

possibility here. Construction projects generally require less than seven years to complete, and 14 

RAGS defines chronic exposure as seven years or more. 15 

Default site workers assumptions were modified in accordance with USEPA Region Nand TDEC 16 

recommendations: 

Exposure Duration 

Exposure Frequency 

Ingestion Rate 

0.5 year (1 year was used for carcinogens) 

120 days/year 

340 mg/day 
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The modified ingestion rate is based on the time-weighted average, assuming a worker would be 

exposed to a hole in the ground, incidentally ingesting 480 mg/day (RBCAIASTM) for 0.5 year, 2 

and 200 mg/day for 0.5 year. The weighted average is 340 mg/day. 3 

Assuming a soil concentration of 1 mg/kg, this results in the following intake multipliers: 4 

Ingestion Hazard Multiplier - 1.6E-06 5 

Ingestion ILCR Multiplier - 1.28E-08 6 

Residential RBCs for noncarcinogens and carcinogens can be related to construction worker RBCs 7 

using the following multipliers: 8 

Noncarcinogens - 8.0 * RBCN (res) = RBCN(constr) 9 

Carcinogens - 68.63 * RBCc (res) = RBCc (constr) 10 

A screening level assessment was performed for SWMU 9 subsurface soil, and as shown in 11 

Table 8.2.24, no COPCs were identified for this land use scenario. 12 

Table 8.2.24 
Construction Worker Scenario 
SWMU 9 - Sewage Lagoons 

MAX RBC res RBC const RC 

Chemical Ilglkg Ill/kg ,/, NOTE J.l§/kg 

2~~(M~><\··········· .•......•.••.•....•.. ~........ ·>···41~~.g·~1~~P~(~>N<i······ i.·NA·i·. 

Chromium 17,700 390,000 3,120,000.00 N 28,280 
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Chemical 

Cabalt 
Copper 

lad 
MCPA 

!'ol~l" 

Tin 
vanadium········· 
Xylene (total) 
·ZiDe· 

Notes: 
MAX 
RBCres 
RBCconst 
RC 
NA 
N 
C 
a 
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Table 8.2.24 
Construction Worker Scenario 
SWMU 9 - Sewage Lagoons 

MAX RBC res RBC const 

tlg/kg tlg/kg tlg/kg NOTE 

lO.tWiO ··4;~OQ~cooa1~g~COO~06 ...... N 
18,600 3,100,000 24,800,000.00 N 

..1.g~~ . ·.~OO<J(~~~~OO<J~~(a 

RC 

tlg/kg 

14;~ 

32,520 

19~800 

29,400 47,000,000 376,000,000.00 N NA 

··~1l00 ···· .. ····;sao~_.>i~~~.~100N· ····/43[10··· 
3 

········.·80~lOO' .. 
160,000,000 1,280,000,000.00 N NA 

S~OOO~.1.I~.~OOi. ./.N···.·.···. ·109~00p· . 

Maximum reported concentration in subsurface soil 
Screening based on Residential Soil Ingestion (USEPA, 1996a). 
Screening based on construction worker soil ingestion as per RBCA/ ASTM guidance 
reference concentration 
Not applicable/not available 
Noncarcinogen 
Carcinogen 
industrial cleanup goals used at other federal facilities 

Toxicological Uncertainty 

Alluvial Groundwater 2 

Arsenic has been demonstrated to be carcinogenic in humans primarily through inhalation and not 3 

through incidental water ingestion. Arsenic causes squamous cell carcinoma (blackfoot disease) 4 

through ingestion; because it is treatable, EPA has a policy of tolerance to lE-3 cancer risk. As 5 

a result, the potential risk may be overestimated. 6 
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Fish Ingestion 

COCs included 4,4-DDE, Aroclor-1254, Aroclor-1260, and arsenic. DDE, and Aroclor-1254 2 

have "B2" cancer ratings which indicates that they cause cancer in animals but have not been 3 

demonstrated to cause cancer in humans (IRIS, 1995). This may overestimate the potential cancer 4 

risk from exposure to these compounds. 5 

Whole fish samples were analyzed to provide a conservative estimate of potential risk using a 6 

limited number of samples. The COCs identified would accumulate in the liver and skin rather 7 

than in the fish fIlets, which is the portion that people consume. This may overestimate the 8 

potential human risklhazard. 9 

Determination of Exposure Point Concentrations 10 

Based on RAGS and the methods discussed in the Technical Memorandum on HHRA (E/A&H, 11 

1997e), EPCs are used to estimate CD!. The uncertainties associated with EPCs primarily stem 12 

from their statistical determination (UCLs) or imposition of maximum concentrations. 13 

Alluvial Groundwater 14 

EPCs were the maximum concentrations detected. Arsenic was detected in only one of four 15 

samples; as a result, exposure was likely overestimated, since it was detected in only one sample. 16 

Chloroform was detected in one of 18 samples, and trichloroethene was detected in 2 of 18. Using 17 

the maximum concentrations to represent the exposure area would likely overestimate risk. Risk 18 

estimates were overestimated where these COPCs were reported as nondetects. 19 

Fish Ingestion 20 

The EPCs were based on the maximum detected concentrations in the fish and this overestimates 21 

the exposure. A larger number offish collected could have resulted in a smaller EPC. Composite 22 

samples of whole raw fish were collected from each lagoon. Contaminants tend to bioconcentrate 23 

in skin and liver; as a result, risk may be overestimated because most people eat the filets and not 24 

the whole fish. 25 
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Alluvial Groundwater 2 

Arsenic was detected in one of four wells. This frequency of detection (25 %) indicates that 3 

arsenic may not be widespread. As a result, exposure was likely overestimated. Arsenic's 4 

concentration (12 mg/L) does not exceed the MCL (50 mg/L). Chloroform was detected in one 5 

of 18 samples and the frequency of detection indicates it is not widespread. TCE was detected in 6 

three of 18 samples. 7 

Fish Ingestion 8 

The east lagoon composite sample consisted of seven fish. The two west lagoon composite 9 

samples consisted of four fish. Several of these fish were quite small (five of the total fish 10 

weighted approximately one-quarter pound) and contained Aroc1or-1254 and DDE which II 

bioaccumulate. Larger fish would likely bioaccumulate larger quantities of these chemicals over 12 

time. Four of the fish weighed between 1 to 1.5 pounds. As a result, it is uncertain if these 13 

samples underestimated or overestimated the risk to human ingestion. 14 

Quantification of RiskIHazard 15 

As indicated by the discussions above, uncertainty is inherent during the risk assessment process. 16 

In addition, many site-specific factors affecting the uncertainty of this assessment would upwardly 17 

bias the risk and hazard estimates. Exposure pathway-specific sources of variability and 18 

uncertainty are discussed below. 19 

Alluvial Groundwater 20 

As a measure of variability, CT analysis was performed for groundwater. Exposure assumptions 21 

were modified toretlect the 50th rather than the 95th percentile, and the EPCs were not modified. 22 

In accordance with Superfund's Standard Default Exposure Factors for the Central Tendency and 23 

Reasonable Maximum Exposure-Draft (USEPA, 1993a), the exposure duration of site residents 24 
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was reduced from 30 to nine years, two years for child exposure, and seven years for adult 

exposure. Exposure frequency was reduced from 350 to 234 days for site residents and from 2 

250 to 219 days for site workers. The drinking water ingestion rate for an adult was reduced from 3 

2 to 1.4 liters per day, and exposure to groundwater was reduced by 25 % to account for other 4 

water sources. 5 

Under a residential RME scenario, the ILCR was estimated to be 3E-4, but drops to 3E-5 under 6 

a CT exposure scenario. Under a RME residential scenario, the HI for adults and children were 7 

estimated to be 1 and 3, respectively, but these values dropped to 0.1 and 0.4 under a CT exposure 8 

scenario. No COCs would be identified when using the CT exposure assumptions. 9 

Fish Ingestion 10 

There were no eliminated chemicals in the fish tissues within 10% of their respective RBC. As 11 

a result, it is likely that risk was not increased with the elimination of these chemicals from fish 12 

tissues. Composite samples increase the variability of determining the EPC. This variability may 13 

increase or decrease the EPC. 14 

CT exposure frequency analysis was performed on hypothetical residents and potential trespassers. 15 

Exposure frequency drops from the RME of 350 to 234 (CT) days per year. Exposure duration 16 

drops from 30 years to 9 years. Using this less frequent exposure scenario for the east lagoon, 17 

LW A risk drops from 2E-4 to 6E-6, child hazard drops from 17 to 1, and trespasser L W A risk 18 

drops from 6E-5 to 2E-6. For the west lagoon CT exposure, LWA risk drops from 5E-4 to 1E-5, 19 

child hazard drops from 14 to 4, and trespasser LWA drops from 1E-4 to 3E-6. As a result 20 

lowering the exposure frequency from the RME to the CT significantly lowers the risklhazard 21 

potential. 22 
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Tables 8.2.25 lists the sum of all exposure pathways. Numbers in bold indicate the risk or hazard 2 

has exceeded acceptable limits. These exceedances included alluvial groundwater exposure for 3 

hypothetical residents (adults and children), fish ingestion for hypothetical residents (adult and 4 

children), and fish ingestion for trespassers (adolescents and children). 5 

8.2.4.9 Remedial Goal Options 6 

Table 8.2.26 lists ROOs for arsenic, chloroform, and trichloroethene in groundwater under a 7 

L W A ILCR, adult hazard, and child hazard with a RME exposure frequency. If the exposure 8 

frequency was decreased to a CT exposure frequency scenario, no COCs would be identified. 9 

The remediation of the fish tissue COCs would require removal of the fish and possibly the 10 

sediment in the lagoons. No ROOs are listed for fish removal. 11 

Table 8.2.25 
Sum of All Exposure Pathways 
SWMU 9 - Sewage Lagoons 

Future Site Residents Future Site Workers Current and Future Site Trespassers 
I 

Medium and Exposure Pathway 

Alluvial Groundwater- Inhalation 

Notes: 
HI - Hazard Index 

Adult 
HI 

0.05 

ILCR - Incremental Lifetime Cancer Risk 
NA - Not Applicable 
LWA - Lifetime Weighted Average 

Child 
HI 

0.1 

LWA 
n.CR 

8.2-99 
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Table 8.2.26 
Residential Remedial Goal Options for COCs in Alluvial Groundwater 

SWMU 9 - Sewage Lagoons 

EPC RBC RC MCL 

CbeIDIeIIl i4ff. f4JL •....... ~ ~ 
Arsenic 12 0.045 4.2 50 

Chloroform. 
Trichloroethene 11 1.6 NA 5 

Notes: 
cac Chemical of Concern 
LWA Lifetime Weighted Average 
MCL Maximum Contaminant Limit 
RBC Risk Based Concentration 
RC Reference concentration 
fJ.g/L micrograms per liter 
NA not applicable 

Risk Risk 

LWA LWA 
at 10-6 at 10-5 

~/ •.... ~ ............ 
... 

0.045 0.45 

3.9 39 

8.2-100 

Risk 

LWA 
at 10-4 

~{i· 

4.482 

390 

Child 
Hazard 
at 0.1 

i4ff. . .. / 

0.47 

4.7 

Child Child 
Hazard Hazard 

at 1 at 3 

I%IIL p,glL 

4.69 14.08 

78 .. 'l8O 

47 470 
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S.2.S.1 Introduction 2 

The terrestrial and aquatic ecosystems associated with SWMU 9 are the focus of this ecological 3 

risk assessment (ERA). This assessment considers soil, sediment, and fish tissue contaminant 4 

concentrations and distributions, media-specific physicochemical conditions, and exposure 5 

pathways which could result in unacceptable levels of exposure to ecological receptors now or in 6 

the future. 7 

S.2.S.2 Problem Formulation 8 

Site Description 9 

SWMU 9 consists of two sewage lagoons on the southern boundary of the NSA Memphis 10 

Southside. The larger western lagoon has a surface area of approximately 400,000 square feet and 11 

the smaller eastern lagoon, approximately 141,000 square feet (Figure 1-3). The lagoons were 12 

used as part of the wastewater treatment system for NSA Memphis from 1969 to 1978. Although 13 

primarily domestic wastewater was treated, limited amounts of industrial wastewater from aircraft 14 

maintenance also were treated. Historical information indicates that discharge from the lagoons 15 

into Big Creek Drainage Canal occurred. Section 1.1.2 of this report provides a site map and 16 

discusses the site in detail. 17 

Ecosystem at Risk 18 

The ecosystem associated with SWMU 9 consists of upland, open water, and riparian habitats. 19 

The upland area surrounding the lagoons is made up of bottomland hardwoods and shrubby 20 

understory that may support a variety of terrestrial species such as cottontail rabbits, squirrels, 21 

raccoons, robins, hawks, and other similar species. Terrestrial invertebrates such as earthworms 22 

and other insects are also expected to be present. In addition to supporting fish and benthic 23 

invertebrates, the ponds offer riparian and open-water habitats which could provide cover and 24 

foraging areas for species such as the belted kingfisher and beaver. 25 
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Ecological Chemicals of Potential Concern 

Previous sections of this report (Section 1.1.2) discuss past activities at SWMU 9 that may have 2 

impacted the surrounding ecosystem. COCs resulting from these activities have been identified 3 

and quantified according to USEPA methods and protocols for analyses of soil, groundwater, 4 

surface water, and sediment. 5 

Eight sediment samples were collected in the lagoons and four in the adjacent Big Creek Drainage 6 

Canal to determine if a risk to ecological receptors exists. In sediment, analytes were selected as 7 

ecological chemicals of potential concern (ECPCs) if the maximum concentration detected either: 8 

(1) exceeded the USEPA Region IV SSV (USEPA, 1995a), (2) exceeded the most conservative 9 

effects level found in literature, or (3) if neither benchmark was available (Table 8.2.27). 10 

Three composite fish samples were also collected from the lagoons; one from Lagoon 1 and two 11 

from Lagoon 2. Analytical results from the composite fish samples are presented in Table 8.2.28. 12 

Only one species of fish, the black bullhead catfish (lctalurus melas) was caught during the study. 13 

Soil contaminants were identified from the sampling data generated during the RFI and are 14 

discussed in detail in Section 8.2.3. For ecological risk, only the results from surficial soil (0 to 15 

1 foot bls) are addressed and are presented in Table 8.2.29. It is presumed, even considering root 16 

development in the lower strata, that most biological effects will be limited to the upper zone. 17 

Although groundwater has been monitored, water table depth (approximately 10 to 12 feet bls) 18 

within SWMU 9 precludes assessing ecological impacts from this medium. 19 
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Analyte 

DDD 

DDE 

Dieldrin 

Copper 

Nickel 

Cadmium 

Copper 

Mercury 

Silver 

Notes: 

Number of 
Samples 

.....•....•...•..••.•.• ~ ..... 

6 

6 

6 

6 

10 

10 

10 

10 

Table 8.2.27 
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Summary of Organic and Inorganic Constituents 
in Sediments Exceeding the SSV 

SWMU 9 - Sewage Lagoons 

Number of 
Detections 

'I 

3 

8 

9 

7 

Range of Concentrations 

. ........ ~,~. 

20 

6.3 

35.9 -48.5 

23.6 

2.6 

33.8 - 162 

0.36 - 2.1 

2.4 - 21.0 

Sediment 
Screening Value 

:3:'3 

3.3 

3.3 

18.1 

15.9 

18.7 

0.13 

2 

HQ ECPC 

Yes 

6 Yes 

·Yes 

2 Yes 

3 Yes 

2 Yes 

2 Yes 

9 Yes 

2 Yes 

11 Yes 

ECPC Ecological Chemical of Potential Concern 
HQ Hazard Quotient 
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Table 8.2.28 
Fish Tissue Contaminant Concentrations (wet weight) 

SWMU 9 - Sewage Laloons 

Orpnies Ceafk!) 

m, ... ~~ 

DDE 

Aroclor-1254 

Aluminum 

Chromium 

Cobalt 

Lead 

Mercury 

Selenium 

Zinc 

Note: 
1 Estimated 

Number of Samples Number of Detections 

:,2···· 

3 3 

3 3 

3 3 

3 3 

3 2 

3 3 

3 2 

3 3 

3 3 

8.2-104 

Range of Concentrations 

:/~.i~<uo:.J 

27 - 88 

•• 25 .. 49· .. : 

100 - 280 

1.1 - 19.6 

1 - 2.2 

0.05 - 0.1 

0.05 - 0.31 

0.01-0.09 

0.13 - 0.22. 

14 - 23.2 
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Table 8.2.29 
SWMU 9 - Sewage Lagoons 

Organic and Inorganic Constituents in Surface Soil 

Number of Number of 
Analyte Samples Detections Range of Concentrations Mean RC ECPC 

Organics WI5&) 
. ::>,:;;,::>"" · .. ···.·ii~~~~ . ···~i813 

•••••••• ········6.· Yes 

Benzo(a)anthracene 8 160 160 NA Yes 

··Yes 

Benzo(b )fluoranthene 8 180 180 NA Yes 

.Yes 

Benzo(k)fluoranthene 8 180 180 NA Yes 

"Yu 

F1uoranthene 8 290 290 NA Yes 

Phenanthrene 8 120 120 NA Yes 

Aldrin 8 3 1.1 - 3 2 NA Yes 

Aroclor-1260 8 84 84 NA Yes 

.~ 
gamma-Chlordane 8 2 1.4 - 1.5 1.5 NA Yes 

4,4'-DDE 8 8 2 - 80 26 NA Yes 

Dieldrin 8 4 5.2 - 26 15 NA Yes 

2,4-DB 8 3 4.4 - 84 41 NA Yes 

.. ~ .. 
MCPA 8 3 580 - 1,200 787 NA Yes 

2,4,5-T 8 9 9 NA Yes 
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Table 8.2.29 
SWMU 9 - Sewage Lagoons 

Organic and Inorganic Constituents in Surface Soil 

Number of Number of 
Analyte Samples Detections Range of Concentrations 

Inorganics (mglkg) 

Arsenic 8 8 2.9 - 9.9 

Beryllium 8 8 0.42 -0.85 

.Cadmium 

Chromium 8 8 7.2 - 15 

··CObalt· 

Copper 8 8 9.1 - 19.6 

Nickel 8 6 7.5 - 13.8 

Tin 8 4.7 

Zinc 8 8 29.2 -70.1 

Notes: 
ECPC Ecological Chemical of Potential Concern. 

Mean RC 

5 14.58 

0.58 

1~S4 

10 23.89 

12.6 24.19 

10.2 2G.62 

4.7 35.56 

45.1 98 

RC Reference concentration. Refer to Technical Memorandum - Reference ConcenlraJions (E/A&H. 1996a). 
ND Not Detected in background samples. 
Mean Mean based on detected analyte concentrations only. 
NA Not available. 

ECPC 

No 

>No 

Yes 

>Ya 

No 

No 

No 

No 

No 

No 

Inorganic parameters in site surface soil exceeding the RC, or not detected in background samples, 

are identified as Ecological Chemicals of Potential Concern (ECPCs). Any constituent detected 2 

in less than five percent of the samples was not considered an ECPC. Any organic constituent 3 

detected in greater than.five percent of the samples was considered an ECPC. 4 

General Stressor Characteristics 5 

Metals 6 

In general, heavy metals adversely affect survival, growth, reproduction, development, and 7 

metabolism of both terrestrial and aquatic invertebrate species, but effects are substantially 8 
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modified by physical, chemical, and biological variables. Most heavy metals do not biomagnify. 

In contact tests with terrestrial earthworms, the order of toxicity for heavy metals, from most toxic 2 

to least toxic, was copper> zinc > nickel = cadmium > lead. 3 

Organics 4 

P AHs vary by molecular weight. With increasing molecular weight, aqueous solubility decreases 5 

and the log Kuw increases, suggesting increased solubility in fats, a decrease in resistance to 6 

oxidation and reduction, and a decrease in vapor pressure (Eisler, 1987). Accordingly, PAHs of 7 

different molecular weight vary substantially in their behavior and distribution in the environment 8 

and in their biological effects. In water, PAHs either evaporate, disperse into the water column, 9 

become incorporated into sediments, or undergo degradative processes such a photo oxidation, 10 

chemical oxidation, and biological transformation by bacteria and animals (Neff, 1979). 11 

Organochlorine pesticides have been used extensively in the U.S. since the 1940s. Theyappear 12 

to be ubiquitous in the environment being found in surface waters, sediments and biological 13 

tissues. They are readily absorbed by warm-blooded species and degradatory products are 14 

frequently more toxic than the parent form. Food chain biomagnification is usually low, except 15 

in some marine mattnnals. In soil invertebrates, organochlorine pesticides can accumulate to 16 

concentrations higher that those in the surrounding soil, and residues may in tum be ingested by 17 

birds and other animals feeding on earthworms (Beyer and Gish, 1980). Most environmental 18 

effects studies have been directed at mammals and birds. 19 

PCBs are distributed worldwide with measurable concentrations recorded in fishery and wildlife 20 

resources from numerous locations (Eisler, 1986). They are known to bioaccumulate and to 21 

biomagnify within the food chain and to elicit biological effects such as death, birth defects, 22 

tumors, and a wasting syndrome. In terrestrial environments, PCBs are rapidly metabolized from 23 

the soil into the terrestrial food chain (McKee, 1992). Subsoil-dwelling organisms may directly 24 

absorb PCBs and food chain transfer to lower-level vertebrate species may occur. 25 
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8.2.5.3 Conceptual Model 

Pathways and Exposure Scenarios 2 

Terrestrial WildU/e 3 

For terrestrial wildlife species, exposure would include direct dermal contact, ingestion of soil 4 

particles, and food-chain transfer. Small mammals could contact contaminated soil if the area is 5 

used as a migratory corridor or if animals burrow into it. The contact time, and thus exposure, 6 

will be limited when animals are crossing the area, but could be lengthy ifburrows are established. 7 

Dermal contact by small reptiles and amphibians would be similar to that for mammals. For insect 8 

populations, direct exposure to ground-dweUing species could provide a link for contaminant 9 

transfer to higher-level predators. 10 

The assessment endpoint selected for terrestrial wildlife is the maintenance of well-balanced 11 

terrestrial wildlife populations and communities that are present at the site. As a measure of the 12 

assessment endpoint selected, results of laboratory toxicity studies in literature that relate the oral 13 

dose or' a contaminant with adverse response to growth, reproduction, or survival were used. 14 

Selected representative wildlife species and their exposure factors are listed below. These species 15 

(or an equivalent) are likely to occur within the SWMU 9 boundary. The information regarding 16 

each list species was derived from the studies presented in USEPA's Wildlife Exposure Factors 17 

Handbook, Volume I (USEPA. 1993b). 18 

The Eastern cottontail rabbit (Sylvilagus jloridanus) is found in a variety of habitats that contain 19 

weedy shrubs and perennial grasses and thick, short. woody vegetation that provide escape sites, 20 

similar to the conditions are present in the upland areas surrounding the SWMU 9 lagoons. 21 

During the growing season, rabbits consume herbaceous plants and during the winter. they eat 22 

woody vines, shrubs, and trees. Home ranges in an given area tend to overlap, especially in fall 23 

and winter when rabbits search for areas offering a combination of food and cover. Home ranges 24 

are smaller when thick vegetation provides abundant food and larger in those habitats with less 25 
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food. Home ranges also are smaller during severe winter weather than at other times. Overall, 

the rabbit's home range can vary from 0.8 to 7.5 hectares depending on climatic conditions. 2 

The short-tailed shrew (Blarina brevicauda) nests under the ground and maintains underground 3 

runaways, usually in the top 10 cm of soil, but sometimes as deep as 50 cm. Shrews are common 4 

in areas with abundant vegetative cover and need cool, moist habitats. The shrew is primarily 5 

carnivorous, with a diet consisting mostly of insects, earthworms, slugs, and snails but shrews also 6 

consume plants, fungi, millipedes, arachnids, and small mammals. Home ranges of the shrew can 7 

vary from 0.03 to 2.2 ha depending on prey densities. 8 

The American robin (Turdus migratorius) nest in the northern United States and Canada and 9 

winter in the Gulf Coast States. Robins require access to fresh water, protected nesting sites, and 10 

productive foraging areas. Most foraging is on the ground in open areas, along habitat edges, or 11 

the edges of streams as well as in shrubs and lower branches of trees. Their diet consists of 12 

ground-dwelling invertebrates, fruit, and foliage-dwelling insects in shrubs and trees. The mean 13 

foraging home range for the robin is between 0.15 to 0.18 ha. 14 

The red-tailed hawk (Buteo jamaicensis) in this region are likely to be year-round resident. Red- 15 

tailed hawks are territorial throughout the year, including winter and are found in various habitats 16 

ranging from woodlands, wetlands, pastures, and prairies to deserts. Trees or other elevated sites 17 

for nesting and perching are important requirements for breeding territories and can determine 18 

which habitats are used in a particular area. Hawks consume small mammals, including mice, 19 

shrews, voles, rabbits, and squirrels are important prey, but depending on availability, their diet 20 

may also include birds, snakes, lizards, and large insects. Home range size can vary from a few 21 

hundred hectares to over 1,500 hectares, depending on the habitat. 22 

The belted kingfisher (Ceryle alcyon) requires suitable nesting sites and adequate nearby fishing. 23 

During spring and early summer, belted kingfishers defend a territory that includes both their nest 24 
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site and their foraging area. By autumn, each bird (including the young of the year) only defends 

its individual feeding territory. The breeding territories (length of waterline protected) can be 2 

more than twice as long as the fall and winter feeding territories, and stream territories tend to be 3 

longer than those on lakes. Foraging territory size is inversely related to prey abundance. 4 

Kingfishers generally feed on small fish that swim near the surface or in shallow water. The mean 5 

average territory size for the kingfisher is between 1.03 to 2.19 kilometers of shoreline. 6 

Biotransfer Assessment 7 

To assess biotransfer of contaminants along food chains based on surface soil exposure, a total 8 

potential dietary exposure (PDE) has been modeled for representative wildlife species within 9 

SWMU 9. PDEs are calculated based on predicted concentrations of the ECPC in food items that 10 

the species would consume, the amount of soil it would ingest, the relative amount of different 11 

food items in its diet, body weight, and food ingestion rate. The wildlife contaminant exposure 12 

model for surface soil is presented in Table 8.2.30. 13 

The concentrations of ECPCs in food items are estimated based upon literature-reported 14 

bioaccumulation factors (BAPs), which are a ratio of the ECPC concentration in dietary items to 15 

the concentration in soil. The BAFs reported for avian and rnammaJian species are reported ratios 16 

of ECPCs in the tissue of the animals to the concentrations of ECPCs in their diets. BAFs for 17 

selected contaminant and species are presented in Appendix G of this report. The site foraging 18 

factor (SFF) allows for consideration of the frequency of feeding in the site area by estimating the 19 

acreage of the site relative to the receptors feeding range and by considering the fraction of the 20 

year the receptor would be exposed to site contaminants. The SSF is calculated by dividing the 21 

species specific home range by the site acreage. Species specific exposure parameters are 22 

provided in Appendix G of this report. 23 
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Where: 

Pn = 
Tn = 

lR.Jiet = 
SFF = 
BW = 
1 = 
PDE = 

Table 8.2.30 
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Contaminant Exposure Model for Surface Soil 
to Terrestrial Receptors 

SWMU 9 - Sewage Lagoons 

= (% of diet as soil) X Soil Contaminant Concentration (mg/kg) 

percent of diet composed of food item N 
tissue concentration in food item N (mg/kg), (Food Contaminant Concentration) 
food ingestion rate of receptor (kg of food per day) 
site foraging factor (cannot exceed 1) 
receptor body weight (kg) 
BAF from Appendix G 
Potential Dietary Exposure 

To assess biotransfer of contaminants along food chains from aquatic to terrestrial species, a 

dietary exposure model similar to that used for soil exposure was used. The model, presented in 2 

Table 8.2.31, uses the maximum fish tissue contaminant concentration to determine a dietary 3 

exposure to a fish-eating bird. The dietary model reflects literature information on the ingestion 4 

rate, body weight, and percent time spent foraging at the site by a belted kingfisher. 5 

Table 8.2.31 
Contaminant Exposure Model for Fish Tissue Consumption 

by a Fish-eating Bird at SWMU 9 

T X lR.iiet x Ct 
PDE 
(mg contaminant / kg BW/day) BW 

Notes: 
T Fraction time spent onsite (unitJess, assuming 1.0) 
Ct Concentration in tissue (reported in mg/kg) 
IR Ingestion rate (0.017 kg/day from Nagy, 1987) 
BW Body weight (0.15 kg from USEPA, 1993b) 
PDE Potential Dietary Exposure 
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Aquatic Wildlife 

Contact/interface with water and sediment is a potential pathway, therefore fish living in the 2 

lagoons were considered as an assessment endpoint for evaluating the aquatic community health. 3 

As a measure of the assessment endpoint selected, results of literature studies that relate the body 4 

burden of a contaminant with an adverse response to growth, reproduction, or survival were used. 5 

8.2.5.4 Ecological Effects Assessment 6 

Terrestrial Wildlife 7 

Potential adverse effects associated with the identified ECPCs to bird and mammal species are 8 

based on food uptake potential. Available toxicity reference values (TRVs) were determined for 9 

each measurement endpoint species selected. The TRV relates the dose of a respective ECPC in 10 

an oral exposure with an adverse effect. The lethal TRV has been determined to be one-fifth of 11 

the lowest reported LDso value (concentration of a contaminant at which half of the exposed test 12 

population die) for the most closely related test species. One-fifth of an oral LDso value is 13 

considered to be protective of lethal effects for 99.9% of individuals in a test population 14 

(USEPA, 1986). It is assumed that this level of risk to individuals within terrestrial wildlife 15 

populations across SWMU 9 is acceptable. 16 

A sublethal TRV is also identified, representing a threshold for sublethal effects. Sublethal effects 17 

are defined as those that impair or prevent reproduction, growth, or survival. The sublethal TRV 18 

reflects the assessment endpoint chosen as the basis for establishing risk. 19 

Effects are predicted quantitatively by dividing the PDE by a TRV. This produces a HQ which 20 

represents the potential risk to a species by that contaminant. For a cumulative assessment of risk 21 

posed by all contaminants, HQs are added to produce a ID. 22 

8.2-112 



Aquatic Wildlife 

RCRA Facility Investigation Report 
Assembly E - SWMUs 2, 9, 14, 38, 59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

To determine if contaminant concentrations detected in fish, whole-body samples were at levels 2 

that may be chronically affecting fish within the lagoon, tissue levels have been compared to 3 

available critical effects data in the literature. When tissue concentrations exceeded a critical 4 

effects level then it was assumed that chronic impacts to fish have occurred or are occurring. 5 

8.2.5.5 Risk Characterization 6 

Terrestrial Wildlife 7 

The hazard indices produced for surface soil exposure by terrestrial recep.tors are presented in 8 

Figure 8.2.15, and calculations are provided in Appendix G of this report. Except for the shrew, 9 

HIs for all species were below the effects level of 1.0. The sublethal HI for the shrew was 1.62. 10 

Aroclor-1260, detected in one surface soil sample, was the primary constituent responsible for the 11 

elevated sublethal HI for the representative species. Based on the limited spatial distribution, 12 

however, exposure to' Aroclor-1260 should not be a concern. 13 

Dietary exposure risk to terrestrial species in the uplands around SWMU 9 is very low when 14 

compared to effects levels. Biotransfer of contaminants up the food chain will not be a concern 15 

as they are not at concentrations indicative of accumulation. Low soil concentrations and limited 16 

distribution of contaminants will limit the incidental ingestion risk to acceptable concentrations for 17 

. bird and mammal species which might forage in the area. The hazard indices produced for fish 18 

tissue exposure to the belted kingfisher, a terrestrial receptor, are presented in Table 8.2.32. The 19 

HIs were based on maximum concentrations from both lagoons. Only exposure to DDE, in fish 20 

tissue, represents a potential risk to the belted kingfisher. DDE's sublethal HQ value of 3.3 was 21 

primarily responsible for the sublethal HI of 4.5. 22 

Aquatic Wildlife 23 

Limited information was available concerning tissue concentrations necessary to produce 24 

physiological impacts in fish. A recent publication by Beyers et al., (Eds., 1996) provides 25 
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information on fish tissue concentrations "toxic effects thresholds" for polychlorinated biphenyls, 

endrin, selenium, and mercury. These "toxic effects thresholds" are not to be considered as 2 

criteria, but as general levels that can be used for comparative purposes. Table 8.2.33 presents 3 

a summary of contaminant concentrations in tissue that may cause adverse effects or changes in 4 

response, by fish. 5 

Based on tissue concentrations observed at SWMU 9, no impacts to fishery popUlations are 6 

expected from PCB, endrin, mercury, or selenium contamination. All detected concentrations 7 

were well below the lowest effects threshold concentrations presented in the literature. 8 

No risk prediction can be made for the other contaminants detected in fish tissue at SWMU 9. For 9 

comparison purposes only, fish tissue concentrations at SWMU 9 are presented in relation to other 10 

studies. For this report, cited fresh (wet) weight values have been converted to dry weights by 11 

assuming 75 % moisture (Lemly, 1996). 12 

The maximum SWMU 9 chromium tissue concentration (13.7 mg/kg dry weight) was above those 13 

reported by Hall et aI., (1978) where individual concentrations for several species ranged from 14 

0.4 and 2.4 mg Cr/kg. The SWMU 9 concentration was below concentrations found by other 15 

investigators; Papadopoulo and Dassimati (1977), 97 mg/kg Cr in scales of selected species, and 16 

Mearns and Young (1977) where up to 100 mg/kg Cr+6 were detected in speckled sanddab 17 

intestines. 18 

The maximum lead concentration at SWMU 9 (1.3 mg/kg, dry weight) has been compared to 19 

several studies. Schmitt et al. (1984) detected whole body lead burdens of 36 to 72 mglkg in fish 20 

from the Big River, Missouri, near a ruptured mine tailings pond dam. Lowe et al. 's (1985) study 21 

found lead to 26.8 mg/kg in whole Mozambique tilapia from Honolulu in 1979. The significance 22 

of lead residue in fish is unknown, and merits additional research (Eisler, 1988). 23 
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HI 

Lethal Effects 

Figure 8.2.15 
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Surface Soil Wildlife Hazard Indices 
2.00E+OO .....-____ ....-____ ....-____ ....-___ ---, 

1.50E+OO +-____ +-____ +-_ 

1.00E+OO +-____ +-____ +-_ 

5.00E-01 -1-____ -1-____ -1-_ 

O.OOE+OO -I-------f-..... -----f-__ 

Hazard Index Sum of all HQs (HQ, + HQ2 + ... HQ,) 

One-fifth of an oral LDSO value is considered to be protective of lethal effects for 99.9% of individuals in a test population 

(USEPA, 1986) 

Sublethal Effects = Impair or prevent reproduction, growth, or survival. 
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Risk Values for Dietary Exposure of Contaminated Fish to Belted Kingfisher 

Analyte 

Arsenic 

Manganese«) 

Nicket" 

Aroelor-I254 

MaxConc. 
(mgIkg) 

0.03 

20.3 

1.1 

0.280 

PDE 

0.0034 

2.30 

0.125 

0.0317 

TRVSL TRVL H<lst. HQL 

!~7:«<.!ifj(Y< .. ·· .. ··········<..tm·· .. < .. < .. Ne 
5.1 12.8 

m NA 

77.4 107.0 

0.18 1.8 

0.0007 

0.0023 

0.0016 

0.176 

0.0003 

0.0498 
0.0040 

C).roh 

NC 

O.otis 
0.0012 

0.018 

HI == 4.5 .....Jl.54 

Not,,: 
a - Effects levels based on chromium as CrK($Qjh. 
b - Effects levels based on copper as copper oxide. 
c - Effects levels based on manganese as ~04' 
d - Effects levels based on mercury as mercuric-chloride. 
e - Effects levels based on nickel as nickel sulfate. 
f - Effects levels based on selenium as selanomethio-nine. 
g - Effects levels based on DDT and metaboUte data. 
PDE - Potential Dietary Exposure based derived from model - Table 8.2.9.5. 
TRV - Threshold Risk Value. 
SL - Suble1bal (chronic) 
L - Le1ba1 (acute) 
NA - Not available 
NC - Not calculated 
Bold nmnbers indicate elevated risk potentials. 
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Table 8.2.33 
Summary of Contaminant Concentrations in Fish at which Adverse and Chronic Effects May Occur 

Parameter Response 

Endrin Lethality 

Selenium mortality of juveniles 
and reproduction 
failure 

Reduced growth 

Reproduction failure 

Mortality 

Reproduction failure 

Notes: 
1 Brungs and Mount, 1967 
2 Mount et aI., 1966 
3 Scherer et aI., 1975 
4 VVobeser, 1975 
5 Rodgers and Beamish, 1982 
6 Matida et aI., 1971 
7 McKim et aI., 1976 
8 Ogle and Knight 1989 
9 Schultz and Hemanatz 1990 
10 Saiki et aI. 1992 
11 USFVVS, 1990 
12 Coyle et aI., 1993 

Species 

Gizzard Shad' 
Channel Catfish2 

Fish 

Fathead Minno~ 

Fathead minnow' 

Bluegill sunfish" 

Bluegill sunfish 12 

Organ 

Blood 
Blood 

Whole-body 

Whole-body 

Whole-body 

Whole-body 

Whole-body 

An increase is indicated by (+); a decrease is indicated by (-). 
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10 mg/kg 
30mg/kg 

4mg/kg 

5 mg/kg 

16 mglkg 

5 mg/kg 

19m9/kg 

SWMU 9 Max 

0.049 mg/kg 

0.89 mglkg 
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Schmitt and Brumbaugh (1990) provided information on U.S. nationwide zinc whole body tissue 

concentrations in freshwater fish species. They reported the geometric mean, 85th percentile, and 2 

maximum values as 86.8 mg/kg, 128.8 mg/kg, and 473.6 mg/kg, respectively. As with lead, wet 3 

weight to dry weight conversion was necessary. The maximum zinc concentration at SWMU 9 4 

was 99.9 mg/kg, suggesting that zinc contamination may be important. As with many of the other 5 

contaminants, actual physiological impacts to fish from the observed concentrations is unknown. 6 

Big Creek Drainage Canal 7 

No significant SSV exceedances (see Tables 8.2.6 and 8.2.8) were found for the four samples 8 

collected from Big Creek Drainage Canal. Also, all water contaminant concentrations were below 9 

established USEPA Water Quality Standards. No risk to aquatic receptors is predicted from 10 

contamination in Big Creek Drainage Canal. 

Risk Summary 

Terrestrial Wildlife 

11 

12 

13 

The maximum soil concentration for Aroclor-1260 resulted in a predicted potential sublethal risk 14 

to the short-tailed shrew. Aroclor-1260 produced a sublethal HQ of 1.35 for the shrew which 15 

contributed to the cumulative HI of 1.62 (Appendix G). Overall PCB risk is low since only one 16 

of the eight surface soil samples detected Aroclor-1260. Risk to shrew populations found across 17 

the site will be negligible. All other HQs and HIs for surface soil concentrations were below the 18 

risk threshold level of 1.0. No lethal or sublethal effects are predicted for other wildlife species 19 

at SWMU 9. 20 

The dietary exposure model for fish tissue consumption by the belted kingfisher predicted a limited 21 

risk from pesticide contamination. The sublethal HI was 4.5, indicating some risk to piscivorous 22 

(fish-eating) birds. It must be noted that the model used to estimate the dietary exposure is 23 
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extremely conservative and based on assumptions, actual feeding habits may be different than 

those use in the model. No lethal risk to the belted kingfisher was predicted. 2 

Aquatic Wildlife 3 

No impacts to aquatic species from contamination found in the lagoons, or in the segment of 4 

Big Creek Drainage Canal near SWMU 9, is predicted. Fish tissue concentrations within the 5 

lagoons were well below the lowest effects threshold concentrations presented in the literature. 6 

Based on tissue concentrations observed at SWMU 9, no impacts to fishery populations are 7 

expected from PCB, endrin, mercury, or selenium contamination and none is expected from other 8 

constituents found in the lagoons. 9 

8.2.5.6 Uncertainty 10 

• Field sampling design (sample locations selected) may lend itself to uncertainties based on 11 

the subjective decisions that are necessary and unavoidable. This uncertainty may result 12 

in either an over- or under-estimation of risk. 13 

• Analytical uncertainties exist based on field and laboratory methods employed, but 14 

quantification of these is impossible. 15 

• Synergistic or antagonistic relations between contaminants cannot be accounted for, 16 

especially when methods employing contaminant-specific benchmark comparisons are 17 

used. 18 

• A lack of criteria or screening values for many chemicals compounds the uncertainty for 19 

screening level assessments. This uncertainty could create an underestimation of risk. 20 

• Toxicological effects studies may be different at individual versus community levels . 21 
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• Extrapolation of literature-generated effects levels to indigenous species and communities 

may not be appropriate. 2 

• Use of maximum fish tissue concentrations may overestimate risk potentials to piscivorous 3 

~~. 4 

8.2.6 Fate and Transport Assessment 5 

This section evaluates the specific transport processes for site constituents at SWMU 9. The 6 

primary contaminants discussed in the fate and transport evaluation are: 7 

• Those constituents that are defmed as COCs per the HHRA 8 

• Any organic contaminant which exceeds its soil to groundwater SSL and any inorganic 9 

contaminant which exceeds both its soil to groundwater SSL and RC 10 

• Any VOC that exceeds the SSL for soil-to-air transport 11 

In addition, transport processes for constituents other than those designated as COCs are discussed 12 

when they are in multiple environmental media, or have the potential to migrate to other media. 13 

As outlined in Section 8.2, SWMU 9 consists of two sewage lagoons on the southern boundary 14 

of the Southside of NSA Memphis, approximately 175 feet south of Big Creek Drainage Canal and 15 

200 feet west of the South Gate. The lagoons are bordered by woods and Big Creek Drainage 16 

Canal to the north and woods to the south, east and west. The land surrounding the lagoons slopes 17 

away on all sides for a short distance, with surface water draining generally west before entering 18 

Big Creek Drainage Canal. The two lagoons were used as part of the wastewater treatment system 19 

8.2-121 



RCRA Facility Investigation Repon 
Assembly E - SWMUs 2, 9, 14, 38, 59, and 65 
NSA Memphis - Millington, tennessee 
Revision 1: February 2, 1998 

for NSA Memphis from 1969 to 1978, when NSA Memphis connected its sewer system to the 

City of Millington sewage treatment system. 

SWMU 9 COCs include: 

2 

3 

• acetone and dieldrin, which exceeded their soil-to-groundwater SSLs in soil samples 4 

• barium and nickel, which exceeded their respective background RCs and soil-to- 5 

groundwater SSLs in soil samples 6 

• arsenic, chloroform, and trichloroethene, which are COCs in alluvium groundwater per 7 

theHHRA 8 

Two potential cross-transport mechanisms which were evaluated for SWMU 9 are soil-to- 9 

groundwater and soil-to-sediment. Surface soil analytical data indicate that VOCs are not of 10 

concern at SWMU 9; therefore, the soil-to-air cross-media transport process was not evaluated. 11 

Also, the absence of a groundwater-to-surface-water mechanism eliminates this process from being 12 

evaluated. The following sections outline the two potential cross-transport mechanisms at 13 

SWMU9. 14 

8.2.6.1 Soll-to-Groundwater Cross-Media Transport 15 

Six constituents (arsenic, barium, chromium, cobalt, lead, and TPH-DRO) were detected in both 16 

soil and deep alluvium groundwater at SWMU 9. Of these constituents, only barium exceeded 17 

both its background RC and its SSL for soil-to-groundwater transfer. Based on the fact that the 18 

majority of constituents found in both soil and groundwater are inorganics. and only one inorganic 19 

in both media exceeded both its background RC and SSL, it is unlikely that vertical migration of 20 

these contaminants resulted in groundwater impact. 21 
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SWMU 9 contaminants that exhibit the potential for soil-to-groundwater transport, based on 

comparison of soil concentrations to the groundwater protection soil screening criteria, are the 2 

vac acetone, the pesticide dieldrin, and the inorganics barium and nickel. 3 

Acetone, detected in six surface soil samples locations at concentrations ranging from 11 to 4 

25,000 p.g/kg, exceeded its 8,000 p.g/kg SSL at one location. Although acetone was also detected 5 

in subsurface soil samples, detected concentrations in this interval were well below its soil to 6 

groundwater SSL of 8,000 p.g/kg. Acetone was not detected in SWMU 9 groundwater during the 7 

initial sampling event in April 1996. Although the conservative screening process indicates the 8 

potential for isolated soil-to-groundwater migration of acetone, widespread impacts to the shallow 9 

aquifer are not expected. 10 

Dieldrin, detected in four surface soil samples at concentrations ranging from 5.2 to 26 p.g/kg, 11 

exceeded its SSL (l p.g/kg) at each location where it was detected. No dieldrin was detected in 12 

subsurface soil samples. Dieldrin's presence in SWMU 9 soil samples may be attributed to aerial 13 

applications throughout NSA Memphis during the 1950s and 196Os. The potential for dieldrin to 14 

migrate to groundwater is not likely due to its low solubility, vapor pressure, and Henry's law 15 

constant; therefore, it is anticipated to be immobile and persistent in the environment, not readily 16 

diffusing into groundwater. This is evident by its absence in SWMU 9 groundwater. 17 

Barium and nickel each exceeded their respective soil to groundwater SSLs as well as their 18 

background RCs in subsurface soil samples. Nickel was not detected in groundwater during the 19 

April 1996 sampling event; therefore, it may not be a soil to groundwater migration concern. 20 

Barium was detected in deep alluvium groundwater, but this constituent is not a cac per the 21 

HHRA. Although arsenic was detected in both surface and subsurface soil samples at 22 

concentrations that did not exceed both its RC and SSL, it was detected in deep alluvium 23 

groundwater at concentrations exceeding the RBC for tap water but not the MCL for drinking 24 
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water, and HHRA results indicate it is a COC. Widespread impact to alluvium groundwater by 

arsenic, barium, and nickel is not expected based on the relative immobility of these constituents 2 

in groundwater, as they typically adhere to solids and do not readily diffuse into groundwater. 3 

The VOCs chloroform and trichloroethene were both detected in deep alluvium groundwater. 4 

Chloroform's RBC for tap water, but not its MCL for drinking water, was exceeded in a duplicate 5 

groundwater sample; this compound was not detected in the primary sample analyzed by the onsite 6 

laboratory. Chloroform may be considered a laboratory artifact. The RBC and the MCL for 7 

trichloroethene were exceeded in one groundwater sample location. Trichloroethene, a common 8 

solvent, has been detected at other SWMUs at NSA Memphis, and mayor may not be related to 9 

SWMU 9 operations. Neither chloroform or trichloroethene were detected in SWMU 9 soil or 10 

sediment samples. Widespread impacts to the underlying aquifer are not expected due to the 11 

absence of these constituents in soil. 12 

8.2.6.2 Soil-to-Sediment Cross-Media Transport 13 

For this discussion, contaminants which were detected in near-surface soil were evaluated to 14 

determine their potential for transport by erosional processes, which form sediments. Drainage 15 

patterns and topography at SWMU 9 were also examined to see if site features would support 16 

contaminant transport. 17 

Contaminants detected in surface soil consist of VOCs, SVOCs, chlorinated pesticides/PCBs, 18 

herbicides, and inorganics. Only the VOC acetone and the pesticide dieldrin are considered to be 19 

COCs in SWMU 9 surface soil, based on exceeding soil to groundwater SSLs. VOCs have a 20 

limited tendency to adsorb to solids and are more likely to volatilize to the atmosphere or leach 21 

to groundwater before moving with soil particles. In general, SVOCs, pesticides, and PCBs tend 22 

to sorb to soil particles and are relatively immobile in the environment, leading to a likelihood of 23 

greater persistence, but lower mobility in the environment than VOCs. Herbicides can leach from 24 
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soil particles to groundwater and tend to be mobile in both soil and groundwater. Therefore, 

herbicides are expected to be moderately mobile in groundwater with some retention in soil. 2 

Inorganic chemicals do not degrade, but may change chemical form or speciation in the 3 

environment. Like pesticides and SVOCs, inorganics tend to sorb to soil particles, which renders 4 

them immobile. 5 

Contaminants detected in sediment samples from Big Creek Drainage Canal consist of VOCs, 6 

SVOCs, chlorinated pesticides, TPH-DRO, herbicides, and inorganics. Of these contaminants, 7 

only the pesticides - 4,4'-DDD, 4,4 '-DDT, and dieldrin - and the inorganics - arsenic, 8 

cadmium, lead, and nickel- exceeded their respective SSVs. Contaminants found in both surface 9 

soil samples and Big Creek Drainage Canal sediment samples include one VOC - acetone -, 10 

TPH-DRO, three pesticides - 4,4'-DDD, 4,4'-DDT, and dieldrin -, four herbicides - 2,4-D, 11 

2,4-DB, MCPA, MCPP -, two SVOCs - fluoranthene, pyrene -, and the inorganics - arsenic, 12 

barium, beryllium, cadmium, chromium, cobalt, copper, lead, nickel, selenium, tin, vanadium, 13 

and zinc. 14 

All sediment concentrations are along the same order of magnitude as the contaminant 15 

concentrations detected in surface soil samples. It may not be possible to solely attribute sediment 16 

sample contamination with SWMU 9 activities due to the length of Big Creek Drainage Canal and 17 

the many outfalls into Big Creek Drainage Canal from other NSA Memphis locations and from 18 

other sources (primarily agricultural) upstream of NSA Memphis. 19 

Surface water samples collected from Big Creek Drainage Canal were analyzed for organic 20 

compounds and inorganics. No organic compounds were detected in the surface water samples, 21 

and silver and barium were the only detected inorganics. Due to the absence of organic 22 

contamination and the presence of only two inorganics in surface water samples, constituents in 23 
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SWMU 9 soil and sediment do not appear to contribute to surface water contamination in 

Big Creek Drainage Canal. 

8.2.7 Conclusions and Recommendations 

The following conclusions are presented based on the findings of the RFI: 

2 

3 

4 

• RFI soil samples contained VOCs, SVOCs, TPH-GRO, TPH-DRO, chlorinated pesticides 5 

and PCBs, herbicides, and Appendix IX metals. No TPH, PCB, or herbicide exceeded a 6 

screening value. Exceedances for VOCs, SVOCs, chlorinated pesticides, and Appendix IX 7 

metals are provided below. 8 

One VOC - acetone - exceeded its soil-to-groundwater SSL in one hand-auger 9 

surface soil sample from the north side of the east sewage lagoon. 10 

One SVOC - benzo(a)pyrene - exceeded its residential RBC in one hand-auger 11 

surface soil sample from the bank of the north side of the east sewage lagoon. 12 

One pesticide - dieldrin - exceeded its soil-to-groundwater SSL in four hand- 13 

auger surface soil samples from the lagoons' banks. 14 

Two metals - barium and nickel - exceeded screening values. The barium 15 

concentrations in the 0.5- to 2-foot and 8- to 10-foot intervals of one soil boring 16 

exceeded both the RC and SSL. Both the RC and SSL for nickel were exceeded 17 

by three subsurface soil samples of three separate soil borings (8- to 10-foot or 18 

14-to 16-foot intervals). 19 
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• VOCs, SVOCs, TPH-DRO, and Appendix IX metals were detected in RFI groundwater 

samples. No SVOCs exceeded a screening value. Exceedances for VOCs, TPH-DRO, 2 

and Appendix IX metals are provided below. 3 

Trichloroethene's tap-water RBC and MCL were exceeded in one deep alluvium 4 

DPT groundwater sample. The tap-water RBC, but not the MCL, was exceeded 5 

in a second deep alluvium DPT groundwater sample. 6 

The TPH-DRO concentration in one deep alluvium groundwater sample from a 7 

monitoring well exceeded its TDEC cleanup standard for total TPH in drinking 8 

water aquifers. The deep alluvium has not been classified as drinking water or 9 

nondrinking water, so the most conservative TDEC cleanup standard was used for 10 

comparison. 11 

Arsenic exceeded both its background RC and tap water RBC in one deep alluvium 12 

groundwater sample from a monitoring well. The detected concentrations did not 13 

exceed the MCL for arsenic. 14 

• During the April/May 1997 groundwater sampling event, a duplicate sample from one 15 

deep alluvium groundwater sample indicated trichloroethene below its tap water RBC and 16 

MCL, and tetrachloroethene above its tap water RBC but below its MCL. 17 

• VOCs, SVOCs, TPH, chlorinated pesticides, PCBs, herbicides, and Appendix IX metals 18 

were detected in sediment samples from the sewage lagoon sediments and Big Creek 19 

Drainage Canal. SSVs were exceeded by SVOCs, pesticides, and nine Appendix IX 20 

metals, as summarized below. 21 
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One SVOC - BEHP - exceeded its SSV in one surface sediment sample from the 

west sewage lagoon. 2 

Three pesticides - 4,4'-DDD, 4,4'-DDT, and dieldrin - exceeded their SSVs. 3 

The SSVs for 4,4'-DDD and 4,4'-DDT were exceeded by one surface sediment 4 

sample from Big Creek Drainage Canal north of SWMU 9. The SSV for dieldrin 5 

was exceeded in one surface sediment sample from Big Creek Drainage Canal 6 

northeast (upstream) of SWMU 9. 7 

One PCB - Aroclor-1254 - exceeded its SSV in three surface sediment samples 8 

from the sewage lagoons; two exceedances were from the west lagoon and one 9 

exceedance was from the east lagoon. 10 

Nine Appendix IX metals - arsenic, cadmium, chromium, copper, lead, mercury, 11 

nickel, silver, and zinc - exceeded their SSVs in one or more surface sediment 12 

samples from the sewage lagoons or Big Creek Drainage Canal. Arsenic's SSV 13 

was exceeded in one surface sediment sample from the west lagoon, and two 14 

surface sediment samples from Big Creek Drainage Canal north and northwest 15 

(downstream) of SWMU 9. Cadmium's SSV was exceeded in three of four 16 

Big Creek Drainage Canal surface sediment samples. Chromium's SSV was 17 

exceeded in one surface sediment sample from the west lagoon. Copper's SSV was 18 

exceeded by all eight surface sediment samples collected from the sewage lagoons. 19 

Lead's SSV was exceeded by one surface sediment sample from the west sewage 20 

lagoon, and one Big Creek Drainage Canal surface sediment sample northeast 21 

(upstream) of SWMU 9. Mercury's SSV was exceeded in six of eight surface 22 

sediment samples from the sewage lagoons. Nickel's SSV was exceeded by two 23 

surface sediment samples from the sewage lagoons two surface sediment samples 24 
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from Big Creek Drainage Canal. Silver's SSV was exceeded in five sewage lagoon 

surface sediment samples. Zinc's SSV was exceeded by two surface sediment 2 

samples from the west lagoon. 3 

• No organic compounds were identified in the two surface water samples from Big Creek 4 

Drainage Canal. The only detected inorganics - barium and silver - did not exceed their 5 

respective FWQSs. 6 

• One SVOC, two pesticides, two PCBs, and eighteen inorganics were detected in the three 7 

composite fish tissue samples collected from the sewage lagoons. 4,4'-DDD, 8 

Aroclor-1254, and Aroclor-1260 exceeded their respective RBCs for fish tissue 9 

consumption in all three samples. The arsenic concentration in one sample exceeded its 10 

RBC for fish tissue consumption. 11 

• The HHRA calculated the risk and hazard posed by soil, groundwater, sediment, and fish 12 

tissue contaminants at SWMU 9. The findings were as follows: 13 

No COPCs were identified in soil, so soil exposure was not quantified. 14 

The HHRA assumes that alluvial groundwater will be used as a drinking water 15 

source. However, the alluvial.aquifer has not been classified as a source of potable 16 

water. No alluvial drinking water wells are present at NSA Memphis and a public 17 

water supply is readily available. The HHRA evaluated the ingestion route of 18 

exposure for alluvial groundwater contaminants for two scenarios: the hypothetical 19 

site resident and the site worker. The HHRA identified arsenic, chloroform, and 20 

trichloroethene as COCs in alluvial groundwater. The cumulative ILCR for the 21 

hypothetical site resident was 3E-04, exceeding USEPA's upper-bound. risk level 22 

of lE-04. The calculated HIs for the hypothetical adult and child residents were 23 
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1 and 3, meeting or exceeding USEPA's target ID of 1. The cumulative ILCR and 

HI for the site worker were 6E-05 and 0.4, respectively, which do not exceed 2 

USEPA's acceptable risk level or target ID. 3 

Two exposure scenarios were evaluated for fish consumption: the hypothetical site 4 

resident and the future site trespasser. Risk was evaluated separately for the east 5 

and west lagoons. The HHRA identified 4,4'-DDE, Aroc1or-1254, and 6 

Aroc1or-1260 as COCs for fISh ingested from the East Lagoon and 4,4'-DDE, 7 

Aroclor-1254, Aroc1or-1260, and arsenic as COCs for fish ingested from the West 8 

Lagoon. For the east lagoon, the hypothetical site resident's ILCR was 2E-04, 9 

which exceeds USEPA's acceptable ILCR of 1E-04. The calculated IDs for the 10 

hypothetical adult and child residents were 4 and 17, which both exceed USEPA's 11 

target ID of 1. The ILCR for the future site trespasser was 6E-05, which does not 12 

exceed USEPA's acceptable ILCR of 1E-04. However, the calculated IDs for the 13 

future adolescent and child site trespassers were 2 and 7 which both exceed 14 

USEPA's target ID of 1. For the west lagoon, the hypothetical site resident's 15 

ILCR was 4E-04, which exceeds USEPA's acceptable ILCR of 1E-04. The 16 

calculated HIs for the hypothetical adult and child residents were 3 and 14, which 17 

both exceed USEPA's target ID of 1. The ILCR for the future site trespasser was 18 

1E-04, which equals USEPA's acceptable ILCR of 1E-04. However, the 19 

calculated HIs for the future adolescent and child site trespassers were 2 and 6 20 

which both exceed USEPA's target ID of 1. 21 

• The ERA determined no lethal or sublethal effects were predicted for terrestrial wildlife 22 

species at SWMU 9, except for the short-tailed shrew. Aroclor-1260 produced a sublethal 23 

HQ of 1.35, which contributed to the cumulative ID of 1.62 for this species (risk threshold 24 

is 1.0). The dietary exposure model for fish tissue consumption by the belted kingfisher 25 

predicted a limited risk from pesticide contamination. The sublethal ID was 4.5, indicating 26 
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some risk to piscivorous birds. No impacts to aquatic species from contamination found 

in lagoon sediment or Big Creek Drainage Canal is predicted. 2 

• The fate and transport discussion evaluated the soil-to-groundwater and soil-to sediment 3 

cross-media transport mechanisms. It determined that acetone, dieldrin, barium, and 4 

nickel were the SWMU 9 contaminants that exhibit the potential for soil-to-groundwater 5 

transport. Widespread impact to the alluvial aquifer by acetone is not expected; this 6 

compound was detected only in soil samples. Acetone was not detected in SWMU 9 7 

groundwater during the April 1996 or April/May 1997 sampling events. Dieldrin, also 8 

detected only in soil, is expected to be immobile and persistent in the environment, not 9 

readily diffusing to groundwater. Dieldrin was absent in SWMU 9 groundwater samples 10 

collected during the initial April 1996 sampling event. Widespread impact to alluvial 11 

groundwater by barium and nickel are not expected, based on the relative immobility of 12 

these constituents. The VOCs chloroform and trichloroethene were both detected in deep 13 

alluvium groundwater, but neither compound was detected in SWMU 9 soil or sediment. 14 

Widespread impacts to the underlying aquifer are not expected due to the absence of 15 

chloroform and trichloroethene in soil. 16 

The following recommendations are presented based on the fmdings of the RFI: 17 

• Based on previous detections in DPT and monitoring well groundwater samples, conduct 18 

annual sampling and analysis of all SWMU 9 monitoring wells for VOCs, TPH-GRO, and 19 

TPH-DRO to verify the presence of these contaminants and determine whether their 20 

concentrations are increasing. 21 

• Continue the ban on fishing at the lagoons . 22 

• Assess the TCE in SWMU 9 groundwater during the SWMU 2 investigation . 23 
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SWMU 14, a flat, grass-covered area on the NSA Memphis Southside, is the former site of 2 

Building S-140, several related former buildings and structures, and the Seventh Avenue and 3 

Polaris Drive drainage ditches west and south of the site, respectively. The grass covering 4 

SWMU 14 is regularly mowed to maintain lawn-like conditions. According to engineering plans 5 

of the building obtained from Public Works, four smaller structures were associated with 6 

Building S-140: a gear locker (Building S-275), a mobile building along the eastern edge of the 7 

site (Building S-1602), a prefabricated metal storage building southeast of Building S-140 used as 8 

a paint locker (Building S-351), and SWMU 46, a hazardous waste accumulation point northeast 9 

of the building. Building S-140 was demolished along with all associated buildings and structures 10 

in 1985. Figure 1.4 shows the locations of the previous buildings and structures. 11 

Building S-140 housed a paint spray booth, paint removing area, and paint washdown area, which 12 

were associated with training Navy personnel in various painting-related processes from 1943 until 13 

1985. According to building diagrams, two drainage systems were associated with painting 14 

activities at S-140. One was in the central portion of the building near the paint spray booths and 15 

water wash pits; the other was in the northern portion near the interior washdown area and work 16 

table. 17 

Navy records indicate paint-related wastes generated by the paint spray booth and water wash pits 18 

collected in two floor drains which emptied into two 1,885-gallon sump pits. Paint waste and 19 

sludge from these sumps were most likely removed on an as-needed basis, and any overflow was 20 

discharged directly to the Seventh Avenue ditch until 1980. After 1980, the flow from the paint 21 

booth and washdown area was redirected to a paint separator/sump in the building's mechanical 22 

room, while overflow was discharged to the sanitary sewer. The paint waste and sludge likely 23 

contained chromium, lead, and various hydrocarbons and paint solvents including mineral spirits, 24 

toluene, and phenols. 25 
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Wastes generated by the paint washdown area and work tables were discharged to an unidentified 

drain line exiting the building's east side. In 1968, these wastes were diverted to an 2 

interceptor/separator installed beneath the north end of a sidewalk immediately east of the building 3 

(Figure 1.4). According to construction diagrams, this interceptor was 3.5 x 5 feet across with 4 

the deepest portion of the bottom 4.5 feet bls. Discharge from the interceptor was directed to the 5 

sanitary sewer line to the north. 6 

A former outdoor wash basin adjacent to Building S-140's south side consisted of a 36 x 40-foot 7 

concrete slab surrounded by a 6-inch berm. According to sewer modification diagrams, the drain 8 

in this basin once discharged to the Polaris Drive drainage ditch south of SWMU 14 until it was 9 

diverted to the sanitary sewer in 1980. A small discharge pipe still visible in the Polaris Drive 10 

ditch has been included in the SWMU 14 RFI. 11 

SWMU 46 is a former hazardous waste accumulation point near the north end of a paved area east 12 

of Building S-140. According to Navy records, it was used for less-than-90-day storage of 13 

drummed hazardous waste, including waste paint and thinners, from 1980 until its demolition in 14 

1985. Although SWMU 46 is in Assembly G, it does not require a separate investigation, because 15 

it is in the SWMU 14 study area. Assembly G SWMUs are former hazardous waste accumulation 16 

points that require a confirmatory investigation. 17 

8.3.1 Previous Investigation Results 18 

In July 1995, E/A&H conducted a geophysical survey of SWMU 14 in an attempt to verify the 19 

approximate location of the former building and subsurface structures (E/A&H, 1995c). 20 

Geophysical anomalies due to disturbed soil or metal objects were plotted on a map, and proposed 21 

sample locations were chosen after results were reviewed. The geophysical survey showed one 22 

moderate anomaly at SWMU 14 near where the outdoor wash basin was previously located. The 23 

rest of the surveyed area was anomaly-free, indicating the sumps and separators may have been 24 
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removed during building demolition. A linear feature along the site I s eastern survey boundary 

may be an abandoned potable water line that supplied water to the adjacent property when it was 2 

a trailer park. 3 

8.3.2 RFI Characterization 4 

RFI characterization focused on the nature and extent of contamination in the following media: 5 

• Surface and subsurface soil near the former SWMU 14 buildings and structures 6 

• Surface and near-surface soil in the Polaris Drive drainage ditch near the small outfall 7 

from the former outdoor wash basin 8 

• Loess and fluvial deposits groundwater 9 

• Seventh Avenue drainage ditch sediment 10 

8.3.2.1 DPT Screening Investigation 11 

As part ofRFI characterization, a preliminary screening investigation was conducted at SWMU 14 12 

using DPT equipment operated by InSitu Technologies of Travelers Rest, South Carolina. The 13 

screening investigation, conducted from November 7 to 19, 1995, focused on the location of the 14 

former waste-receiving interceptor/separator and its associated piping on Building S-140's 15 

northeast corner. The results of the DPT investigation were used to determine the optimum 16 

placement and depth of soil borings and monitoring wells. 17 

Based on the anticipated site contaminants - paint, paint waste, paint thinners, and solvents - 18 

VOCs were chosen as the indicator parameter. Figure 8.3.1 shows the DPT sample locations 19 

which were chosen for the following reasons: 20 
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• Five of the sample locations were positioned around the former waste receiving 

structures near ~e northeast comer of the former location of Building S-140. These 2 

locations were: o 14S0005/014GOOO5, 014Soo10/014GOOI0, 014Soo111014OOOll, 3 

014S0012/014GOO12, and 014Soo14/014GOO14. 4 

• One sample location (014Soo12/014GOO12) was positioned near SWMU 46. 5 

• Two sample locations were placed near the former locations of Buildings S-351 and 6 

S-275. Location 014S0006/014GOOO6 was positioned near the former location of 7 

Building S-351, the former paint locker; location 014S0007/014GOOO7 was placed near 8 

Building S-275, the former gear locker. 9 

• Two sample locations were positioned to assess the potential migration of contaminants 10 

from Building S-l40 to the Seventh Avenue ditch: 014S0008/014GOO08 and 11 

014S0009/014GOOO9. 12 

• An "unbiased" sample location (014S0015/014GOO15) was placed southeast of former 13 

Building S-140. 14 

• During the DPT investigation, an additional sampling location was added to assess the 15 

migration of chlorinated solvents in groundwater east of location 01400007, where 16 

chlorinated solvents were detected by the onsite laboratory. The additional location was 17 

014S0013/014OO013. 18 

Eleven soil samples were collected from 5 to 7 feet bls at locations 014S0005 through 014SOO15. 19 

These DPT soil and groundwater sampling locations are shown on Figure 8.3.1. Groundwater 20 
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samples were collected from the loess (between 9 and 12 feet bls) and fluvial deposits (between 

36 and 45 feet bls) at each location with the following exceptions: 2 

• No loess groundwater samples were collected from locations 014S0006, 014S0013, and 3 

014S0015, because no groundwater entered the hydrocone groundwater sampler. As 4 

outlined in the RFI work plan, soil samples were collected from 11 to 13 feet bls at these 5 

locations (just above the anticipated soil-water interface) to provide analytical data for the 6 

interval near the shallow water table. 7 

• No fluvial deposits DPT groundwater samples could be collected from locations 014GOOO6 8 

and 014GO013, because no groundwater entered the hydrocone groundwater sampler. 9 

The DPT soil and groundwater samples were transported directly to Hydrologic's onsite mobile 10 

laboratory for VOC analyses using SW-846 Method 8021. As specified in the Assembly E Site 11 

Investigation Plans (E/ A&H, 1995a) 25 % of the DPT soil and groundwater samples were split and 12 

submitted to the offsite laboratory (NET) for confmnation analysis by SW-846 Method 8240. The 13 

results of the confIrmation samples are discussed in Sections 8.3.3.1 and 8.3.4.1. 14 

Confirmation Samples 15 

• Four 5- to 7-foot interval soil samples 16 

o 14S0005 17 

014Soo09 18 

014Soo10 19 

014SOO12 20 

• One 11- to 13-foot interval soil sample (014S0015) 21 
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• One loess groundwater sample (0l4GOO10) 

• Three fluvial deposits groundwater samples 2 

o 14GOO07 3 

o 14GOOO8 4 

014GOO11 5 

Although Methods 8021 (Gas Chromatograph/Electrolytic Conductivity Detector) and 8240 (Gas 6 

Chromatograph/Mass Spectrometry) both analyze for VOCs, the compound lists differ slightly. 7 

Refer to the analytical data in the Attachment of the Data Validation Report - Assembly E 8 

(E/A&H, 1997a) for a complete list of analytical compounds for each VOC test method. 9 

8.3.2.2 Soil Boring and Monitoring Wells 10 

Based on the DPT investigation results, the optimal number, placement, and depth of the RFI soil 11 

borings and groundwater monitoring wells were determined. The soil borings and monitoring 12 

wells were placed to adequately characterize the nature and extent of chlorinated solvent 13 

contamination in groundwater that was identified during the DPT screening investigation, and to 14 

provide a geologic cross section of SWMU 14 loess and fluvial deposits. Figure 8.3.2 shows the 15 

soil boring and monitoring well locations. 16 

Five soil borings (0l4SOlLS, 0l4S02LS, 014S03LS, 014S05LS, and 0l4S08LS) were advanced 17 

to a depth of 20 feet bls in the loess (20.4 feet bls for soil boring 0l4SOlLS). Corresponding loess 18 

groundwater monitoring wells were installed in the open boreholes, with screened intervals 19 

ranging from 10 to 20 feet bls (10.4 to 20.4 feet bls for monitoring well 014G04LS). Soil 20 

boring/monitoring well 0l4S02LS/014G02LS was placed near the area where the highest 21 

chlorinated solvent contamination was identified during the DPT screening investigation. The 22 
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remainder of the soil borings/monitoring wells were placed around this area to defme the lateral 

extent of chlorinated solvent contamination in the loess. 2 

Four soil borings (0l4SOlLF, 014S04LF, 014S06LF, and 014S07LF) were advanced through the 3 

loess and fluvial deposits to the top of the Cockfield Formation, encountered at depths ranging 4 

from 47 to 50 feet bls. The corresponding lower fluvial deposits groundwater monitoring wells 5 

(0l4GOILF, 014G04LF, 014G06LF, and 0l4G07LF) were generally screened in the basal 10 feet 6 

of the lower fluvial deposits just above the Cockfield Formation, encountered at depths ranging 7 

from 47 to 49 feet bls. These wells were placed to surround the area at which the highest 8 

concentrations of chlorinated solvents were identified during DPT screening to determine if the 9 

solvents had migrated from the loess to the underlying fluvial deposits. 10 

The following intervals were sampled in each soil boring: 0.5 to 2 feet, 4 to 6 feet, and 8 to 11 

10 feet bls. In order to obtain enough sample volume for analysis, the surface soil samples were 12 

collected from 0 to 2 feet bls at each location; however, the uppermost portion of each surface soil 13 

sample, which contained organic material, roots, grass, gravel, and brick fragments, was 14 

discarded, yielding an approximate surface soil sample interval of 0.5 to 2 feet bIs. In accordance 15 

with the RFI work plan, 10% of the soil samples were split as duplicates: one 4- to 6-foot interval 16 

sample from location 014S05LS and three 8- to lO-foot interval samples from locations 0l4S01LS, 17 

014S02LS, and 014S03LS. The primary and duplicate soil samples were submitted to NET for 18 

FSA. Table 3.1 lists the analytical test methods used for each soil sample, and the Attachment of 19 

the Data Validation Report - Assembly E (E/ A&H, 1997a) lists reported analytes for each test 20 

method. 21 

The monitoring wells were purged and sampled in April 1996, several weeks after monitoring well 22 

installation and development. All groundwater samples were submitted to NET for FSA excluding 23 

TPH-GRO, since TICs from the VOC analyses would identify many of the lighter fraction 24 

8.3-11 



ReRA Facility Investigation Report 
Assembly E -SWMUs 2,9,14,38,59, and 65 
NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

hydrocarbons, if present. The Assembly E work plan stated that 10% of the groundwater samples 

collected during the Assembly E investigation would be split for duplicate analysis. Groundwater 2 

was sampled at SWMU 14 at the same time as groundwater sampling at other Assembly E 3 

SWMUs, with duplicate and other QA/QC groundwater samples collected assembly-wide rather 4 

from individual SWMUs, i.e., 10% of the samples collected from all Assembly E SWMUs were 5 

split as duplicates. One SWMU 14 lower fluvial deposits groundwater sample (014GOILF) was 6 

split as a duplicate during assembly-wide sampling. 7 

8.3.2.3 Soil and Sediment Samples from Drainage Ditches 8 

Soil and sediment samples were collected from the drainage ditches west and south of SWMU 14 9 

to determine the presence of any residual contaminants associated with past SWMU 14 operations. 10 

The soil and sediment samples were collected with a stainless-steel hand auger from the surface 11 

interval (0 to 6 inches bls) and from 18 to 24 inches bls at each sampling location. Sediment 12 

samples were collected from the Seventh Avenue drainage ditch from two locations (014MooOl 13 

and 014MOOO2). The Assembly E Site Investigation Plans (E/A&H, 1995a) originally proposed 14 

the collection of sediment samples from two locations in the Polaris Drive drainage ditch; 15 

however, this ditch is primarily lined with concrete. Samples were collected in the ditch above 16 

the concrete lining near the outfall (location 014S0OO3) and upgradient of the outfall 17 

(location 014SOOO4). Since these samples were collected in the upper portion of the ditch that 18 

rarely is submerged, they were designated as soil samples and evaluated accordingly. Figure 8.3.3 19 

shows soil and sediment sample locations. The surface sediment sample from location 014MOOOI 20 

was split as a duplicate in accordance with the RFI work plan. The primary and duplicate 21 

sediment and soil samples were submitted to NET for FSA. 22 

8.3.3 Nature and Extent of Contamination 23 

The following sections describe the nature and extent of contamination in soil, groundwater, and 24 

sediment samples collected during the Assembly E SWMU 14 RFI. 25 
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This section summarizes the nature and extent of contamination in SWMU 14 surface and 2 

subsurface soil samples. This discussion includes the results of the DPT subsurface soil samples, 3 

surface and subsurface soil samples from soil borings associated with monitoring well installation, 4 

and surface and subsurface soil samples from the Polaris Drive drainage ditch south of SWMU 14. 5 

The following subsections provide details and rationale for sample locations and intervals sampled. 6 

VOCs, SVOCs, TPH, pesticides/PCBs, herbicides, and Appendix IX metals were detected in 7 

surface and/or subsurface soil samples collected during the RFI. Each analyte detected in surface 8 

soil was compared to its respective residential RBC, industrial RBC, and SSL or RC. Each 9 

detected inorganic concentration was also compared to its established RC to determine if the 10 

element occurs naturally or may be related to former SWMU 14 operations. 11 

8.3.3.1.1 Organic Compounds in Soil Samples 12 

VOCs, SVOCs, chlorinated pesticides/PCBs, and herbicides were detected in soil samples. The 13 

following sections discuss the detected organic compound concentrations by parameter. 14 

VOCs in DPT Soil Samples 15 

Tetrachloroethene (PCE) was the only VOC identified in the DPT subsurface soil samples 16 

analyzed by the onsite laboratory (Method 8021). It was present in the 5- to 7-foot interval 17 

samples from locations 014SOOO7 and 014SOO13 (1.51 tlg/kg and 2.04 tlg/kg, respectively). The 18 

detected concentrations did not exceed the SSL (40 tlg/kg). Acetone, 2-butanone (MEK), and 19 

toluene were detected in several split samples submitted to the offsite laboratory for confrrmation 20 

analysis. As shown in Table 8.3.1, no detected concentration exceeded its applicable SSL (where 21 

available) . 22 
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Note that the analyte list for Method 8021 used for onsite analyses does not include acetone and 

2-butanone; however, Method 8240, used by the offsite laboratory, does analyze for these 2 

compounds. Although acetone and 2-butanone are common laboratory artifacts, both are 3 

constituents of paint removers and solvents and therefore cannot be solely attributed to laboratory 4 

contamination. 5 

Acetone 

Notes: 

TableS.3.1 
Detected Concentrations of VOCs in DPT SoB Samples 

SWMU 14 - Building 8-140 and Seventh Avenue Drainage Ditch 
(data in Jlglkg) 

Sample Location(a) lnterval(b) Onsite Lab ResuIt(C) Offsite Lab Result(d) 

014S0005 5 -7' DNA 340 

014S0009 5 -7' DNA 250 

014Soo10 5 -7' DNA 410 

014Soo12 5 -7' DNA 920 

014Soo15 11 - 13' DNA 36 

SSL(e) 

8,000 

a Fourteen soil samples were collected from the loess during the DPT screening investigation. Eleven samples were from the 5- to 7-foot 
interval, and three samples were from the 11- to 13-foot interval (where a loess groundwater sample could not be collected). The 
samples were analyzed by the onsite laboratory for VOCs by SW-846 Method 8021. Five of the soil samples were split and submitted 
for offsite laboratory confirmation analysis by SW-846 Method 8240. 

b Intervals shown are in feet below land surface. 
c Hydrologic, Inc., of Travelers Rest, South Carolina, provided onsite laboratory services for primary samples. 
d NET of Cambridge, Massachusetts, provided offsite laboratory services for confirmation analysis. 
e Soil Screening Levels, considered protective of contaminant transfer from soil to groundwater, are from the Risk-Based Concentration 

Table, JOlIUIlry to June 1996 (USEPA, 1996a). 
f DNA denotes the analytical test method used does not analyze for this compound. 
g denotes SSL value is not available for this analyte; therefore, no comparison can be made. 
h NA denotes sample was not split for confirmation analysis; therefore, it was not analyzed by the offsite laboratory. 

ND denotes analyte was not detected. 
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The following VOCs were detected in surface and/or subsurface soil samples from the 2 

Polaris Drive drainage ditch and from soil borings associated with monitoring well installation: 3 

2-Butanone (MEK) 

4-Methyl-2-Pentanone (MffiK) 

Acetone 

PCE 

Trichloroethene (TCE) 

Xylenes 

4 

5 

6 

Tables 8.3.2 and 8.3.3 summarize detected concentrations of organic compounds, including 7 

VOCs, for soil samples collected from the Polaris Drive drainage ditch and soil samples from soil 8 

borings. As shown on these tables, no detected VOC in surface soil exceeded its residential RBC. 9 

Acetone was the only VOC to exceed its applicable SSL in surface or subsurface soil. Although 10 

present at both soil sampling locations in the Polaris Drive drainage ditch, it exceeded its SSL 11 

(8,000 ,ug/kg) only in the surface soil (0 to 6 inches bls) sample collected from location 014SOOO4 12 

(16,000 ,ug/kg). 13 

SVOCs in Soil Samples 14 

The following SVOCs were detected in soil samples from the Polaris Drive drainage ditch and soil 15 

borings associated with monitoring well installation: 16 

2-Methylnaphthalene Carbazole 17 

Acenaphthene Chrysene 18 

Acenaphthylene Di-n-octyl phthalate 19 

Anthracene Dibenz( a,h)anthracene 20 

Benzo(a)anthracene Dibenzofuran 21 

Benzo(a)pyrene Fluoranthene 22 

Benzo(b )fluoranthene Fluorene 23 

Benzo(g,h,i)perylene Indeno(I,2,3-cd)pyrene 24 

Benzo(k)fluoranthene Naphthalene 25 

bis(2-Ethylhexyl)phthalate (BEHP) Phenanthrene 26 

Butylbenzylphthalate Pyrene 27 
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Analvte(tl 

VOCs 

Number-of 
IntervaJO'l Detec:timJs<'l 

4·Methyl.2-Pentanone 0 - 6" 112 

112 

Rau-(cI 

1,500 

170 

16,000 

Table 8.3.2 
Detected Concentrations of Orgaaic Compounds in Polaris Drive Drainage Ditch Soil Samples 

SWMU 14 - Building 8-140 and Seventh Avenue Drainage Ditch 
(data in JtgIkg) 

Residential Soil Industrial Soil 
MennOO RB~ RBC-Res. RB~ RBC-Ind. Exceedanees 

1,500 

170 

4?,000.&» 
6,300,000 o 160,000,000 o 

m 46-S,fOO 

16,000 

2,823 

18 

7.300,000 
NAIIil 

o 
·NA 

o 
NA 

o 
NA 
o Xylene (Total) 0 - 6" 

SVOCs 

Benzo(a)pyrene 0-6" 

18·24" 

bis(2-BthyJbexyl)phthalate 18 - 24" 
(BBHP) 

Chrysene 

Indeno(l,2,3-cd)pyrene 

0-6" 

18 - 24" 

0-6" 

112 

Iti> 
212 

112 

112 

212 

112 

2/2 

18 

10 
59 - 120 

56 

10,000 

56 - 110 

57 

44 -74 

90 

56 

10,000 

83 

57 

59 

160,000,000 

88 

NA 

NA 

88,000 

NA 

880 

8.3-18 

1 (014S0004) 

NA 

NA 

o 
NA 

o 

1,000,000,000 

NA 

780,000 

NA 

82.;OOO,{)(ij 

NA 
7,800 

o 
o 

NA 

NA 

0 

NA 

0 

NA 

0 

ssL'1l SSL Exceedanees 

8;000 I (Ol4S00Q4) 

11,000 0 

74,000 0 

700 () 

4,000 0 

4,000 0 

... goo 0 

4.000 0 

4.000 0 

4,000 I) 

11,000 0 

CIS.OOO () 

68.000 () 

1,000 0 

1,000 0 

980,000 () 

980;000 0 

35,000 0 



AnaI"'aOO 

SVOCs 

Pyrene 

Number of 
IDtervaPI Dettdioas'" 

0-6" 

18·24" 

212 

112 

Total Petroleum Bydn:lcarhoos 

TPH-GRO 

4,4'-DDE 

Aldrin 

0-6" 

18 - 24" 

0' - 6" 

18 - 24" 

I) ·6" 

212 

112 

112 

212 

212 

18-24" 212 

,«I 

51- 92 

62 

85 - 110 

66 

21 

2.2 -7.5 

5.7 - 6 

1.7 - 2.2 

24~39 

Table 8.3.2 
Detected CooceotnWoos of Organic Compouuds in Polaris Drive Drainage DItch Soil Samples 

SWMU 14 - Building 8-140 and SeveDtb Avenue Drainage Ditch 
(datain~g) 

Residential Soil Industrial Soil 

RCRA Facility Investigation Report 
Assembly E - SWMUs 2, 9, 14, 38, 59, and 65 
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Revision 1: February 2, 1998 

Meanldl RBCI'" RBC-Res. Exceedances RUCOO RUC-Ind. Exceedances SSL(I) SSL ExceedaRces 

72 

62 

8,8.$0 

98 

66 

21 

4.9 

6 

2 

32 

2,300,000 

NA 

NA 

1,900 

NA 

38 

NA 

40 

8.3-19 

o 
NA 

NA 

0' 

NA 

0' 

NA 

I) 

61,000,000 

NA 

NA 

17,000 

NA 

340 

NA 

360 

NA 

NA 
o 

NA 

NA 

0' 

NA 

0 

NA 
0' 

NA 

I) 

NA 

30,00(1 
1,400,000 

1,400,000 

5OO,IJOOiI' 
Soo.®O 
500,000 

500,000 

500 

500 

1,000 

1,000 

5 

5 

I) 

o 
o 

o 
I) 

0' 

0' 

0' 

0' 

I) 

0 

2 (O'I4S0003, O'I4S0004) 

0' 

2 (014S0003. 014S0004) 

'2 (014S0003, 014S00(4) 
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Table 8.3.2 
Detected CODCeBtratiolls of Orgaoic: Compounds in Polaris Drive Drainage Ditch Soil Samples 

SWMU 14 - Building 8-140 and Seveatb Avenue Drainage Ditch 
(data in ",glkg) 

Number of Residential Soil Industrial Soil 
ADalytelal I~~eetioIJsIaI Rau2e'" Menn(d) RBCIaI RBC·Res. Exceedaac:es RBCIaI RBC·Ind. Exceedaac:es SSL(I) SSL Exceedaaces 

MCPP 0-6" 

18 - 24" 

NllUs: 

212 

212 

1,900 - 3,000 

570 -2,200 

2,450 

1,385 

78,000 

NA 

o 
NA 

2,000,000 

NA 

o 
NA 

a Fwr soil samples were collected with a stainless-steel hand auger from two locations in the Polaris Drive drainage ditch south of SWMU 14. The 0- to 6-inch interval and the 18- to 24-inch interval were sampled at each location. 
The samples were analyzed by the offsite laboratory for VOCs, SVOCS, TPH-GRO, TPH-DRO, chlorinated pesticideslPCBs, organophosphorus pesticides, Appendix IX metals, and cyanide. 

b Intervals shown are in inches below land surface 
c Range lower limit is the lowest detected analyte concentration. 
d Mean based on detected analyte concentrations only. 
e Residential and industrial screening values (RBC-Res., RBC-Ind.) are from the Risk-Bosed ConcenlratUm Table, lOllIlIlT)' to 1_ 1996 (USEPA, 1996a). RBCs only apply for comparison to data from samples collected across 

the surface interval. 
f Soil Screening Levels, considered prntective of contaminant transfer from souto groundwater, are from the Risk-Bosed Concenlration Table, lOllIlIlT)' to 1_1996 (USEPA, 1996a). 
g denotes RBC or SSL is not available (or this anaIyte; therefore, no comparison can be made. 
h NA denotes RBC comparison is not applicable for this subsurface sample. 

The RBCs for fluoranthene were used as a surrogate for benzo(g,h,i)perylene, which does not have RBCs. 
No RBC or SSL exists for TPH; the IDEe soil cleanup level of 500,000 ",glkg total TPH for nondrinking water aquifers with a soil permeability of lit' to 10'" has been substituted for the SSL. Standard obtained from the Policy 
Stotementfor Petroielllll Contotni1to1ed Sites (TDEC, 1997>. 
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VOCs 

Acetone 

Trichloroethene (TCE) 

Anthracene 

Table 8.3.3 
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Detected ConcetItratlons of Organic Compounds in Soil Samples From Soil Borings Associated WIth Monitoring Well Installation 
SWMU 14 - Building 8-140 and Seventh Avenue DnIinage DItch 

(datain~ 

Number of Residential Soil RBC·Res. Industrial Soil RBC·Ind. 
lDtervat<'l Detedfonsl"l ,(cj Mean(dl RBCIM Ext:eedaPees RBCIM Ext:eedaPees SSL(I) SSL Ext:eedaPees 

0-2' 

4·6' 

8 -10' 

4 - 6' 

8 -10' 

0-2' 

2/8 

4/8 

3/8 

1/8 

118 

2/8 

14 - 69 

6 - 47 

3-5 

3 

19 

53 - 380 

42 

19 

3 

19 

217 

7,800,000 

NA 

NA 

NA 

NA 

4,700,000 

23,000,000 

0 

NA 

NA 

NA 

NA 

o 

o 

200,000,000 

NA 

NA 

NA 

NA 

120,000,000 

~;@;~ .. 
610,000,000 

0 

NA 

NA 

NA 

NA 

o 
o 
o 

8,000 

8,000 

20 

20 

3&,000 
200,000 

4,300,000 

4 - 6' 1/8 44 44 NA NA NA NA 4,300,000 

700 

~~~~~~~~~~ _____ 700 
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Table 8.3.3 
Detected Conceakations or Organic Compounds in Soil Samples From Soil Borings Associated With Monitoring Well IDStaIJation 

SWMU 14 - Bonding 8-140 and Seventh Aveaue Drainage Ditch 
(data in ~gIkg) 

Number or Resideatlal Soil RBC-Res. Indnstrial Soil RBC-Ind. 
Aaaiytelol ~ Detect1ons'-I Range<ol Meanldl RJICIoI Exaedances RJICIoI Exaedances 

Benzo(b)ftuoranthene 

Benzo(k)ftuoranthene 

Chrysene 

Dibenz(a,h)lIIlIhracene 

F1uoranthene 

0-2' 

4 - 6' 

0-2' 

4 - 6' 

0-2' 

4-6' 

0-2' 

0-2' 

4 - 6' 

4/8 

1/8 

.. ,II 
1/8 
4/8 

1/8 

4/8 

1/8 

218 

4/8 

118 

63 - 550 

58 

44 

51 - 480 

61 

60-620 

77 

40 - 130 

55 - 1,500 

210 

213 

58 

190 

61 

225 

77 

85 

466 

210 

880 

NA 

8,800 

NA 

88,000 

NA 

88 

3,100,000 

NA 

o 
NA 

o 
NA 

0 

NA 

1 (014S04LF) 

0 

NA 

7,800 

NA 

78,000 

NA 

780,000 

NA 

780 

Uoo,ij(ij· 
82,000,000 

NA 

~.ij(ij.1JOO 

o 
NA 

o 
NA 

0 

NA 

0 

0 

NA 

0 

SSL(I) 

4,000 

4,000 

4,000 

4,000 

h.ooo 
1blOb 
68,000 

·500 

1,000 

1,000 

tooo.lJOO.ooo 
11,000 

1:10,000 
980,000 

980,000 

100,000 

SSL Exaedances 

o 
o 

0 

0 

6 
a 
0 

0 

0 

0 

0 
0 

0 

0 

0 

I) 

Indeno(l,2,3-cd)pyrene 0 - 2' 4/8 48 - 360 146 880 0 7,800 0 35,000 0 

s_<>·>·~}t~.<i ·<*/8·<) ().3~ . ···300 3;tOO,t:JOO. .. > > ........... 0. . .. 81~OOO,OOO 0 30,000 I) 
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Detected Concentrations of Organic Cumpouuds in Soil Samples From Soil Borinl!S Associated WIth Monitoring WeD Installation 
SWMU 14 - Building S-140 and Seventh A venue Drainage Ditch 

(data in /-lglkg) 

Number of Residential Soil RBC-Res. Industrial Soil RBC-Ind. 
~Jte~ __ _Inte~ DeteetIcJnsW Rnnge(c) Menn<41 RBCW Exceedances RBCW Exceedances SSLtII SSL Exceedances 

Pyrene 0-2' 4/8 62 - 1,200 391 2,300,000 0 61,000,000 0 1,400,000 0 

4 - 6' 118 190 190 NA NA NA NA 1,400,000 0 

Total PetroielDD H~drocarhons 

jjft~bi~> .. > 0;2' tl8 3l.(:iOO 31,000 .~ sOO.~ I) 

TPH-GRO 0-2' 118 200 200 500,000 0 

4 - 6' 118 140 140 NA NA NA NA 500,000 0 

8 - 10' 2/S 97 - 170 134 NA NA NA NA 500,000 0 

4,4'·DDT 0-2' SIS 4.8 -71 32 1,900 0 17,000 0 1,000 0 

0 $ I (Ot4S04LF) 

alpha-ChJordane 0-2' 4/8 1.6 - 26 S.2 1,825 0 16,352 0 2,000 0 

~i2M···· ~. 0 2~8$()t11 0 

Dieldrin 0-2' 718 6.2 - 91 30 40 2 (Ol4S02l.S, 014S04LF) 360 0 7 (014S01l.S, 
014S02l.S,014S03l.S, 
014S04LF,Ol4S06LF, 
0l4S07LF,Ol4S08l.S) 

318 !) 1,825 0 16,352 0 2,000 I) 

Heptachlor epoxide 0-2' 3/8 1.1 - 6.6 3.6 70 0 630 0 30 0 

t~:aMltd~</> ·> .. 0.;2L • .1/8 >160. .·l6O 1;82$ 0 16,352 0 2,000 0 
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Table 8.3.3 
Detected Conceatratioas of Organic Compounds in Soil Samples From Soil Borings Associated With Monitoring Well Installation 

Nmnberof 
~~~. IntervaJOO DetectioaJsl"l Range\<) 

Herbicides 

2,4-D 

Dicblorprop 

~Hh 

NoN,: 

0-2' 

6' 

0-2' 

8·10' 

liS 

liS 

lIS 
liS 

liS 

9.S 

100 

4.S 

2.6 

1,100 

SWMU 14 - Building 8-140 and Seventh Avenue Drainage Ditch . 

Mean"" 

24 

9.S 

160 

4.S 

Ui 

1,100 

5,800 

(data in Jlglkg) 

Residential Soil 
RBCW 

780,000 

NA 

NA 

RBC-Res. 
Exceedanc:es 

o 
NA 

Industrial Soil 
RBCW 

l~~ijoo It". ,. 

20,000,000 

NA 

RBC-Ind. 
Exeeedances 

o 
NA 

NA 
o 

SSL(I) SSL Exeeedances 

1,700 o 

a Twenty-four soil samples were coIleded from eight soil boring locations. The samples were collected from 0 to 2 feet, 4 to 6 feet, and S to 10 feet below land surface and analyzed for VOCs, SVOCs, TPH-GRO, TPH-DRO, 
chlorinated pesticideslPCBs, organophosphorus pesticides, Appendix IX metals, and cyanide. 

b Intervals shown are in feet below land surface 
c Range lower limit is !he lowest detected analyte concentration. 
d Mean based on deteeted analyte concentrations only. 
e Residential and industrial screening values (RBC-Res., RBC-Ind.) are from !he Risk-Baled Concentrolion Table, JlUIIltUY to JII1Ie 1996 (USEPA, 1996a). RBCs apply only for comparison to data from samples collected across 

!he surface interval. 
f Soil Screening Levels, considered proteCtive of contaminant transfer from soil to groundwater, are from !he Risk-Baled Conce1ll1'alion Table. JlUIIltUY to June 1996 (USEPA, 1996a). 
g denotes RBC or SSL is not available for this analyte; !herefore, no comparison can be made. 
b NA denotes RBC comparison is not applicable for this subsurface sample. 

The RBCs for tlunrantbene were used as a surrogate for benzo(g,h,i)perylene and phenanthrene, which do not have RBCs. 
j The RBCs for naphthalene were used as a surrogate for 2-methylnaphtbalene and acenaphtbalene which do not have RBCs. 
k No RBC or SSL exists for TPH; !he TDEC soil cleanup level of 500,000 Jlg/kg total TPH for nondrinking water aquifers with a soil permeability of 10" to 10'" has been substiwted for the SSL. Standard obtained from the Policy 

Stalemenl/or PeJrolell1ll Contaminaled Sites (IDEC, 1997). 
The slope factor for PCBs was updated in IRIS in October 1996. Consequendy,!he RBCs were recalculated using this updated information. 
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Tables 8.3.2 and 8.3.3 summarize the detected SVOC concentrations in Polaris Drive drainage 

ditch samples and soil samples from soil borings associated with monitoring well installation. 2 

Figure 8.3.4 plots SVOC concentrations in surface soil that exceeded their respective RBCs. As 3 

shown in the tables, no detected SVOC in surface soil exceeded its industrial RBC, and no 4 

detected SVOC in any soil sample exceeded its SSL. However, the following two SVOCs 5 

exceeded their residential RBCs: 6 

Benzo(a)pyrene's residential RBC (88 ;,tg/kg) was exceeded in one surface soil sample from the 7 

Polaris Drive ditch (014S0004, 120 ;,tg/kg) and in three surface soil samples from soil borings 8 

associated with monitoring well installation: 014S02LS (100 ;,tg/kg), 014S03LS (130 ;,tg/kg), and 9 

014S04LF (560 ;,tg/kg). 10 

Dibenz(a,h)anthracene's residential RBC (88 ;,tg/kg) was exceeded in the surface soil sample from 11 

soil boring 014S04LF (130 ;,tg/kg). 12 

TPH in Soil Samples 13 

TPH-GRO and TPH-DRO were detected in many SWMU 14 soil samples. The USEPA has not 14 

established an RBC or SSL for TPH. For evaluation, the TDEC cleanup level of 500,000 ;,tg/kg 15 

for total TPH in nondrinking water aquifers (Le., the loess) with soil permeabilities ranging from 16 

10-4 to 10~ cm/sec (TDEC, 1997) has been compared to total TPH concentrations in surface and 17 

subsurface soil. As shown in Tables 8.3.2 and 8.3.3, the TDEC cleanup standard was not 18 

exceeded by the total TPH concentration in any sample. 19 

PesticideslPCBs in Soil Samples 20 

The following pesticides/PCBs were detected in soil samples from the Polaris Drive drainage ditch 21 

and soil borings associated with monitoring well installation: 22 
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4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Aldrin 
Aroclor-1260 

alpha-Chlordan~ 

gamma-Chlordane 
Dieldrin 
Heptachlor epoxide 
Techr.rlcalchlordane 

2 

3 

4 

5 

As shown in Tables 8.3.2 and 8.3.3, no PCB exceeded its respective residential RBC or SSL, and 6 

no pesticide exceeded its respective industrial RBC. Aldrin and dieldrin were the only pesticides 7 

that exceeded their applicable residential RBCs and/or SSLs, as summarized below. Figure 8.3.4 8 

plots the surface soil RBC exceedances, and Figure 8.3.S plots the SSL exceedances in both 9 

surface and subsurface soil samples. 10 

Aldrin's SSL (S ,ug/kg) was exceeded in the 0- to 6-inch interval surface soil samples from the 11 

Polaris Drive drainage ditch (014S0003 [6,ug/kg] and 014SOOO4 [S.7 ,ug/kg]), and the O.S- to 12 

2-foot interval surface soil sample from soil boring 014S04LF (8.4 ,ug/kg). 13 

Dieldrin's residential RBC (40 ,ug/kg) was exceeded in surface soil samples from the following 14 

soil boring locations: 014S02LS (91 ,ug/kg) and 014S04LF (62,ug/kg). Figure 8.3.4 plots the 15 

RBC exceedances for dieldrin. Dieldrin's SSL value (1 ,ug/kg) was exceeded in both intervals of 16 

the two Polaris Drive drainage ditch sampling locations. The 0- to 6-inch interval samples from 17 

locations 014SOO03 and 014S0004 were 39 ,ug/kg and 24 ,ug/kg; the 18- to 24-inch interval 18 

samples exhibited concentrations of 20 ,ug/kg and S.1 ,ug/kg. The SSL was also exceeded in 19 

surface soil (O.S- to 2-foot interval) from seven of the eight soil boring locations: 014S01LS 20 

(14 ,ug/kg), 014S02LS (91 ,ug/kg), 014S03LS (6.S ,ug/kg), 014S04LF (62 ,ug/kg), 014S06LF 21 

(11 ,ug/kg), 014S07LF (6.2 ,ug/kg), and 0l4S08LS (16 ,ug/kg). No detected dieldrin concentration 22 

in surface soil exceeded its RC (262 ,ug/kg) established in the Technical Memorandum - Surface 23 

Soil (0 to 1 foot) Background Dieldrin Concentrations at NSA Memphis (E/A&H, 1997d). 24 
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• 
014S0003 

14S02LS 

( 
014S01LS 

LEGEND 

014S05LS ... ~ 
J 

... 

NO CONSTITUENT IN SURFACE SOIL EXCEEDED THE RESIDENTIAL 
RBC (AND THE BACKGROUND REFERENCE CONCENTRATION, 
WHERE APPUCABLEj 

ONE OR MORE CONSTITUENTS IN SURFACE SOIL EXCEEDED THE 
RESIDENTIAL RBC (AND THE BACKGROUND REFERENCE 
CONCENTRATION, WHERE APPUCABLE) 

SURFACE SOIL (0·6") SAMPLE DESIGNATION; SAMPLE 
COLLECTED FROM THE POLARIS DRIVE DRAINAGE DITCH 

SURFACE SOIL (0 ,5·2') SAMPLE DESIGNATION; SAMPLE 
COLLECTED WITH THE ROTASONIC DRILUNG RIG AT 
MONITORING WELL LOCATIONS 

SWMU 14 

014S03LS 

BENZO(A)PVRENE 
DlBENZ(A,tQANTHRACENE 

;,' DlElDRl 
'1:';> 

----------~ 

Feet 

RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MILLINGTON, TENNESSEE 

FIGURE 8.3.4 
RBC EXCEEDANCES IN SURFACE SOIL SAMPLES 

SWMU 14 - BUILDING S-140 AND 
SEVENTH AVENUE DITCH 

( 



I 

t 

• 

"q/kg 

.~/kg 

LEGEND 

NO CONSTITUENT IN ANY SOIL SAMPLE FROM THIS SOIL BORING 
EXCEEDED ITS SOIL TO GROUNDWATER SSL (AND THE BACKGROUND 
REFERENCE CONCENTRATION, WHERE APPLICABLE). 

ONE OR MORE CONSTITUENTS IN A SOIL SAMPLE FROM THIS SOIL 
BORING EXCEEDED ITS SOIL TO GROUNDWATER SSL (AND THE 
BACKGROUND REFERENCE CONCENTRATION, WHERE APPLICABLE). 

102 feet) 
10 

THE FOLLOWING CONSTITUENTS IN SOIL 
SAMPLES FROM SOIL BORING 014S06LF 
EXCEEDED THEIR RESPECTIVE SSLs (AND 
BACKGROUND REFERENCE CONCENTRATION. 
WHERE APPLICABLE): 11 ~g/kg DIELDRIN 
IN THE SAMPLE FROM 0.5 TO 2 FEET BELOW 
LAND SURFACE, AND 224 mg/kg NICKEL 
IN THE SAMPLE FROM 8 TO 10 FEET BELOW 
LAND SURFACE. 

MICROGRAMS PER KILOGRAM 

MILLIGRAMS PER KILOGRAM 

C14S01lS 

100 o 100 Feet -------- -----
RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MILLINGTON, TENNESSEE 

FIGURE 8.3.5 
SOIL TO GROUNDWATER SSL EXCEEDANCES IN SOIL BORING 

AND POLARIS DRIVE DRAINAGE DITCH SOIL SAMPLES 
SWMU 14 - BUILDING S-140 AND 

SEVENTH AVENUE DITCH 
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The following herbicides were detected in soil samples from the Polaris Drive drainage ditch and 2 

soil borings associated with monitoring well installation: 3 

2,4-D 
2,4-DB 
2,4,5-TP (Silvex) 
Dichlorprop 

Dinoseb 
MCPA 
MCPP 

4 

5 

6 

7 

As shown in Tables 8.3.2 and 8.3.3, no herbicide in any surface soil sample exceeded its 8 

residential RBC. None of the herbicides detected in RFI samples exceeded available SSLs. 9 

8.3.3.1.2 Inorganics in Soil Samples 10 

The following inorganics were detected in RFI soil samples: 11 

Antimony Lead 12 

Arsenic Mercury 13 

Barium Nickel 14 

Beryllium Selenium 15 

Cadmium Silver 16 

Chromium Tin 17 

Cobalt Vanadium 18 

Copper Zinc 19 

Tables 8.3.4 and 8.3.5 summarize the inorganics in the surface and subsurface soil samples 20 

collected from the Polaris Drive drainage ditch and soil borings associated with monitoring well 21 

installation, respectively. As shown in these tables, barium was the only inorganic in surface soil 22 

to exceed both its background RC and residential RBC or SSL. Nickel was the only inorganic in 23 

subsurface soil to exceed both its background RC and SSL. Figure 8.3.4 plots the inorganic 24 

concentrations in surface soil that exceeded both the RC and RBC. Figure 8.3.5 plots inorganic 25 

concentrations in surface and subsurface soil that exceeded both the RC and SSL. The 26 

exceedances for these analytes are discussed in the following paragraphs. 27 
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N_berof 

Barium 0-6" 212 118 - 141 130 

18 - 24" 2/2 152 -153 153 

1);4~();s6 
'.; " ~ ""' ': 

O;44~().48 

Cadmium 0- 6" 212 2.3 - 3.7 3 

18 - 24" 212 2.5 - 2.6 2.6 

Cobalt 0-6" 212 6.3 - 8.9 7.6 

18 - 24" 212 7.5 - 8.8 8.2 

Lead 0-6" 212 46.8 -60.3 53.6 

18 - 24" 212 19.8 - 52.7 36.3 

Selenium 0-6" 212 0.31 - 0.54 0.43 

18 - 24" 2/2 0.32 - 0.34 0.33 

Table 8.3.4 
Detected Cooceatrations of Inorganks in Polaris Drive I>r'aiDage DItch Soil Samples 

SWMU 14 - Building S-140 and Senath Al'eDue I>r'aiDage DItch 
(data in mglkg) 

Residential Indlllltrial 

5,500 0 140,000 0 32 

NA NA NA NA 32 

1>.1$ 

NA 

39 0 1,000 0 6 

NA NA NA NA 6 

4,700 0 120,000 0 

NA NA NA NA 

40()01 0 I,JOOGI 0 

NA NA NA NA 

390 0 10,000 0 3 

NA NA NA NA 3 

8.3-32 

Reference 

2 (014S0003, 014S0004) 223.46 0 

2 (014S0003, 014S0004) 265.12 0 

f 0 

() 

0 1.54 2 (014SOOO3, 014S0004) 

0 3.24 0 

1 (Ol4S000l) 

() 

15.98 0 

14.36 0 

() 

0 

26.03 2 (014S0003, 0l4S0004) 

19.8 1 (014S0004) 

0 

a {(Il4S0003;:Ol~) 
0 NO 2 (014SOOO3, 014S0004) 

0 NO 2 (014S0003, 014S0004) 



Zinc 0·6" 

18 - 24" 

Nlllls: 

212 

2/2 

102 - 121 

48.8 - 60.8 

112 

54.8 

Table 8.3.4 
Detected Concentrations of Inorganics In Polaris Drive Drainage Ditch SoU Samples 

SWMU 14 - Building S-140 and Seventh Avenue Drainage Ditch 

Residential 

23.000 

NA 

o 
NA 

(data In mglkg) 

Industrial 

610,000 

NA 

o 
NA 

42,000 

42.000 
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o 
o 

Reference 

98 

109 

2 (014S0003. 0l4S00(4) 

o 

a Four soil samples were coIlecIed with a stainless-steel band auger from two locations in the Polaris Drive drainage ditch south of SWMU 14. The 0- to 6-inch interval and the 18- to 24-inch interval were sampled. The samples 
were analyzed by the off site laboratory for VOCs, SVOCs, TPH-gasoline, TPH-diesel, chlorinated pesticidesIPCBs, organophosphorus pesticides. Appendix IX metals. and cyanide. 

b Intervals shown are in inches below land surface. 
c Range lower limit is the lowest detected analyte concentration. 
d Mean based on detected analyte concentrations DoIy. 
e Residential and industrial screening values (RBC-Res .• RBC.Ind.) are from the Risk-Based Concentration Table. ItlIIIU.lTJ to lUll/! 1996 (USEPA. 1996&). RBCs only apply for comparison to data from samples collected across 

the surface interval. 
f Reference concentration is two times the mean background concentration established for 13 background surface soil samples and 5 background subsurface soil samples collected throughout NSA Memphis. Refer to Technical 

Memorandum -Reference Conct!lltratioRs (ElA&H, 1996&) for background reference concentration calculations. 
g Soil Screening Levels, considered protective of contaminant transfer from soil to groundwater. are from the Risk-Based Concentration Table. lanutIFy to lUll/! 1996 (USEPA. 1996&). 
h NA denotes RBe comparison is not applicable for this subsurface sample. 

denotes SSL is not available for this analyte; therefore. no comparison can be made. 
j No RBC exists for lead; the soil screening value for residential and industrial soil (400 ~g/kg and 1.300 ~g/kg) from OSWER Directive 9355.4-12 are used for comparison (USEPA, 1994c). 
k NO denotes indicated analyte was not detected in background samples. 
I The RBCs for chromium VI were used as a conservative estimate of risk. Based on past site activities. it is unlikely that the total chromium concentrations reported are comprised of bexavalent chromium. and as snch, the SSL 

for chromimn VI was not used. 
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Table 8.3.5 
Detected Concentrations of Inorganics in Soil Samples Fnm Soil Borin~ Associated With Monitoring Well Installation 

SWMU 14 - Building S-140 and Seventh Avenue Draiaage Ditch 
(data in mglkg) 

Residential Industrial 

Arsenic 0-2' 8/8 5.3 -9 7 0.43 8 (014S01LS, 014S02LS, 3.8 8 (OI4S01LS, 014S02LS, IS 0 
Ol4S03LS,OI4S04LF, 0l4S03LS,014S04LF, 
014S05LS,014S06LF, 014S0SLS,0l4S06LF, 
014S07LF,014S08LS) 014S07LF,0l4S08LS) 

8/8 1.8 - 11.3 4.5 NA NA NA NA IS 0 

Cadmiwn 0-2' 8/8 1.8 - 3.4 2.4 39 0 1,000 0 6 0 

4 - 6' 8/8 1.6-3.7 2.4 NA NA NA NA 6 0 

8 -10' 8/8 1.6 - 3.6 2.6 NA NA NA NA 6 0 

8.3-34 

Reference 

14.S8 0 

20.32 0 

1.54 8 (014S01LS, 014S02LS, 
014S03LS,014S04LF, 
014S05LS,014S06LF, 
014S07LF,014S08LS) 

3.24 1 (Ol4S04LF) 

3.24 3 (OI4S02LS, 014S0SLS, 
014S08LS) 



Number of 
~oo Intemtl'" JleteetioasI<I Range(e) 

Cobalt 

Lead 

Nickel 

Silver 

0-2' 

4-6' 

8 -10' 

0-2' 

4 - 6' 

8 -10' 

0-2' 

4 - 6' 

8 -10' 

4-6' 

8/8 

8/8 

8/8 

8/8 

8/8 

8/8 

8/8 

8/8 

8/8 

218 

4.7 - 19.4 

3.1 - 6.6 

5.4 - 8,4 

24,3 

1~.1;; ii.7 
14:9..:20 
9.7·84.9 

9.7-22.1 

7.9 - 13 

,(1.14 

9.7 - 20.6 

10.6 - 18.2 

14.7 - 22.4 

0.96 -4.2 

TableS.3.S 
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Detected CODCelltratioas or IJIOI'gIlIlics in Soil Samples From Soil Borings Associated With Moaitoring WeD Installation 
SWMU 14 - Building 5-140 aud Seventh Avenue Drainage Ditch 

(data in mglkg) 

Residential Industrinl 
Mean(41 Soil RIIC'" RBC-Res. Exeeedances Soil RBC!<I RBC-Ind. Exceedances SSLItl 

14 NA 
11.2 NA 
9.2 4,700 

4.9 NA 
7.1 NA 
16.3 3;100 
14.9 NA 
18 NA 

49.8 40001 

14.8 NA 
11 NA 

~,. 

14.3 1,600 

13.8 NA 

17.8 NA 

2.6 NA 

NA 
NA 
0 

NA 
NA 
(I 

NA 
l'JA 
0 

NA 
NA 

0 

NA 

NA 

o 
NA 

120,000 

NA 
NA 

1,3OQCII 

NA 
NA 

41,000 

NA 

NA 

NA 

8.3-35 

lfA 
NA 
o 

NA 
NA 

0 

NA 
NA 

0 

NA 

NA 

o 
NA 

21 

21 

21 

3 

SSL beedances 

0 
0 

0 

1 (OI4S06LF) 

o 

Rer_ 
ConcentraUon(l) 

ffB 
18.18 
2U8 
15.98 

14.36 

14.36 

26.03 

19.8 

19.8 

0.46 
20.62 

NO 

NO 

NO 

NO 

R~ beedances 

o 
o 
o 

2 (014S03LS, 014S04LF) 

o 
o 

1 (014so3tS) 

6(014S02LS,OI4S03LS, 
014S04LF,OI4S05LS, 
014S06LF,OI4S08LS) 

2 (014S07LF, 014S08LS) 

o 

o 
8 (014S01LS, Ol4S02LS, 

014S03LS,Ol4S04LF, 
014S0SLS,OI4S06LF, 
014S07LF,OI4S08LS) 

8 (014S01LS, 014S02LS, 
014S03LS,OI4S04LF, 
014S05LS,014S06LF, 
014S07LF,OI4S08LS) 

I (Ot4S05LS) 
2 (0l~I..S, 014S05LS) 
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Vanadium 0 - 2' 

4 - 6' 

8 -10' 

NIM': 

8/8 

8/8 

8/8 

17.8 - 32.1 

15.6 - 26.2 

16.9 - 26.5 

22.1 

19.8 

21.2 

SSO 
NA 

NA 

o 
NA 

14,000 

NA 

NA 

o 
NA 

NA 

Refereace 

45.1 

43.68 

43.68 

o 
o 
o 

a Twenty-four soil samples were collected from eight soil boring locations. The samples were collected from 0 to 2 feet, 4 to 6 feet, and 8 to 10 feet below land surface and analyzed for VOCs, SVOCs, TPH-gasoline, TPH-diesel, 
chlorinated pesticideslPCBs, organophosphorus pesticides, Appendix IX metals, and cyanide. 

b Intervals shown are in feet below land surface. 
c Range lower limit is the lowest detected analyte concentration. 
d Mean based on detected analyte concentrations only. 
e Residential and industrial screening values (RBC-Res., RBC-Ind.) are from the Risk-Bosed Concentralion Table, JI1l/UtII'Y to J_1996 (USEPA, 1996a). RBCs apply only for comparison to data from samples collected across 

the surface interval. 
f Reference concentration is two times the mean background concentration established for 13 backgronnd surface soil samples and 5 backgronnd subsurface soil samples collected thronghout NSA Memphis. Refer to Technical 

Memorandum -Refe11!!nce ConcentraliDns (BlA&H, 1996a) for background reference concentration calculations. 
g Soil Screening Levels, considered prrnective of contaminant transfer from soil to gronndwater, are from the Risk-Bosed Concentralion Table, JQIIUIlry to J_ 1996 (USEPA, 1996a). 
h NA denotes RBC comparison is not applicable for this subsorface sample. 

ND denotes the indicated analyte was not detected in backgronnd samples. 
j denrnes SSL is not available for this analyte; therefore, no comparison can be made. 
k The RBCs for cbromium VI were used as a conservative estimate of risk. Based on past site activities, it is unlikely that the total chromium concentrations reported are comprised of bexavalent chromium, and as such, the SSL 

for chromium VI was not used. 
No RBC exists for lead; the soil screening value for residential and industrial soil (400 Jig/kg and 1,300 Jig/kg) from OSWER Directive 9355.4-12 are used for comparison. 
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Barium's background RC (223.46 mg/kg) and SSL (32 mg/kg) were exceeded for surface soil 

samples collected from the following soil boring locations: 014S04LF (407 mg/kg) and 014S07LF 2 

(244 mg/kg). 3 

Nickel's background RC (non-<ietect) and SSL (21 mg/kg) was exceeded in the 8 to lO-foot interval 4 

sample from soil boring 014S06LF (22.4 mg/kg). 5 

8.3.3.2 Nature and Extent of Groundwater Contamination 6 

As previously mentioned in Section 3, constituents in groundwater are compared with their 7 

respective RBCs for tap water and MCLs for drinking water. Detected concentrations of 8 

inorganics in groundwater are also compared to their established background RCs to determine 9 

if they occur naturally or may be attributed to former operations at SWMU 14. 10 

8.3.3.2.1 Organic Compounds in Groundwater Samples 11 

VOCs in DPT Groundwater Samples 12 

The following VOCs were identified in DPT groundwater samples collected from SWMU 14: 13 

Benzene 
cis-1 ,2-Dichloroethene 

PCE 
TCE 

14 

15 

Table 8.3.6 summarizes the detected concentrations of VOCs in DPT groundwater and compares 16 

them to their RBCs for tap water and MCLs for drinking water. Figure 8.3.6 presents the 17 

detected VOCs in DPT groundwater and shows which exceeded their RBCs and/or MCLs. The 18 

following discusses RBC and MCL exceedances by compound. 19 
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Benzene's tap water RBC (0.36 j-Lg/L) was exceeded by the fluvial deposits confrrmation 

groundwater sample from location 0l4GOOll (5 j-Lg/L). The detected benzene concentration in 2 

this sample equaled its MCL. 3 

Analyte(l) 

cis-l,2-dichloroethene 

PCE 

Notes: 

Table 8.3.6 
Detected Concentrations of VOCs in DPT Groundwater Samples 
SWMU 14 - Building 8-140 and Seventh Avenue Drainage Ditcb 

(data in ~g/L) 

Sample Onsite· Offsite Laboratory RBC - Tap 
Location Interval(b) Laboratory Resultb Result" Waterd 

014GOOO5 

014GOOO7 

014GOO12 

014GOOO7 

014GOOO7 

LS (12') 

LS (11') 

LS (11') 

LS (11') 

UF(43') 

3.2 

20.1 

5.79 

ND 

NA' 

NA 

NA 

NA 

61 

61 

61 

1.1 

MCL - Drinking 
Water< 

70 

70 

70 

5 

a Nine loess and nine upper fluvial deposits groundwater samples were analyzed for VOCs by the onsite laboratory using Method 8021. Of these 
samples, one loess and three upper fluvial deposits groundwater samples were split and analyzed for VOCs by the offsite laboratory using SW-
846 Method 8240. 

b Interval shown is the unit from which the groundwater sample was coll~ted. LS = loess; UF = upper fluvial deposits. 
c Hydrologic, Inc. of Travelers Rest, South Carolina, provided onsite laboratory services for primary samples. 
c NET of Cambridge, Massachusetts provided offsite laboratory services for confirmation samples. 
d Risk-based concentrations for tap water obtained from the Risk-Based Concentration Table. January to June 1996 (USEPA, 1996a). 
e Maximum contaminant levels in drinking water obtained from the Drinking Water Regulations and Health Advisories (USEPA, 1996c). 
f ND denotes analyte was not detected by the onsite laboratory. 
g NA denotes this sample was not submitted for offsite laboratory confirmation analysis. 

Bold Type denotes this concentration exceeds the RBC for tap water. 
Bold Type and UgderJipe denotes this concentration exceeds both the RBC for tap water and the MCL for drinking water. 
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! 

• 

lEGEND 

NO VOC IN OPT GROUNDWATER SAMPLE EXCEEDED THE 
RBC FOR TAP WATER OR THE MCL FOR DRINKING WATER. 

ONE OR MORE VOCs IN OPT GROUNDWATER EXCEEDED THE 
RBC FOR TAP WATER OR THE MCl FOR DRINKING WATER. 

THE lOESS GROUNDWATER SAMPLE 
FROM OPT SAMPLING lOCATION 
014G0005 CONTAINED THE FOllOWING 
VOC THAT EXCEEDED THE RBC FOR TAP 

TRICHLOROETHENE 4.4 IJgll (lS) WATER ANDIOR THE MCl FOR DRINKING 
WATER: 4.4 ~g/l TRICHlOROETHENE. 

(LS) lOESS 

(UF) UPPER FLUVIAL DEPOSITS 

NOTE: DPT GROUNDWATER SAMPLES WERE ANAL YZED FOR VOCS ONL Y BY 
ONSITE LABORATORY USING METHOD 8021. 

5 

100 

.' - ~ROUNDWATER 
¥ :':~9W DIRECTION 

IN THE lOWER 
FLUVIAL DEPOSITS 

o 100 Feet 
rs.-__ - __ --

RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MilLINGTON, TENNESSEE 

FIGURE 8.3.6 
RBC AND/OR MCl EXCEEDANCES FOR VOCs 

IN DPT GROUNDWATER SAMPLES 
SWMU 14 - BUilDING S-140 AND SEVENTH AVENUE DITCH 
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TeE's tap water RBC (1.6 /-lg/L) and/or MCL (5 /-lg/L) were exceeded by six loess groundwater 

samples and two upper fluvial deposits groundwater samples. The tap water RBC, but not the 2 

MCL, was exceeded at loess groundwater sampling locations 014GOOO5 (4.44 /-lg/L) and 3 

014GOOO8 (3.09 /-lg/L). Locations where loess groundwater samples exceeded both the tap water 4 

RBC and MCL were: 014GO007 (285 /-lg/L), 014GOOO9 (41.2 /-lg/L), 014GOOll (39.2 /-lg/L), 5 

014GOO12 (10.6 /-lg/L). The upper fluvial deposits groundwater sample from location 014GO014 6 

(3.45 /-lg/L) exceeded the tap water RBC, but not the MCL; the upper fluvial deposits sample from 7 

location 014GO012 (5.31 /-lg/L) exceeded both the tap water RBC and MCL. 8 

peE's tap water RBC (1.1 /-lg/L) and MCL (5 /-lg/L) were exceeded at loess groundwater sample 9 

location 014GOOO7 at a concentration of 230 /-lg/L. 10 

VOCs in Groundwater Samples from Monitoring Wells 11 

The VOCs detected in groundwater samples from monitoring wells were 1,2-dichloroethene, PCE 12 

and TCE; these compounds were detected only in loess groundwater. Table 8.3.7 summarizes the 13 

VOC concentrations and compares them to their respective RBCs for tap water and MCLs for 14 

drinking water. Figure 8.3.7 plots concentrations that exceeded their RBC or MCL values. 15 

Exceedances are discussed by compound below. 16 

TeE's tap water RBC (1.6 /-lg/L) and MCL (5 /-lglL) were exceeded in loess groundwater sample 17 

014G02LS at a concentration of 120 /-lg/L. 18 

peE's tap water RBC (1.1 /-lg/L) and MCL (5 /-lg/L) were also exceeded at location 014G02LS 19 

by a concentration of 150 /-lg/L. 20 
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Table S.3.7 
Detected Concentrations of Organic Compounds in Groundwater Samples from Monitoring Wells 

SWMU 14 - Building S-140 and Seventh Avenue Drainage Ditch 
(data in J.lgIL) 

Number of Mean RBC-Tap 
Analytelltl IntervaPI DetectiolJsllll ltange(d Concentrationldl Water«l RBC Exceedances 

VOCs 
=:;:::;0;=; 

.~i.~~ (toIId) LS liS 13 

PCE LS 115 150 ISO 1.1 1 (014G02LS) 

Notes: 

MCL-Drinking 
Watert'l MCLExceedaoces 

7er- 0 

5 1 (Ol4G02LS) 

a Only primary samples are included on this table. Groundwater samples were collected from five loess monitoring wells and four lower fluvial monitoring wells and analyzed at an off site 
laboratory for VOCs, SVOCs, TPH-DRO, pesticidesIPBCs, organophosphorus pesticides, herbicides, Appendix IX metals, and cyanide. 

b Interval shown is the lithologic unit in the screened interval of the monitoring well. LS = loess groundwater, LF = lower fluvial deposits groundwater. 
c Range lower limit is the lowest detected anaIyte concentration. 
d Mean based on detected anaIyte concentrations only. 
e Risk-based concentrations for tap water obtained from the Risk-Bosed Concentration Table, JQ1IlIilry to June 1996 (USEPA, 1996a). 
f Maximum contaminant levels in drinking water obtained from the Drinldng Water Regulations and Health Advisories (USEPA, 199&:). 
g The MCL for cis-l,2 dicbloroethene is the most conservative of the 1,2-dicbloroethene isomers and was therefore chosen as the MCL for 1,2-dicbloroethene (total). 
h denotes MCL is not available for this anaIyte; therefore, no comparison can be made. 

No RBC or SSL exists for TPH; the IDEe groundwater cleanup level of 100 J.lglL total TPH for drinking water aquifers has been substituted for the RBC for tap water. Standard obtained 
from the Policy Statemmtfor Petroleum Contaminated Sites (IDEC, 1997). 
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t 

• 

* 
LS 
LF 

014G01lF 
TPH-DRO 140 1Jg/Ll" 

(ApriI19Q6) 

014G06lF 

LEGEND 

A 

014G05LS 

• 

NO GROUNDWATER CONSTITUENTS EXCEEDEO THE RBC FOR TAP 
WATER OR THE MCl FOR DRINKING WATER (AND THE BACKGROUND 
REFERENCE CONCENTRATION, WHERE APPLICABLE) 

ONE OR MORE GROUNDWATER CONSTITUENTS EXCEEDED THE 
RBC FOR TAP WATER OR THE MCl FOR DRINKING WATER (AND THE 
BACKGROUND REFERENCE CONCENTRATION, WHERE APPLICABLE) 

THE GROUNDWATER SAMPLE FROM MONITORING 
WEll 014G04LF CONTAINED THE FOLLOWING 
CONSTITUENT THAT EXCEEDEO ONE OR MORE 
APPLICABLE STANDARDS: 3.6 I'9IL ARSENIC. 

THE DETECTED CONCENTRATION OF TPH-DRO OR TPH 
EXCEEDED THE TDee CLEANUP STANDARD OF 100 ~g/L 
FOR TOTAL TPH IN DRINKING WATER AQUIFERS (TDEC, 1007) 

LOESS MONITORING WELL 

lOWER FLUVIAL DEPOSITS MONITORING WEll 

.. 014G01lS 

• '. 014G03lS 
TPH-DRO 110 

; - ~ROUNDWATER "¥ ~7?W DIRECTION 
IN THE LOWER 
FLUVIAL DEPOSITS 

100 o &-------- 100 Feet 

RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MilLINGTON, TENNESSEE 

FIGURE 8.3.7 
RBC, MCl, AND/OR TOTAL TPH EXCEEDANCES IN GROUNDWATER 

SAMPLES FROM MONITORING WELLS 
SWMU 14 - BUilDING S-14O AND SEVENTH AVENUE DITCH 
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8.3.3.2.2 Inorganic Compounds in Groundwater Samples 

Arsenic exceeded both its background RC (3.5 j-tglL) and its tap-water RBC (0.045 j-tg/L) in lower 2 

fluvial deposits groundwater samples from monitoring wells 014G04LF (3.6 j-tg/L) and 014G07LF 3 

(3.9 j-tg/L), as shown on Figure 8.3.7 and Table 8.3.8. However, the detected concentrations did 4 

not exceed the MCL for drinking water (50 j-tg/L). No other detected inorganic in groundwater 5 

exceeded both its RC and RBC or MCL. 6 

8.3.3.2.3 Groundwater Samples From the April/May 1997 Sampling Event 7 

The five loess and four lower fluvial deposits groundwater monitoring wells installed at SWMU 14 8 

were sampled during the April/May 1997 groundwater sampling event and submitted to an offsite 9 

laboratory for analysis ofVOCs, TPH, TPH-GRO, and TPH-DRO. 10 

The VOCs detected in groundwater samples from monitoring wells were PCE and TCE. 11 

Additionally, the one SWMU 14 duplicate sample, from loess monitoring well o 14G02LS , 12 

identified the VOC 1,2-dichloroethene at a concentration of 30 j-tg/L which was below both its tap 13 

water RBC (55 j-tg/L) and MCL (70 j-tg/L). Table 8.3.9 summarizes the VOC concentrations and 14 

compares them to their respective RBCs for tap water and MCLs for drinking water. Figure 8.3.7 15 

plots concentrations that exceeded their RBC or MCL values. Exceedances are discussed by 16 

compound below. 17 

TCE's tap water RBC (1.6 j-tg/L) and MCL (5 j-tg/L) were exceeded in loess groundwater sample 18 

014G02LS at a concentration of 130 j-tg/L. 19 

PCE's tap water RBC (1.1 j-tg/L) and MCL (5 j-tg/L) were also exceeded at location 014G02LS 20 

by a concentration of 92 j-tg/L. 21 
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TableS.3.S 
Detected Conceotrations of lDorganics in G~water Samples from MOIIitoring Wells 

SWMU 14 - Building 8-140 aad SeTenth Aveaue Drainage Ditch 

Barium 

Lead 

Tin 

Zinc: 

N_s: 

LS 

LF 

LS 

LF 

LF 

LF 

Number of 

515 

4/4 

41;5 

3/4 

515 

3/4 

1/4 

1/4 

126 - 215 

422 - 638 

2.3 - 10.2 

3.4 - 15 

48 

315 

Mean 

159 

549 

iti.! 
34 
5.1 

8 

27.1 

48 

315 

RBC-Tap 

2,600 

2,600 

1~ 

15 

22,000 

11,000 

(data in ",gIL) 

RBC 

o 
o 

o 
o 

o 

o 

MCL - Drinking 

2,000 

2,000 

1~ 

15 

NAG) 

5,000 

o 
o 

o 
o 

NA 

o 

Reference 

442 0 

232 4 (OI4GOILF, 
014G04LF, 014G06LF, 

014G07LF) 

0 

17.5 0 

6.6 1 (OI4GOILF) 

Hi 
NI)OO 1 (OI4GOILF) 

......•. itol4GOti.f) 
39.8 1 (OI4GOILF) 

a Only primary samples arc included on this table. Groundwater samples were collected from five loess monitoring wells and four lower fluvial monitoring wells and analyzed by the off site laboratory for 
VOCs, SVOCs, TPH-DRO, pesticideslPBCs, organophosphorus pesticides, herbicides, Appendix IX metals, and cyanide. 

b lDtcrval shown is the lithologic unit within the screened interval of the monitoring well. LS == loess groundwater; LF = lower fluvial deposits groundwater 
c Range lower limit is the lowest detected analytc conc:eatrstion. 
d Mean based on detected ana1ytc conc:eatrstions only. 
e Risk-based conc:cntrations for tap walCr obtained from the Risk-Bosed Concentration Table, ItI1IIIIl1Y 10 1_1996 (USEPA, 1996a). 
f Maximum contaminant levels in drinking water obtained from the Drinking Water Regulations and Health Advisories (USEPA, 1996c). 
g Reference conc:eatrstion is two times the mean background conc:eatrstion. Analytical data from two sampling events of 4 loess monitoring wells and 13 fluvial monitoring wells were used to establish 

background conc:eatrstions. Refer to Teclmicol Memorandum -Reference Concentrations (ElA&H, 1996a) for background reference concentration calculations. 
h The RBes for chromium VI were selected because they arc the most conservative risk value. . . 

Lead does not have an RBC or MCL; therefore, the USEPA treatment technique action level of 15 ",gIL has been substituted for the RBC and MCL (USEPA, 1996c). 
j NA denotes risk-based data or background reference concentrations arc not available for this analytc; therefore, no comparison can be made. 
k ND denotes the indicated analytc was not detected in the background samples. 
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TabIeS.3.9 
Compounds Identified During the ApriVMay 1997 Groundwater Monitoring WeD Sampling Event 

SWMU 14 - Building 5-140 and Seventh Avenue Drainage Ditch 
(data in Jlr/L) 

Number of 
AnalytelW Intervaf"l Detecticms'"' Range(c) 

Mean 
Concentration!ll> 

RBC-Tap 
Water· RBC Exceedances 

MCL-Drinking 
Waterl'l 

LS 

LS 

LF 

LS 

LS 

LF 

115 

2/5 

114 

115 

2/4 

92. 

0.65 -130 

i.3 

42 

180-210 

65 

1;3 

42 

195 

1.6 

U 

1()()111 

t()()lll 

I (Oi4G02t$) 
1 (014G02LS) 

o. 

o 

2 (OI4G04LF, 
Ot4OO7LF) 

5 

S 

MCL Exceedances 

1 (Ol4G02LS) 

o 

Only primary samples are included on this table. Groundwater samples were collected from five loess monitoring wells and four lower fluvial monitoring wells and analyzed at an offsite 
laboratory for VOCs, TPH, TPH-DRO, and TPH-GRO. 
Interval shown is the lithologic unit in the screened interval of the monitoring well. LS = loess groundwater, LF = lower fluvial deposits groundwater. 
Range lower limit is the lowest detected analyte concentration. 
Mean based on detected analyte concentrations only. 
Risk-based concentrations for tap water obtained from the Risk-Based Concentration Table, JfllIlIQTJ to JIIIIe 1996 (USEPA, 1996a). 
Maximum contaminant levels in drinking water obtained from the Drinking Water Regulations and Health Advisories (USEPA, 1996c). 
No RBC or SSL exists for TPH; the TOEC groundwater ~Ieanup level of 100 JlglL total TPH for drinking water aquifers has been substituted for the RBC for tap water. Standard obtained 
from the Policy Statementfor Petroleum Contaminated Sites (TOEe, 1997). 
denotes MCL is not available for this analyte; therefore, no comparison can be made. 
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The detected concentrations of TPH, TPH-DRO, and TPH-GRO were compared to the TDEC 

groundwater cleanup level of 100 j.lg/L total TPH for drinking water aquifers. Exceedances of 2 

this standard were indicated in loess monitoring wells 014G02LS, 014G03LS, and 014G05LS, and 3 

lower fluvial deposits wells 014G04LF and 014G07LF. Table 8.3.9 summarizes the TPH 4 

concentrations and compares them to the TDEC standard. Figure 8.3.7 plots concentrations that 5 

exceeded the TDEC standard. 6 

8.3.3.3 Nature and Extent of Sediment Contamination 7 

Sediment samples from the Seventh Avenue drainage ditch west of SWMU 14 were collected using 8 

a stainless-steel hand auger. As outlined in Section 8.3.2.3, the sediment samples were collected 9 

from two intervals (0 to 6 inches bls and 18 to 24 inches bls) at two locations (014MOOOI and 10 

014M0002). SVOCs, TPH, chlorinated pesticides, herbicides, and Appendix IX metals were 11 

detected in Seventh A venue drainage ditch sediment samples. Detected analytes in surface 12 

sediment are compared to their respective USEPA SSVs and, because the sediment sample 13 

locations are seasonally exposed, their USEPA soil RBCs and soil-to-groundwater SSLs. Detected 14 

analytes in subsurface sediment are compared to their respective USEPA SSLs only, since the 15 

SSV sand RBCs do not apply to subsurface samples. Surface and subsurface soil RCs are also 16 

compared to detected concentrations of inorganics in surface and subsurface sediment. 17 

8.3.3.3.1 Organic Compounds in Sediment Samples 18 

SVOCs, TPH, pesticides, and herbicides were detected in sediment samples from the 19 

Seventh Avenue drainage ditch. The organic compounds detected in sediment samples that 20 

exceeded their respective SSVs, soil RBCs, or soil-to-groundwater SSLs are discussed below. 21 

SVOCs in Sediment 22 

The SVOCs detected in sediment samples from the Seventh Avenue drainage ditch were as 23 

follows: 24 

8.3-48 



RCRA Facility Investigation Repon 
Assembly E -SWMUs 2,9,14,38,59, and 65 

NSA Memphis -Millington, Tennessee 
Revision 1: February 2, 1998 

Benzo(a)anthracene Chrysene 

Benzo(a)pyrene Di-n-butylphthalate 2 

Benzo(b )fluoranthene Dibenz( a,h)anthracene 3 

Benzo(g,h,i)perylene Fluoranthene 4 

Benzo(k)fluoranthene Indeno(I,2,3-cd)pyrene 5 

BEHP Phenanthrene 6 

Butylbenzylphthalate Pyrene 7 

Table 8.3.10 summarizes the SVOCs detected in surface (0 to 6-inch interval) and subsurface 8 

(18- to 24-inch interval) sediment samples and compares them to their applicable screening levels. 9 

The following SVOCs exceeded their SSV or residential soil RBC: benzo(a)pyrene, BEHP, 10 

chrysene, fluoranthene, and pyrene. No SY~C exceeded its respective soil-to-groundwater SSL. 11 

Figures 8.3.8 and 8.3.9 plot SSV and RBC exceedances in surface sediment samples, respectively, 12 

and ,the exceedances are discussed by compound below. 13 

Benzo(a)pyrene's SSV (330 ,ug/kg) was equaled by the concentration in the surface sediment 14 

sample from location 014Moool. The detected concentration exceeded the residential soil RBC 15 

(88 ,ug/kg), but not the industrial soil RBC (780 ,ug/kg). 16 

BEHP's SSV (182 ,ug/kg) was exceeded by the surface sediment sample from location 014MOOOI 17 

(2,300 ,ug/kg). The detected concentration did not exceed the residential soil RBC 18 

(46,000,ug/kg). 19 

The SSV of 330 ,ug/kg for chrysene, fluoranthene, and pyrene was exceeded by the surface 20 

sediment sample from location o 14MOOOI , with detected concentrations of 370 ,uglkg, 550 ,ug/kg, 21 

and 400 ,ug/kg, respectively. These concentrations did not exceed their respective residential soil 22 

RBCs (88,000, 3,100,000, and 2,300,000, respectively). 23 
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4,4'-DDE's SSV (3.3 j1.g/kg) was exceeded in the surface sediment sample from location 

014MOO02 (23 j1.g/kg). The detected concentration did not exceed its soil-to-groundwater SSL 2 

(500 j1.g/kg). 3 

4,4'-DDT's SSV (3.3 j1.g/kg) and soil-to-groundwater SSL (1,000 j1.g/kg) were exceeded in the 4 

surface sediment sample from location 014MOOOI (1,900 j1.g/kg). 5 

Dieldrin's soil-to-groundwater SSL (1 j1.g/kg) was exceeded in the subsurface sediment sample 6 

from location 014MOOO2 (24 j1.g/kg). 7 

Herbicides in Sediment 8 

Dinoseb and 2,4-DB were the only herbicides detected in sediment samples collected from the 9 

Seventh Avenue drainage ditch. Of these two compounds, only 2,4-DB was detected in surface 10 

sediment; it did not exce~d its residential soil RBC (630,000 j1.g/kg), and no SSV or soil-to- 11 

groundwater SSL is available for this compound. 12 

TPH in Sediment 13 

Total TPH was detected at both sediment sampling locations in the Seventh Avenue ditch; 14 

concentrations ranged from 120 to 320 j1.g/kg. The USEPA has not established an RBC or SSL 15 

for TPH. For evaluation, the IDEC cleanup level of 500,000 j1.g/kg for total TPH in nondrinking 16 

water aquifers (i.e., the loess) with soil permeabilities ranging from 1<r to 10-6 em/sec 17 

(IDEC, 1997) has been compared to total TPH concentrations in surface and subsurface sediment. 18 

As shown in Table 8.3.10, the detected TPH concentrations did not exceed the TDEC cleanup 19 

standard. 20 
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• 
LEGEND 

ONE OR MORE DETECTED CONSTITUENTS IN SURFACE 
SEDIMENT EXCEEDED ITS USEPA SEDIMENT SCREENING 
VALUE. 

TliE SURFACE SEDIMENT SAMPLE 

4,4'-000 29IJg/I<g 
4,4'-00E 23 1J9/kg 

ARSENIC 9.5 

FROM LOCATION 014M0002 CONTAINED 
TliE FOLLOWING CONSTITUENTS THAT 
EXCEEDED TliEIR USEPA SEDIMENT 
SCREENING VALUES: 291J9/kg 4.4'-000. 
23 jJgJkg 4,4'-ODE. AND 9.5 mglkg ARSENIC. 

IJgJk:g 

J/kg 

MICROGRAMS PER KILOGRAM 

MILLIGRAMS PER KILOGRAM 

DRAINAGE DITCH SURFACE WATER FLOW DIRECTION 

SWMU 14 

100 o 100 Feet - - - - ------~ 

RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MILLINGTON, TENNESSEE 

FIGURE 8.3.8 
SSV EXCEEDANCES IN SEVENTH AVENUE DRAINAGE DITCH 

SEDIMENT SAMPLES (Q.. TO 6-INCH INTERVAL) 
SWMU 14 - BUILDING S-14O AND SEVENTH AVENUE DITCH 



II 

LEGEND 

NO DETECTED CONSTITUENT IN SURFACE SEDIMENT 
EXCEEDED ITS RESIDENTIAL OR INDUSTRIAL RISK-BASED 
CONCENTRATION (RBC) FOR SOIL (AND BACKGROUND 
REFERENCE CONCENTRATION, WHERE APPLICABLE). 

ONE OR MORE DETECTED CONSTITUENTS IN SURFACE 
SEDIMENT EXCEEDED ITS RBC FOR RESIDENTIAL SOIL 
(AND BACKGROUND REFERENCE CONCENTRATION, 
WHERE APPLICABLE), BUT NOT ITS RBC FOR INDUSTRIAL 
SOIL. 

014M0001 

THE SURFACE SEDIMENT SAMPLE FROM 
LOCATION 014M0001 CONTAINED THE 

BENZO(A)PVRENE 330 jJg/kg 

FOLLOWING CONTAMINANT THAT EXCEEDED 
AN RBC FOR SOIL: 330 IIg/kg BENZO(A)PYRENE, 
WHICH EXCEEDED ITS RBC FOR 
RESIDENTIAL SOIL, BUT NOT ITS RBC FOR 
INDUSTRIAL SOIL 

Jlkg MICROGRAMS PER KILOGRAM 

DRAINAGE DITCH SURFACE WATER FLOW DIRECTION 

SWMU 14 

100 o 100 Feet - - - - ------~ 

RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MILLINGTON, TENNESSEE 

FIGURE 8.3.9 
RBC EXCEEDANCES IN SEVENTH AVENUE DRAINAGE DITCH 

SEDIMENT SAMPLES (0- TO 6-INCH INTERVAL) 
SWMU 14 - BUILDING S-14O AND SEVENTH AVENUE DITCH 
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Detected Concentrations of Organic Compounds in Senath Aveaue Drainage Ditch Sediment Samples 
SWMU 14 - Bnllding 80140 and Seveath Avenue Drainage Ditch 

(data in J,tg/kg) 

Numher of SSV Residential RBC-Res. Industrial RBC-Ind. 
Aaabteoo _lntm'ai\lll_DetectiQnslol Raa2e(cl Meanldl ssVOO Exc:eedanees Soil RIJCIII Exc:eedanees Soil RBC" Exc:eedanees SSL(\) 

SSL 
Exc:eedanees 

Benzo(a)pyrene 0-6" ~ 330 330 330 0 88 1 (014MOOOl) 780 0 4,000 0 

18 - 24" ~ 170 170 NA NA NA NA NA NA 4,000 0 

380 380 0 4;000 0 

120 NA 4,000 0 

Benzo(g,h,i)perylene 0-6" ~ ISO ISO 3,100,~ 0 82,000,000· 0 

18 - 24" ~ 47 47 NA NA NA NA NA NA 

320 0 4,000 0 

NA 4,000 0 

bis(2-Ethylhexyl)phlhalate 0-6" ~ 2,300 2,300 182 1 (014MOOOl) 46,000 0 410,000 0 11,000 0 
(BEHP) 

18 - 24" th 9SO 9SO NA NA NA NA NA NA 11,000 0 
>.""',,, 

0 68,000 0 

NA 68,000 0 

Chrysene 0-6" ~ 370 370 330 1 (014MOOOl) 88,000 0 780,000 0 1,000 0 

18 - 24" 2n 47 - 190 119 NA NA NA NA NA NA 1,000 0 

200,000,000 0 

NA NA 

Dibenz(a,h)anthracene 0-6" ~ 61 61 330 0 88 0 780 0 11,000 0 
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Table 8.3.10 
Detected Concentrations of Orgaaic Compounds in Senath Avenue Draiaage Ditch Sediment Samples 

SWMU 14 - Building 8-140 and Seventh Avenue Draiaage Ditch 
(data in 1JWkg) 

Nmnher of SSV Residential RBC-Res. Industrial RBC-Ind. 
A!!!dn~(o) IJatervaI«'I Detections<'" Raue(ol Mean(" ssVW Ii;xceedances Soil RBC"l Ii;xceedances Soil RBC"l Ii;xceedances SSL (II 

Indeno(l,2,3-cd)pyrene 

Pyrene 

4,4'-DDE 

Dieldrin 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

18 - 24" 

th 

th 

2/2 

212 

1h 

212 

1h 

150 

71 

46 - 400 

46-230 

23 

49 -62 

24 

150 

71 

23ci 
no 
223 

138 

23 

56 

24 

NA 

330 

NA 
330 

NA 

3.3 

NA 

NA 

NA 

1 (014MOOOl) 

NA 

1 (014MOOO2) 

NA 

NA 

8.3-56 

880 

NA 

2,300,000 

NA 

1,900 

NA 

NA 

0 

NA 

0 

NA 

o 
NA 

NA 

7,800 

NA 

61,000,000 

NA 

17,000 

NA 

11,000> 

NA 
NA 

0 35,000 

NA 35,000 

0 1,400,000 

NA 1,400,000 

0 500 

NA 500 

0 1,000 

NA 1,000 

NA 

2,000 

SSL 
Exuedances 

0 

0 

0 

0 

0 

0 

i (014MOOol) 

() 

1 (014MOOO2) 

() 
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Detected COIICeDtrations of Organie Compounds in Seveuth Aveuue Drainage Ditch Sediment Samples 
SWMU 14 - Building 80140 IIIld Seventh Aveuue Drainage Ditch 

:efo) 

Herbicides 

Dinoseb 

NfJles: 

Number of 
1ntervaI\III .~ 

18 - 24" Ih 

,/Q 

2.8 

(data in /.lglkg) 

SSV Residential RBC·Res. Industrial RBC·lnd. 
M_(· ~ Exceedaaees Soil RBC" Exceedaaees Soil RBC" Exceedaaees SSL411 

ij 

3 NA NA NA NA NA NA 

SSL 
Exceedaaees 

a Only primaIy samples are included in this table. Four sediment samples were collected from two sampling locations from the following intervals: 0 to 6 inches below land surface and 18 to 24 inches 
below land surface. One of the 0- to 6-ineb interval samples was split as a duplicate (Attachment 1 oCthe Data ValidtItion Report -Assembly E [EI MR, 1997a] provides the duplicate sample analytical 
results). The sediment samples were submitted to NEr fur the following SW-846 analyses: VOCS, SVOCs, TPH, chlorinated pesticidesJPCBs, organophosphorus pesticides, herbicides, Appendix IX 
metals, and cyanide. ' 

b Intervals shown are in inches below land (sediment) surface. 
c Range lower limit is the lowest detected analyte concentration. 
d Mean based on detected analyte concentrations ooIy. 
e SSV ~ Sediment Screening Value; values obtained from the Screming Valuesjor l/QvJrdous Waste Sites (USEPA, 1mb). 
f Resideutial and industrial screening values (RBC-Res., RBC-Ind.) and SSL values are from the Risk·Based Concentration Tobie, Jf11IIIIlI'Y to June 1996 (USEPA, 19961). RBCs only apply to data from 

samples collected from the surface interval while SSLs are applicable to both the surface and subsurface intervals. 
g NA denotes SSV or RBC is nat applicable to this subsurface sample. 
h denntes SSV, RBC, or SSL is not available for this analyte; therefore, no comparison can be made. 

The RBCs for tluoranthene were used as a surrogate for benzo(g,h,i)perylene and phenanthrene, which do nat have RBCs. 
No SSV, RBC, or SSL exists for TPH; the IDEC soil cleanup level of 500,000 /.lg/kg total TPH for nondrinking water aquifers with a suil pernteability of 10" to 10"" has been substituted for the SSV. 
Standard obtained from the Policy Statemelllfor Petroleum Contaminated Sites (TDEC, 1997). 
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Pesticides in Sediment 

The following pesticides were detected in sediment samples from the Seventh Avenue drainage 2 

d~h: 3 

gamma-Chlordane 
4,4'-DDD 
4,4'-DDE 

4,4'-DDT 
Dieldrin 

4 

5 

6 

SSVs were exceeded for 4,4'-DDD, 4,4'-DDE, and 4,4'-DDT in surface sediment samples. No 7 

detected pesticide in surface sediment exceeded its respective residential soil RBC. Soil-to- 8 

groundwater SSLs were exceeded for 4,4'-DDT in surface sediment and dieldrin in subsurface 9 

sediment. Table 8.3.10 summarizes the detected pesticide concentrations, and Figures 8.3.8 and 10 

8.3.10 plot the SSV and soil-to-groundwater SSL exceedances, respectively. Exceedances are 11 

discussed by analyte below. 12 

4,4'-DDD concentrations in the surface sediment samples from locations 014MOOOl (330,Ltg/kg) 13 

and 014M0002 (29 ,Ltg/kg) exceeded the SSV (3.3 ,Ltg/kg), but not the soil-to-groundwater SSL 14 

(700,Ltg/kg). 15 

8.3.3.3.2 Inorganics in Sediment Samples 16 

The following inorganics were detected in the Seventh Avenue drainage ditch sediment samples: 17 

Arsenic Lead 18 

Barium Nickel 19 

Beryllium Silver 20 

Chromium Tin 21 

Cobalt Vanadium 22 

Copper Zinc 23 
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kg 

LEGEND 

ONE OR MORE CONSTITUENTS IN A SEDIMENT SAMPLE 
FROM THIS LOCATION EXCEEDED ITS SOIL TO GROUNDWATER 
SSL (AND BACKGROUND REFERENCE CONCENTRATION, 
WHERE APPLICABLE). 

THE FOLLOWING CONSTITUENT IN 
A SEDIMENT SAMPLE FROM LOCATION 
014M0002 EXCEEDED ITS SOIL-TO­
GROUNDWATER SSL (AND BACKGROUND 
REFERENCE CONCENTRATION, WHERE 
APPLICABLE): 24 IJglkg DIELDRIN IN THE 
SAMPLE FROM 18 TO 24 INCHES BELOW 
LAND SURFACE. 

MICROGRAMS PER KILOGRAM 

DRAINAGE DITCH SURFACE WATER FLOW DIRECTION 

SWMU 14 

100 o 100 Feet - - - - ------~ 

RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MILLINGTON, TENNESSEE 

FIGURE 8.3.10 
SOIL TO GROUNDWATER SSL EXCEEDANCES IN 

SEVENTH AVENUE DRAINAGE DITCH SEDIMENT SAMPLES 
SWMU 14 - BUILDING S-14O AND SEVENTH AVENUE DITCH 
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Table 8.3.11 summarizes the detected inorganics from the Seventh Avenue drainage ditch sediment 

samples and compares the detected concentrations in the surface interval (0 to 6 inches bls) with 2 

USEPA SSVs, soil RBCs. soil-to-groundwater SSLs, and soil RCs. As shown on Table 8.3.11, 3 

SSVs were exceeded by the following inorganics: arsenic, copper, lead, and nickel. Figure 8.3.8 4 

shows the SSV exceedances for inorganics in sediment. No inorganic in sediment exceeded both 5 

its RC and soil RBC, and no detected inorganic in surface or subsurface sediment exceeded both 6 

its RC and soil-to-groundwater SSL. The following paragraphs discuss the SSV exceedances in 7 

surface sediment samples. 8 

Arsenic's SSV (7.24 mg/kg) was exceeded by the surface sediment sample from location 9 

014M0002 (9.5 mg/kg). 10 

Copper's SSV (18.7 mg/kg) was exceeded by the surface sediment sample from location 11 

014MOOOI (19.9 mg/kg). 12 

Lead's SSV (30.2 mg/kg) was exceeded by the surface sediment sample from location 014MOOOI 13 

(61.8 mg/kg). This concentration did not exceed the USEPA residential soil screening value 14 

(400 mg/kg) (USEPA, 1994c). 15 

Nickel's SSV (15.9 mg/kg) was exceeded by the surface sediment sample from location 014MOOOI 16 

(18.2 mg/kg). 17 
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Table 8.3.11 
Detected Concentratioas of Inorgaoics in Seventh Avenue Draiaage Ditch Sediment Samples 

SWMU 14 - Building 8-140 and Seventh Avenne Drainage DItch 
(data in mglkg) 

Number of SSV Residential ROC-Res. Industrial ROC-Ind. 

0-6" 212 105 - 119 112 _00 5,500 0 140,000 0 

18 - 24" 212 97 - 144 121 NA NA NA NA NA NA 

0-6" 212 9.9 - 19.5 14.7 52.3 0 390 0 10,000 0 

18 - 24" 2/2 9.1 - 15.6 12.4 NA NA NA NA NA NA 

0-6" 2/2 14 - 19.9 17 18.7 1 (014MOOOl) 3,100 0 82,000 0 

18 - 24" 212 18 -19.4 19 NA NA NA NA NA NA 

0-6" 2/2 8.9 - 18.2 13.6 15.9 1 (014MOOOl) 1,600 0 41,000 0 

18 - 24" th 8.2 8.2 NA NA NA NA NA NA 

8.3-62 

SSL 

32 2 (014MOOOl, 223.46 0 
014MOO(2) 

32 2 (014MOOOl, 265.12 0 
014MOO(2) 

I) 

I) 

23.89 0 

28.28 0 

I) 

I) 

24.19 0 

32.52 0 

26.03 1 (l)i4MQOOl) 

1!1.$ 1 (OUM0002) 
21 0 20.62 0 

21 0 NO 1 (OI4MOOO2) 

,~ RD 1 (1)14¥oOO2) 



Table 8.3.11 
Detected Concentrations of Inocgauics in Seventh Avenue Drainage DItch Sediment Samples 

SWMU 14 - Building 80140 and Seventh Avenue Drainage DItch 
(data in mglkg) 

SSV Residential RBC·Res. Industrial RBC·Ind. 
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RC NlUllberof 
AoaIJte(o) :IDtert'aP ~ ,(<) Mean(dI ssVOO ExI:eedances SolI RJJCIIl ExI:eedances Soil RJICII ExI:eedances SSL(I) 

SSL 
ExI:eedances SoIIRCIIl ExI:eedances 

Tin 

ZillC 

NtItIIs: 

18·24-

0·6-

18·24" 

212 

2/2 

2/2 

7.3·7.4 

50 - 84.8 

42 - 54.6 

7.4 

68 

48 

NA 

124 

NA 

NA 

o 
NA 

NA 

23,000 

NA 

NA 

o 
NA 

NA 

610,000 

NA 

NA 

o 
NA 

42000 

42000 

.;.. 

o 
o 

ND 2 (014M0001, 
014MOOO2) 

4'.1 (j 

43;68 0 

98 0 

109 0 

a Only primary samples are included in this 1lIb1e. Four sediment samples were collected from two sampling locations from the following intervals: 0 to 6 illChes below land surface and 18 to 24 inches below land surface. OIIC 
of the Q. to 6-inch interval samples was split as a duplicate (AItlIChment 1 of the DoIa Validation Repon - Assembly E (EI MH, 1997a] provides the duplicate sample analytical results). The sediment samples were submitted 
to NET for the following SW -846 analyses: VOCS. SVOCs. TPH, chlorinated pesticidesIPCBs, organophosphorus pesticides, berbicides, Appendix IX metals, and cyanide. 

b Depth is in illChes below land (sediment) surface. 
c Range lower limit is the lowest detected analyte concentratinn. 
d Mean based on detected anaIyte COIICCntratiOns only. 
e SSV '" Sediment Screening Value; values obtained from the Screening Values for Hazardous Waste Sites (USEPA, 1mb). 
f Residential and industrial screening values (RBC-Res., DC-Ind.) And SSL values are from the Risk-Based Concentration Table, JtlI/lIJUy to June 1996 (USEPA, 19900). DCs only apply to data from samples collected from 

the Q. to 6-inch interval. 
g NA denntes SSV or DC comparisun is not applicable to this subsurface sample. 
h denotes SSV, RBC, or SSL is not available for this anaIyte; therefore, no comparison ean be made. 

No DC exists for lead; the soil screening value for residential and industrial soil (400 ltg/kg and 1,300 ltg/kg) from OSWER Directive 9355.4-12 are used for comparison (USEPA, 1994c). 
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8.3.4 Human Health Risk Assessment for SWMU 14 

8.3.4.1 Site Background and Investigative Approach 2 

The SWMU 14 human health risk assessment (HHRA) analyzes the potential adverse effects on 3 

actual or hypothetical human receptors that could arise from exposures to hazardous substances 4 

released from SWMU 14 if no remedial actions are taken to reduce the extent of present 5 

environmental contamination. SWMU 14 is previously presented in Figure 1.4, and a site 6 

description and history is in Section 1.1.3. The former Building S-140 (demolished in 1985) 7 

contained a paint spray booth, a paint removing area, and a paint wash-down area used to train 8 

Navy personnel in painting-related processes from 1943 to 1985. Four smaller structures were 9 

used in conjunction with the painting training. Before 1980, overflow from sumps inside 10 

Building S-140 may have discharged in the Seventh Avenue Ditch. This overflow contained 11 

chromium, lead, various hydrocarbons, and solvents including toluene and phenols. Table 3.1, 12 

previously presented, lists samples and analytical methods for surface soil, sediment, fluvial 13 

deposits groundwater, and loess groundwater. Samples used in the HHRA are listed below: 14 

• 

• 

• 

Surface soil - 014S000301 o 14S00040 1 014S01LS02 014S02LS02 

014S03LS02 014S04LF02 014S05LS02 014S06LF02 

014S07LF02 014S08LS02 

15 

16 

17 

Partially exposed sediment - 014MOOO101 014M000201 18 

Loess groundwater - 014GOILS01 014G02LS01 014G03LS01 014G05LS01 19 

014G08LS01 014GOOO512 014GOOO711 014G000811 20 

14GO00911 014GO01110 014GOO1211 014GO01411 21 

014HOO1411 22 
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014OOiLFOI 014G04LFOI 014OO6LFOI 

014OO7LF01 0140000545 0140000840 2 

0140000943 0140001043 0140001239 3 

0140001437 0140001543 014H000743 4 

014HOOO840 014Hoo1143 5 

8.3.4.2 Identification of Chemicals of Potential Concern 6 

Chemicals of potential concern (COPCs) were identified in accordance with RAGS (USEPA, 7 

1995b) and using the methods outlined in the Technical Memorandum on HHRA 8 

(E/A&H, 1997e). 9 

Surface Soil 10 

Table 8.3.12 lists chemicals present in site samples (CPSSs) in surface soil and identifies COPCs, 11 

which are labeled with asterisks. Benzo(a)pyrene equivalents (BEQs) were the only COPCs 12 

identified in SWMU 14 surface soil. 13 

Sediment 14 

Sediment samples were assumed to be exposed for approximately eight months per year. For 15 

screening purposes, sediment samples were compared to residential soil RBCs in accordance with 16 

Supplemental Guidance to RAGS, Bulletin 1, Data Collection and Evaluation (USEPA, 1995b). 17 

Table 8.3.13 lists CPSSs in sediment and identifies COPCs, which are labeled with asterisks. 18 

COPCs identified in sediment included arsenic, beryllium, and BEQ. 19 

Loess Groundwater 20 

Table 8.3.14 lists CPSSs in loess groundwater and identifies COPCs, which are labeled with 21 

asterisks. Tetrachloroethene (PCE), 1,2-dichloroethene, and trichloroethene (TCE) were the only 22 

COPCs identified in the loess groundwater at SWMU 14. 23 
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Table 8.3.12 
Chemicals Present in Surface Soil Samples 

NSA Memphis - SWMU 14 
MiDington, TN 

Chromium IlU!/Io! 10110 9.5-24.2 14_7800_~~_--'!, n 

8.3-66 

Number Number Over 

23.89 



VanadilDD 

Frequency of 

TabIeS.3.U 
Chemicals Present in Surface Soil Samples 

NSA Memphis - SWMU 14 
Millington, TN 
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Range of 
Nondetec:ted Range of Detected Average Detected Residential Number NlDDber Over 

IllI!!k2 10110 17.5-32.1 22.3 _55 __ ... l!... n 45.11 
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Frequency or 

Notes: 
( ) Surrogate used 
* Identified as a chemical of potential concern 

Table 8.3.12 
CbemicaJs Present in Surfac:e Soil Samples 

NSA Memphis - SWMU 14 
Millington, TN 

Raugeof 
Noadeteded Range or Detected Average Detected Residential 

a Screening based on Risk Based Concentration Table, January to JUlIe 1996 (USEPA, 19963) 
BEQ Benzo(a)pyrene equivalent 
b MCPA - 2-Methyl-4-chJoropbenoxyacetic acid 
c Carcinogen 
d MCPP - 2-(2-Methyl-l4-chJorophenoxy)propionic acid 
mglkg milligrams per kilogram 
mglkg micrograms per kilogram 
e Screening based on 400 mg/kg lead in soil in accordance with USEPA's OSWER Directive 9355.4-2 (USEPA, 19941:) 
f The slope factor for PCBs was updated in IRIS in October 1996. Consequently, the RBC was recalculated using the updated information. 
n Noncarcinogen; RBC screening value adjusted from a hazard quotient of 1.0 to 0.1 
NA Not applicable 
RBC Risk-based concentration 
RC Reference concentration; two times the mean background concentration (ElA&H, 19963) 
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Table 8.3.13 
Chemicals Present in Partially Exposed Sediment Samples 

NSA Memphis - SWMU 14 
Mlllington, TN 
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Range of Nondeteded Range of Deteeted Average Detected Residential NmnberOver 
Conc:entrations 

Pvrene uflllm 2/2 46 -- 400 223 230.000 a. n 
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Table 8.3.13 
Chemicals Present in Partially Exposed Sediment Samples 

NSA Memphis - SWMU 14 
Millington, TN 

Range of Detected Average Detected Resideatial 

Zinc 

Nolita: 
() 
... 
a 
b 
BEQ 
c 
n 
RBC 
mgIkg 
mglkg 

mg/kg 212 50.4 - 84.8 67.6 

Surrogate used 
Identified as a chemical of potential concern 
Screening based on Risk Bcued Concentration Table, It11IlItlTY to lUlU! 1996 (USEPA, 1996a) 
Screening based on 400 mg/kg of lead in soil, in accordance with USEPA's OSWER Directive 9355.4-2 (USEPA, I9%:) 
Benzo(a)pyrene equivalent 
Carcinogen 
Noncarcinogen; RBC screening valne adjusted from a hazard quotient of 1.0 to 0.1 
Risk Based Concentration 
milligrams per kilogram 
micrograms per kilogram 
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Table 8.3.14 
Chemicals Present in Loess Groundwater Samples 

NSA Memphis - SWMU 14 
Millington, TN 
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Frequency Range of Nondetected Range of Detected Average Detected Residential Number Nwnber Over 
RC Chemical 

... 1;2~]~I~itbtt~tOItal 

* cis-l.2-dicbloroetbene 
s.~ ••........ 
Chromium 

b~~.llhdtlUate 
Lead 

N!Clail 

Units of Detection 

JfglL 
p.g/t 
IJ.glL 

tigIL 
IJ.g/L 

pgIL 

1113 
3/13 

SIS 
4/5 

115 
515 

tiS 

Concentrations Concentrations Concentration RBC Notes Over RBC 

to a, n 1 
10 10 3.2 20.1 9.7 5.5 a. n 2 

126 215· 1$9 2(j() lin 
5 5 6.9 23.8 16.3 3700 a.n 

10 10 1 I I 2,!)OO I, n 
2.3 10.2 5.1 15 b 

25 - l5 27.t 21.1 21.1 13 a,n 

RC 

NA 
NA 

442 
239 

NA 
17.5 

113.5 

NA 
NA 

NA 

*Te~hloroc;~ne... IJ.glL 2/13 10 10 150 .........2~> <.190> .. 1-1 ...•....• a. C.d2. • .••..••..•••.• NA.. •...... . NA 
""··T~ne.· . •. H,L .. 8ft3 10 ~ .. 10·. ····1 .~ /iss· •.. 63.1. ··\··..t,tL .. ···.Ii.;:.c.d· .• '1 .......•....•.•...• &A:........... .··.NA .. 

Notes: 
* Identified as a chemical of potential concern 
a Screening based on tap water ingestion Risk Based Concentration Table, January to June 1996 (USBPA, 19961) 
b Screening based on treatment technique action level of 15 mg/L of lead in groundwater (USBPA. 1996c) 
c Carcinogen 
d MCL is 5 mglL (USBPA, 1996c) 
n Noncarcinogen; RBC screening value adjusted from a hazard quotient of 1.0 to 0.1 
NA Not Applicable 
RBC Risk Based Concentration 
RC Reference Concentration; two-times the mean background concentration (B/A&H. 19961) 
IJ.g/L micrograms per liter 
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Fluvial Deposits Groundwater 

Table 8.3.15 lists CPSSs in fluvial deposits groundwater and identifies COPCs, which are labeled 2 

with asterisks. COPCs identified in the fluvial deposits groundwater were arsenic, barium, 3 

benzene, trichloroethene, and vanadium. 4 

8.3.4.3 Exposure Assessment 5 

Exposure Setting 6 

SWMU 14 is a flat, grass covered area on the Southside of NSA Memphis. Drainage ditches are 7 

located to the south and west of the site. The eastern portion of the site has a small stand of trees, 8 

several sidewalks, and a large open field that was once used as a trailer park. Residential property 9 

is at the far east end of this open field. The site is relatively flat with no obvious direction for 10 

surface-water runoff. However, runoff likely discharges as sheet flow to the Seventh Avenue ditch 11 

to the west and a smaller ditch to the south. These ditches, which discharge into Big Creek 12 

Drainage Canal, are partially concrete-lined. 13 

Potential Exposed Populations 14 

There are currently no plans for residential or worker reuse scenarios. However, this HHRA 15 

assesses hypothetical residential and industrial site worker scenarios as well as construction 16 

worker, maintenance worker, and adolescent site trespasser scenarios. 17 

Exposure Pathways 18 

Table 8.3.16 summarizes exposure pathways and receptors for current and future land use and 19 

justifies including or excluding various exposure pathways. 20 

Surface Soil 21 

Exposure pathways include incidental soil ingestion and dermal contact. Uniform exposure was 22 

assumed for all sample locations. 23 
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• Arsenic .l,lglL 3 4 
~ .•.... .. ",gil. 4 4. 
Chromium j.tglL 3 I 4 

teld< ~gtl. 3 I .( 

Nic~el. 4 
nit>··· 4. 

Table 8.3.15 
Chemicals Present in Fluvial Deposits Groundwater Samples 

NSA Memphis - SWMU 14 
Millington, TN 

Range of Nondetected Range of Detected Average Detected 

2 2 2.8 
··422 

5 72 34 
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0.045 a, C, e 
.2(j() a,tt~ f 
7800 a,n 

H 
73 

2~2(j() 

Number Over 

3 

0 

6 
0 
0 

3.5 

39.8 
······6.6 

33.4 

Number Over 
RC 

NA 
NA 

NA 

I 

NA 

.·~i):5:! .···»a.L.r.·. . ~ ... ~<:; .................. ~;~ .4~i:~>.>.ji; .... :..;;;. >i~S..·(>tt5i..;I~~.·.~: : .... >.H.<~. .••• . ..•• )·d~;::. . ....... ~ 
Notes: 
• 
a 
b 
c 
d 
e 
f 
g 
n 
NA 
RBC 
RC 
mg/L 

Identified as a chemical of potential concern 
Screening based on Risk Based ConctmlrOlion Table, Jonuory to June 1996 (USEPA, 1996a) 
Benzene's MCL is 5 mg/L (USEPA, 1996a) 
Carcinogen 
Trichloroethene's MCL is 50 mgIL (USEPA, 1996a) 
Arsenic's MCL is 50 mg/L (USEPA, 1996a) 
Barium's MCL is 2000 mglL (USEPA, 1996a) 
Screening based on treatment technique action level of 15 mgIL lead in groundwater (USEPA, 1996c) 
Noncarcinogen; RBC screening value adjusted from a hazard quotient of 1.0 to 0.1 
Not Applicable 
Risk Based Concentration 
Reference Concentration; two-times the mean backgrouod concentration (ElA&H, 1996a) 
micrograms per liter 
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Sediment 

Exposure pathways include incidental sediment ingestion and dermal contact. Sediment samples 2 

were collected from partially exposed drainage ditches near Seventh Avenue as described in 3 

Section 8.3.2.3. Sediment was estimated to be exposed eight months of the year, and was 4 

analyzed as surface soil in this HHRA. Uniform exposure was assumed for all sample locations. 5 

Loess Groundwater 6 

Exposure pathways include water ingestion and inhalation of VOCs. Uniform exposure was 7 

assumed for all sample locations. 8 

Fluvial Deposits Groundwater 9 

The only exposure pathway is water ingestion. Uniform exposure was assumed for all sample 10 

locations. 11 

Potentially Exposed 
Population 

Table 8.3.16 
Exposure Pathways Summary - SWMU 14 

NSAMemphis 

Medium and Exposure 
Pathway 

Air - Inhalation of 
chemicals entrained in 
fugitive dust 

Groundwater - Inhalation 
of volatilized groundwater 

Soil - Dermal Contact 

Millington, TN 

Pathway Selected 
for 

Evaluation? 

No 

No 

No (Qualified) 
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Reason for Selection or Exclusion 

The particulate emission factor would result in 
orders of magnitude less exposure than that which 
would be estimated for direct exposure pathways, 

Loess and fluvial deposits groundwater are not 
currently used as a source of potable or 

Future land use assessment is considered protective 
of current receptors. 



Potentially Exposed 
Population 

Table 8.3.16 
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Exposure Pathways S1IIDDlIII'Y - SWMU 14 
NSAMemphis 

Medium and Exposure 
Pathway 

Air - Inhalation of 
chemicals entrained in 
fugitive dust 

Groundwater - Inhalation 
of volatilized contaminants 

Soil - Dennal contact 

~.~~~maf 
. ~. 

Sediment - Dennal contact 

Air - Inhalation of 
chemicals entrained in 
fugitive dust 

···G~~4~··Of 
·~~~~bIC 
6rg~,* •..•.. "' .•..... 

Groundwater - Inhalation 
of volatilized contaminants 

domestic use 

Soil - Dermal contact 

Millington, TN 

Pathway Selected 
for 

Evaluation? 

No 

Reason for Selection or Exclusion 

The particulate emission factor would result in 
orders of magnitude less exposure than that which 
would be estimated for direct exposure pathways, 
such as incidental soilingestion, 

,..ii !?/i:i;f!.~~~"'''' 
No 

No (Qualified) 

Yes 

Future Land Use 

No 

Yes 

Yes 
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Loess and fluvial deposits groundwater are not 
currently used as a source of potable or 

Future land use assessment is considered protective 
of current receptors, 

~~~;b~:~.~.·~.1De •• ~ • 
• ···~~~·.itl~·8;3;~:3 • 

COPCs were identified based on the screening 
process described in Section 8.3.6.3 

The particulate emission factor would result in 
orders of magnitude less exposure than that which 
would be estimated for direct exposure pathways, 
such as incidental 

COPCs were identified based on the screening 
process described in Section 8.3.6.2. 

COPCs were identified based on the screening 
process described in Section 8.3.6.2. 
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Table 8.3.16 
Exposure Patbways Summary - SWMU 14 

NSAMempbis 

Potentially Exposed 
Population 

Medium and Exposure 
Patbwal 

contBmirIants .. 
·>·frljmSOil::::::·"·: . 

Air - Inhalation of 
chemicals entrained in 
fugitive dust 

Groundwater - Inhalation 
of volatilized groundwater 
contaminants 

Soil - Dermal Contact 

Exposure Point Concentrations 

Millington, TN 

Patbway Selected 
for 

Evaluation? 

No 

No 

No 

Reason for Selection or Exclusion 

The particulate emission factor would result in 
orders of magnitude less exposure than that which 
would be estimated for direct exposure pathways, 
such 

Loess and fluvial deposits groundwater are not 
currently used as a source of potable or 
nonresidential water at NSA Memphis, nor are they 

Construction worker RBCs were calculated as 
described in Section 8.3.4.6. 

When more than 10 surface soil samples were analyzed, 95 % Upper Confidence Levels (UCLs) 2 

were calculated as described in the Technical Memorandum on HHRA (E/A&H, 1997e). The 3 

lesser of the maximum reported concentrations or the calculated UCLs were used as the EPC 4 

(Exposure Point Concentrations) for each COPC. Subsurface soils are assessed in the fate and 5 

transport assessment in Section 8.3.6, and in the construction worker scenario in Section 8.3.4.6. 6 

Surface Soil 7 

BEQ was the only COPC identified for surface soil. The BEQ EPC was determined by calculating 8 

the UCL of 0.399 mg/kg. The log-transformed mean concentration of 10 samples was 9 
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5.16 mg/kg, the standard deviation was 0.7 and the H-statistic was 2.53. The maximum reported 

concentration of BEQ was 0.806 mg/kg. 2 

Partially Exposed Sediment 3 

Maximum concentrations were used as EPCs, which were previously presented in Table 8.3.13. 4 

Loess Groundwater 5 

Maximum concentrations were used as EPCs, which were previously presented in Table 8.3.14. 6 

Fluvial Deposits Groundwater 7 

The following were identified as COPCs in fluvial deposits groundwater: arsenic, barium, 8 

benzene, trichloroethene, and vanadium. Arsenic and barium were reported at concentrations less 9 

than their corresponding MCLs. Trichloroethene and benzene were reported at concentrations 10 

meeting or exceeding their MCLs. An MCL does not exist for vanadium. The maximum 11 

concentrations reported for these COPCs were used as EPCs and are previously presented in 12 

Table 8.3.15. 13 

Quantification of Exposure 14 

Exposure was quantified as discussed in the Technical Memorandum on HHRA (E/A&H, 1997e). 15 

In accordance with the memorandum, intake calculations were incorporated into risk estimates, 16 

and chronic daily intake is not presented separately. 17 

Sediment pathways were developed separately from other media. Sediments were evaluated using 18 

a typical site worker scenario, an adolescent trespasser scenario, and a maintenance worker 19 

scenario. Sediments collected for analysis were obtained from a drainage ditch, which was 20 

assumed to remain dry for approximately 8 months, or 67% of the year. Therefore, the 21 

multipliers used to calculate risk and hazard for the typical site worker and the adolescent 22 
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trespasser, described in the Technical Memorandum on HHRA (E/A&H, 1997e), were modified 

by a factor of 0.67 ~o account for the time when the sediments are submerged, limiting workers' 2 

and trespassers' exposure. The modifying factor of 0.67 was also included in multiplier for the 3 

maintenance worker scenario, which also used a modifying factor of 0.208 to account for an 4 

exposure rate of 52 days per year rather than 250 days per year. 5 

8.3.4.4 Toxicity Assessment 6 

Toxici~ assessment terms and methods are discussed in the Technical Memorandum on HHRA 7 

(E/A&H, 1997e). Table 8.3.17 presents toxicological references for COPCs identified at 8 

SWMU 14. Toxicological profIles for SWMU 14 COPCs are also presented. 9 

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically 10 

exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and 11 

cardiovascular effects (Klaassen, et al., 1986). USEPA set 0.3 ,ug/kg-day (micrograms per 12 

kilogram per day) as the RID for arsenic based on a NOAEL (No-Observed-Adverse-Effect-Level) 13 

of 0.8 ,ug/kg-day in a human exposure study. Arsenic's effects on the nervous and cardiovascular 14 

systems are primarily associated with acute exposure to higher levels. Exposure to arsenic- 15 

containing materials has been shown to cause cancer in humans. Inhalation of these materials can 16 

lead to increased lung cancer risk, and ingestion of these materials is associated with increased 17 

skin cancer rates. Arsenic has been classified as a group A carcinogen by USEPA, which set the 18 

1.5 kg-day/mg oral SF for arsenic. As listed in IRIS (search date 9/1/95), the basis for the 19 

classification is sufficient evidence from human data. An increased lung cancer morta1i~ was 20 

observed in multiple human populations exposed primarily through inhalation. Also, increased 21 

mortali~ from multiple internal organ cancers (liver, kidney, lung, and bladder) and an increased 22 

incidence of skin cancer were observed in populations consuming drinking water high in inorganic 23 

arsenic. Human milk contains about 3 ,ug/L arsenic. The RBC for arsenic in tap water is 24 

0.038,ug/L. As listed in IRIS (Integrated Research Information System-search date 9/1/95), the 25 
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Oral 

Rer_Dose 

CIIemIcIII (mcfkl-day) 

Arsenic 0.0003 

Barium 0.07 

IIem.ene NA 

Benzo(a)pyrene EquiValents (BEQ) NO 

ConIIdeace Crilical Eft'ect 

lAve! 

M hyperpigmenlllllon 

M inereosed blood pressure 

NA NA 

NA 

TableS,.!.I? 

Toxicoi0gicai Rer_lnr_aIioB 

for CbemIcaIs or PoteatiaI CODRrn 

SWMUI4 

NSA Memphis RFI 

Mm~1c 7'oxIcIt1 DrIItt 

UIlWtalnIy 

F_ 

Oral 

InbalalioB 

Rer .... _Dose 

(mcfkI-day) 

CouIIdetIce CriIIcaI Eft'ect 

lAve! 

3 NO NO NO 
NO NO NO 

NA NA NA NA 

NO NO NO NO 
Beryllium 0.005 L microscopic organ changes 100 NO NO NO 
cis·I,2-01chIoroethene 

Tl:tracbloroetltenc 

TriI:hkJroeIhene 

VIIIIIIdIum 

0.01 NA NA 
0.01 M 

0.006 b NA 
0.007 NA unclear 

Noces: 

a Inte&raled Rlsk Informllllm System (IRIS) 

b EPA NCEA - Clnclnnllll (provIsional) 

c Withdrawn from IRISIHEAST 

NA Not applicable or not available 

NO Not deterllllood due to lack of informllllon 

L lAw cmfldence 

M Medium confldence 

NA NA NA NA 
1000 NO NO NO 
NO NO NO NO 
100 NO NO NO 

CturIno,.1tic 'l'lJxkIq DrIItt ----

UllWtalnIy Oral Slope InbaIaIioB WeIgIIt 

F_ F_ 
SlopeF __ 

or Tnmor 

InbaIaIioB (kg-daylmg) (kg-daylmg) EYideace Type 

NO I.S 15.1 A various 

NO NO NO 0 

NA 0.029 0.029 A nonIympbocytlc 
leukemia 

NO 7.3 6.1 c 82 mutagen 

NO 4.3 8.4 D2 osteoSarcoma 

NA NA NA 0 

NO 0.052 b 0.00203 b C-D2 

NO 0.011 0.006 b D2 liver lIlmors 

NO NO NO 0 
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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 2 

determined to be 1. 3 

Barium is used in various alloys, paints, soap, and manufacturing processes. Barium sulfate, 4 

which is used to aid x-ray diagnosis, is relatively abundant in nature and is present in plant and 5 

animal tissue. Brazil nuts contain 3 to 4 mg per gram of nuts. The fatal absorbed dose of barium 6 

is approximately 1000 mg (for humans). Assllming an absorption efficiency of 5% for barium, 7 

20,000 mg ingested barium could be fatal. Major toxic effects of this element are muscle 8 

stimulation, central nervous system effects, and effects on the heart. The major critical effect is 9 

increased blood pressure. USEPA determined the oral RID and inhalation RID to be 0.07 and 10 

1.43E-4 mg/kg-day, respectively (Dreisbach, et aI., 1987) (Klaassen, et al., 1986), based on a 11 

medium confidence level. The oral uncertainty factor for barium is 3 and the oral modifying factor 12 

is 1. Barium has been issued a carcinogenic weight-of-evidence classification of "D." 13 

Benzene is a VOC which has been associated with leukemia. This chemical has been used as a 14 

solvent in coal tar naphtha, rubber, and plastic cement. USEP A lists benzene as a group A 15 

carcinogen. In large doses, benzene depresses the central nervous system (CNS) , and 16 

chronic exposure depresses bone marrow. The oral SF for benzene was set by USEPA as 17 

2.9E-2 (mg/kg-daYrl; an oral RID has not been set. Occupational inhalation exposure to benzene 18 

is acceptable by the Occupational Safety and Health Administration (OSHA) at concentrations of 19 

3.25 milligrams per cubic meter (mg/mY or 1 ppm in air (Dreisbach et al; 1987; NIOSH, 1990). 20 

Beryllium exposure via the inhalation route can inflame the lungs, a condition known as acute 21 

beryllium disease, as a result of short-term exposure to high concentrations. Removal from 22 

exposure reverses the symptoms. Chronic exposure to much lower concentrations of beryllium 23 

or beryllium oxide by inhalation has been reported to cause chronic beryllium disease, with 24 
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symptoms including shortness of breath, scarring of the lungs, and berylliosis, which is 

noncancerous growths in the lungs of humans. Both forms of beryllium disease can be fatal, 2 

depending on the severity of the exposure. Additionally, a skin allergy may develop when soluble 3 

beryllium compounds come into contact with the skin of sensitized individuals (Gradient, 1991). 4 

An oral RID of 0.0054 mg/kg-day has been set for beryllium based on a chronic oral bioassay (rats 5 

were the study species) which determined an NOAEL of 0.54 mg/kg-day. Beryllium has been 6 

classified by USEPA as a group B2 carcinogen based on animal studies. Human epidemiology 7 

studies of beryllium are inadequate. As listed in IRIS (search date 6/28/95), classification is based 8 

on beryllium being shown to induce lung cancer via inhalation in rats and monkeys and to induce 9 

osteosarcomas in rabbits via intravenous or intramedullary injection. An inhalation SF of 10 

8.4 kg-day/mg and an oral SF of 4.3 kg-day/mg have been set by USEPA. As listed in IRIS, the 11 

critical effect of this chemical is no adverse effect. The uncertainty factor was 100 and the 12 

modifying factor was 1. The IRIS RID in drinking water is 0.005 mg/kg-day. 13 

1,2-Dichloroethene is a halogenated hydrocarbon associated with toxicity to the mucous 14 

membrane, skin, lung, cornea (irritation), and liver. This compound is less toxic than its alkane IS 

counterparts, and is neither mutagenic nor carcinogenic. There is no USEPA carcinogenicity 16 

listing for this compound (Dreisbach et al., 1987). However, the RIDo has been set to 17 

1E-02 mg/kg-day for the cis-isomer, and at 2E-02 mg/kg-day for the trans- isomer by USEPA 18 

(HEAST and IRIS, 1996). 19 

Polyaromatic hydrocarbons were assessed in accordance with Supplemental Guidance to RAGS 20 

Bulletin 3, Toxicity Assessment (USEPA, 1995b) using toxic equivalency factors (TEFs) and 21 

include the following COPCs: 22 

Benzo(a)anthracene 
Benzo(b )t1uoranthene 
Dibenz( a,h)anthracene 
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Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(1,2,3-cd)pyrene 
Chrysene 

TEF=O.01 
TEF=l.O 
TEF=O.l 
TEF=O.OOl 

2 

3 

4 

Some P AHs are toxic to the liver, kidney, and blood. However, toxic effects of the P AHs above 5 

have not been well-established, aside from their mutagenic properties. RIDs are not available for 6 

the PAHs above due to a lack of data. All P AHs listed above are classified by USEPA as 7 

B2 carcinogens, and their carcinogenicity is addressed relative to that of benzo(a)pyrene (HAP), 8 

having an oral SF of7.3 kg-day/mg. 9 

TEFs, multipliers determined by USEPA that are applied to the detected concentrations, are used 10 

to estimate excess cancer risk for chemicals with similar mutagenic properties. Most P AHs have 11 

been classified as carcinogens based on animal studies using large doses of purified P AHs. There 12 

is some doubt as to the validity of these listings, and the SFs listed in USEPA' s RBC Table are 13 

provisional. However, these PAHs are carcinogens when the exposure involves a mixture of other 14 

carcinogenic substances (e.g., coal tar, soot, cigarette smoke). As listed in IRIS (search date 15 

6/28/95), the BAP is classified B2 based on insufficient human data specifically linking it to a 16 

carcinogenic effect. BAP has produced positive results in numerous genotoxicity assays in which 17 

various exposure routes were examined. The B2 classification reflects a weight-of-evidence 18 

judgment of the likelihood that the agent is a human carcinogen. 19 

As listed in IRIS, the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 classification is based 20 

on data from animal bioassays. Benzo(b)fluoranthene produced tumors in mice after lung 21 

implantation, intraperitoneal or subcutaneous injection, and skin painting. Benzo(a)anthracene 22 

produced tumors in mice exposed by gavage; intraperitoneal, subcutaneous, or intramuscular 23 

injection; and topical application. Benzo(a)anthracene produced mutations in bacteria and in 24 

mammalian cells and transformed rnarnrna1ian cells in culture. Equivocal results have been 2S 

8.3-82 



ReRA Facility Investigation Report 
Assembly E -SWMUs 2,9, 14, 38, 59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

found in a lung adenoma assay in mice. Benzo(k)t1uoranthene is also mutagenic in bacteria assays 

(Klaassen et aI., 1986). 2 

As listed in IRIS, the dibenz(a,h)anthracene and benzo(b)t1uoranthene B2 classification is based 3 

on data from animal bioassays. Benzo(b )t1uoranthene produced tumors in mice after lung 4 

implantation, intraperitoneal or subcutaneous injection, and skin painting. Benzo(a)anthracene 5 

produced tumors in mice exposed by gavage; intraperitoneal, subcutaneous, or intramuscular 6 

injection; and topical application. Benzo(a)anthracene produced mutations in bacteria and in 7 

mammalian cells and transformed mammalian cells in culture. Equivocal results have been 8 

found in a lung adenoma assay in mice. Benzo(k)t1uormthene is mutagenic in bacteria 9 

(Klaassen et al., 1986). 10 

Tetraphloroethene (peE) has been uwed as a solvent in industry and occurs as a volatile chemical 11 

in other chlorinated hydrocarbons. Tetrachloroethene exposure can result in long-lasting narcosis 12 

with delayed onset and damage to the liver and kidneys. The principal manifestations of 13 

overexposure to this halogenated hydrocarbon are coma, jaundice, oliguria, and irritation of the 14 

eyes and nose followed by headache and nausea. Cyanosis and CNS depression progressing to 15 

coma appear one to four hours after the short-term exposure. Liver and kidney damage after 16 

apparent recovery or after repeated exposures cause acute symptoms such as nausea, vomiting, 17 

abdominal pain, jaundice, oliguria, and uremia. PCE exposure via the inhalation and/or skin 18 

absorption exposure pathways could result in headache, tremor, dizziness, peripheral paresthesia, 19 

hypesthesia or anesthesia. PCE is a carcinogen, but is currently under review by USEP A; it is 20 

classified as a B2-C carcinogen. The oral RID has been set at 0.01 mg/kg-day, and the oral SF 21 

and inhalation SF have been set at 0.052 and 0.0023 kg-day/mg, respectively, by USEPA 22 

(Dreisbach et al., 1987). An oral RID uncertainty factor of 1000 has been issued for PCE as well 23 

as a modifying factor of 1 (IRIS, 1996). 24 
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Trichloroethene is a volatile liquid with the characteristic odor of chloroform. Inhalation, 

intravenous, and subcutaneous routes are all viable exposure pathways for this compound. TCE 2 

is a strong skin and eye irritant that is relatively less toxic if ingested. Inhaling high 3 

concentrations causes narcosis and anesthesia. TCE targets the liver and other organs. TCE is 4 

a B2 carcinogen, and the oral SF and inhalation SF have been set by USEPA at 5 

0.011 and 0.006 kg-day/mg, respectively. USEPA set the oral RID at 0.006 mg/kg-day 6 

(Dreisbach et aI., 1987). 7 

Vanadium is not readily absorbed through the skin or oral ingestion and is a ubiquitous element. 8 

It is also a by-product of petroleum refining. Vanadium is soluble in fats and oils (Klaassen et aI., 9 

1986). Municipal water supplies contain 0.001 to 0.006 mg/L. The target organ is unclear, and 10 

the primary focus of toxicological information is inhalation of vanadium dust. Typical vitamin 11 

supplements contain approximately 0.010 mg in a daily dose. The oral RID set by USEPA is 12 

0.007 mg/kg-day. 13 

8.3.4.5 Risk Characterization 14 

Exposure to SWMU 14 surface soil and groundwater was assessed using future residential and 15 

industrial site worker scenarios. For each scenario, these exposure pathways were evaluated: 16 

• incidental surface soil ingestion 17 

• dermal contact with surface soil 18 

• ingestion of loess groundwater 19 

• inhalation of VOCs in loess groundwater 20 

• ingestion of fluvial deposits groundwater 21 
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Exposure to SWMU 14 sediment was assessed using an industrial site worker, a maintenance 

worker, and an adolescent site trespasser scenario. For each scenario, these exposure pathways 2 

were evaluated: 3 

• 
• 

incidental sediment ingestion 

dermal contact with sediment 

4 

5 

TDEC assumes all groundwater is potential drinking water. Consequently, loess and fluvial 6 

deposits groundwater were assumed to be used as drinking water sources. Tables 8.3.18 and 7 

8.3.19 present the estimated ILCRs and HQs associated with the incidental ingestion of and dermal 8 

contact with surface soil, respectively. Tables 8.3.20 and 8.3.21 present the estimated ILCRs and 9 

HQs associated with the incidental ingestion of and dermal contact with sediment, respectively. 10 

ILCR,and HQ for groundwater exposure scenarios are presented in Tables 8.3.22,8.3.23,8.3.24, 11 

and 8.3.25. 12 

Chemical 

BEQ 

Notes: 
BEQ 
HQ 
ILCR 
LWA 
kg-day/mg 
mg/kg 

EPC 
mglkg 

Table S.3.1S 
Hazard Quotients and Incremental Lifetime Cancer Risks 

Incldentallngestion of Surface SoH at SWMU 14 
NSA Memphis Assembly E 

Millington, TN 

Site Resident 
Adult Child LWA 

Oral RID Oral SF 
mglkg=day kg-day/mg HQ HQ ILca 

Site Worker 
Adult 

HQ ILca 

0.399 NA 7.3 NA NA 4.6E-06 NA S.IE-07 

Benzo{a)pyrene equivalent 
Hazard Quotient 
Incremental Lifetime Excess Cancer Risk 
Lifetime Weighted Average 
kilograms per day per milligram 
milligrams per kilogram 

8.3-85 

mg/kg-day 
NA 
RID 
SF 
EPC 

milligrams per kilogram per day 
Not applicable 
Reference Dose 
Slope Factor 
Exposure Point Concentration 
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Table 8.3.19 
Hazard Quotients and Incremental Lifetime Cancer Risks 

Dermal Exposure to Surface Soil at SWMU 14 

BEQ 

Notes: 
BEQ 
HQ 
ILCR 
LWA 
kg-day/mg 
mg/kg 

NSA Memphis Assembly E 
MillinttOD, TN 

Site Resident Site Worker 

Adult Child LWA Adult 

EPC 
mgikl 

OralRO> 
mgi2-day 

Oral SF 
2-day/mg 

Dermal 
Adjustment 

Factor HQ HQ ILCR HQ ILCR 

0.399 NA 

Benzo(a)pyrene equivalent 
Hazard Quotient 

7.3 

Incremental Lifetime Excess Cancer Risk 
Lifetime Weighted Average 
kilograms per day per milligram 
milligrams per kilogram 

0.5 

Table 8.3.20 

NA 

mg/kg-day 
NA 
RID 
SF 
EPC 

NA 2.1E-06 NA 

milligrams per kilogram per day 
Not applicable 
Reference Dose 
Slope Factor 
Exposure Point Concentration 

Hazard Quotients and Incremental Lifetime Cancer Risks 
Incidental Ingestion of Partially Exposed Sediments at SWMU 14 

NSA Memphis Assembly E 
Millington, TN 

8.4E"{)7 

Site Worker 

Adult 

Maintenance Worker 

Adult 

Site Trespasser 

Adolescent 

EPC OralRO> Oral SF 

Chemical mgi2 mgiks-day 2-day/mg HQ ILCR HQ ILCR HQ ILCR 

Arsenic 
BEQ 

Beryllium 

93 
0.4732 
0;49 

OJXlO3 13 
NA 7.3 

0.005 4.3 

Cumulative m or 
ILCR: 

Notes: 
BEQ 
HQ 
ILCR 
LWA 
kg-day/mg 
mglkg 

Benzo(a)pyrene equivalent 
Hazard Quotient 
Incremental Lifetime Excess Cancer Risk 
Lifetime Weighted Average 
kilograms per day per milligram 
milligrams per kilogram 

NA 

0.000032 

0.01 

8.3-86 

··4.3&07 

4.1E.Q7 NA 8.5E..{)8 NA 1.0E.Q7 

2,ssmQ,~t:s;~9~OOOOll. .6,4508 

2E-06 

mg/kg-day 
NA 
RID 
SF 
EPC 

0.002 5E.Q7 0.007 

milligrams per kilogram per day 
Not applicable 
Reference Dose 
Slope Factor 
Exposure Point Concentration 

6E.Q7 



Chemical 

AIsenic 
BEQ 

BeryUimn 

Cumulative 
mor 
n.CR: 

Notes: 
BEQ 
HQ 
ILCR. 
SF 
kg-day/mg 
mg/kg 

Table 8.3.21 
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Hazard Quotients and Incremental Lifetime Cancer Risks 
Dermal Contact with Partially Exposed Sediments at SWMU 14 

NSA Memphis Assembly E 

EPC 

~,2 ···O.~ 

Millington, TN 

Oral SF 

Sile Worker 
Adult 

Maintenance Worker 
Adult 

Sile Trespasser 
Adolescent 

HQ n.CR 

0;0014 .:8:88-08 
0.5 NA 7.3 NA 6.6E-07 NA 1.4E-07 NA 8.6E-08 

·0;005· ··4,3 ·ij;~~31;OE~~.~<#i~:«J;~3PE-08 

Benzo(a)pyrene equivalent 
Hazard Quotient 
Incremental Lifetime Excess Cancer Risk 
Slope Factor 
kilograms per day per milligram 
milligrams per kilogram 

0.004 IE-06 

8.3-87 

mglkg-day 
NA 
RfD 
EPC 
DAF 

0.0009 3E-07 0.001 

milligrams per kilogram per day 
Not Applicable 
Reference Dose 
Exposure Point Concentration 
Dermal Adjustment Factor 



Chemical 

cis-1,2-Dichloroethene 
Tetrachloroethene 
Trichloroethene 

Cumulative HI or ILCR 

Chemical 

cis-1,2-Dichloroethene 
T etrachloroethene 
Trichloroethene 

Cumulative HI or ILCR 

Notes: 

EPC Oral RID 
(mg/L) (mg/kg-day) 

0.0201 0.01 
0.23 0.01 

0.285 0.006 

Table 8.3.22 
Risk Estimates 

Ingestion of Loess Groundwater 
SWMU14 

NSA Memphis RFI 

Adult 
Oral SF 

(kg-day/mg) HQ 

NA 0.055 
0.052 0.630 
0.011 1.302 

2 

Table 8.3.23 
Risk Estimates 

Site Resident 

Child LWA 

HQ ILCR 

0.13 NA 
1.5 1.8E-04 

3.04 4.7E-05 

5 2.E-04 

Inhalation and Dermal Contact Exposure to VOCs in Loess Groundwater 
SWMU 14 

NSA Memphis RFI 

Site Resident 

Adult Child LWA 
EPC Inhalation RID Inhalation SF 

(mglL) (mg/kg-day) (kg-day/mg) HQ HQ ILCR 

0.0201 0.01 NA 0.0551 0.1284 NA 
0.23 0.Q1 0.00203 0.6302 1.4697 7.0E-06 
0.285 0.006 0.006 1.302 3.035 2.5E-05 

2 5 3.E-05 

EPC = Exposure point concentration 
RID = Reference Dose; the oral RID was applied when no Inhalation RID was available 
SF = Slope Factor 
HQ = Hazard quotient 

ILCR = Incremental excess lifetime cancer risk 
HI = Hazard index 

NA = Not applicable 
LWA = Lifetime weighted average 

swmu14.XLS 

Site Worker 

HQ 

0.020 
0.225 
0.465 

0.7 

Adult 

ILCR 

NA 
4.2E-05 
1.1 E-05 

5.E-05 

Site Worker 

Adult 

. HQ ILCR 

0.020 NA 
0.225 1.6E-06 
0.465 6.0E-06 

0.7 8.E-06 



EPC 
Chemical (mg/L) 

Arsenic 0.004 
Barium 0.638 
Vanadium 0.054 
Benzene 0.005 
Trichloroethene 0.00531 

Table 8.3.24 
Risk Estimates 

Ingestion of Fluvial Deposits Groundwater 
SWMU 14 

NSA Memphis RFI 

Site Resident 

Adult Child 
Oral RfD Oral SF 

(mg/kg-day) (kg-day/mg) HQ HQ 

0.0003 1.5 0.4 0.9 
0.07 NA 0.2 0.6 

0.007 NA 0.2 0.5 
NA 0.029 NA NA 

0.006 0.011 0.024 0.06 

LWA 

ILCR 

8.9E-05 
NA 
NA 

2.2E-06 
8.7E-07 

Cumulative HI or ILCR 0.9 2 9.E-05 

Chemical 

Benzene 
Trichloroethene 

Table 8.3.25 
Risk Estimates 

Inhalation and Dermal Contact Exposure to VOCs in Fluvial Deposits Groundwater 
SWMU 14 

NSA Memphis RFI 

SUe Resident 

Adult Child LWA 
EPC Inhalation RfD Inhalation SF 

(mg/L) (mg/kg-day) (kg-day/mg) HQ HQ ILCR 

0.005 0.00171 0.029 0.0801 0.1868 2.2E-06 
0.00531 0.006 0.006 0.024 0.057 4.7E-07 

Cumulative HI or ILCR 0.1 0.2 3.E-OS 

Notes: 

swmu14 

EPC = Exposure point concentration 
RfD = Reference Dose; the oral RfD was applied when no inhalation RfD was available 
SF = Slope Factor 
HQ = Hazard quotient 

ILCR = Incremental excess lifetime cancer risk 
HI = Hazard index 

NA = Not applicable 
LWA = Lifetime weighted average 

SUe Worker 

Adult 

HQ ILCR 

0.13 2.1E-05 
0.09 NA 
0.08 NA 
NA 5.1E-07 

0.009 2.0E-07 

0.3 2.E-05 

Site Worker 

Adult 

HQ ILCR 

0.0286 5.1E-07 
0.009 1.1E-07 

0.04 6.E-07 
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Hypothetical Site Residents 

In accordance with RAGS, risks to site residents were evaluated for carcinogens using the lifetime 2 

weighted average. Noncarcinogenic risk, or hazard, was estimated separately to address child and 3 

adult exposure. As shown in Figure 8.3.11, the sum of soil, loess groundwater, fluvial deposits 4 

groundwater, and sediment risk estimates was greater than 2.5E-04. The loess groundwater 5 

exposure pathway generated the greatest source of risk with an ILCR of 2E-04. The fluvial 6 

deposits groundwater exposure pathway ILCR was 9E-05. As shown in Figure 8.3.12, arsenic 7 

and tetrachloroethane were the primary contributors to carcinogenic risk in SWMU 14. 8 

Figure 8.3.13 shows the contribution from each exposure pathway to the child HI. The loess 9 

groundwater exposure pathway HI, 10, is the primary contributor to the cumulative HI of 10. 10 

Surface Soil 11 

The estimated ILCR for surface soil ingestion at SWMU 14 (based on adult and child lifetime 12 

weighted average) is 5E-06. The dermal pathway ILCR estimate is 8E-07. Carcinogenic PAHs 13 

(as BEQs) are the sole contributors to the ILCR for each pathway. Noncarcinogenic COPCs were 14 

not identified in surface soil at SWMU 14; therefore, HQs were not calculated for surface soil. 15 

Loess Groundwater 16 

The projected ingestion-related LWA ILCR estimate for loess groundwater at SWMU 14 is 2E-04. 17 

HIs for the ingestion pathway were estimated to be 2 and 5 for adults and children, respectively. 18 

The inhalation-related LWA ILCR estimate is 3E-05, and the inhalation HIs for adults and 19 

children, were 2 and 5, respectively. Tetrachloroethene and trichloroethene are the main 20 

contributors for HI and ILCR, with 1,2-dichloroethene also contributing to the HI. 21 

Fluvial Deposits Groundwater 22 

The projected ingestion-related ILCR LW A for fluvial deposits groundwater at SWMU 14 is 23 

9E-05. Arsenic, benzene, and tetrachloroethene were contributors for this pathway. The HIs for 24 
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Figure 8.3.11 SWMU 14 Reeldentlal Rlek btlmatee 
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Figure 8.3.12 SWMU 14 Residential Risk Contributors 

Risk Estimates are 1E-5 Times Value Shown 

8.3-93 



ReRA Facility Investigation Repon 
Assembly E -SWMUs 2,9,14,38,59, and 65 
NSA Memphis - Millington, Tennessee 
Revision I: February 2, 1998 

This page intentionally left blank. 

8.3-94 



12 

10 

8 

6 

4 

2 

o 

ReRA Facility Investigation Repon 
Assembly E -SWMUs 2,9,14,38,59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

Figure 8.2.13 SWMU 14 Residential Child Hazard Index Estimates 
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adult and child residential receptors were estimated to be 0.9 and 2, respectively. Arsenic, 

vanadium, and barium were the primary contributors to the ID. The inhalation ILCR estimate for 2 

fluvial deposits groundwater is 3E-06. Inhalation IDs for adult and child residents are 0.1 and 3 

0.2, respectively. Benzene and tetrachloroethene are the only contributors to inhalation ILCR and 4 

HI. 5 

Hypothetical Site Workers 6 

Figure 8.3.14 presents the industrial risk estimates for each pathway. Loess and fluvial deposits 7 

groundwater are the primary risk exposure pathways at SWMU 14. Figure 8.3.15 shows the 8 

percentage of contribution from individual COPCs to the estimated risk. Arsenic, 9 

tetrachloroethene, and trichloroethene are the major contributors to ILCR estimates for site 10 

workers at SWMU 14. Figure 8.3.16 shows individual COPC contributors to the industrial 11 

exposure ID as well as cumulative values. 12 

Surface Soil 13 

Site worker ILCRs estimates are 5E-07 and 8E-07 for the ingestion and dermal contact pathways, 14 

respectively, with carcinogenic PAHs (as BEQs) as the only contributor to ILCR for each 15 

pathway. There were no noncarcinogenic COPCs reported in surface soil. 16 

Sedllnent 17 

Site worker ILCR estimates are 2E-06 and 1E-06 for the ingestion and dermal contact pathways, 18 

respectively. Carcinogenic PAHs (as BEQs), arsenic, and beryllium were the contributors to the 19 

ILCR. The ID estimate for soil ingestion is 0.01. The ID estimate for dermal exposure is 0.004. 20 
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Groundwater 

Exposure to groundwater was evaluated under both residential and industrial (site worker) land 2 

use scenarios. For noncarcinogenic chemicals evaluated for hypothetical site residents, HQs were 3 

computed separately to address children and adults. 4 

Loess Groundwater 5 

Ingestion-related ILCR from loess groundwater is 5E-05, and the HI is 0.7. The projected 6 

inhalation of volatiles ILCR is 8E-06, and the HI is 0.7. Arsenic is the primary contributor to 7 

ingestion risk and hazard. 8 

Fluvial Deposits Groundwater 9 

The ILCR estimate for ingestion of fluvial deposits groundwater is 2E-05, and the HI is 0.3. The 10 

ILCR estimate for inhalation of volatiles is 6E-07, and the HI is 0.04. Benzene and 11 

tetrachloroethene are the contributors to ILCR and HI estimates for this exposure pathway. 12 

Maintenance Worker 13 

Sedhnent 14 

For the maintenance worker scenario, as described in Section 8.3.4.3, the worker was assumed 15 

to be exposed to site chemicals 52 days per year while providing lawn care, which would occur 16 

in the eight months that sediment is assumed to be exposed. The estimated ILCR for the 17 

maintenance worker via ingestion of partially exposed sediments is 5E-07. The estimated HI is 18 

0.002. The estimated ILCR via dermal exposure is 3E-07, and the HI is 0.0009. 

Site Trespasser 

Sedhnent 

19 

20 

21 

For the adolescent site trespasser scenario (as described in Section 8.3.4.3 and in the Technical 22 

Memorandum on HHRA [E/A&H, 1997e]) assumptions included an exposure duration of 23 

8.3-98 



RCRA Facility Investigation Repon 
Assembly E -SWMUs 2,9,14,38,59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

Pigur. 1 .•• 14 Ihdu, 1I'lal II it E!. till a •• 

n~ntE 
U:U _~'---=>-"""' ___ r--___ I'-p.~..3.-__ IL-t-It-=====;;--,;;:;;;::=== 

Oornblhtd ILOR Sioil 

• &UM 

~ IEQ 

D Arunlc 

~ hrylliurn 

Lous OW Fluv OW 

~ T.traohloro.tlun • 

~ Trlchlorotth.n. 

~ I.nun. 

8.3-99 



RCRA Facility Investigation Report 
Assembly E - SWMUs 2, 9, 14, 38, 59, and 65 
NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

This page intentionally left blank. 

8.3-100 



RCRA Facility Investigation Repon 
Assembly E -SWMUs 2,9,14,38,59, and 65 

NSA Memphis - Millington, Tennessee 
Revision I: February 2, 1998 

Figure 8.3.15 SWMU 14 Industrial Risk Contributors 
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Figure S.3.16 SWMU 14 Worker Hazard Index Estimates 
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10 years, a body weight of 45 kg, and an exposure frequency of 52 days per year. The adolescent 

trespasser exposure multiplier was also adjusted for the fraction of time per year when SWMU 14 2 

sediment is exposed (eight months per year). The estimated ILCR via ingestion is 6E-07, and the 3 

HI is 0.007. The estimated ILCR via dermal exposure is 2E-07, and the HI is 0.001. 4 

COCs Identified 5 

As described in the Technical Memorandum on HHRA, COCs were identified based on 6 

cumulative (all pathway) risk and hazard projected for this site. USEPA has established a 7 

generally acceptable risk range of lE-4 to lE-6, and an HI threshold of 1.0 (unity). In 8 

Assembly E HHRAs, a COC was considered to be any chemical contributing to a cumulative risk 9 

level of lE-6 or greater and/or a cumulative ill above 1.0, if its individual ILCR exceeds lE-6 10 

or its HQ exceeds 0.1. The COC selection algorithm provides a more comprehensive evaluation 11 

of chemicals contributing to carcinogenic risk or noncarcinogenic hazard during the ROO 12 

development process. 13 

Hypothetical Site Residents 14 

Surface Soil 15 

No risk- or hazard-based COCs were identified for the hypothetical site resident scenario. 16 

Loess Groundwater 17 

1,2-Dichloroethene, tetrachloroethene and trichloroethene were identified as COCs for this 18 

scenario based on their contribution to risk and hazard. 19 

Fluvial Deposits Groundwater 20 

Arsenic, benzene, vanadium, and barium were identified as COCs for this scenario based on their 21 

contribution to hazard, assuming an UCL (95%) exposure frequency. 22 
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Hypothetical Site Workers 

Surface Soil 2 

No risk or hazard-based COCs were identified for the hypothetical site worker scenario. 3 

Sediments 4 

No risk or hazard-based COCs were identified for the hypothetical site worker scenario. 5 

Loess Groundwater 6 

No COCs were identified for this scenario based on their contribution to risk and hazard. 7 

Fluvial Deposits Groundwater 8 

No COCs were identified for this scenario based on their contribution to risk and hazard. 9 

Maintenance Worker 10 

Sediment 11 

No COCs were identified for this scenario based on their contribution to risk and hazard. 12 

Site Trespasser 13 

Sediment 14 

No COCs were identified for this scenario based on their contribution to risk and hazard. 15 

Summary Risk Mapping 16 

In addition to the standard tabular presentation of risk estimates in Section 8.3.4.5, point estimate 17 

maps were plotted for loess and fluvial deposits groundwater to clarify the spatial distribution for 18 

risk managers. As an extension of conventional data presentation, excess cancer risk and hazard 19 

estimates were calculated for each sample location. Point estimates of risk and hazard were 20 

developed for both residential and industrial land use scenarios for relative comparison. These 21 
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point risk estimates and corresponding maps exclude DPT samples, which were collected to 

determine appropriate placement of the samples presented in the summary figures and tables. 2 

Tables were generated to present risk estimates for each CDC at each sample location using the 3 

ratio of the reported concentration to the corresponding RGD and risk estimate used to develop 4 

the ROO. For example, the residential RGD for tetrachloroethene is 1.24 mg/L when estimated 5 

at lE-06 risk for an LWA residential receptor. A loess groundwater tetrachloroethene 6 

concentration of 150 mg/L would result in a risk estimate of 1.2E-04. This method incorporates 7 

both incidental ingestion and dermal contact exposure pathways, the basis for calculating RGDs. 8 

These tables are presented in Section 8.3.4.9 9 

CDCs were not detected at all sample locations, as discussed in Section 8.3.2. However, 10 

concentrations were assumed to be present in site samples slightly below sample quantitation 11 

limits, when CDCs were reported as nondetects. As discussed in the Technical Memorandum on 12 

HHRA (E/A&H, 1997e), the assumed concentration for a specific organic CDC equals either one- 13 

half of the lowest reported hit or one-half the reported sample quantitation limit. Using one-half 14 

the lowest reported hit accounts for any elevated sample quantitation limits that could bias risk 15 

estimates and overestimate risk by using some other assumed concentration. Assumed 16 

concentrations for inorganics equal one-half of the reported sample quantitation limit. After 17 

estimating risk for each CDC and each sample location, risk estimate were summed to provide 18 

cumulative risk estimates for each sample location and land-use scenario. Individual hazard 19 

estimates were established as well as cumulative hazard estimates for each CDC and each sample 20 

location. 21 

Arc View, a graphical data presentation and geographic information system software package, was 22 

used to plot risk and hazard estimates on maps of NSA Memphis. The risk or hazard for 23 

individual locations was plotted using corresponding northing and easting data. All graphical 24 
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presentations of risk and corresponding tables are based on RME assumptions and RGOs presented 

in Section 8.3.4.8. Figures were developed for a residential land use scenario only. Point 2 

estimates for an industrial land use scenario are shown in corresponding tables in Section 8.3.4.9. 3 

Risk and hazard point mapping is useful for determining whether hot spots (or isolated areas of 4 

gross contamination) exist within an otherwise unimpacted area and in identifying areas where 5 

remedial activities would be more effective. This information is important because heterogeneous 6 

contaminant concentrations can affect the manner in which receptors are exposed to the affected 7 

media. As discussed earlier, it is sometimes appropriate to estimate the PI/FC from the 8 

contaminated source in computing CD!. Point maps allow for visual analysis of risk and hazard 9 

distributions and facilitate estimation of the extent of hot spots relative to the overall site area. 10 

These maps also support preliminary scoping of remedial requirements as well as assessment of 11 

potential cleanup alternatives in the CMS. 12 

Cumulative risk maps could be misleading when different chemicals contribute to elevated risk 13 

estimates in a cluster of sample locations. Such an area could appear to be a hot spot, when 14 

chemicals with different toxicology were reported at each location. For this reason, it is important 15 

to support the figures with tables showing individual chemical concentrations along with risk and 16 

hazard estimates. These tables are sorted by sample location and also show cumulative values for 17 

each location. 18 

Figures presented in this report are approximations which include many uncertainties. Loess and 19 

fluvial deposits groundwater are not currently used for potable purposes at NSA Memphis, nor 20 

are they expected to be in the future; therefore groundwater exposure pathways are not likely to 21 

be completed. Point estimates shown in tables and figures below would overestimate risk and 22 

hazard for the groundwater pathways. The numerous uncertainties in risk and hazard estimates 23 

presented in tables and figures below should be considered by risk management when making 24 
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decisions regarding the potential for exposure to site media. If an exposure pathway will not be 

completed, that pathway poses no risk. 

8.3.4.6 Risk Uncertainty 

Several parameters contribute to risk assessment uncertainty including: 

• Future exposure settings and exposure pathways are unknown 

• Toxicological uncertainty in the determination of SFs and RIDs 

• EPC estimation 

• Human exposure quantification 

• Elimination of some CPSSs 

Fate and transport uncertainties are addressed in Section 8.3.6. 

Exposure Setting and Exposure Pathways 

Surface Soil 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Currently there are no future re-use plans for SWMU 14, but a residential re-use is highly 13 

unlikely. Therefore a residential re-use scenario is likely to overestimate exposure, which could 14 

result in overestimates in projected risklhazard values. 15 

Subsurface Soil 16 

Construction work generally requires less than one year to complete a project, and chronic 17 

exposure is typically seven years or more. The current site worker scenario used in this 18 

assessment assumes 25-year exposure. Therefore, future worker assessment is considered to be 19 

protective of both current site use and future construction/maintenance exposure scenarios for 20 

surface soil. The future site resident scenario assumed existing buildings would be removed and 21 
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replaced with dwellings. In addition, the future site residents and workers were assumed to use 

the onsite underlying aquifers as a source of drinking water. 2 

USEPA Region IV and TDEC recommend the construction worker scenario be assessed using 3 

default worker assumptions, with the following exceptions: 4 

Exposure Duration = 0.5 year (one year was used as recommended when estimating ILCR) 5 

Exposure Frequency = 120 days/year 6 

Ingestion Rate = 340 mg/day (modified as discussed below) 7 

The modified ingestion rate is based on the time-weighted average, assuming a worker would be 8 

exposed to a hole in the ground, incidentally ingesting 4S0 mg/day (RBCAIASTM) for 0.5 year, 9 

and 200 mg/day for 0.5 year (USEPA, 1995b). The weighted average is 340 mg/day. Intake 10 

multipliers were calculated in accordance with RAGS as discussed in the Technical Memorandum 11 

onHHRA. 12 

Assuming a soil concentration of 1 mg/kg and applying the modified exposure assumptions 13 

presented above, this results in the following intake multipliers: 

• 
• 

Ingestion Hazard Multiplier = 1.6E-06 

Ingestion ILCR Multiplier = 1.2SE-OS 

14 

15 

16 

As presented in the Technical Memorandum on HHRA the residential intake multipliers are: 17 

• 
• 

Ingestion Hazard Multiplier = 1.2SE-07 

Ingestion ILCR Multiplier = 1.57E-09 
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RBCs were calculated by USEPA Region III using similar multipliers. The following equation 

can be used to calculate the RBC for a site resident exposed to soil: 

RBC= Tan:et Risk Goal 
Ingestion Hazard Multiplier x Slope Factor 

2 

3 

4 

For example, the slope factor for arsenic is 1.5 kg-day/mg. Using arsenic as an example with a S 

target risk goal of lE-6 and the residential multiplier for carcinogens shown above, the RBC 6 

would equal approximately 0.43 mg/kg, the same value shown in USEPA Region Ill's RBC tables. 7 

Applying the multiplier for the construction worker scenario results in an RBC for a construction 8 

worker scenario approximately equal to 134 mg/kg, which is shown in Table 8.3.26. 9 

Because a linear relationship exists between the two land use scenarios, residential RBCs for 10 

noncarcinogens and carcinogens can be related to construction worker RBCs using the following 11 

multipliers: 

• 
• 

Noncarcinogens = 8 * RB~ (residential) = RBCN (construction worker) 

Carcinogens = 68.63 * RBCc (residential) = RBCc (construction worker) 

12 

13 

14 

For example, the arsenic RBC which is based on carcinogenicity, is 0.43 mg/kg. Multiplying this IS 

value by 68.63 results in the construction worker RBC of 29.5 mg/kg shown in Table 8.3.26. 16 

Similar calculations were performed for noncarcinogens, and a screening level assessment was 17 

performed for SWMU 14 subsurface soil by comparing all chemicals reported in subsurface soil 18 

to construction worker RBCs. 19 
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Table 8.3.26 
Construction Worker Scenario 

SWMU14 
NSAMemphis 

MAX RBCres RBC const 

MAX - Maximum reported concentration in subsurface soil 
RBC res - Screening based on USEPA's 1998 Risk-Based Concentration tables (USEPA, 1998) 
RBC const - Screening based on construction worker soil ingestion as per RBCAI ASTM guidance 
RC - NASP reference concentration 
NA - Not applicable/not available 
N - Noncarcinogen 
C - Carcinogen 
a - Fluoranthene used as surrogate 
b - industrial cleanup goals used at other federal facilities 

RC 
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Sediment was hypothetically treated as surface soil in RBC comparisons. Such comparisons could 2 

overestimate or underestimate potential risk and hazard values. However, separate assumptions 3 

were determined to provide reasonable maximum exposure scenarios. Sediment was assumed to 4 

be exposed eight months of the year. Scenarios included a typical site worker, maintenance 5 

worker, and a site trespasser scenario. Any of these scenarios could overestimate or underestimate 6 

exposure, depending on how long sediments are actually exposed. 7 

Loess and Fluvial Deposits Groundwater 8 

Loess and fluvial deposits groundwater are not currently used at SWMU 14 or NSA Memphis for 9 

potable or industrial purposes. NSA Memphis has a system that supplies drinking and process 10 

water from the Memphis aquifer. This system is to remain in operation under the current reuse 11 

plan ... ,As a result, shallow groundwater use would not be expected under future site use scenarios. 12 

Therefore, the scenario established to project risk/hazard associated with shallow groundwater 13 

exposure is highly conservative, and associated pathways are not expected to be completed. 14 

Toxicological Uncertainty 15 

Surface Soil 16 

BEQ has a "B2" cancer rating which indicates that it causes cancer in animals but has not been 17 

demonstrated to cause cancer in humans. This may overestimate the cancer risk from exposure 18 

to BEQ. 19 

Sediment 20 

Arsenic was assessed as a carcinogen, and arsenic ILCR was a primary contributor to risk 21 

estimates for sediment exposure pathways. USEPA evaluated the cancer potency of arsenic based 22 

on certain studies from the literature. Limitations in these studies and the methods used by 23 

USEPA would result in overestimates of arsenic risk. For example, arsenic's MeL is 50 mg/L 24 
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(USEPA, 1996c). Yet, exposure to drinking water with 50 mg/L arsenic would equate with 

unacceptable risk. The technology-based method used to calculate the MeL for arsenic is not the 2 

same as risk-based methods used to assess risk. 3 

USEPA derived the oral SF from a Taiwanese study of human exposures to groundwater 4 

containing arsenic (Tseng et aI., 1968). The assumptions used by USEPA to derive the SF may 5 

have underestimated dietary exposure to arsenic (Yost et al., 1994). More recent water 6 

intake values were available for the Taiwanese population. These values are higher than the 7 

historical data used by USEPA. Using higher water intake values would reduce the expected 8 

cancer potency. In addition, toxic effects of arsenic could have been exacerbated because the 9 

study population was reportedly undernourished and many had chronic liver disease 10 

(Hsueh et aI., 1995). 11 

The calculation method USEPA used to determine the SF may also have overestimated the cancer- 12 

causing potential of arsenic. A linear dose response curve was assumed by USEP A, and the dose- 13 

response curve for arsenic may be sublinear (Loehr et al., 1989). In 1989, the USEPA Science 14 

Advisory Board concluded that, "at dose levels below 200-250 micrograms arsenic per day there 15 

is a possible detoxification mechanism that may substantially reduce cancer risk from the levels 16 

USEPA has calculated using a linear-quadratic model fit to the Tseng data." 17 

The Tseng study was based on water ingestion, and many studies indicate arsenic is more 18 

bioavailable from water than soil. Ingesting arsenic in soil may not elicit toxic responses, while 19 

the same amount of arsenic ingested from groundwater may be toxic (ATSDR, 1992). Relative 20 

bioavailabilities of arsenic in soil to arsenic in groundwater range from 20% to 78% (Freeman et 21 

al., 1993, 1994). 22 
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USEPA determined that risk-based concentrations for arsenic should be multiplied by 10 to 

account for the uncertainty in arsenic's carcinogenicity (USEPA, 1988). For example, a risk- 2 

based concentration of 0.001 mg/L would be changed to 0.01 mg/L. In addition, the mean 3 

relative bioavailability of 78 % is recommended by US EPA to address arsenic in soil. In 4 

summary, a risk-based concentration of 1 mg/kg would be modified (e.g., 1/0.78 = 1.282 mg/kg) 5 

to approximately 1.28 mg/kg. The 1.28 mg/kg concentration in soil would also be adjusted to 6 

account for the uncertainty in arsenic's SF, resulting in an adjusted value of 12.8 mg/kg. The 7 

relative bioavailability factor would not be applicable to groundwater concentrations, so a risk- 8 

based groundwater concentration of 0.001 mg/L would be modified to 0.01 mglL. Therefore, risk 9 

and hazard estimates are potentially overestimates. 10 

Loess Groundwater 11 

TCE and PCE have "B2" cancer ratings which indicates that they cause cancer in animals but have 12 

not been demonstrated to cause cancer in humans. This may overestimate the cancer risk from 13 

exposure to these compounds. 14 

Fluvial Deposits Groundwater 15 

Arsenic is carcinogenic in humans, and has been shown to cause squamous cell carcinoma or 16 

blackfoot disease. USEPA's policy regarding arsenic is discussed above. Vanadium's primary 17 

entrance pathway is inhalation and it is not readily absorbed through the skin or via oral ingestion. 18 

It appears to pose little danger through water ingestion. Barium's toxic effects include muscle 19 

stimulation, central nervous system effects, and increased blood pressure. The cumulative effect 20 

of these compounds is not known. 21 
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Determination of Exposure Point Concentrations 

EPCs are used to estimate CDI. The uncertainty associated with EPCs primarily stems from their 2 

statistical determination (UCLs) or imposition of maximum concentrations. Use of the maximum 3 

is highly conservative and generally overestimates exposure. 4 

Surface Soil 5 

The UCL was determined to be the EPC for BEQ. The primary uncertainty in using the UCL is 6 

in the statistical determination, which could overestimate exposure. 7 

Sediments 8 

Only two samples were collected and the maximum concentration was used to estimate the EPC. 9 

As a result, the EPC may be overestimated, which indicates that exposure may be overestimated.· 10 

Loess Groundwater 11 

The tetrachloroethene, 1,2-dicWoroethene, and trichloroethene EPCs were the maximum reported 12 

concentrations. As a result, exposure estimates may be overestimated, because these chemicals 13 

were reported as nondetects at some locations. 14 

Fluvial Deposits Groundwater 15 

EPCs were based on maximum concentrations, which tend to overestimate exposure as mentioned 16 

above. 17 

Frequency of Detection and Spatial Distribution 18 

Surface Soil 19 

BEQs were detected in 6 of 10 surface soil samples analyzed. Uniform exposure was assumed, 20 

which could potentially overestimate risk or hazard estimates. 21 
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Only two sediment samples were collected. BEQs were reported in only one sample, while 2 

arsenic and beryllium were reported in both samples. Sediment was assumed to be exposed only 3 

eight months of the year, which could overestimate or underestimate actual exposure depending 4 

on rainfall. 5 

Loess Groundwater 6 

Tetrachloroethene and trichloroethene were present in only one of five samples, which could 7 

indicate a hot spot. Hence, assuming uniform exposure could overestimate risk and hazard 8 

estimates. 9 

Fluvial Deposits Groundwater 10 

Arsenic was detected in three of four samples, barium in all four samples, and vanadium in one 11 

of four samples. By assuming a uniform concentration exposure for arsenic and vanadium may be 12 

overestimated, since each chemical was not detected in all samples. 13 

Imposing the maximum reported concentration overestimates exposure because low detection 14 

frequency compounds are not distributed equally across the site. 15 

Quantification of Risk/Hazard 16 

As indicated by the discussions above, uncertainty is inherent during the risk assessment process. 17 

In addition, many site-specific factors have affected the uncertainty of this assessment that would 18 

upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of variability and 19 

uncertainty are discussed below. 20 
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Surface Soil 

Although future land use at this site is unknown, both the worker and residential exposure 2 

scenarios were assessed in this HHRA. As previously discussed, these scenarios would likely 3 

overestimate risk and/or hazard. The RME assumptions were used to calculate the risk/hazard 4 

estimations to soil exposure. The RME is based on the 95th percentile, which tends to 5 

overestimate the risk/hazard. 6 

SedUnent 7 

A site worker, maintenance worker, and site trespasser scenario were determined for SWMU 14 8 

sediment exposure. In these scenarios, sediment was only assumed to be exposed for eight months 9 

of the year. The maintenance worker and site trespasser scenarios both assumed a 52-day 10 

exposure frequency, which reduces uncertainty stemming from using a 250-day exposure 11 

frequency. However, as stated before, exposure could be overestimated or underestimated, 12 

depending on how long sediments are actually exposed. 13 

Sediments were not compared to soil reference concentrations in this HHRA. However, if they 14 

were compared, none of the COPCs were detected above soil RCs; hence, risk and hazard 15 

estimates may be overestimated. 16 

Loess and Fluvial Deposits Groundwater 17 

As a measure of variability, CT analysis was performed for loess and fluvial deposits 18 

groundwater. Exposure assumptions were modified to reflect the 50th percentile rather than the 19 

95th, and EPCs were not modified. In accordance with Superfund's Standard Default Exposure 20 

Factors for the Central Tendency and Reasonable Maximum Exposure-Draft (USEPA, 1993a), the 21 

exposure duration of site residents was reduced from 30 to nine years, two years for child 22 

exposure, and seven years for adult exposure. Exposure frequency was reduced from 350 to 234 23 

for site residents and from 250 to 219 for site workers. The drinking water ingestion rate for an 24 
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adult was reduced from 2 to 1.4 liters per day, and exposure to groundwater was reduced by 25 % 

to account for other water sources. Using the CT assumptions above, adult and child residential 2 

intakes would reduce to 60% and 50% of the RME values. Site workers' intake would be reduced 3 

to 35 % of the RME value. Risk estimates would be proportionately reduced. 4 

Summary Risk Mapping 5 

As stated earlier, figures presented in this report are approximations which include many 6 

uncertainties. For example, shallow groundwater is not currently used at SWMU 14 for potable 7 

or industrial purposes. NSA Memphis has an existing system that supplies drinking and process 8 

water from a deeper groundwater source and according to the current reuse plan it is to remain 9 

in operation. As a result, shallow groundwater use would not be expected under future site use 10 

scenarios. Therefore, the scenario established to project risk/hazard associated with shallow 11 

grouI!dwater exposure is highly conservative, and associated pathways are not expected to be 12 

completed in the future. In addition, risk figures for SWMU 14 correspond to a residential 13 

scenario based on a child's exposure. The current land use is not expected to change under the 14 

current reuse plan. Hence, risk figures tend to show risk and hazard as overestimates. 15 

Risk figures are inherently graphical representations of the risk and hazard estimates from this 16 

report. Hence, all previous examples of uncertainty discussed in Section 8.3.4.6 also apply to the 17 

risk figures. 18 

8.3.4.7 Risk Summary 19 

Risk estimates for all exposure pathways evaluated are summarized in Table 8.3.27, including 20 

chemical-specific as well as multi pathway risk estimates. 21 
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Future Site Residents 

Medium and Exposure Pathway 

Soil - Dermal Contact 

Sum of Soil 

Sediment - Incidental Ingestion 

Loess Groundwater - Inbalation of VOCs 

Sum of Loess Groundwater 

Sum 0/ Soil, Sedim,lII, and Loess 
Grornulwtrter 

Notes: 

Adult 

m 

NA 

NA 

NA 

2 

4 

4 

ILCR Incremental lifetime excess cancer risk 
HI Hazard Index 
NA Not applicable 
LWA Lifetime weighted average 

Child LWA 

m ILCR 

NA 2e..()6 

NA 7e.()6 

NA NA 

NA. NA 

5 3e"()S 

10 2,..fJ4 

10 2e..fJ4 

Table 8.3.27 
Summary Risk Estimates 
All Exposure Pathways 

SWMU 14 - NSA Memphis 

Current and Future CUITeDt and Future 
Site Workers MainteDllllCe Workers 

Adult Adult 

m ILCR m ILCR 

NA 8e.()7 NA NA 

NA 1e.()6 NA NA. 

0.01 2e-06 0.002 5e.()7 

0.01 3e..()6 0.003 8e-07 

0.7 8e..()6 NA NA 

1.4 61-05 NA NA 

1.4 61-05 0.003 8e-07 
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Cuneat aad Future 
Site Trespassers 

Adult 

m ILCR 

NA NA 

NA NA 

0.007 6e.()7 

0.008 

NA NA 

NA NA 

0.008 8e-07 
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Surface Soil 2 

No COCs were identified for soil exposure pathways; therefore, RGOs were not calculated. 3 

Sediments 4 

No COCs were identified for sediment exposure pathways; therefore, RGOs were not calculated. 5 

Loess Groundwater 6 

RGOs were calculated for 1,2-dichloroethene, tetrachloroethene, and trichloroethene. 7 

Table 8.3.28 presents RGOs for LWA ILCR and HI for a child's exposure. Although these 8 

chemicals were not identified as COCs for an industrial exposure pathway, RGOs for the site 9 

worker are presented for a relative comparison. 10 

Fluvial Deposits Groundwater 11 

RGOs were calculated for arsenic, benzene, vanadium, and barium. Table 8.3.29 presents RGOs 12 

for a child's hazard exposure. Although these chemicals were not identified as COCs for an 13 

industrial exposure pathway, RGOs for the site worker are presented for a relative comparison. 14 

8.3.4.9 Summary Risk Figures 15 

Risk figures were developed for loess groundwater risk, and loess and fluvial deposits 16 

groundwater hazard. As previously discussed, figures were developed only for a residential land 17 

use scenario, based on a child receptor for the presented risk and hazard estimates. However, 18 

estimates assuming industrial land use are provided in corresponding tables. 19 

Table 8.3.30 presents individual and cumulative risk and hazard estimates for loess groundwater 20 

sorted by sample location, which are presented graphically in Figures 8.3.17 and 21 

8.3.18, respectively. Tetrachloroethene and trichloroethene were the only contributors to loess 22 
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groundwater risk and hazard. Tetrachloroethene and trichloroethene were only reported in sample 

o 14G02LSO 1 , where each chemical exceeded the target residential LW A ILCR of lE-06 and the 2 

child HQ of 1. However, an assumed concentration was used for samples in which neither 3 

chemical was detected, as described in the Technical Memorandum on HHRA (E/A&H, 1997e). 4 

Individual ILCR estimates exceeded the target residential LW A ILCR of lE-06 at all samples 5 

where the assumed concentration was used. The target cumulative risk estimate of lE-04 and 6 

target child HI of 1 was only exceeded for the residential scenario at sample 014G02LSOl. 7 

Tetrachloroethene and trichloroethene also exceeded the target ILCR of lE-06 for the site worker 8 

in sample 0l4G02LSOl, although cumulative ILCR was not exceeded in any samples for the site 9 

worker scenario. 10 

Table 8.3.31 shows individual and cumulative hazard estimates for fluvial deposits groundwater 11 

by sample location. A graphical presentation of the cumulative hazard estimates is shown in 

Figure 8.3.19. Arsenic, barium, and vanadium were contributors to cumulative hazard estimates 13 

in SWMU 14 fluvial deposits groundwater. None of these chemicals exceeded the individual 14 

target HQ of 1. However, the target HI of 1 for cumulative effects was exceeded at samples 15 

0l4GOILFOl, 0l4G04LFOl, and 014G07LFOl for the residential child receptor. None of the 16 

chemicals attributed to a cumulative hazard above the target HI ofl for the site worker scenario. 17 
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Table 8.3.28 
Remedial Goal Options for Loess Groundwater COCs at SWMU 14 

NSA Memphis - Assembly E 

Millin2ton, TN 

Site Resident 
LWA LWA LWA ChDd Child Child 
ILCR ILCR ILCR Hazard Hazard Hazard 
lE-06 lE-OS lE-04 at 0.1 at 1 at 3 

Chemical flglL flglL flglL flglL flglL flglL 

Tetracbloroethene 1.24 12.44 124.44 7.82 78.21 234.64 
cis-l,2-Dicbloroethene NA NA NA 7.8 78 780 
Tricbloroethene 3.96 39.55 395.51 4.69 46.93 140.79 

Notes: 
ILCR - Incremental Lifetime Excess Cancer Risk 
LWA - Lifetime Weighted Average 
flg/L - micrograms per liter 

Table 8.3.29 
Remedial Goal Options for fluvial Deposits Groundwater COCs at SWMU 14 

NSA Memphis - Assembly E 

MiIlinlUon, TN 

Site Resident Site Worker 
Child Child Child Adult Adult Adult 

Hazard Hazard Hazard Hazard Hazard Hazard 
at 0.1 at 1 at 3 at 0.1 atl at3 

Chemical flglL IlglL Ilg/L IlglL IlglL flglL 

Arsenic 0.5 4.7 14.1 3.07 30.7 92.1 
Barium 110 1095 3285 708.9 7089 21267 
Benzene 2.7 27 270 17.5 175 1750 
Vanadium 11 110 329 67.5 675 2025 

Notes: 

Adult Adult 
ILCR ILCR 
lE-06 lE-6S 
flg/L flglL 

5.34 53.4 
NA NA 
16.9 169 

Site Worker 
Adult Adult Adult Adult 
ILCR Hazard Hazard Hazard 
lE-04 at 0.1 atl at3 
flglL flglL flg/L flglL 

534 75 750 2250 
NA 51.1 511 5110 
1690 30 300 900 



Table 8.3.30 Risk and Hazard Estimates for COCs per Sampling Location 
Loess Groundwater 

SWMU14 
NSAMemphis 

Assumed Residential Industrial 
Result Concentration EPC Child LW A Site Worker 

120 

10 U 

10 U 

Notes: 
VQUAL - Validation qualifier 
EPC - Exposure Point Concentration 
LW A - Lifetime Weighted Average 
HQ - Hazard Quotient 

Trichloroethene 

Trichloroethene 

Trichloroethene 

ILCR - Incremental Lifetime Excess Cancer Risk 

Summary: 

5 120 

Summary: 

5 5 

Summary: 

5 5 

Summary: 

Summary: 

ILCR 

0.2 5E-06 

2.6 3.0E-05 

4 2E:.04 

0.11 1.3E-06 

0.2 5E-06 

0.11 1.3&06 

0.2 5E-06 

0.2 

U - The material was analyzed for, but not detected. The associated numerical value is the sample quantitation limit. 
J.1g/L - micrograms per liter 

0.02 

0.40 

0.6 

0.017 

0.02 

0.017 

0.02 

lE-06 

7.1&06 

4E-05 

3.0E-07 

lE-06 

3.0E-07 

lE-06 

lE-06 



Table 8.3.31 Risk and Hazard Estimates for COCs per Sampling Location 
Fluvial Deposits Groundwater 

Result 

Notes: 
VQUAL - Validation qualifier 
EPC - Exposure Point Concentration 
L W A - Lifetime Weighted Average 
HQ - Hazard Quotient 
ILCR - Incremental Lifetime Excess Cancer Risk 

SWMU14 
NSAMemphis 

Assumed 
Concentration 

Residential 
EPC Child 

Summary: 0.8 

Industrial 
Site Worker 

0.13 

U - The material was analyzed for, but not detected. The associated numerical value is the sample quantitation limit. 
J - The associated numerical value is an estimated quantity. 
/lg/L - micrograms per liter 
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8.3.5 Ecological Risk Assessment 

8.3.5.1 Introduction 2 

The focus of the SWMU 14 ERA is the terrestrial ecosystem associated with the site since other 3 

habitat types are not present. This assessment considers surface soil contaminant concentrations 4 

and distributions and exposure pathways which could result in unacceptable levels of exposure to 5 

terrestrial ecological receptors now or in the future. Potential aquatic risks associated with the 6 

adjacent Seventh Avenue ditch are discussed in the ERA for SWMU 38 (Industrial Drainage 7 

Ditches - Southside). The approach to this assessment is based on Risk Assessment Guidance for 8 

Supeljund Volume II -Environmental Evaluation Manual (USEPA, 1989a) and Frameworkfor 9 

Ecological Risk Assessment (USEPA, 1992a). 10 

8.3.5.2 Problem Formulation 11 

Site Description 12 

The ecological features at SWMU 14 are minimal. The site is a large, level, grass-covered lot 13 

with a few trees. The grass is mowed regularly to maintain lawn-like conditions. Section 1.1.3 14 

discussed the site in detail; Figure 1.4 provided a site map. To the east and south of the site are 15 

drainage ditches associated with SWMU 38, the Industrial Drainage Ditches/Southside. 16 

Ecosystem at Risk 17 

Based on visual observations, no quality habitat is available at SWMU 14. The grass fields at the 18 

site and surrounding area could be used by terrestrial receptors such as passerine birds and/or 19 

small mammals as foraging areas, but their occurrence would most likely be transient or 20 

opportunistic or would otherwise include a much larger and diverse home range than available at 21 

SWMU 14, therefore the exposure potential for any sensitive receptor is not considered 22 

significant. No viable terrestrial community exists within SWMU 14. With limited habitat and 23 

lack of terrestrial receptors, the SWMU 14 area does not warrant a preliminary ecological risk 24 

assessment. 25 
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This section evaluates the specific transport processes for site constituents at SWMU 14. The 2 

primary contaminants discussed in the fate and transport evaluation are: 3 

• Those constituents defmed as COCs per the HHRA. 4 

• Any organic contaminant exceeding its soil to groundwater SSL, and any organic 5 

contaminant exceeding both its SSL and RC. 6 

• Any VOC exceeding the soil-to-air transport SSL. 7 

In addition, transport processes for constituents other than those designated as COCs are discussed 8 

when those constituents are in multiple environmental media, or may migrate to other media. 9 

SWMU 14 is currently a flat, grass-covered area on the NSA Memphis Southside; drainage ditches 10 

are to its south (polaris Drive ditch) and west (Seventh Avenue ditch). The eastern portion of the 11 

site has a small stand of trees, several sidewalks, and a large open field. Residential property is 12 

at the far east end of this open field. 13 

The site is relatively flat with no obvious direction for surface water runoff. It is likely that all 14 

runoff discharges as sheet flow to the Seventh A venue drainage ditch to the west and the Polaris 15 

Drive drainage ditch to the south. Both ditches ultimately discharge to Big Creek Drainage Canal, 16 

approximately 2,750 feet south of SWMU 14. The Seventh Avenue drainage ditch is also a part 17 

of SWMU 38 (Southside Drainage Ditches). A significant portion of the Seventh Avenue ditch 18 

is upgradient and north of SWMU 14. Both ditches are along major streets on the NSA Memphis 19 

Southside, with surface water runoff from the roadways likely entering these ditches. Therefore, 20 
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it is not probable that contaminants in Seventh Avenue ditch sediment or Polaris Drive ditch 

surface soil samples are solely a result of SWMU 14 activities. 2 

SWMU 14 COCs include: 3 

• Acetone, aldrin, and dieldrin, which exceeded their respective soil-to-groundwater SSLs. 4 

• Barium and nickel, which exceeded both their respective soil-to-groundwater SSLs and 5 

their background RCs. 6 

• Tetrachloroethene, trichloroethene, and 1,2-dichloroethene, which are considered COCs 7 

in loess groundwater per the HHRA. 8 

• Arsenic, barium, vanadium, and benzene, which are considered COCs in fluvial deposits 9 

groundwater per the HHRA. 10 

Two potential cross-transport mechanisms are evaluated for SWMU 14: soil-to-groundwater and 11 

soil-to-sediment. Migration of surface soil constituents to sediment by surface water erosion is 12 

less significant at SWMU 14 than at other Assembly E SWMUs because the site is covered with 13 

grass and generally flat. Soil-to-air cross-media transport is not discussed, since the lack of 14 

significant VOC contamination in surface soil renders this transport mechanism unimportant. 15 

Since no surface water bodies are near SWMU 14, groundwater-to-surface-water transport is also 16 

not discussed. The following sections outline the two potential cross-transport mechanisms at 17 

SWMU 14. 18 
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8.3.6.1 Soil-to-Groundwater Cross-Media Transport 

Eleven constituents - tetrachloroethene, trichloroethene, TPH-DRO, arsenic, barium, chromium, 2 

lead, nickel, tin, vanadium, and zinc - were detected in both soil and groundwater at SWMU 14. 3 

Tetrachloroethene and trichloroethene, determined to be COCs in loess groundwater per the 4 

HHRA, are expected to be relatively mobile in groundwater due to their high solubility in water 5 

and high vapor pressure; however, they are expected to attenuate relatively quickly. Benzene and 6 

1,2-dichloroethene were also determined to be COCs in fluvial deposits or loess groundwater per 7 

the HHRA. These two constituents were only detected in groundwater and were not detected in 8 

soil samples at SWMU 14. Like other VOCs, these compounds are also relatively mobile in 9 

groundwater. Widespread impact to the underlying aquifer from these VOCs is not expected due 10 

to the relatively low concentrations, or absence of the compound, in soil. 11 

Acetone, aldrin, and dieldrin were detected in soil at concentrations exceeding their respective 12 

soil-to-groundwater SSLs. The conservative screening process indicates the potential for isolated 13 

soil-to-groundwater migration of these compounds. They were detected at higher concentrations 14 

than other detected soil constituents. However, they were not detected in loess or fluvial deposits 15 

groundwater during the April 1996 sampling event; thus, widespread impact to groundwater has 16 

not been indicated. 17 

Dieldrin's presence in SWMU 14 soil samples may be attributed to aerial applications throughout 18 

NSA Memphis during the 1950s and 1960s. The potential for aldrin and dieldrin to migrate to 19 

groundwater is not likely due to its low solubility, vapor pressure, and Henry's law constant; 20 

therefore, it is expected to be immobile and persistent in the environment, not readily diffusing 21 

into groundwater. 22 

Of the inorganics <detected in both soil and groundwater, only barium and nickel exceeded both 23 

their respective soil-to-groundwater SSLs and background RCs. Widespread impact to loess and 24 

8.3-135 



RCRA Facility Investigation Report 
Assembly E -SWMUs 2,9,14,38,59, and 65 
NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

fluvial deposits groundwater by barium and nickel is not expected because they are relatively 

immobile in groundwater, typically adhere to solids, and do not readily diffuse into groundwater. 2 

8.3.6.2 Soil-to-Sediment Cross-Media Transport 3 

Contaminants present in both surface soil from the SWMU 14 soil borings and sediment samples 4 

from the Seventh Avenue drainage ditch west of SWMU 14 include 13 SVOCs, 3 pesticides, and 5 

10 inorganics, as summarized below. 6 

SVOCs: Benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene, 7 

benzo(k)fluoranthene, BEHP, butylbenzylphthalate, chrysene, dibenz(a,h)anthracene, 8 

fluoranthene, indeno(I,2,3-cd)pyrene, phenanthrene, and pyrene 9 

Pesticides: 4,4'-DDE, 4,4'-DDT, and dieldrin 10 

Inorganics: Arsenic, barium, chromium, cobalt, copper, lead, nickel, tin, vanadium, and zinc. 11 

As previously outlined, a significant portion of the Seventh Avenue drainage ditch running north- 12 

south on the west side of SWMU 14 is included in SWMU 38; therefore, it may not be possible 13 

to attribute these sediment sample results solely to SWMU 14 activities. Most SVOCs detected 14 

in sediment are typical constituents of vehicle emissions and asphalt road materials. Also, as 15 

described earlier, because SWMU 14 is relatively flat and covered with vegetation, there is no 16 

obvious water runoff pathway at SWMU 14. 17 

The contaminant classes in sediment samples are relatively immobile in soil and diffuse only 18 

slightly to groundwater. They tend to adhere to soil particles and would only be transported by 19 

erosional processes whicb move soil particles. 20 
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The following conclusions are presented based on the fmdings of the RFI: 2 

• RFI soil samples contained VOCs, SVOCs, TPH, pesticides, PCBs, herbicides, and 3 

Appendix IX metals. No PCB or herbicide exceeded a screening value. Exceedances for 4 

VOCs, SVOCs, pesticides, and Appendix IX metals are provided below. 5 

The only VOC to exceed a screening value was acetone (a common laboratory 6 

artifact). Its SSL was exceeded in one surface soil sample from the Polaris Drive 7 

drainage ditch. 8 

The only SVOCs that exceeded screening values were benzo(a)pyrene and 9 

dibenz(a, h)anthracene , which exceeded their residential RBCs only. 10 

Benzo(a)pyrene exceeded its residential RBC in one surface soil sample from the 11 

Polaris Drive ditch and three surface soil samples from soil borings. 12 

Dibenz(a,h)anthracene exceeded its residential RBC in one surface soil sample from 13 

a soil boring. 14 

The only pesticides that exceeded screening values were aldrin and dieldrin. 15 

Aldrin's SSL was exceeded in both surface soil samples from the Polaris Drive 16 

drainage ditch and one surface soil sample from a soil boring. Dieldrin's RBC was 17 

exceeded in surface soil samples from two soil borings. Dieldrin's SSL was 18 

exceeded in the 0- to 6-inch and 18- to 24-inch intervals of the two Polaris Drive 19 

drainage ditch samples, and in surface soil samples from seven of eight soil 20 

borings. However, the detected dieldrin concentrations did not exceed their 21 

background RC established for NSA Memphis. 22 
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Barium and nickel were the only Appendix IX metals that exceeded both their RCs 

and SSLs; both the RC and residential RBC were not exceeded by any detected 2 

inorganic. Barium's background RC and SSL were exceeded in surface soil samples 3 

from two soil borings. Nickel's background RC and SSL was exceeded in one 4 

8- to lO-foot interval sample from a soil boring. 5 

• RFI groundwater samples contained VOCs, SVOCs, TPH-DRO, and Appendix IX metals. 6 

No SVOCs, pesticides, PCBs, or herbicides were detected in groundwater. Exceedances 7 

for VOCs, TPH-DRO, and Appendix IX metals are provided below. 8 

Benzene's tap water RBC was exceeded by one fluvial deposits DPT confrrmation 9 

groundwater sample analyzed by the offsite laboratory; the detected concentration 10 

in this sample equaled its MCL. TCE's tap water RBC and drinking water MCL 11 

were exceeded by four loess DPT groundwater samples, one upper fluvial deposits 12 

DPT groundwater sample, and one loess monitoring well sample. The RBC, but 13 

not the MCL, was exceeded in two loess DPT groundwater samples and one upper 14 

fluvial deposits DPT groundwater sample. PCE's RBC and MCL were exceeded 15 

by one loess DPT groundwater sample and one loess monitoring well groundwater 16 

sample. 17 

The TPH-DRO concentration in one lower fluvial deposits monitoring well 18 

groundwater sample exceeded its TDEC cleanup standard of 100 f.J.g/L for drinking 19 

water aquifers. 20 

Arsenic exceeded both its background RC and tap water RBC in two lower fluvial 21 

deposits monitoring well groundwater samples. The detected concentrations did 22 

not exceed the MCL for arsenic. 23 
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• Groundwater samples were collected from five loess and four lower fluvial deposits 

groundwater monitoring wells at SWMU 14 during the April/May 1997 sampling event 2 

and analyzed for VOCs, TPH, TPH-DRO, and TPH-GRO. Exceedances of applicable 3 

standards are provided below: 4 

TCE's RBC and MCL were exceeded by one loess groundwater sample. PCE's 5 

RBC and MCL were exceeded by one loess groundwater sample. The TPH, TPH- 6 

GRO, and/or TPH-DRO concentrations in three loess groundwater samples and 7 

two lower fluvial deposits samples exceeded the IDEC groundwater cleanup level 8 

for total TPH in drinking water aquifers. 9 

• SVOCs, TPH, pesticides, herbicides, and Appendix IX metals were detected in sediment 10 

samples from the Seventh Avenue drainage ditch. SSVs were exceeded for BEHP, 11 

chrysene, fluoranthene, pyrene, 4,4'-DDE, 4,4'-DDT, arsenic, copper, lead, and nickel 12 

in one surface sediment sample each. 4,4'-DDD's SSV was exceeded in both surface 13 

sediment samples. Since the Seventh Avenue drainage ditch sediment samples are 14 

intermittently exposed, they were also compared to soil RBCs and SSLs. The soil RC and 15 

the industrial soil RBC for arsenic were exceeded by both surface sediment samples. The 16 

soil RC and residential soil RBC were exceeded by the beryllium concentration in both 17 

surface sediment samples. The residential soil RBC was exceeded by benzo(a)pyrene in 18 

one surface sediment sample. Soil-to-groundwater SSLs were exceeded only by dieldrin 19 

in one 18- to 24-inch interval sediment sample from the Seventh Avenue drainage ditch. 20 

• The HHRA calculated the risk and hazard posed by soil, sediment, and groundwater 21 

contaminants at SWMU 14. The fmdings are as follows: 22 
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Two exposure scenarios were evaluated for soil contaminants: the hypothetical site 

resident and the hypothetical site worker. No COCs were identified in surface soil. 2 

Three exposure scenarios were evaluated for sediment contaminants: the site 3 

worker, the maintenance worker, and the adolescent trespasser. No COCs were 4 

identified in sediment. 5 

The HHRA assumes that both loess and fluvial deposits groundwater will be used 6 

as a drinking water source; however, the loess will likely never be used as a 7 

potable water source at NSA Memphis due to its low yield and poor aesthetic water 8 

qUality. No fluvial deposits drinking water wells are present at NSA Memphis and 9 

a public water supply is readily available. The HHRA evaluations of loess and 10 

fluvial deposits groundwater contaminants are as follows: 11 

Loess: The HHRA evaluated both the inhalation and ingestion routes of exposure 12 

for loess groundwater contaminants for three scenarios: the adult site resident, the 13 

child site resident, and the site worker. The HHRA identified 1,2-dichloroethene, 14 

tetrachloroethene, and trichloroethene as COCs in loess groundwater. The 15 

cumulative IDs for the ingestion pathway for the adult site resident, child site 16 

resident, and site worker are 2, 5, and 0.7. The calculated HIs for the adult and 17 

child site residents exceed USEPA's target HI of I, but the HI for the site worker 18 

does not exceed the target HI. The calculated ILCR for the ingestion pathway for 19 

site residents is 2E-04, which exceeds USEPA's upper-bound risk level of IE-04. 20 

The ILCR for the ingestion pathway for site workers is 5E-05, which does not 21 

exceed USEPA's acceptable ILCR. 22 
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Fluvial Deposits: The HHRA evaluated both the inhalation and ingestion routes 

of exposure for fluvial deposits groundwater contaminants for three scenarios: the 2 

hypothetical adult site resident, the hypothetical child site resident, and site worker. 3 

The HHRA identified the following COCs in fluvial deposits groundwater: 4 

arsenic, barium, benzene, and vanadium. The calculated HIs for adult site 5 

residents and site workers were 0.9 and 0.3, respectively, which do not exceed 6 

USEPA's target HI of 1. The calculated HI for the child site resident was 2, which 7 

exceeds the USEP A target HI. ILCRs for hypothetical site residents and site 8 

workers w~re 9E-05 and 2E-05, neither of which exceeds USEPA's acceptable 9 

ILCR of lE-04. 10 

• Based on the ERA, it has been determined that no quality habitat is available at SWMU 14, 11 

which has no viable terrestrial community. 12 

• The fate and transport discussion evaluated the soil-to-groundwater and soil-to sediment 13 

cross-media transport mechanisms. The evaluation concluded that TCE and PCE, detected 14 

in both soil and groundwater samples, are anticipated to be relatively mobile due to their 15 

high solubility and vapor pressure; however, they are expected to attenuate rather quickly. 16 

Aldrin and dieldrin, detected in soil only, are expected to be immobile and not likely to 17 

diffuse to groundwater due to their physical and chemical properties. Because the portion 18 

of the Seventh Avenue drainage ditch west of SWMU 14 is included in SWMU 38 19 

(Southside drainage ditches), the SVOCs, pesticides, and inorganics detected in both soil 20 

and sediment samples cannot be attributed solely to SWMU 14 activities. Most of the 21 

SVOCs in the Seventh Avenue drainage ditch sediment are typical constituents of vehicle 22 

emissions and asphalt road materials; both may emanate from Seventh Avenue, the main 23 

street of the NSA Memphis Southside. 24 
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The following recommendation is presented based on the fmdings of the RFI: 

• Remediation of peE and TeE in loess groundwater should be evaluated in a Corrective 2 

Measures Study. At a minimum, all site monitoring wells should be analyzed for VOCs 3 

on an annual basis and for remedial design parameters, including those needed to evaluate 4 

natural attenuation. 5 
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SWMU 38 is made up of the Miscellaneous Ditches in Industrial Areas at NSA Memphis. Only 2 

the ditches on the Southside of NSA Memphis were studied during the Assembly E RFI; the 3 

Northside ditches were investigated in 1995 during the Assembly B RFI; results were reported in 4 

the Assembly B RFI Report (E/A&H, 1996d). In general, the Southside drainage ditches slope 5 

downward 1 % to 3 % to the west, eventually draining into Big Creek Drainage Canal in the 6 

southwest comer of NSA Memphis. Water stages in the ditches may vary as much as several feet 7 

during storm events. Southside drainage ditches receive influent from surface runoff and storm 8 

sewers, and once received wastewater discharges from floor drains in industrial buildings on the 9 

NSA Memphis Southside. The original design of many buildings at NSA Memphis (circa 1943) 10 

included floor drains which discharged to storm sewers, storm sewer drains, and drainage ditches. 11 

As buildings were remodeled and replaced, these drains were eliminated or re-routed to the 12 

sanitary sewer. Unti11980, when most of these drains were replaced, it is reported that various 13 

substances, including solvents, degreasers, oils, and paints, may have been discharged to the 14 

drainage ditches. Most wastes entering the drainage ditches would have been transported 15 

downstream with flow. However, due to their relative immobility, contaminants such as metals 16 

can potentially accumulate in soil and sediments near the outfalls and in areas where flow is slow. 17 

SWMU 38 (Southside) is depicted in Figure 8.4.1. 18 

8.4.1 Previous Investigations 19 

Western Perimeter Ditch PCB Screening (Southside) 20 

During a routine inspection of the Building S-183 performed by the NSA Memphis Public Works 21 

Office (FWO), paint residue was observed in the parking lot storm sewer inlet that drains the 22 

paved area associated with Building 183 and discharges into SWMU 38. The PWO cleaned out 23 

the storm drain and associated trap of any paint and residue and collected a waste disposal 24 

characterization sample. They submitted it to Environmental Testing and Consulting Inc. (ETC), 25 

in Memphis, Tennessee, for the following analyses: Toxicity Characteristic Leaching Procedure 26 

8.4-1 
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(TCLP) metals, SVOCs, VOCs, pesticides, and herbicides; VOCs, and PCBs. DynCorp, the 

operator of the paint shop, collected a surface sediment sample from around the outfall of the 2 

parking lot storm drain that discharges into SWMU 38 and submitted it to ETC for the same 3 

analyses. Contaminants detected in the disposal characterization sample submitted by the PWO 4 

and the outfall sediment sample submitted by DynCorp are summarized in Table 8.4.1. Based on 5 

the waste characterization profile, the paint residue was disposed of according to applicable 6 

regulations as hazardous waste. The only notable detection was the PCB Aroclor-1260 detected 7 

in the outfall sample at a concentration of 114,000 J..lglkg. 8 

Table 8.4.1 
Western Perimeter Ditch Area 

NSA Memphis PWO and DynCorp Sample Analytical Results 

Units TCLPLimit PWOResuit 
. .. ~." . .. . . . 
ArseniC~TCLP 

Barium - TCLP mg/L 100 0.855 

Lead - TCLP mg/L 5 10.3 

~~l~~¢t~"· •• ••· ••• •••. 
Acetone j.l.g/kg NA 46J 

Ethylbenzene j.l.g/kg NA 193 

Xylenes NA 1,490 

Notes: 
NA Not applicable 
NO Not detected 

8.4-2 

DynCorp 
Result 

1.48 

<0.225 

NO 

NO 

NO 



38SM0012 

• 

LEGEND 

SEDIMENT SAMPLE LOCATION AND DESIGNATION 

SOLID WASTE MANAGEMENT UNIT (SWMU) 38 

SURFACE WATER FLOW DIRECTION IN SWMU 38 
DRAINAGE DITCH 

1000 o 1000 2000 Feet 
~ ....... -

RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MILLINGTON, TENNESSEE 

FIGURE 8.4.1 
SEDIMENT SAMPLE LOCATIONS 

SWMU 38 - SOUTHSIDE DRAINAGE DITCHES 
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To further define the nature and extent of PCBs in this area, E/ A&H personnel conducted onsite 

immunoassay (see Table 8.4.2 footnotes) PCB soil screening in the western perimeter ditch area 2 

on August 22, 1996. Nine samples were collected from three different areas, all associated with 3 

the storm drain system in the area north and west of Building S-183. Sample 38SM002701 was 4 

collected in an attempt to replicate the sample previously collected by DynCorp in which PCBs 5 

~were detected. Sample locations are presented in Figure 8.4.2; screening results are presented in 6 

Table 8.4.2. Screening results did not indicate PCB contamination in the western perimeter ditch, 7 

but did indicate the presence of PCBs in sediment samples collected from an open ditch 8 

that receives storm water runoff from the containment area west of Building S-75 9 

(samples 38SM002001 [1 to 5 mg/kg PCBs] and 38SM002201 [5 to 10 mg/kg PCBs]). 10 

Aliquots of two screening samples (38SM002201 and 38SM002701) were submitted to NET for 11 

confirmation analysis according to USEPA SW-846 Method 8080 for PCBs. The confirmation 12 

samples were labeled 38SM002501 and 38SM002601 and were aliquots of screening samples 13 

38SM002701 and 38SM002201, respectively (see Figure 8.4.2). Aroclor-1260 was detected in 14 

samples 38SM002501 and 38SM002601 at concentrations of 1,900 J.l.g/kg and 270 J.l.g/kg, 15 

respectively. 

TabJe8.4.2 
PCB Soil Screenin& Sample Descriptions 

Western Perimeter Ditch Area- SWMU 38 

Photovac Concentration 

8.4-5 

16 
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Table 8.4.2 
PCB Soil Screening Sample Descriptions 

Western Perimeter Ditch Area- SWMU 38 

Western Perimeter 
Ditch 

Stormwater Outfa1ls 
(Northwest of 8-75) 

Notes: 

SamplelD 

038S002701 

038SOO1701 

0388001801 

038SOO1901 

038S002301 

038Soo2401 

Photovac 
Readiq 

0.94 

0.91 

0.96 

0.89 

0.85 

0.88 

Concentration 
Range (mg/kg) Sample Location 

0 Storm water outfall 

0 Ditch sediment 20 feet upstream of outfall 

0 Ditch sediment 20 feet downstream of outfall 

Otol Ditch bank downstream of outfall in an area with 
stressed vegetation 

Otol Southern outfall west of Building S-75 

Otol Northern outfall west of Building 5-75 

a The EnSys RIS,!; Test System is a semi-quantitative PCB testing kit. Analysis consisted of adding standards, samples, and color-change 
reagents to test tubes coated with a PCB-specific chemical. The PCB concentration in the sample was determined by comparing its 
color intensity to a standard. The PCB concentration is inversely proportional to color intensity; the lighter the sample's color 
development, the higher the PCB concentration. The colorimetric measurentent was made by comparing samples to standards 
representing different concentrations using the Photovac, a differential photometer. 

b NC denotes no concentration. 
c NA denotes same location is not applicable. 

In accordance with Guidance on Preliminary Risk Evaluations (PREs) for the Purpose of Reaching 

a Finding of Suitability to Lease (USEPA, 1994e), a PRE was conducted for the western perimeter 2 

ditch area on the Southside based on PCB analytical results for the confIrmation sample 3 

38SMOO2501 and analytical results from SWMU 38 RFI samples 38SMOOO101, 38SMOOO201, and 4 

38SMOOO301, all collected from the subject area (see Figure 8.4.1). Because the ditch area is a 5 

network of widely separated drainage pathways, the samples collected during the investigation do 6 

not represent one contiguous land surface. To compensate for this characteristic of the study area, 7 

an individual PRE based on a residential risk scenario was conducted on each sample. The PREs 8 

indicated that no ILCR exceeded 1 x 1W, the USEPA threshold for restriction of land use. 9 

Nonresidential risk was not estimated because it would be less than that estimated for site 10 

residents. No noncarcinogenic COPCs were identifIed in the samples used for this PRE. 11 

Tables 8.4.3 through 8.4.5 below present the PRE data and results. 12 
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38SM002501 

At. 

38SMOO2201/38SM002601 

LEGEND 

SEDIMENT SAMPLE LOCATION AND DESIGNATION; 
SAMPLE WAS ANAL VZED ON SITE USING THE ENSYS 
PeS SCREENING METHOD. 

PRIMARY I CONFIRMATION SEDIMENT SAMPLE 
LOCATION AND DESIGNATION; PRIMARY SAMPLES 
WERE ANALYZED ONSITE USING THE ENSYS 
PeS SCREENING METHOD. CONFIRMATION SAMPLES 
WERE SUBMITTED TO AN OFFSITE LABORATORY 
FOR PCB ANALYSIS BY SW-846 METHOD 8080. 

SWMU 38 DRAINAGE DITCH LOCATION. WITH ARROW 
INDICATING SURFACE WATER FLOW DIRECTION 

200 o 200 Feet - -- ----------

RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MILLINGTON, TENNESSEE 

FIGURE 8.4.2 
SEDIMENT SAMPLE LOCATIONS FOR 

ONSITE PCB SCREENING 
SWMU 38 - SOUTHSIDE DRAINAGE DITCHES 



Chemical . 

Acetolle 
Aldrin 
~. 
Arsenic 
BEHP 

Cobalt 
C~ 
technical-Chlordane 
DOD< 
DDE 
DM 

Endrin 
·l3ndrin~dlyde 

Ethylbenzene 
~ne 

Methyl Ethyl Ketone 
(MEK) 

: NiCbJ· •• •··•• 
PCB Aroclor-1260 

~I."-Pyrene 
~< .•. 
2.4.5-TP (Silvex) 

Residential 
RBC 

·:1$(};OOO . 
38 

4,700,000 

Table 8.4.3 

ReRA Facility Investigation Report 
Assembly E -SWMUs 2,9,14,38,59, and 65 
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Western Perimeter Ditch Area 
Identification of COPes Soil (J.tglkg) 

Carcinogen! 
Noncarcin°F 

n 

Reported Concentrations (detections only**) 

RC 38MSOOOIOl 

NA ND 

38MSOOO201 
····>::21 

3.9 
........ :lIiID •••.• 

ND 

38MSOO2501 

.·'NS 
NS 

.M'$ 
NS 
NS 

NS 

38MSOOO301 

ISO 
ND 
ND 

3,600 
ND 

6,500 
· .. · .. ···:·~OOO 

ND 
5.5 
8.6 

ND 

21 

230,000 n NA 200 140 NS ND 
• < ............. ~~~ .................................... .,................ .···:>116.. .....,~!O ••...•...•..•.•..•... ···m~· ... ········•·•••· •• ~~i ••.••• /.<;)N.b!.> •••. 

63.000 n NA ND 2.5 NS ND 
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Table S.4.3 
Western Perimeter Ditch Area 

Identification of COPCs Soil (Jlglkg) 

Reported Concentrations (detections only**) 
Carcinogen! 

Chemical Noncarcinogen RC 3SMSOOOIOI 38MSOOO201 38MSOOO301 

VaDadimn 

Zinc 

Notes: 
** 
a 
b 
c 
d 
e 
f 

n 
NA 
RBC 

RC 
BEHP 
MCPA 
MCPP 

ND 
NS 

2,300,000 n 

4~~_ 

109,000 

·4$:.~':>' 

85,100 

Estimated concentrations (i.e., or qualified data) were considered hits. 
The RBC for pyrene was used as a surrogate (USEPA, 1996&). 

.1~~l!OC) . 

59,200 

The USEPA action level for lead in soil was used as the RBC (USEPA, 1994c). 
Carcinogen 

NS 

Calculated in accordance with USEPA Region m's guidance based on the new slope factor of 2.0 kg-day/mg 
The RBC for endrin was used as a surrogate (USEPA, 1996&). 

16~ 

46,100 

Dieldrin was reported at an average concentration of 131 micrograms per kilogram in the Technical Memorandum - Surface Soil 
(0 to 1 foot) Background Dieldrin Concentrations at NSA Memphis (ElA&H, 1997d). 
Noncarcinogen 
Not applicablel not available 
Risk-based concentration from the Risk Based Concentration Table. January to June 1996 (USEPA, 1996a); in accordance with 
USEPA Region IV's Supplemenlal Guidance to RAGS Bulletin 1, RBCs were conservatively adjusted to reflect a hazard quotient 
of 0.1 (USEPA, 1995b). 
Background reference concentrations excerpted from the Technical Memorandum - Reference Concentrations (E/A&H, 1996&). 
Bis(2-EthyJhexyl)phthalate 
2-Methyl-4-chlorophenoxyacetic acid 
2-(2-Methyl-14-chlorophenoxy)propionic acid; eliminated as a COPe because it would be the only contributor to the hazard index, 
which would be below 1.0. 
Not detected. , 
Not sampled for this analyte. 

TableS.4.4 
Western Perimeter Ditch Area 

Benzo(a)pyrene Equivalent Concentrations (BEQ*) (mgIkg) 

38SMOOOIOI 38SMOOO201 

TEF 
Reported 

Cone .......... ** 
Equivalent 

Conceutration** 
Reported 

Conceptration** 
Equivalent 

Conseptratiog** 

Benio(a~ . ·:.·,·1 
0.1 

l~»'··· 

88 

·}l~"···' 

8.8 

.... , ..... : •••••• 9<i ........ ", .• ...!l6/'> . 
7.7 Benzo(a)anthracene 

~)~' 
Benzo(k)fluoranthene 

Otrysene· 
Indeno( 123-cd)pyrene 

0.01 

'0.001 
0.1 

240 
190 

170 
69 

BEQ =171.77 

1.9 

.0;17 
6.9 

77 

120 

51 

BEQ =124.12 

Notes: 

* 
** 

BEQ was calculated in accordance with Supplemental Guidonce to RAGS. Bulletin 2 (USEPA, 1995b). 
All concentrations are in micrograms per kilogram 

TEF Toxicity equivalence factor 

8.4-10 
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BBQ 
Dieldrin 

Notes: 

* 

** 
NA 

Chemica! 

Table 8.4.5 
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Western Perimeter Ditch Area 
Preliminary Risk Evaluation - Carcinogens 

38SMOOOI0l 

l.lE-05 NA 

lE-05 U}06 

Residential Risk Ratio 

NA 
5,:9B.06 
6E-06 

31SM900301 ** 
NA 
NA 
NA 
NA 

Calculation of soil risk was based on the maximum reported concentration of 1.9 mg/kg; if ~e 114 mg/kg concentration reported 
by DynCorp was used the risk estimate would be approximately 4E-4. It was not used because it could not be reproduced through 
resampling. 
No chemicals of potential concern were identified in sample 38SMOOO301. 
Not applicable/not available 

8.4.2 RFI Characterization 

RFI characterization focused on the nature and extent of contamination in the drainage ditch 2 

sediments on the Southside of NSA Memphis. Between September 27 and October 4, 1995, 3 

E/A&H collected 32 sediment samples from two intervals at 16 locations (38SMOOOI through 4 

38SM0016), as outlined in the Assembly E Site Investigation Plans (E/A&H, 1995a). For the 5 

purposes of this RFI report, the Assembly E samples collected from drainage pathways are 6 

designated "sediment samples." Those sediment samples collected from the 0 to 6-inch interval 7 

are termed "surface sediment," and those collected from the 18- to 24-inch interval are termed 8 

"subsurface sediment." All SWMU 38 sed.iment sample locations were in areas of very shallow 9 

water or in dry areas along the water's edge. Specifically, sediment samples were collected from 10 

SWMU 38 primary and secondary drainage ditches on the Southside. The to-digit sample 11 

identification system represented the following: 12 

38S SWMU 38 Southside 13 

M sediment 14 

0001 sample location 1 15 

01 or 02 sample collected from 0 to 6-inch or 18- to 24-inch interval 16 

8.4-11 
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Sediment Sampling Rationale 

Surface sediment samples were collected to characterize recently deposited contaminants. 2 

Subsurface sediment samples were collected to characterize contaminants from past releases or that 3 

may have migrated down through the sediments. Figure 8.4.1 above shows the sediment sample 4 

locations. 5 

The sample locations were selected to ensure that each branch leading to the main channel of the 6 

drainage system would be characterized. Two of the sediment sample locations (38SMOOOl and 7 

38SMOOO7) were positioned at the upper (northern) end of the eastern and western portions of the 8 

SWMU 38 drainage ditches to provide upstream sediment concentrations that should theoretically 9 

be least affected by industrial influences (Figure 8.4.1). The remaining samples were collected 10 

in the main channel downstream of each confluence to determine if contaminants had been 11 

transported by discharge or runoff into these ditches from the upstream sites. 12 

The sediment samples were collected with a stainless steel hand auger using the sediment sampling 13 

procedures outlined in Section 3.5 of this report, and submitted to the offsite laboratory (NET) for 14 

FSA with the following exceptions: 15 

• Four 0 to 6-inch interval samples and three 18- to 24-inch interval samples were analyzed 16 

for TPH by Method 418.1, rather than TPH-GRO and TPH-DRO as outlined in the work 17 

plan. These four samples were from locations 38SM0004, 38SMOO05, 38SM0006, and 18 

38SMOO07. TPH was not analyzed in the 38SMOOO4 sample collected from the 18- to 19 

24-inch depth interval. 20 

Most of the sediment sample locations are intermittently submerged; therefore, the sediments have 21 

many of the exposure characteristics of soil. Therefore, as outlined in Section 4.1.3, the following 22 

evaluations were made of detected organic and inorganic constituents in the sediment samples: 23 
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• Surface sediment sample concentrations were compared to USEPA SSVs, residential and 

industrial soil RBCs, SSLs, and surface soil background RCs (inorganic compounds only). 2 

• Subsurface sediment samples were compared to USEPA SSLs and subsurface soil 3 

background RCs (inorganic compounds only). 4 

When comparing SWMU 38 inorganic compounds to SSLs and/or RBCs, an exceedance was not 5 

considered significant unless the surface or subsurface soil background RC was also exceeded. 6 

However, because there are no sediment background RCs for NSA Memphis, any inorganic 7 

concentrations exceeding applicable SSV s were considered significant. 8 

At some sample locations, it was difficult to collect a discrete subsurface sediment sample from 9 

the 18- to 24-inch interval because standing water deeper than 1 to 2 inches was present causing 10 

the auger hole to fill with loose sediment; in these cases, samples were collected directly from the 11 

bank at the water line. Characteristics of the medium sampled in these situations were not 12 

expected to differ drastically from those of bed sediment, as both are submerged with the same 13 

frequency and are potentially impacted by ditch sediments. 14 

8.4.3 Nature and Extent of Sediment Contamination 15 

The following sections summarize the organic and inorganic compounds detected in SWMU 38 16 

surface and subsurface sediment samples. 17 

8.4.3.1 Organic Compounds in Sediment 18 

VOCs, SVOCs, TPH, pesticides, PCBs, and herbicides were detected in SWMU 38 sediment 19 

samples. The following sections discuss the detected organic compound concentrations by 20 

parameter. Table 8.4.6 summarizes the organic compounds detected in sediment and compares 21 

the surface sediment detections to SSVs and residential and industrial soil RBCs. Table 8.4.7 22 
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compares surface and subsurface sediment detections to soil-to-groundwater SSLs. Sample 

locations of the exceedances are listed in the appropriate table column next to the number of 2 

exceedances. Figure 8.4.3 depicts the SSV exceedances in surface sediment samples; Figure 8.4.4 3 

depicts the soil RBC exceedances in surface sediment samples; and, Figure 8.4.5 depicts soil-to- 4 

groundwater SSL exceedances in surface and subsurface sediment samples. 5 

VOCs 6 

The following VOCs were detected in surface and/or subsurface sediment samples from the 7 

SWMU 38 Southside drainage ditches: 8 

Acetone 
2-Butanone (MEK) 
Ethylbenzene 

Methylene chloride 
Toluene 

9 

10 

11 

As shown in Table 8.4.6, no SSV is available for any of the detected VOCs. The residential and 12 

industrial RBCs were not exceeded by any detected VOC in surface sediment samples. 13 

Table 8.4.7 shows that no soil-to-groundwater SSLs were exceeded by any detected VOC in 14 

surface or subsurface sediment samples. 15 

SVOCs 16 

The following SVOCs were detected in SWMU 38 Southside drainage ditch sediment samples: 17 

Acenaphthene Dibenz(a,h)anthracene 18 
Anthracene Dibenzofuran 19 
Benzo(a)anthracene Fluoranthene 20 
Benzo(b )fluoranthene Fluorene 21 
Benzo(k)fluoranthene Indeno(l,2,3-cd)pyrene 22 

Benzo(g,h,i)perylene 2-Methylnaphthalene 23 
Benzo{a)pyrene 4-Methylphenol 24 

bis(2-Ethylhexyl)phthalate (BEHP) Naphthalene 25 
Butylbenzylphthalate 4-Nitrophenol 26 
Carbazole Phenanthrene 27 
Chrysene Pyrene 28 
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N 

• 

38SM0002 

4,4'-000 
4,4'-DDE 
4,4'-00T 

DIELDRIN 
ENORIN 

CADMIUM 

38SM0012 
BENZO(A)PYRENE 350 IlQIkg 

CHRYSENE 440 Ilg/kg 
PHENANTHRENE 400 Ilg/kg 

PYRENE 1,000 Ilg/kg 
4,4'-000 11 IlQIkg 
4,4'-ODE 9.81Jg/kg 

CADMIUM 1.9 mglkg 

LEGEND 

38SM0014 
4,4'-DDD 
4,4'-DDE 

DIELDRIN 
CADMIUM 

NO DETECTED CONSTITUENT IN SEDIMENT EXCEEDS ITS 
USEPA SEDIMENT SCREENING VALUE. 

ONE OR MORE DETECTED CONSTITUENTS IN SEDIMENT 
EXCEEDS ITS USEPA SEDIMENT SCREENING VALUE. 

38SM0015 
THE USEPA SEDIMENT SCREENING VALUE WAS 
EXCEEDED BY THE FOLLOWING CONSTITUENT 
CONCENTRATIONS IN THE SURFACE SEDIMENT DIELDRIN 20 IJglkg 

CADMiUM 2.8 mglkg (0 TO 6-INCH INTERVAL) SAMPLE FROM LOCATION 
38SM0015: 20 1J9/kg DIELDRIN AND 2.8 mg/kg 
CADMIUM. 

mg/kg 

J,Jg/kg 

MILLIGRAMS PER KILOGRAM 

MICROGRAMS PER KILOGRAM 

SURFACE WATER FLOW DIRECTION IN THE SWMU 38 
DRAINAGE DITCH 

1000 o 1000 2000 Feet 
~~ •• ~· •. ~·~.~·~.l·~-~~~~~~""""" 

RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MILLINGTON, TENNESSEE 

FIGURE 8.4.3 
SSV EXCEEDANCES IN SEDIMENT SAMPLES 

COLLECTED FROM THE 0- TO 6-INCH INTERVAL 
SWMU 38 - SOUTHSIDE DRAINAGE DITCHES 



• 
• 

BENZO(A)PYRENE 130 jJg/kg 

LEGEND 

NO DETECTED CONSTITUENT IN THIS SURFACE SEDIMENT 
SAMPLE EXCEEDED THE USEPA RESIDENTIAL RISK-BASED 
CONCENTRATION FOR SOIL AND THE BACKGROUND REFERENCE 
CONCENTRATION FOR SURFACE SOIL, WHERE APPLICABLE. 

ONE OR MORE DETECTED CONSTITUENTS IN THIS SURFACE 
SEDIMENT SAMPLE EXCEEDED THE USEPA RESIDENTIAL RISK­
BASED CONCENTRATION FOR SOIL AND THE BACKGROUND 
REFERENCE CONCENTRATION FOR SURFACE SOIL, WHERE 
APPLICABLE, BUT DID NOT EXCEED THE INDUSTRIAL RISK-BASED 
CONCENTRATION FOR SOIL. 

ONE OR MORE DETECTED CONSTITUENTS IN THIS SURFACE 
SEDIMENT SAMPLE EXCEEDED ITS USEPA INDUSTRIAL RISK­
BASED CONCENTRATION FOR SOIL AND ITS BACKGROUND 
REFERENCE CONCENTRATION FOR SURFACE SOIL, WHERE 
APPLICABLE. 

38SM0015 

THE FOLLOWING CONSTITUENTS IN 
SURFACE SEDIMENT EXCEEDED 
USEPA RISK-BASED CONCENTRATIONS 

DIELDRIN 450 IJg/kg 
ARSENIC 19 mglkg 

FOR SOIL (AND BACKGROUND 
REFERENCE CONCENTRATIONS FOR 
SURFACE SOIL, WHERE APPLICABLE): 
450 IJglkg DIELDRIN AND 19 mglkg 
ARSENIC, WHICH EXCEEDED THE 
INDUSTRIAL SOIL RBC (ARSENIC ALSO 

BENZO(A)PYRENE 1301-19/kg 

mg/kg 
1J9/kg 

EXCEEDED ITS BACKGROUND REFERENCE 
CONCENTRATION), AND 130 IJg/kg 
BENZO(A)PYRENE, WHICH EXCEEDED 
THE RESIDENTIAL, BUT NOT THE 
INDUSTRIAL, SOIL RBC. 

MILLIGRAMS PER KILOGRAM 

MICROGRAMS PER KILOGRAM 

SURFACE WATER FLOW DIRECTION IN THE SWMU 38 
DRAINAGE DITCH 

1000 o 1000 2000 Feet 
~ .. -.-.. -

RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MILLINGTON, TENNESSEE 

FIGURE 8.4.4 
SOIL RBC EXCEEDANCES IN SEDIMENT SAMPLES 

COLLECTED FROM THE 0- TO 6-INCH INTERVAL 
SWMU 38 - SOUTHSIDE DRAINAGE DITCHES 



N 

• 

DIELDRIN 
DIELDRIN 

LEGEND 

NO DETECTED CONSTITUENT IN SURFACE OR SUBSURFACE 
SEDIMENT FROM THIS SAMPLING LOCATION EXCEEDED ITS 
SOIL-TO-GROUNDWATER SSLAND BACKGROUND REFERENCE 
CONCENTRATION FOR SOIL, WHERE APPLICABLE. 

ONE OR MORE DETECTED CONSTITUENTS IN SURFACE 
OR SUBSURFACE SEDIMENT FROM THIS SAMPLING LOCATION 
EXCEEDED ITS SOIL-TO-GROUNDWATER SSL AND BACKGROUND 
REFERENCE CONCENTRATION FOR SOIL, WHERE APPLICABLE. 

38SM0014 

THE FOLLOWING CONSTITUENTS IN 
SEDIMENT FROM SAMPLING LOCATION 
38SM0014 EXCEEDED THEIR SOIL-TO­
GROUNWATER SSL AND BACKGROUND 
REFERENCE CONCENTRATION FOR 
SOIL (WHERE APPLICABLE): 5.5 I-IgJkg 
DIELDRIN IN THE 0- TO 6-INCH INTERVAL 
SAMPLE, AND 2,110 mgJmg NICKEL IN 
THE 18- TO 24-INCH INTERVAL SAMPLE. 

DIELDRIN 5.5 I19ikg (0 - 6") 
NICKEL 2,110 mglkg 18 - 241 

mg/kg 

jJg/kg 

MILLIGRAMS PER KILOGRAM 

MICROGRAMS PER KILOGRAM 

SURFACE WATER FLOW DIRECTION IN THE SWMU 38 
DRAINAGE DITCH 

1000 o 1000 2000 Feet 
r-.-.-.-.-; 

RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MILLINGTON, TENNESSEE 

FIGURE 8.4.5 
SOIL-TO-GROUNDWATER SSL EXCEEDANCES IN 

SEDIMENT SAMPLES 
SWMU 38 - SOUTHSIDE DRAINAGE DITCHES 



TableS.4.6 
Detected Concentrations of Organic Compoumls in Sedimeat Samples Compared to SSVs and RBCs 

SWMU 38 - Southside Drainage Ditches 
(data in J.tI/kg) 

Number of SSV Residential Soil 
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AIIIdyte 1Dt~ DetectioIJsO'I Raage(o) Mean(dI SSVW ExeeedaDces RJICIO RBC • Res. ExeeedaDces 
Industrial Soil 

RBe'" RBC • Ind. Exc:eedauees 

VOCs 

2-Butanone (MBK) 

Methylene chloride 

SVOCs 

Anthracene 

Benzo(b)fluonutthene 

Benzo(g,h,i)perylene 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

3/16 

3/16 

2116 

2/16 

2/16 

3/16 

7116 

4/16 

7/16 

3/16 

21-24 

10 -49 

1-2 

1-2 

38 - 180 

140 -200 

53 - 690 

50 - 2,500 

52 - 540 

190 - 1,900 

23 

2 

2 

109 

170 

228 

930 

148 

823 

NA 

NA 

330 

NA 

NA 

NA 

NA 

NA 

o 
NA 

NA 

NA 

8.4-21 

47,000,000 

NA 

85,000 

o 
NA 

o 
NA NA 

23,000,000 

NA 

880 

NA 

3,100,oooW 

NA 

o 
NA 

o 
NA 

o 
NA 

1,000,000,000 

760,000 

NA 

610,000,000 

NA 

7,800 

NA 

18,000 

NA 

82,OOO,oooW 

NA 

o 

o 
NA 

o 
kA: 
o 

NA 

NA 
o 

NA 

o 
NA: 
o 

NA 

o 
NA: 
o 

NA 
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Table 8.4.6 
Detected Concentrations of Orgaaic: Compounds in Sediment Samples Compared to SSVs and RBCs 

SWMU 38 - Soutbside Drainage DItc:bes 
(data in ttglkg) 

Number of SSV Residential Soil 
AnaI~__ IntenaJ.<"I _I>etec:tions'" Rangeltl Mean(" SSVI<l Exc:eedanc:es R.IJCIIl 

SVOCs 

bis(2-Ethylhexyl)pbthalate 
(BEHP) 

Carbazole 

Dibenz(a.b)antllrac:ene 

F1uoranthene 

lndeno(l.2.3-cd)pyrene 

o~, .. 

0-6" 

18 - 24" 

18 - 24" 

0-6" 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

4-Methylpbenol (p-Cresol) 0 - 6" 

~~~<>'<"'<' 

4-Niuophenol 18 - 24" 

9/16 

9/16 

itt6 
1/16 

7116 

4116 

1116 

3/16 

7/16 

5/16 

7/16 

3/16 

1116 

lIt6 

1116 

<, 
47,~610 

48.2.SOO 

45 - 1.400 

44 - 280 

320 

ISO 

15-:930 

SO>~li900 

61 

62 - 690 

66 -7SO 

68 -1.600 

43 - 340 

170 - 1.600 

45 

66 

1!J2 

941 

228 182 

lOS NA 

320 ;.. 

ISO NA 

:1.72 3:36 

7~8 NA 
61 330 

287 NA 

57 

230 330 

485 NA 

106 

707 NA 

40 

46 

45 

94 NA 
66 NA 

1 (38SMOOO6) 

NA 

NA 

2 (38$MOOOcii3~1ii)1~) 
<Nk·«·<·'<·····'··<··, 

0 

NA 

1 (38SMOOO6) 

NA 

NA 

NA 
NA 

8.4-22 

46.000 

NA 

NA 

88 

NA 

3.100.000 

NA 

880 

NA 
:. " ,,". " 

3,lOO.~ 

NA 
390,000 

NA 

RBC - Res. Exc:eedanc:es 

o 

NA 

NA 

o 
NA 

o 
NA 

0 

NA 

0 

NA 
0 

NA 
NA 

Indnstrial Soil 
R.IJCIIl 

NA 
410.000 

NA 

41~.OO6,oOO 
NA 

780 

NA 

82,000,000 

NA 

ii2.@.006 
1fA 

7,800 

NA 

82,ooO.~ 

NA 
10.000.000 

NA 
NA 

RBC -Ind. Exc:eedances 

o 

NA 
o 

NA 
o 

NA 

o 
NA 
o 

NA 

NA 
o 

NA 

NA 
o 

NA 

o 
NA 
o 

NA 
NA 



Number of 

TableS.4.6 
Detected Concentratioos of Orgauic Compoullds in Sediment Samples Compared to SSVs and RBCs 

SWMU 38 - SoudIside Drainage Ditckes 
(data in j.tg/kg) 
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~_ Intervaf"' DetedioIIs"I ~(c) Meaa(dJ gsy(c) 
ssv 

Eaeedances 
ResideatiaI Soil 

JUIC'I RBC - Res. Eaeedances 
Industrial Soil 

JUIC'I RBC - lad. Exceedaaees 

SVOCs 

Pyrene 0-6" 7/16 80 -1,300 416 330 

IS - 24" 4/16 73·1,700 926 NA 

llUI faroleum IIldrorarbom. 
TPH-DRO 0-6" 2/12 5,700 - 59,000 32,350 

IS - 24" 3/12 6,400 - 99,000 63,133 

Total TPH (TPH-GRO + 0-6" 3/12 100 - 59,000 21,600 5OO,OO()IlI 
TPH-DRO) 

IS - 24" 3/12 6,400 - 99,000 63,133 5OO,OO()IlI 

Aroclor-l260 0-6" 5/1S 34 - 1,900 509 33.0 

IS - 24" 1116 42 42 NA 

a1pha-ChJordane 0-6" 2116 2.1-n 37 1.7 

IS - 24" 1116 1.6 1.6 NA 

2(38S~OOO6,38S~0012) 

NA 

o 
o 

5 (38S~000I, 38S~0003, 
38S~0016, 3~0025, 

38S~0026) 

NA 

NA 

8.4-23 

2,300,000 

NA 

320'1' 

NA 

1;$15 
NA 

I,S25 

NA 

o 
NA 

1 (38S~0025) 

NA 

NA· 
NA 
0 

NA 

61.000,000 

NA 

2,S5O(I) 

NA 

16,351 

NA 
16,352 

NA 

o 
NA 

0 

NA 

NA 
NA 
0 

NA 
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TableS.4.6 
Detected CoaceDtrations of Orgaaic Compounds in SedIment Samples Compared to SSVs and RBCs 

SWMU 38 - Southside Drainage Ditches 

NUlDber of 
~ _. IJItervaIW DetectimJsI1'l Raage(cl 

Pestlcidesll'CBs 

4,4'-000 0-6" 

18 - 24· 

4,4'-00T 0-6" 

18 - 24· 

Endrin 0-6" 

18 - 24· 

Heptachlor 0-6· 

18 - 24" 

10/16 

7/16 

4/16 

2/16 

1116 

1116 

1116 

1116 

1116 

2.9 - 280 

2.5 - 85 

5.6·520 

3.8 - 97 

6.2 

2.2 

3.4 

1.6 

Mean!dI SSVI'" 

55 

22 

208 

50 

6.2 

2.2 

3.4 

1.6 

3.3 

NA 

3.3 

NA 

3.3 

NA 

3.3ill 

NA 

(dntain~ 

SSV 
Exeeedaaees 

9 (38SMOOO2, 38SMOOO3, 
38SMOOO4, 38SMOOO6, 
38SM0007,38SMOOI0, 
38SMOOI2,38SMOOI4, 

38SMOOI6) 

NA 

4 (38SMOOOl, 38SM0002, 
38SM0004, 38SMOOO6) 

NA 

1 (38SMOOO2) 

NA 

NA 

8.4-24 

Residential Soil 
RlJCIl 

2,700 

NA 

1,900 

NA 

23,000 

NA 

23.00000 
140 

NA 

RBC - Res. Exceedances 

o 

NA 

o 

NA 

o 
NA 

o 
o 

NA 

Industrial Soil 
Met'> 

24,000 

17,000 

NA 

610,000 

NA 

610,000 

1,300 

NA 

MC - Ind. Exceedances 

o 

NA 
o 

NA 

1 (~8SMOCl!m ..... 

NA 
o 

NA 

o 
o 

NA 
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Table 8.4.6 
Detected Concentrations of Organic Compounds in Sedimeat Samples Compared to SSVs and RBCs 

SWMU 38 - Southside DnIiDage Ditches 
(datain~ 
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Anal: InternII'"' DetectIons"'I Ranae(cj Meanoo ssvw 
SSV 

Exceedances 
Residential Soil 

RBC" RBC - Res. Exceedances 
ludustrial Soil 

RBc«" RBC -Iud. Em:eedaaees 

Herbkides 

. ···n~j~ .. ··i}li.··· i~~~>·?··· 34 
t3~.~· .. i<M6 9.9~4S··· ... 26 Nit 

:2O~OilO.OilO ••• () 

NA NA 

2,4-DB 0-6" 1116 25 25 630,000 0 16,000,000 0 

18 - 24" 1/16 23 23 NA NA NA NA NA NA 

()~6' 1116 &2 11 1$.009 () 2;000,00\) () 

18 ';1;1' ~16 3.5"1() '1 NA NA NA NA NA. NA 

MCPA 0-6" 5/16 930 - 4,100 2,066 39,000 0 1,000,000 0 

18 - 24" 4/16 3,700 - 5,100 4,250 NA NA NA NA NA NA 

() 

NA 

2,4,5-T 18 - 24" 1116 19 19 NA NA NA NA NA NA 

Note,: 
a Interval shown is in inches bls. 
b Tbirty-two sediment samples were collected from 16 sample locations (38SM0001 thniugh 38SMOOI6) from the following intervals: 0 to 6 inches bls and 18 to 24 inches bls. Of these, three from the 0- to 6-inch interval were 

split as duplicates. Two additional surface sediment samples (locations 38SMOO25 and 38SMOO26) were collected during a separate Swthside investigation and are included in this table, bringing the total number of samples to 34; 
these two additional samples were analyzed only for PCBs. 

c Range lower limit is the lowest detected analyte concentration. 
d Mean based on detected analyte concentrations ooly. 
e SSV = Sediment Screening Values; values obtained from the Screening Values/or Hazardous WQlte Situ (USEPA, 1995b). 
f Residential and industrial screening values (RBC-Ru., RBC-Ind.) are from the Risk-Based ConcelllralWn Table, January to June 1996 (USEPA, 19900). RBCs apply only for comparison to data from surface sediment samples. 
g The RBCs for tluoranthene were used for benzo(g,h,i)perylene and phenanthrene, which do not have RBCs. 
h Tbe RBCs for naphthalene were used for 2-methylnapbthalene, which does not have RBCs. 

No RBC or SSV exists for TPH; the TDEC soU cleanup level of 500,000 ~glkg total TPH for non-driolring water aquifers with a soil penneability of 10" to 10· has been substituted for the SSV. Standard obtained from the Policy 
StIJIemelll!or Petrolellltl ConlamJnoted Situ (IDEC, 1991). 

j Tbe slope factor for PCBs was updated in IRIS in October 1996. Consequently, the RBC was recalculated using the updated information. 
k Tbe RBCs for endrln were used for endrin aldehyde, which does not have RBCs. 

RBC or SSV is not available for this analyte; therefore, no comparison can be made. 
NA Comparison is not applicable for this subsurface sedintent sample. 

8.4-25 



RCRA Facility Investigation Repon 
Assembly E -SWMUs 2,9,14,38,59, and 65 
NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

Table 8.4.7 
Detected Concentrations of Organic Compounds in Sediment Samples Compared to SSLs 

SWMU 38 - Southside Drainage Ditches 

Analyte 

yOSs 

2-Butanone (MEK) 

Methylene chloride 

SVOCs 

Anthracene 

Benzo(b)fluoranthene 

Benzo(g,h.i)perylene 

bis(2-Ethylbexyl)phthalate 
(BEHP) 

Carbazole 

Dibenz(a,h)anthracene 

Fluorantbene 

(data in J.lIIkg) 

Number of 
Interval(a) Detections(b) 

..•••••• ~~6.,.. ••• 

<'8~:W 
0-6" 

l31.16··13~~ 
.13lt6 .•••.•.•.• <. ·/llf~ 

.. 9) <'.MQ< 
·.loi·.· •• · •••••. ~ ............ ··· 

18 - 24" 

0-6" 

18 - 24" 
...... ~~,~ 

i~~·~~~n·· 

3/16 

3116 

2116 

2116 

1/16 
·'3</16·/ 

··<l~~D'" .. ·V16 

0-6" 2/16 

18 - 24" 3/16 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

18 - 24" 

0-6" 

18 -24" 

0-6" 

18 - 24" 

7/16 

4/16 

7/16 

3/16 

9/16 

9/16 

1116 

1116 

1116 

3/16 

7/16 

5/16 

21 -24 

10 -49 

23 

31 

_111 

1-2 2 10 

1 - 2 2 10 ....... ~.......................)~...)~-? .. 
... \i~~· ············2 H~.~· . 

~}J~~l·· 

38 - 180 

140 - 200 

53 - 690 

50 -2,500 

52 - 540 

190 -1,900 

45 - 1,400 

44 - 280 

150 

61 

62 - 690 

66 -750 

68 - 1,600 

8.4-26 

. ··1;.)··;~t~)<· 
109 4,300,000 

170 4,300,000 

228 

930 

148 

823 

228 

108 

150 

61 

287 

230 

485 

4,000 

4,000 

11,000 

11,000 

500 

11,000 

11,000 

980,000 

980,000 

SSL 
Exceedances 

o 
o 

.. ··0···· 

o 

o 
o 

o 

o 

o 

0 

0 

0 

0 
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Detected Concentrations of Organic: Compounds in Sediment Samples Compared to SSLs 
SWMU 38 - Southside Drainage Ditches 

Analyte 

syocs 
PiuOrene···· 

Indeno(l,2,3-cd)pyrene 

4-Metbylphenol (p-Cresol) 

N~ 

Pyrene 

Total Petro!eum Hydrocarbons 

TPH -DIlO 

TPH~.GR(j 

Total TPH (TPH-GRO + TPH-
ORO) 

Aroclor-1260 

alpha-Chlordane 

4,4'-000 

(data in /lg/kg) 

Number of 
Interval(a) Detections(b) 

>~*i~ ...• <><llti} />·.>·>\~.i 

<18~~ ..• ·~i:16~1'". 
0-6" 

18 - 24" 

0-6" 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

7/16 

3/16 

1/16 

7/16 

4/16 

2/12 

3/12 

3/12 

3/12 

5/18 

1116 

2116 

1116 

10/16 

7/16 

43 - 340 

170 -1,600 

45 

80 -1,300 

73 -1,700 

5,700 - 59,000 

6,400 - 99,000 

100 - 59,000 

6,400 - 99,000 

34 -1,900 

42 

2.1 -72 

1.6 

2.9 - 280 

2.5 - 85 

8.4-27 

•• :.18»·· .1111);000>· 

• •• t4 >160.000 

106 

707 

45 

416 

926 

32,350 

63,133 

21,600 

63,133 

509 

42 

37 

1.6 

55 

22 

35,000 

35,000 

1,400,000 

1,400,000 

500,ooo(Q 

500,000'" 

2,000 

2,000 

700 

700 

SSL 
Exceedances 

., 

., 
o 
o 

0 

0 

0 

0 

o 
o 

o 
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Table 8.4.7 
Detected Concentrations of Organic Compounds in Sediment Samples Compared to SSLs 

SWMU 38 - Southside Drainage Ditches 

Analyte 

PesticldeslPCBs 

4,4'-DDT 

Dieldrin 

Endrin 

Endrin~ 

Heptachlor 

Herbicides 

2,4-DB 

Dinoseb 

MCPA 

MCPP 

2,4,5-T 

2,4~J(~~~) 
Notes: 

Interval(a) 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

Number of 
Detections(b) 

4/16 

1116 

1116 

1116 

1/16 

(data in J.lflkg} 

Rauge(c) 

5.6 -520 

3.8 - 97 

6.2 

2.2 

3.4 

1.6 

Mean(d) 

208 

50 

6.2 

2.2 

3.4 

1.6 

SSL(c) 

1,000 

1,000 

400 

400 

60 

60 

·><j)~6,.' ....... <·2116/"'· ·····t9~ .... • ..•... ·.· .... ·.«i4 t ·1~1OO·· 

···.·l ..... ~~···· ····~Jt6 ·>~"j~~~$·· .. ······ .. ··/~··><K.<· ...... ·· 
0-6" 

18 - 24" 

···O~6"· 

Uh~~ 

0-6" 

18 - 24" 

18 - 24" 
....ij~~~ .. 

1116 

1116 

1i16. 

llt6 

5/16 

4/16 

1116 

1'1Ui 

25 

23 

930 -4,100 

25 

23 

2,066 

3.700 - 5,100 4,250 

19 

2;$ 

19 

·'2,5 
".-, ",<:;~:~,{:,?/;:-.;. 

'/._-

a Interval shown is in inches bls. 

SSL 
Exceedances 

0 

0 

o 
o 

o 
o 

b Thirty-two sediment samples were collected from 16 sample locations (38SM0001 through 38SMOOI6) from the following intervals: 0 to 6 
inches bls and 18 to 24 inches bls. Of these, three from the 0- to 6-inch interval were split as duplicates. Two additional surface sediment 
samples (locations 38SMOO25 aIXl38SM0026) were collected during a separate Southside investigation and are included in this table, bringing 
the total number of samples to 34; these two additional samples were analyzed only for PCBs. 

c Range lower limit is the lowest detected analyte concentration. 
d Mean based on detected analyte eont:entrations only. 
e Sediment Screening Levels, collllidered protective of contaminant transfer from soil to groundwater, are from the Risk-Based Concentration 

Table, JatIUIlTJ to June 1996 (USEPA. 1996a). 
f No SSL exists for TPH; the TDEC soil cleanup level of 500,000 Ilg/kg total TPH for nondrinking water aquifers with a soil permeability of 

10"" to 10-' has been substituted for the SSL. Standard obtained from the Policy Statement for Petroleum Contaminated Sites (TDEe, 1997). 
RBC or SSL is not available for this analyte; therefore, no comparison can be ntade. 
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The following SVOCs exceeded SSVs in surface sediment: benzo(a)anthracene, benzo(a)pyrene, 

BEHP, chrysene, fluoranthene, phenanthrene, and pyrene. Residential RBCs were exceeded by 2 

benzo(a)pyrene only. No industrial RBCs were exceeded. SSLs were exceeded by the SVOCs 3 

benzo(a)anthracene and chrysene. The following discusses the exceedances for each SVOC. 4 

Benzo(a)anthracene's SSV (330 ,ug/kg) was exceeded in the surface sediment sample from location 5 

38SM0006 (430 ,ug/kg), while the SSL for benzo(a)anthracene (700 ,ug/kg) was exceeded in the 6 

subsurface sediment from sample location 38SM0006 (1,300 ,ug/kg). Benzo(a)anthracene 7 

concentrations did not exceed the RBCs in any sample. 8 

Benzo(a)pyrene's SSV (330 ,ug/kg) was exceeded in two surface sediment samples from locations 9 

38SM0006 (670 ,ug/kg) and 39SMOO12 (350 ,ug/kg). The residential RBC (88 ,ug/kg) was 10 

exceeded in five surface sediment samples from locations 38SMOOOl (130 ,ug/kg), 38SM0002 11 

(96 ,ug/kg), 38SM0006 (670 ,ug/kg), 38SM0012 (350 ,ug/kg), and 38SM0015 (95 ,ug/kg). 12 

Benzo(a)pyrene concentrations did not exceed the SSL in any sample. 13 

BEHP's SSV (182 ,ug/kg) was exceeded in the surface sediment sample from location 38SM0006 14 

(1,400,ug/kg). BEHP concentrations did not exceed the RBC or SSL values in any sample. 15 

Chrysene's SSV (330 ,ug/kg) was exceeded in two surface sediment samples from locations 16 

38SM0006 (930,ug/kg) and 38SMOO12 (440,ug/kg). Chrysene's SSL (1,000 ,ug/kg) was exceeded 17 

in the subsurface sample from location 38SM0006 (1,900 ,ug/kg). There were no RBC 18 

exceedances for chrysene. 19 

Fluoranthene's SSV (330 ,ug/kg) was exceeded in the surface sediment sample from location 20 

348SMOOO6 (750,ug/kg). Fluoranthene concentrations did not exceed the RBC or SSL values in 21 

any sample. 22 

8.4-29 
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Phenanthrene's SSV (330 ,ug/kg) was exceeded in the surface sediment sample from location 

348SMOO12 (400 ,ug/kg). Phenanthrene concentrations did not exceed the RBC or SSL values in 2 

any sample. 3 

Pyrene's SSV (330 ,ug/kg) was exceeded in two surface sediment samples from locations 4 

348SM0006 (1,300 ,ug/kg) and 38SMOO12 (1,000 ,ug/kg). Pyrene concentrations did not exceed 5 

the RBC or SSL value in any sample. 6 

~H 7 

TPH-DRO, TPH-GRO (TN Modified Method 8015), and TPH (Method 418.1) were detected in 8 

one or more surface and subsurface sediment samples. USEPA has not established an RBC, SSV, 9 

or SSL for TPH. For evaluation, the TDEC cleanup level of 500,000 ,ug/kg for total TPH in 10 

nondrinking water aquifers (Le., the loess) with soil permeabilities ranging from let to 10-6 11 

cm/sec (TDEC, 1997) has been compared to total TPH concentrations in surface and subsurface 12 

sediment. Total TPH for samples analyzed by the TN Modifier Method 8015 consists of the sum 13 

of the GRO and DRO concentrations in each sample. Total TPH for Method 418.1 consists of the 14 

reported concentration. As shown in Tables 8.4.6 and 8.4.7, the TDEC cleanup level was not 15 

exceeded by the total TPH concentration in any sample. 16 

PesticideslPCBs 17 

The following pesticideslPCBS were detected in surface and/or subsurface sediment samples 18 

collected from the SWMU 38 Southside drainage ditches: 19 

Aldrin 4,4'-DDT 20 

Technical Chlordane Dieldrin 21 
alpha-Chlordane Endrin 22 

gamma-Chlordane Endrin aldehyde 23 
4,4'-DDD Heptachlor 24 
4,4'-DDE Aroc1or-1260 25 

8.4-30 
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SSV s were exceeded by one or more detected concentrations of the following pesticides and PCBs 

in surface sediment: 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, dieldrin, endrin, and Aroc1or-1260. The 2 

residential and industrial RBC was exceeded for the pesticide, dieldrin only. The residential, but 3 

not the industrial, RBC was exceeded by the PCB Aroc1or-1260. SSLs were exceeded by one or 4 

more detected concentrations of the pesticides aldrin and dieldrin. 5 

Aldrin's SSL (5 .ug/kg) was exceeded in one subsurface sediment sample from location 38SMOOO6 6 

(5.7.ug/kg). Aldrin concentrations did not exceed the RBC or SSL values in any sample. 7 

4,4'-DDD's SSV (3.3 .ug/kg) was exceeded in nine surface sediment samples from locations 8 

38SMOOO2 (280 .ug/kg), 38SMOOO3 (5.5 .ug/kg), 38SM0OO4 (5 .ug/kg), 38SMOOO6 (170 .ug/kg), 9 

38SMOOO7 (11 .ug/kg), 38SMOOlO (5.7 .ug/kg), 38SM0012 (11 .ug/kg), 38SM0014 (6.8 .ug/kg), 10 

and 38SMOO16 (56 .ug/kg). 4,4'-DDD concentrations did not exceed the RBC or SSL values in 11 

any sample. 12 

4,4'-DDE's SSV (3.3 .ug/kg) was exceeded in nine surface sediment samples from locations 13 

38SMOOO2 (79 .ug/kg), 38SMOOO3 (8.6 .ug/kg), 38SM0004 (10 .ug/kg), 38SM0006 (110 .ug/kg), 14 

38SMOOO7 (5 .ug/kg), 38SMOOlO (5.8 .ug/kg), 38SMOO12 (9.8 .ug/kg), 38SMOO14 (8 .ug/kg), and 15 

38SM0016 (23 .ug/kg). 4,4'-DDE concentrations did not exceed the RBC or SSL values in any 16 

sample. 17 

4,4'-DDT's SSV (3.3 .ug/kg) was exceeded in four surface sediment samples from locations 18 

38SMOOOI (5.6 .ug/kg), 38SMOOO2 (280 .ug/kg), 38SMOOO4 (28 .ug/kg), and 38SMOOO6 19 

(520.ug/kg). 4,4'-DDT concentrations did not exceed the RBC or SSL values in any sample. 20 

Dieldrin's SSV (3.3 .ug/kg) was exceeded in five surface sediment samples from locations 21 

38SMOOOI (450 .ug/kg), 38SMOOO2 (28 .ug/kg), 38SMOOO6 (33 .ug/kg), 38SMOO14 (5.5 .ug/kg), 22 
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and 38SM0015 (20.ug/kg). Additionally, dieldrin's residential RBC (40.ug/kg) and industrial 

RBC (360 .ug/kg) were exceeded in the surface sediment sample from location 38SMOOOI 2 

(450.ug/kg). Dieldrin's SSL (1 .ug/kg) was exceeded in six surface sediment samples collected 3 

from the 0 to 6-inch interval and six subsurface sediment samples collected from the 18- to 24-inch 4 

interval. The samples in which dieldrin exceeded its SSL included surface samples from locations 5 

38SMOOOI (450 .ug/kg), 38SMOOO2 (28 .uglkg), 38SMOOO4 (2.5 .ug/kg), 38SMOO06 (33 .ug/kg), 6 

38SM0014 (5.5 .ug/kg), and 38SM0015 (20 .ug/kg), and subsurface samples from locations 7 

38SMOOOI (6.9 .ug/kg), 38SMOOO2 (11 .uglkg), 38SMOOO4 (2.8 .ug/kg), 38SMOOO6 (3.3 .ug/kg), 8 

38SMOOlO (2.9 .ug/kg), and 38SMOO15 (3.6 .ug/kg). 9 

Endrin's SSV (3.3 .ug/kg) was exceeded in the surface sediment sample from location 38SM0002 10 

(6.2.ug/kg). Endrin concentrations did not exceed the RBC or SSL values in any sample. 11 

Aroclor-1260's SSV (33 .ug/kg) was exceeded in five surface sediment samples from locations 12 

38SMOOOI (52 .ug/kg), 38SMOOO3 (34.ug/kg), 38SMOO16 (290.ug/kg), 38SM0025 (1,900 .ug/kg), 13 

and 38SM0026 (270.ug/kg). Additionally, the residential RBC for Aroclor-1260 (320 .ug/kg) was 14 

exceeded at surface sediment sample location 38SM0025 (1,900 .ug/kg). No PCBs were detected 15 

exceeding their respective industrial RBC or SSL values. 16 

Herbicides 17 

The following herbicides were detected in surface and/or subsurface sediment samples collected 18 

from the SWMU 38 Southside drainage ditches: 19 

2,4-D 
2,4-DB 
Dinoseb 
MCPA 
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No SSVs exist for the detected herbicides. RBCs or SSLs (where available) by any detected 

herbicide concentration were not exceeded in surface and/or subsurface sediment. 2 

8.4.3.2 Inorganic Compounds in Sediment 3 

The following inorganic compounds were detected in surface and/or subsurface sediment samples 4 

collected from the SWMU 38 Southside drainage ditches: 5 

Antimony Copper 6 

Arsenic Lead 7 

Barium Nickel 8 

Beryllium Selenium 9 

Cadmium Vanadium 10 

Chromium Zinc 11 

Cobalt 12 

Tables 8.4.8 and 8.4.9 summarize the inorganics detected in sediment samples and compare them 13 

to SSVs, residential and industrial soil RBCs, soil RCs, and soil-to-groundwater SSLs. Because 14 

no sediment background. RCs are available for the NSA Memphis Southside, any inorganic 15 

concentrations exceeding applicable SSVs were considered significant and are discussed. When 16 

comparing SWMU 38 inorganics to SSLs and RBCs, an exceedance was not considered significant 17 

and was not discussed, unless the surface or subsurface soil background RC was also exceeded. 18 

Figure 8.4.3 plots the SSV exceedances in surface sediment samples. Figure 8.4.4 plots surface 19 

sediment sample concentrations that exceeded both the soil RBC and soil RC. Figure 8.4.5 plots 20 

surface and subsurface sediment sample concentrations that exceeded both soil-to-groundwater SSL 21 

and soil RBC. The inorganic exceedances are discussed below. 22 

Antimony's SSV (12 mg/kg) was exceeded in one surface sediment sample at sample location 23 

38SMOOO8 (15.8 mg/kg). This same sample was the only sediment sample to exceed antimony's 24 

RC (non-<ietect). No antimony concentrations exceeded the SSL. 25 
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Table 8.4.8 
Detected Coocentratloos or InorgiuW:s In SedImeDt Samples Compared to SSVs, RBCs, aod RCs 

SWMU 38 - MiseeIIaDeous industrial DraInage DItdes - Soutbside 
(data In mg/kg) 

industria 
Number or Resideatlal I SolI 

Am!bte IJIteryaJOO DetedIoaII(Ioj .Ra.oglcl Meanltll ssVl"l ssv ExI:eedanc:es SolI RJICUI RBC·Res. ExI:eedanc:es RJICUI RBC·Ind. ExI:eedanc:es RC'"' RC ExI:eedanc:es 

.~~) ~ iiib 
Arsenic 0-6" 16116 

18 - 24" 16116 

Beryllium 0- 6" 15/16 

18·24" 16116 

2.8 -19 

2.6-
18.8 

0.32 -
0.81 

0.28 -
0.69 

8 

8.3 

0.53 

0.47 

7.24 7 (38SMOOOI. 38SMOOO7. 

NA 

NA 

38SMOOO9,38SMOOIl. 
38SMOOI3. 38SMOOI4. 

38SMOOI6) 

NA 

NA 

0.43 

NA 

0.15 

NA 
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16 (38SMOOOI, 38SMOOO2, 
38SMOOO3, 38SMOOO4, 
38SMOOOS, 38SMOOO6, 
38SMOOO7, 38SMOOO8, 
38SMOOO9, 38SMOOIO, 
38SMOOll, 38SMOOI2, 
38SMOOI3, 38SMOOI4, 
38SMOOI5, 38SMOOI6) 

NA 

IS (38SMOOOI. 38SMOOO2. 
38SMOOO3.38SMOOOS. 
38SMOOO6, 38SMOOO7. 
38SMOOO8. 38SMOOO9. 
38SMOOIO.38SMOOll, 
38SMOOI2, 38SMOOI3. 
38SMOOI4.·38SMOOIS. 

38SMOOI6) 

NA 

·.820 
3.8 

NA 

1.3 

NA 

NA 

12 (38SMOOOI. 38SMOOOS. 
38SMOOO6, 38SMOOO7. 
38SMOOO8, 38SMOOO9. 
38SMOOIO.38SMOOll. 
38SMOOI3. 38SMOOI4. 
38SMOOI5. 38SMOOI6) 

NA 

0 

NA 

o 

NA 

14.58 

20.32 

ili+~ 
26$.12 

1.004 

1.54 

3.24 

1 (3UMOOOI) 

2 (38SMOOOI. 38SMOO(9) 

0 

0 

0 

0 

o 

II (38StdOOOt 3&SM0002, 
~~. 38$t.{0009. 
~~IO. ~MOO!l. 
'$sMQo12, ~t.{OOI3, 
3UM~I •• ~OOt$, 

38$MOOI6) 

o 



N __ or 
IntenaJW ~ Rangel" M_(<!I 

Chromium 0 - 6" 16116 7.4- 11.9 
18.3 

18 - 24" 16116 6.3 - 10.7 
12.6 

i~HI 

Wii 
Copper 0-6" 16116 9.4- 155 

2,250 

18 - 24" 16116 10 - 148 
2,160 

Nickel 0-6" 16116 7.2- 154 
2,240 

18 - 24" 16116 9.3 - 146 
2,110 

Vanadium 0- 6" 16116 10.5 - 21.1 
35.2 

18 - 24" 16116 13.5 - 19 
23.6 

Table 8.4.8 
Detected ConemtratIoos of InorpDIcs In Sedlmeat Samples Compared to SSVs, RBCs, and RCs 

SWMU 38 -~ ItuIostrial DraInage DItches - Southside 
(data In mgIkg) 

Industria 
ResWeatial I SolI 

~ ssv ExeeedaDces SolI JtBCIII RBC-Res. ExeeedaDces RBc«' 

52.3 0 390 0 10,000 

NA NA NA NA NA 

·126.~ 
N~ 

18.7 2 (38SMooI3, 38SMool6) 3,100 0 82,000 

NA NA NA NA NA 

15.9 7 (38SMOOO7, 38SMOOOS, 1,600 1 (38SMoo13) 41,000 
38SMOOO9, 38SMooIO' 
38SM0011,38SMoo13, 

38SMool6) 

NA NA NA NA NA 

550 0 14,000 

NA NA NA NA NA 
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RBC-Ind. ExeeedaDces RC'"' RC EllCeedanc:es 

0 23.89 0 

NA 28.28 0 

0 IS.PI 0 

NA IH4- (I 

0 24.19 2 (38SMooI3, 38SMool6) 

NA 32.52 I (38SMooI4) 

0 20.62 4 (38SMOOO7, 38SMOOOS, 
38SMOOO9, 38SMooI3) 

NA ND 16 (38SM00011hrough 
38SMool6) 

0 ND 4~~I\~~~i 
3!lSMOOM; 33SMOOI~) 

N~ ND 3(38s~.3&s~. 
38sMOOI6) 

0 45.11 0 

NA 43.68 0 
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Notes: 
a Interval shown is in illl:bes below land surface. 

Table 8.4.8 
Detected Coneeotratioos of Inorganics iD Sediment Samples Compared to SSVs, RBCs, and RCs 

SWMU 38 - MIsceIIan_ Indostrlal DraiDaee DItdtes - Southside 
(data iD mglkg) 

b Thirty-two sediment samples were collected from 16 sample loestions (38SMOOOI through 38SMOOl6) from the following Intervals: 0 to 6 illl:bes bls and 18 to 24 illl:bes bls. Of these, three from the 0- to 6-inch interval were split as duplicates. 
c Range lower limit is the lowest detected analyte concentration. 
d Mean based on detected analyte _moIlS only. 
e SSV = Sediment Screening Values; values obtained from the Screening Values/or Haz.ardous Waste Siles (USEPA, 1995b). 
f Residential and industrial screening values (RBC-Res., RBC·Ind.) are from the Risk-Based Concelllration Tobk, Janumy to JIIIIe 1996 (USEPA, 1996&). RBCs apply only for comparison to data from samples collected across the surface Interval. 
g Reference Concentration (RC) is two tImes the mean baetground concentration established for 13 baetground surface samples collected throughout NSA Memphis. Refer to Technical Memorandlun - Reference Concelllrations (E/ A&H, 1996&) for 

background reference concentration calculations. 
b No RBC exists for lead; the soil screening value for residential and industrial soil (400 ,uglkg and 1,300 ,ugikg) from OSWER Directive 9355.4-12 are used for comparison (USEPA, 1994c). 
NO Analyte was not detected in bacqround soil samples. 
NA Comparison is not applicable to this subsurface sediment sample. 

RBC or SSL is not available for this analyte; therefore, no comparison can be rusdc. 
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Number of 
~~ _~ _~_ Rangel<! 

Arsenic 0 - 6" 16116 2.8 - 19 

Beryllium 

Chromium 

0-6" 

18 - 24" 

0-6" 

15116 

16116 

16/16 

2.6 - 18.8 

7S .;;212 

0.32 - 0.81 

0.28 -0.69 

7.4 - 18.3 

Table 8.4.9 
Detected Concentrations of lnorgaDies in Sediment Samples Compared to SSI..'i and RCs 

SWMU 38 - Miscellaneous Industrial Drainage Ditches - Southside 

Mean('" 

8 

8.3 

140 

0.53 

0.47 

11.9 

SSLI<! 

-
15 

15 

180 

180 

(data in mglkg) 

SSL Exeeedauces 

2 (38SMOOOl, 38SMOOO9) 

o 
o 
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Rc«' 

14.58 

1 

1.004 

23.89 

RC Exeeedauces 

t{~1) 
2 (38SMOOOl, 38SMOOO9) 

o 
o 

o 
o 

. I.t~8~f~!8 •......................................... 
~~··!~~O·~~U .... ~~.~ 
!$$MUotJ~.38sM~14;.38$Mooi5:·3~t6i 

o 
o 

18 - 24" 16116 6.3 - 12.6 10.7 28.28 o 
o 
o 
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AoaIyte(ol 

Copper 

Nickel 

Vanadium 

Notel: 

IDtervaP 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

0-6" 

18 - 24" 

Number of 
DetectioJ'l 

16116 

16116 

16116 

16/16 

16116 

16116 

R.aiJge«) 

9.4 -2,250 

10 - 2,160 

7.2 -2,240 

9.3 - 2,110 

10.5 - 35.2 

13.5 - 23.6 

a Interval shown is in inches below land surface. 

Table 8.4.9 
Detected Concentrations of Inorgauics in Sediment Samples Compared to SSLs and RCs 

SWMU 38 - MisceIIaoeous Industrial Drainage Ditcbes - Southside 

Meant .. 

155 

148 

154 

21.1 

19 

SSL(t) 

.;.;.; 

21 

21 

(data in mgIkg) 

SSL Exeeedmces 

4 (38SMOOO7, 38SMOOOS, 38SMOOO9, 
38SMOOI3) 

2 (38SMOOll, 38SMOO14) 

Rc<'I 

24.19 

32.52 

If);03· 
i9.8 

20.62 

ND 

45.11 

43.68 

RC Exceedaoces 

2 (38SMOOI3, 38SMOO16) 

1 (38SMOOI4) 

l {38SMOOQI.:J8SMOO16) 
I (3ssMOOt6) 

4 (38SMOOO7, 38SMOOOS, 38SMOOO9, 
38SMOOt3) 

16 (38SMOOOI through 38SMOO16) 

~ti8SMOOO138~ ·38sMm .......... ·~8SMOOlt) '. . .. ' 

3t3~~;·j8SMO!»s,~16) . 
o 

b Tbirty-two sedintellt samples were collected from 16 sample locations (38SMOOOI through 38SMOO16) from the following intervals: 0 to 6 inches bls and 18 to 24 inches bls. Of these, three from the 0- to 6-inch il1tervai 
were split as duplicates. 

c Range lower limit is the lowest detected analyte conceotration. 
d Mean based on detected analyte concentrations only. 
e Sedimellt Screening Levels, considered protective of contaminant transfer from soil to groundwater, are from the Risk-Based Concenlralion Table, January to June 1996 (USEPA, 19963). 
f Reference concentration is two times the mean background conceotration established for 13 background surface soil samples collected throughoDt NSA Memphis. Refer to Technical Merrwrondum -Reference Concentratio/t' 

(E/A&H, 19963) for background reference conceotration calculations. 
SSL is not available for this analyte; therefore, no comparison can be made. 

ND Analyte was not detected in background soil samples. 
NA Comparison is not applicable to this subsurface sediment sample. 

8.4-38 



ReRA Facility Investigation Report 
Assembly E -SWMUs 2,9,14,38,59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

Arsenic's SSV (7.24 mg/kg) was exceeded in seven surface sediment sampling collected from 

sampling locations 3BSMOOOl (19 mg/kg), 3BSMOOO7 (11.5 mg/kg), 3BSM0009 (17.4 mg/kg), 2 

3BSM0011 (11.5 mg/kg), 3BSMOO13 (12 mg/kg), 3BSMOO14 (9.9 mg/kg), and 3BSM0016 3 

(13.1 mglkg). Arsenic's surface soil RC (14.5B mg/kg), residential RBC (0.43 mg/kg), industrial 4 

RBC (3.B mg/kg), and SSL (15 mg/kg) were exceeded in two surface sediment samples from 5 

locations 3BSMOOOl and 3BSM0009. 6 

Cadmium'S SSV (1 mg/kg) was exceeded in 15 surface sediment samples: 3BSMOOOl 7 

(1.B mg/kg), 3BSMOOO2 (1.6 mg/kg), 3BSMOOO4 (1.3 mg/kg), 3BSMOOO5 (1.2 mg/kg), 8 

3BSM0006 (1.4 mg/kg), 3BSMOOO7 (2.B mg/kg), 3BSMOOOB (1.2 mg/kg), 3BSMOOO9 9 

(2.7 mg/kg), 3BSMOOlO (2.2 mg/kg), 3BSMOO11 (2.1 mg/kg), 3BSMOO12 (1.9 mg/kg), 10 

3BSMOO13 (4.6 mg/kg), 3BSMOO14 (2.6 mg/kg), 3BSMOO15 (2.B mg/kg), 3BSMOO16 (5.3 g/kg). 11 

Cadmium's RC (non-detect) was exceeded in 11 surface sediment samples: 3BSMOOO1, 12 

3 BSMOOO2,3 BSMOOO7,3BSMOOO9,3BSMOO10, 3BSMOO11,3BSMOO12,3BSMOO13, 3 BSMOO14, 13 

3BSM0015, and 3BSMOO16. No cadmium concentrations exceeded the RBCs. 14 

Copper's SSV (lB.7 mg/kg) was exceeded in surface sediment collected from sample locations 15 

3BSMOO13 (2,250 mg/kg) and 3BSMOO16 (27.1 mg/kg). These same two samples also exceeded 16 

copper's surface RC (24.19 mg/kg). Copper's subsurface RC (32.52 mg/kg) was exceeded in 17 

subsurface sediment sample 03BSMOO14 (2,160 mg/kg). No copper concentrations exceeded the 18 

RBCs. 19 

Lead's SSV (30.2 mg/kg) was exceeded in surface sediment collected from sample locations 20 

3BSMOOOl (96.9 mg/kg) and 3BSM0016 (39.4 mg/kg). These same two samples also exceeded 21 

lead's surface RC (26.03 mg/kg). Lead's subsurface RC (19.B mg/kg) was exceeded in subsurface 22 

sediment sample 03BSMOO16 (20.1). No lead concentrations exceeded the RBCs. 23 
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Nickel's SSV (15.9 mg/kg) was exceeded in seven surface sediment samples from sampling 

locations 38SMOOO7 (21.9 mg/kg), 38SMOOO8 (22.9 mg/kg), 38SMOOO9 (26.2 mg/kg), 38SMOO10 2 

(16.1 mg/kg), 38SMOO11 (18.8 mg/kg), 38SMOO13 (2,240 mg/kg), and 38SMOO16 (17.5 mg/kg). 3 

The surface soil RC (20.62) and the residential RBC for nickel (1,600 mg/kg) were exceeded at 4 

38SM0013 (2,240 mg/kg). There were four exceedances of the surface soil RC and the SSL 5 

(21 mg/kg) in surface sediment samples 38SMOOO7, 38SMOOO8, 38SMOOO9, 38SMOO13 and two 6 

exceedances of the subsurface soil RC (nondetect [NDD and the SSL in subsurface sediment 7 

samples 38SM0011 (24.8 mg/kg) and 38SMOO14 (2,110 mg/kg). 8 

8.4.3.3 SWMU 38 Follow Up Sediment Sampling Summary 9 

During the 1996 investigation at SWMU 38, sediment samples collected from two locations 10 

exhibited anomalous concentrations of copper and nickel. Because these detections were isolated, 11 

additional sediment samples were collected to confIrm the presence of these inorganics. In 12 

June 1997, EnSafe personnel collected sediment samples both upstream and downstream from 13 

sample locations 38SM0013 and 38SM0014 and submitted them for copper and nickel analysis. 14 

Sample Location 38SM0013 15 

In the area of 38SMOO13, two samples were collected upstream, two samples from downstream, 16 

and one from the same location. As shown in Table 8.4.10, the copper and nickel concentrations 17 

in the 1997 samples were approximately 100 times lower than the original concentrations, 18 

indicating an erroneous value. Due to the extreme difference between the original sample 19 

(38SMOO1301) and the follow up sample (38SM003001), as well as the concentrations detected 20 

both upstream and downstream during the follow up sampling, the original values are considered 21 

inaccurate and will not be used during the assessment of SWMU 38. 22 
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1997 Resampling of Sample Location 38SMOO13 

Sample ID Location Parameter 

38SM002801 100 ft. upstream Copper 
Nickel 

38SM003001 Duplication of original Copper 
sample location Nickel 

38SM003201 100 ft. downstream Copper 
Nickel 

Sample Location 38SM0014 

><~O 

'2~ 

20.3 
20.1 

19.3 
20.1 

19.1 
25.7 

As with sample location 38SMOO13, additional samples were collected both upstream and 2 

downstream of sample location 38SMOO14, from the same sample interval. The samples collected 3 

were submitted for both copper and nickel analysis to determine if the original sample data was 4 

accurate, or an anomalous. As shown in Table 8.4.11, the values for copper and nickel detected 5 

during the 1997 follow up sampling are approximately 100 times lower in the upstream and 6 

downstream samples, as well as the sample collected from the original sample location 7 

(38SM0014). Based on this information, the original values are considered inaccurate and will 8 

not be used during the assessment of SWMU 38. 9 
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Table 8.4.11 
1997 Resampling of Sample Location 38SMOO14 

SampleJD 

38SMOO3502 

38SMOO3302 

Location Parameter 

...... ~ .... 'm·,.... ··.l~en .p~ 
"~~ ................... . .••. ~~ .. 

50 ft. upstream 

50 ft. downstream 
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8.4.4 Human Health Risk Assessment for SWMU 38 

8.4.4.1 Site Background and Investigative Approach 2 

The SWMU 38 HHRA addresses potential adverse effects on actual or hypothetical human 3 

receptors potentially exposed to hazardous substances released from SWMU 38. It was assumed 4 

that samples collected during the investigation represent the baseline extent of current 5 

environmental contamination. 6 

This HHRA for SWMU 38, which limited in scope to sediment, includes most of the open ditches 7 

on the NSA Memphis Southside. SWMU 38 ditches are used to drain the north and south sides 8 

of NSA Memphis; however, only the ditches on the Southside of NSA Memphis are included in 9 

this investigation. Northside ditches were included in the Assembly B RFI Report (E/A&H, 10 

1996d). The Southside drainage ditches receive influent from surface runoff, storm sewers, and 11 

formerly, wastewater discharges from various industrial buildings on the NSA Memphis 12 

Southside. 13 

The locations of the SWMU 38 primary and secondary drainage ditches were illustrated on 14 

Figure 8.4.1. The general topography of the Southside of NSA Memphis consists of a subtle 15 

downward slope of 1 % to 3 % to the west. The ditches comprising SWMU 38 drain to Big Creek 16 

Drainage Canal in the southwest comer ofNSA Memphis. Water stages in the ditches, which may 17 

vary as much as several feet during storm events, appear to have eroded bank soil in several areas, 18 

as described in Section 1.1.4. 19 

SWMU 38 sediment is submerged for approximately four months per year based on visual 20 

observations. To assess potential excess human health risks, sediment exposure was assumed to 21 

be similar to that generally assumed for soil exposure, in accordance with Supplemental Guidance 22 

to RAGS Bulletin 3, Exposure Assessment (USEPA, 1995b). Sample locations are scattered 23 

throughout the Southside of NSA Memphis, so risk estimates were developed for each sample 24 

8.4-43 



ReRA Facility Investigation Repon 
Assembly E - SWMUs 2. 9. 14. 38. 59. and 65 
NSA Memphis - Millington. Tennessee 
Revision 1: February 2. 1998 

location. The 18 sediment samples used in this HHRA were: 038MOOOI01 through 038MOO1601, 

038M002501, and 038MOO2601. 2 

8.4.4.2 Identification of Chemicals of Potential Concern 3 

copes were identified using the methods outlined in Supplemental Guidance to RAGS Bulletin 1, 4 

Data Collection and Evaluation (USEPA, 1995b) and the Technical Memorandum on HHRA 5 

(E/A&H, 1997e). In accordance with USEPA guidance, sediment data collected from locations 6 

which were not submerged for a portion of the year were compared to soil RBCs and soil RCs to 7 

identify sediment COPCs. 8 

Table 8.4.12 lists CPSSs and identifies the following sediment COPCs: antimony, PCB 9 

Aroc1or-1260, arsenic. BEQs, cadmium, copper, dieldrin, MCPA, MCPP, and nickel. 10 

Table 8.4.13 shows the BEQs concentrations and BEQs for each sample location used in this 11 

HHRA. 

8.4.4.3 Exposure Assessment 

Exposure Setting 

12 

13 

14 

SWMU 38 drainage ditches on the Southside are not submerged year-round, so exposure would 15 

be to sediment and surface water in these ditches. Human exposure to surface water would be 16 

negligible, and sediments would act as a sink for contaminants. Consequently, this HHRA 17 

addresses sediment exposure. Section 8.4.5, the ecological risk assessment, addresses other 18 

receptors' exposure to SWMU 38 surface water, while Section 1.1.4 describes the various ditches 19 

and includes a site figure. 20 
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Table 8.4.12 
Cbemicals Present in SWMU 38 Sediment 

NSA Mempbls Assembly E RFI 

Chemical -Aldrin 
~(ChI_) -.~ 

• _1260 '-lIorium 
BIlQ 
B.n:o(P~ 

• lJen:o(tIj­
Btn:o(JJ}jJuonJJJtIutM 

1kttIttI~ 
C/Jrysene 
lIIIImt;(a.It~ 

1_(l.2.~ 

....... (f~ 
BetyUlum 

~~(IIEI!P) 

1luIy~ 
.~ 

Cbromlum 
Cd8 

• Copper 
2,4.5-'l'P·SiMx 
2.4·D 
2,4-DB 
z.._(MEK) 

-Eudli ,th..,. 
~ -Fluorene 
~(ChI..-) 

lIepw:IJIor 
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.. C NA 

•• C NA 
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.. 1'1 NA 
a.C NA 

.. C NA 
a.C NA 
a,N NA 
a.C NA 
.. N NA 
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.. 1'1 NA 
a.N NA 
.. 1'1 NA 
a.N NA 
.. C NA 
a.C NA 
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a.N NA 

.. 1'1 NA 
a.C NA 
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a.N NA 
a,N NA 
a.N NA 
.. C NA 
a.N NA 

a.N 45.11 
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BEQ Component 

Detected Concentrations 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b )fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a,h)anthracene 
Indeno(123-cd)pyrene 

Equivalent Concentrations (a) 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a,h)anthracene 
Indeno(123-cd)pyrene 

BEQs 

Table 8.4.13 
SWMU 38 Benzo(a)pyrene Equivalent Concentrations 

NSA Memphis Assembly E RFI 

Sample Designations 

TEF 38SM000101 38SMO00201 38SM000301 38SM000401 38SM000501 38SMO00601 38SM000701 38SMOO0801 38SM000901 

0.1 
1 

0.1 
0.01 

0.001 
1 

0.1 

0.1 
1 

0.1 
0.01 

0.001 
1 

0.1 

88 77 430 42 
130 96 670 86 
240 140 690 53 
190 120 560 62 
170 120 930 76 

69 51 340 43 

8.8 7.7 2.1 2.1 2.1 43 4.2 
130 96 23.5 23.5 23.5 670 86 
24 14 2.65 2.65 2.65 69 5.3 
1.9 1.2 0.305 0.305 0.305 5.6 0.62 

0.17 0.12 0.0375 0.0375 0.0375 0.93 0.076 
30.5 30.5 30.5 30.5 30.5 30.5 30.5 

AO 1;1 ? 11; ? 11; ? 15 34 4.3 
~U~.~I 104."~ "1.~4 "1.~4 .,1.24 853.03 131.00 ----~~~--~~~----~~~----~~----~~~--~~~----~~~-

2.1 2.1 
23.5 23.5 
2.65 2.65 

0.305 0.305 
0.0375 0.0375 

30.5 30.5 
2.15 2.15 

61.24 61.24 



BEQ Component 

Detected Concentrations 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a,h)anthracene 
Indeno(123-cd)pyrene 

Equivalent Concentrations (a) 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a,h)anthracene 
Indeno(123-cd)pyrene 

BEQs 

TEF 38SMOO1001 

0.1 
1 47 

0.1 
0.01 

0.001 
1 

0.1 

0.1 2.1 
1 47 

0.1 2.65 
0.01 0.305 

0.001 0.0375 
1 30.5 

0.1 2.15 
84.74 

Notes: 

Table 8.4.13 (continued) 
SWMU 38 Benzo(a)pyrene Equivalent Concentrations 

NSA Memphis Assembly E RFI 

38SM001101 38SM001201 38SMOO1301 38SMOO1401 

250 51 
350 64 
340 55 
350 61 
440 75 

61 
120 46 

2.1 25 2.1 5.1 
23.5 350 23.5 64 
2.65 34 2.65 5.5 

0.305 3.5 0.305 0.61 
0.0375 0.44 0.0375 0.075 

30.5 61 30.5 30.5 
2.15 12 2.15 4.6 

61.24 485.94 61.24 110.39 

38SM001501 38SM001601 

77 
95 
79 
82 
95 

72 

7.7 2.1 
95 23.5 
7.9 2.65 

0.82 0.305 
0.095 0.0375 

30.5 30.5 
7.2 2.15 

149.22 61.24 

a = Equivalent concentrations include assumed concentrations, as described in Section 8.4.4 text. 
NS = Not sampled/not analyzed 

TEF = Toxicity equivalence factor 
BEQs = Sum benzo(a)pyrene equivalents concentration 

38SS002501 38SS002601 

NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 

NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
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Potential Exposed Populations 

Two populations would be expected to be exposed to SWMU 38 sediment - site workers and site 2 

trespassers. Current land use would be limited to maintenance workers or groundskeepers, 3 

assuming a site worker would be exposed to sediment once per week for 25 years. Corresponding 4 

multipliers presented in the Technical Memorandum on HHRA were adjusted from an exposure 5 

frequency of 250 days per year to 52 days per year to address the maintenance 6 

worker/groundskeeper potentially exposed to SWMU 38 sediment. 7 

Because NSA Memphis is part of BRAC, future site use cannot be determined with absolute 8 

certainty. However, the Southside is being retained by the Navy. Therefore, conservative 9 

assumptions were used to account for any reasonable future use. Future land use is unlikely to 10 

change, but could include maintenance workers and site trespassers, who were assumed to contact 11 

SWMU 38 sediment once per week for 10 years as an adolescent. The default site worker 12 

scenario was included as a relative comparison. All SWMU 38 intake estimates were modified 13 

multiplying by 0.67 to account for the four months SWMU 38 sediment would be submerged. 14 

Exposure Pathways 15 

Table 8.4.14 summarizes exposure pathways and receptors for current and future land use and 16 

justifies including or excluding various exposure pathways. Exposure pathways include incidental 17 

sediment ingestion and dermal contact. Sediment samples were collected from partially exposed 18 

drainage ditches as described in Section 1.1.4. As previously discussed, sediment was estimated 19 

to be exposed eight months of the year, and was analyzed as surface soil in this HHRA. Uniform 20 

exposure was assumed for all sample locations. 21 
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Table 8.4.14 
SWMU 38 Exposure Pathways Summary 

NSA Memphis, Assembly E RFI 

Medium and Exposure Pathway 

Pathway 
Selected for 
Evaluation? 

Current Land Uses 

Reason for Selection or Exclusion 

~f;~~~>~nH ... ;;;;!tl~<>. 
.~~ft'oInsOil.·. 

Air - Inhalation of chemicals 
dust 

Groundwater - Inhalation of 
volatilized groundwater 

Soil - Dermal contact 

Sediment - Dermal contact 

No 

No 

No 

Yes 

SWMU 38 does not include soil or 

SWMU 38 does not include soil or 
groundwater. 

SWMU 38 does not include soil or 

Risk estimates for sediment exposure 
8.4.15. 

Future Land Uses 

Groundwater - Ingestion of 
contaminants during potable or 
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Table 8.4.14 

Potentially Exposed 
Population 

SWMU 38 Exposure Pathways Summary 
NSA Memphis, Assembly E RFI 

Medium and Exposure Pathway 

Surface Water - Incidental 
ingestion 

Groundwater - Ingestion of 
contaminants during potable or 
general use 

.~»~.~f: ... 
.~~r-lif.SdutiDg 

Soil - Incidental ingestion 

Sediment - Incidental ingestion 

Surface Water - Incidental 
Ingestion 

Fruits and vegetables - Ingestion 
of plant tissues gown in media 

Pathway 
Selected for 
Evaluation? 

No 

No 

Reason for Selection or Exclusion 

Sediments would act as a sink for 
contaminants, so sediment exposure was 
ilie ofilie.c.c __ - c -

SWMU 38 does not include soil or 
groundwater. 

No SWMU 38 does not include soil or 

No (Qualified) Risk estimates for typical site workers' 
sediment exposure are presented in Table 

No Sediments would act as a sink for 
contaminants, so sediment exposure was 

No SWMU 38 does not include soil or 
groundwater. 
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Exposure Point Concentrations 
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When more than 10 surface soil samples are analyzed, 95% UCLs are typically calculated as 2 

described in the Technical Memorandum on HHRA. However, SWMU 38 ditches span the 3 

Southside of NSA Memphis, and as a result, risk estimates would not represent all locations. 4 

Therefore, risk was estimated for each COPC at each sample location. 5 

Subsurface sediment, those collected from deeper than 12 inches, are assessed in the fate and 6 

transport discussion (Section 8.4.6). 7 

Quantification of Exposure 8 

Exposure was quantified per the Technical Memorandum on HHRA and modified as discussed in 9 

this section. Intake calculations were incorporated into risk estimates and chronic daily intake is 10 

not presented separately. 11 

As previously discussed, sediment samples were evaluated using a typical site worker scenario, 12 

an adolescent trespasser scenario, and a maintenance worker scenario. Sediments collected for 13 

analysis were obtained from drainage ditches assumed to remain dry for approximately 8 months, 14 

or 67 % of the year. Therefore, the multipliers used to calculate risk and hazard for the typical 15 

site worker and the adolescent trespasser, as described in the Technical Memorandum on HHRA, 16 

were modified by a factor of 0.67 to account for the time when the sediments are submerged, 17 

limiting workers' and trespassers' exposure. The modifying factor of 0.67 was also included in 18 

the multiplier for the maintenance worker scenario, and an additional modifying factor of 0.208 19 

was used to account for an exposure rate of 52 days per year rather than 250 days per year. 20 

To make it possible to calculate risk estimates for each COPC at each sample location, risk-based 21 

concentrations were calculated that include both incidental ingestion and dermal contact exposure 22 

pathways in accordance with USEPA' s Supplemental Guidance to RAGS Bulletin 5, Development 23 
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of Risk-Based Remedial Goal Options (ROOs) for each COPC. ROOs were used to calculate risk 

by using the ratio of ROO/target risk or hazard to reported concentration/risk or hazard estimate. 2 

ROOs are presented in Table 8.4.15, and the equation used to calculate risk and hazard estimates 3 

is shown below. 4 

Risk or hazard estimate = (tar~et risk or hazard) x (n<ported concentration) 5 

ROO 6 

Table 8.4.15 
SWMU 38 Risk-Based RGOs for Sediment 

Including the Incidental Ingestion and Dermal Contact Exposure Pathways 
NSA Memphis, Assembly E RF1 

Default Site Worker Maintenance Worker Adolescent Trespasser 

COPC 

Antimony· 

PCB Aroclor-1260 

Arsenic 

BEQs 

Cadmium. 

Copper 

Dieldrin. 

MCPA 

MCPP 

Nickel 

Notes: 

HI = 
1.0 

·········519~'9 

NA 

NA 

57,986 

38~7 

387.1 

28,993 

NA Not applicable 
HI Hazard Index 

ILCR = 1E-
6 

1.08 

2 .. 7 

0.297 

NA 

0,135 

NA 

NA 

NA 

ILCR Incremental lifetime excess cancer risk 

HI = 
1.0 

NA 

NA 

278,778 

1,861 

139389 

8.4-52 

ILCR = 1E-
6 

5.21 

1.43 

NA 

NA 

NA 

HI = 
1.0 

NA 

NA 

104,852 

868 

52,426 

ILCR = lE-
6 

>NA 

6.07 

12.23 

1.664 

NA 

NA 

0:759 

NA 

NA 
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Toxicity assessment terms and methods are discussed in the Technical Memorandum on HHRA. 2 

The toxicological profIle paragraphs below present toxicological references for COPCs identified 3 

at SWMU 38. This information is summarized in Table 8.4.16. 4 

Antimony, which belongs to the same periodic group as arsenic, is absorbed slowly through the 5 

gastrointestinal tract, which is the target of this element. Another target is the blood, where 6 

antimony concentrates. Due to frequent industrial use, the primary exposure route for antimony 7 

to the general population is food. Antimony is also a common air pollutant from industrial 8 

emissions. USEP A has not classified antimony as a carcinogen, and the Oral RID is 9 

0.0004 mg/kg-day (Klaassen et aI., 1986). The oral RID is based on a LOAEL of 10 

0.35 mg/kg-day, an uncertainty factor of 1000, and a modifying factor of 1 (IRIS, 1995). 11 

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically 12 

exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and 13 

cardiovascular effects (Klaassen et al., 1986). USEPA determined 0~OOO3 mg/kg-day as the RID 14 

for arsenic based on a No Observed Adverse Effect Level (NOAEL) of 0.0008 mg/kg-day in a 15 

human exposure study. Arsenic's effects on the nervous and cardiovascular systems are primarily 16 

associated with acute exposure to higher levels. Exposure to arsenic-containing materials has been 17 

shown to cause cancer in humans. Inhalation of these materials can lead to increased lung cancer 18 

risk, and ingestion of these materials is associated with increased skin cancer rates. Arsenic has 19 

been classified as a group A carcinogen by USEPA, which set the 1.5 kg-day/mg oralSF for 20 

arsenic. As listed in IRIS (search date 9/1195), the basis for the classification is sufficient evidence 21 

from human data. An increased lung cancer mortality was observed in multiple human 22 

populations exposed primarily through inhalation. Also, increased mortality from multiple internal 23 

organ cancers (liver, kidney, lung, and bladder) and an increased incidence of skin cancer 24 

were observed in populations consuming drinking water high in inorganic arsenic. Human milk 25 

8.4-53 



Table 8.4.18 
Toxlcologlcel Database Information 
for Chemlcale of Potential Concern 

SWMU38 
NSA Memphis Assembly E RFI 

Non-Cercinogenic ToxlciIy Oalll Carcinogenic Toxicity DaIa 

Oral Uncertainly Inhalation UncerteinIy Oral Slope Inhalation Weight 
Reference Dose Confidence Critical Effect Faclor Reference Dose Confidence Critical Faclor Faclor Slope Faclor of Tumor 

Chemical (mg/kg/day) Level Oral __ (I11gIkg-d~L Level Effect InhsIaIlon (kg-daylmg) (kg-deylmg) Evidence Type 

Antimony 
Arsenic 

0.0004 
0.0003 

a 
a 

low whole bodylblood increased mortality 
Medium hyperplgmentation 

Benzo( a)pyrMe Equivalents 
Cadmium (food) 

NO 
0.001 a High proIIIInuria 

Cadmium (water) 
Copper 
Dieldrin 
MCPA 
MCPP 
PCB Aroc/or-1260 
Nickal 

0.0005 a High proteinuria 
0.04 b NA NA 

SE.()5 a Medium "_lesions 
0.0005 a Medium war and kidney toxicity 
0.001 a Medium 1_ and kidney toxicity 

NO 
0.02 a Medium decreased body and organ weight 

a " InIagraIed Risk Information System (IRIS) 
b ,. EPA - NCEA Regional Support provisional value 

NA " Not applicable or not evailable 
NO " Not determined due to lack of Informetlon 

1000 NO NO NO NO 0 
3 NO NO 1.5 a 15.1 a A various 

NO NO NO 7.3 a B2 mutagen 
10 NO NO NO 6.3 a B1 lung 
10 NO NO NO 6.3 a B1 lung 
NO NO NO NO NO 0 
100 NO NO 16 a 16.1 a B2 hepatoma 
300 NO NO NO NO 0 
3000 NO NO NO NO 0 
NO NO NO 2 NO B2 hepaIocaIIutar carcinoma 
300 NO NO NO NO 0 
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contains about 3 j.lg/L arsenic. The RBC for arsenic in tap water is 0.038 j.lg/L. As listed in IRIS 

(Integrated Research Information System-search date 9/1/95), the critical effect of this chemical 2 

is hyperpigmentation, keratosis, and possible vascular complications. The uncertainty factor was 3 

determined to be 3 and the modifying factor was determined to be 1. 4 

PCB Aroclors are a group of chlorinated hydrocarbons (such as Aroclors-1248, 1254, and 1260) 5 

that accumulate in fat tissue. Occupational exposure (both inhalation and dermal) to PCBs causes 6 

eye and lung irritation, loss of appetite, liver enlargement, increased serum liver enzyme levels, 7 

rashes and chloracne, and decreased birth weight of infants in heavily exposed worker/mothers. 8 

Of the effects listed above, the liver is the primary target organ (Klaassen et aI., 1986; Dreisbach 9 

et aI., 1987). USEPA classified PCB Aroclors as group B2 carcinogens, primarily based on 10 

animal data. As listed in IRIS, the classification is based on hepatocellular carcinomas in three 11 

strains of rats and two strains of mice and inadequate, yet suggestive, evidence of excess risk of 12 

liver cancer in humans by ingestion and inhalation or dermal contact. Oral ingestion of PCBs 13 

causes liver and stomach tumors in rat studies. In October 1996, USEPA changed the oral slope 14 

factor to 2.0 kg-day/mg for food ingestion. 15 

Polyaromatic hydrocarbons were assessed in accordance with Supplemental Guidance to RAGS 16 

Bulletin 3, Toxicity Assessment (USEPA, 1995b) using toxic equivalency factors (TEFs) and 17 

include the following COPCs: 18 

Benzo(a)anthracene TEF=O.l 19 

Benzo(b )fluoranthene TEF=O.l 20 

Dibenz(a,h)anthracene TEF=l.O 21 

Benzo(k)fluoranthene TEF=O.01 22 

Benzo(a)pyrene TEF=l.O 23 
Indeno(1,2,3-cd)pyrene TEF=O.l 24 

Chrysene TEF=O.OOl 25 
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Some PAHs are toxic to the liver, kidney, and blood. However, toxic effects of the PAHs above 

have not been well-established, aside from their mutagenic properties. RIDs are not available for 2 

the P AHs above due to a lack of data. All P AHs listed above are classified by USEPA as 3 

B2 carcinogens, and their carcinogenicity is addressed relative to that of benzo(a)pyrene (BAP), 4 

having an oral SF of 7.3 kg-day/mg. 5 

TEFs, multipliers determined by USEPA that are applied to the detected concentrations, are used 6 

to estimate excess cancer risk for chemicals with similar mutagenic properties. Most P AHs have 7 

been classified as carcinogens based on anima] studies using large doses of purified PAHs. There 8 

is some doubt as to the validity of these listings, and the SFs listed in USEPA's RBC Table are 9 

provisional. However, these PAHs are carcinogens when the exposure involves a mixture of other 10 

carcinogenic substances (e.g., coal tar, soot, cigarette smoke). As listed in IRIS (search date 11 

6/28/95), BAP is classified B2 based on insufficient human data specifically linking it to a 12 

carcinogenic effect. BAP has produced positive results in numerous genotoxicity assays in which 13 

various exposure routes were examined. The B2 classification reflects a weight-of-evidence 14 

judgment of the likelihood that BAP is a human carcinogen. 15 

As listed in IRIS, the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 classification is based 16 

on data from animal bioassays. Benzo(b)fluoranthene produced tumors in mice after lung 17 

implantation, intraperitoneal or subcutaneous injection, and skin painting. Benzo(a)anthracene 18 

produced tumors in mice exposed by gavage; intraperitoneal, subcutaneous, or intramuscular 19 

injection; and topical application. Benzo(a)anthracene produced mutations in bacteria and in 20 

mammalian cells and transformed mammalian cells in culture. Equivocal results have been 21 

found in a lung adenoma assay in mice. Benzo(k)fluoranthene is also mutagenic in bacteria assays 22 

(Klaassen et al., 1986). 23 
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Cadmium can upset the stomach, leading to vomiting and diarrhea in acute exposure; acute 

inhalation of cadmium-containing dust can irritate the lungs. Chronic exposure to cadmium, either 2 

via inhalation or ingestion, has been shown to cause kidney damage (including kidney stones), 3 

emphysema, and high blood pressure. Other tissues reportedly injured by cadmium exposure in 4 

animals and humans include the lungs, testes, liver, immune system, blood, and the nervous 5 

system (Klaassen et al., 1986). An oral RID of 0.001 mg/kg-day has been determined by USEPA, 6 

based on human studies (food) involving chronic exposure in which significant increased protein 7 

was found in the urine. A separate oral RID for water has been determined by USEPA to be 8 

0.0005 mg/kg-day. For inhalation exposure, cadmium has been classified by US EPA as a 9 

group Bl, or probable human carcinogen, based on limited evidence from epidemiological studies 10 

in which an excess risk of lung cancer was observed in cadmium smelter workers. As listed in 11 

IRIS (search date 6/28/95), the classification is based on limited evidence from occupational 12 

epidemiologic studies consistent across investigations and study populations. There is sufficient 13 

evidence of carcinogenicity in rats and mice by inhalation and intramuscular and subcutaneous 14 

injection. Seven rat and mice studies where cadmium salts (acetate, sulfate, chloride) were 15 

administered orally have shown no evidence of carcinogenic response. There is sufficient 16 

evidence of increased risk of lung cancer in rats and mice exposed to cadmium via inhalation. 17 

Seven studies in which cadmium was administered orally to rats and mice have shown no evidence 18 

of-carcinogenic response following exposure via this route. As listed in IRIS, the critical effect 19 

of cadmium is proteinuria. The uncertainty factor was 10 and the modifying factor was 1. The 20 

uncertainty factor was 10 and the modifying factor was 1. 21 

Copper is a nutritionally essential element, necessary for many of the body's enzymes. In the 22 

past, lead pipes and solder were used for residential water pipes, and resulting lead concentrations 23 

in drinking water exceeded USEPA guidelines. Copper has been used to replace water pipes in 24 

residences due to its lower toxicity to man. Short-term exposure to copper can result in anemia 25 

(the lack of iron), the breakdown of red blood cells, and liver and kidney lesions. The target 26 
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organs for copper are the liver, kidney, and red blood cell. Vitamin C reduces copper uptake from 

the gut, and other substances can also influence copper uptake. Copper fumes can cause metal 2 

fume fever (Klaassen et aI., 1986). As listed in IRIS (search date 6/28/95), the D classification 3 

is based on no human data, inadequate animal data from assays of copper compounds, and 4 

equivocal mutagenicity data. The USEPA RID is 0.0371 mg/kg/day, which is 2.6 mg/day for the 5 

average adult (70 kg). In typical vitamin supplements, 2 mg/day is the approximate dose 6 

(NRC, 1989). 7 

Dieldrin is a polycyclic chlorinated pesticide. Short-term exposure to high doses of dieldrin 8 

causes tremors and convulsions. Chronic exposure can cause emotional and neuromuscular 9 

disturbances. Exposed individuals revert to normal approximately one week after the dieldrin 10 

source is removed. Dieldrin is classified as a B2 carcinogen by USEPA; the oral SF, inhalation 11 

SF, and oral RID were set to 16 kg-day/mg, 16.1 kg-day/mg, and 0.00005 mg/kg-day, 12 

respectively (Dreisbach et aI., 1987). 13 

MCPA, 2-methyl-4-chlorophenoxyacetic acid, is a pesticide with a no effect level of 14 

0.15 mg/kg-day. USEPA's oral RID is 5E-4 mg/kg-day, and the critical effect listed in IRIS is 15 

toxicity to the kidney and liver. The uncertainty and modifying factors are 300 and 1, 16 

respectively, and the confidence in the RID is medium (IRIS, 1996). 17 

MCPP, 2-(2-methyl-14-chlorophenoxy) propionic acid, is a pesticide which has been shown to 18 

cause increased kidney weights in rats when they are exposed under the conditions in the 19 

critical study. Based on the critical study in IRIS, USEPA determined the oral RID to be 20 

0.001 mg/kg-day, with an uncertainty factor of 3000. USEPA's confidence in the oral RID is 21 

medium (IRIS, 1996). 22 
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Nickel is an essential nutrient; a five microgram dose is typical of supplemental vitamins. USEPA 

set the oral RID to 0.02 mg/kg-day (IRIS, 1996). Chronic exposure of rats to nickel caused 2 

decreased body and organ weights. For a chronically exposed individual, nickel salts would affect 3 

the gastro-intestinal system, and would also target the liver and kidney. This element has been 4 

shown to be a sensitizer, an element that can produce allergic reactions. Sensitization of skin to 5 

nickel dust has been shown to occur in industry (Dreisbach, et al., 1987). 6 

8.4.4.5 Risk Characterization 7 

As previously discussed, exposure to SWMU 38 sediment was assessed using the maintenance 8 

worker, adolescent trespasser, and default site worker land use scenarios. Risk estimates for the 9 

default site worker would not be applicable to sediment and were included for a relative 10 

comparison only because default site worker assumptions would overestimate exposure to 11 

SWMU 38 sediment. Incidental sediment ingestion and dermal contact pathways were evaluated 12 

for each land use scenario. Risk was estimated for each COPC reported at each sample location, 13 

as shown in Table 8.4.17. 14 

Maintenance Worker 15 

For the maintenance worker scenario, as described in Section 8.4.4.3, the worker was assumed 16 

to be exposed to site chemicals 52 days per year while providing lawn care, which wQuld occur 17 

in the eight months that sediment is assumed to be exposed. 18 

Site Trespasser 19 

For the adolescent site trespasser scenario, assumptions included an exposure duration of 10 years, 20 

a body weight of 45 kg, and an exposure frequency of 52 days per year. The adolescent trespasser 21 

exposure multiplier was also adjusted for the fraction of time per year when SWMU 38 sediment 22 

is exposed (eight months per year). 23 
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Table 8.4.17 
Risk Estimates for SWMU 38 Sediment 

NSA Memphis Assembly E RFI 

Risk Estimates 
Reported 

Concentration Default Site Worker Maintenance Worker Adolescent Trespasser 
Samele ID Chemical imfil/kfil) HI ILCR HI ILCR HI ILCR 

38SMOO0101 
Antimony NO NA NA NA NA NA NA 
PCB Aroclor-1260 0.052 NA 3.21E-08 NA 6.69E-09 NA 5.74E-09 
Arsenic 19 0.029283 4.71E-06 0.0060909 9.79E-07 0.0161959 1.04E-06 
BEQ 0.202 NA 4.56E-07 NA 9.48E-08 NA 8.14E-08 
Cadmium 1.8 0.001664 NA 0.0003461 NA 0.0009202 NA 
Copper 13.7 0.000158 NA 3.293E-05 NA 8.754E-05 NA 
Dieldrin 0.45 0.007789 2.23E-06 0.0016201 4.63E-07 0.0034735 3.97E-07 
MCPA 2.1 0.003635 NA 0.000756 NA 0.0016214 NA 
MCPP NO NA NA NA NA NA NA 
Nickel 7.2 0.000166 NA 3.461E-05 NA 9.202E-05 NA 

Sum 0.042695 7.42E-06 0.0088806 1.54E-06 0.0223906 1.53E-06 

38SMOO0201 
Antimony NO NA NA NA NA NA NA 
PCB Aroclor-1260 NO NA NA NA NA NA NA 
Arsenic 3.2 0.004932 7.93E-07 0.0010258 1.65E-07 0.0027277 1.75E-07 
BEQ 0.155 NA 3.48E-07 NA 7.24E-08 NA 6.23E-08 
Cadmium 1.6 0.001479 NA 0.0003076 NA 0.0008179 NA 
Copper 10 0.000116 NA 2.403E-05 NA 6.39E-05 NA 
Dieldrin 0.028 0.000485 1.39E-07 0.0001008 2.88E-08 0.0002161 2.47E-08 
MCPA NO NA NA NA NA NA NA 
MCPP 4.1 0.003548 NA 0.000738 NA 0.0015828 NA 
Nickel 7.6 0.000176 NA 3.653E-05 NA 9.713E-05 NA 

Sum 0.010735 1.28E-06 0.0022328 2.66E-07 0.0055057 2.62E-07 

38SMOO0301 
Antimony NO NA NA NA NA NA NA 
PCB Aroclor-1260 0.034 NA 2.10E-08 NA 4~37E-09 NA 3.75E-09 
Arsenic 3.6 0.005548 8.92E-07 0.0011541 1.86E-07 0.0030687 1.97E-07 
BEQ 0.061 NA 1.38E-07 NA 2.87E-08 NA 2.47E-08 
Cadmium 0.92 0.00085 NA 0.0001769 NA 0.0004703 NA 
Copper 12 0.000139 NA 2.884E-05 NA 7.668E-05 NA 
Dieldrin NO NA NA NA NA NA NA 
MCPA NO NA NA NA NA NA NA 
MCPP 8.6 0.007442 NA 0.001548 NA 0.0033201 NA 
Nickel 11.9 0.000275 NA 5.72E-05 NA 0.0001521 NA 

Sum 0.014255 1.05E-06 0.002965 2.19E-07 0.0070879 2.26E-07 

38SMOO0401 
Antimony NO NA NA NA NA NA NA 
PCB Aroclor-1260 NO NA NA NA NA NA NA 
Arsenic 2.8 0.004315 6.94E-07 0.0008976 1.44E-07 0.0023868 1.53E-07 
BEQ 0.061 NA 1.38E-07 NA 2.87E-08 NA 2.47E-08 
Cadmium 1.3 0.001202 NA 0.0002499 NA 0.0006646 NA 
Copper 14.4 0.000166 NA 3.461E-05 NA 9.202E-05 NA 
Dieldrin 0.0025 4.3E-05 1.24E-08 9.001E-06 2.57E-09 1.93E-05 2.21E-09 
MCPA 0.93 0.00161 NA 0.0003348 NA 0.0007181 NA 
MCPP NO NA NA NA NA NA NA 
Nickel 9.7 0.000224 NA 4.662E-05 NA 0.000124 NA 

Sum 0.007561 8.44E-07 0.0015726 1.76E-07 0.0040047 1.80E-07 



Table 8.4.17 
Risk Estimates for SWMU 38 Sediment 

NSA Memphis Assembly E RFI 

Risk Estimates 
Reported 

Concentration Default Site Worker Maintenance Worker Adolescent Trespasser 
Sample 10 Chemical {m~/k~) HI ILCR HI ILCR HI ILCR 

38SMOO0501 
Antimony ND NA NA NA NA NA NA 
PCB Aroclor-1260 ND NA NA NA NA NA NA 
Arsenic 4.5 0.006935 1.12E-06 0.0014426 2.32E-07 0.0038359 2.47E-07 
BEQ 0.061 NA 1.38E-07 NA 2.87E-08 NA 2.47E-08 
Cadmium 1.2 0.001109 NA 0.0002307 NA 0.0006135 NA 
Copper 15.8 0.000183 NA 3.797E-05 NA 0.000101 NA 
Dieldrin ND NA NA NA NA NA NA 
MCPA ND NA NA NA NA NA NA 
MCPP ND NA NA NA NA NA NA 
Nickel 15.1 0.000349 NA 7.258E-05 NA 0.000193 NA 

Sum 0.008576 1.25E-06 0.0017839 2.61E-07 0.0047433 2.71E-07 

38SMOO0601 
Antimony ND NA NA NA NA NA NA 
PCB Aroclor-1260 ND NA NA NA NA NA NA 
Arsenic 5.2 0.008014 1.29E-06 0.001667 2.68E-07 0.0044326 2.85E-07 
BEQ 0.853 NA 1.92E-06 NA 4.00E-07 NA 3.43E-07 
Cadmium 1.4 0.001294 NA 0.0002692 NA 0.0007157 NA 
Copper 12.6 0.000146 NA 3.028E-05 NA 8.051E-05 NA 
Dieldrin 0.033 0.000571 1.63E-07 0.0001188 3.40E-08 0.0002547 2.91E-08 
MCPA ND NA NA NA NA NA NA 
MCPP ND NA NA NA NA NA NA 
Nickel 8.8 0.000203 NA 4.23E-05 NA 0.0001125 NA 

Sum 0.010229 3.37E-06 0.0021276 7.02E-07 0.005596 6.57E-07 

38SMOO0701 
Antimony ND NA NA NA NA NA NA 
PCB Aroclor-1260 ND NA NA NA NA NA NA 
Arsenic 11.5 0.017724 2.85E-06 0.0036866 5.93E-07 0.0098028 6.30E-07 
BEQ 0.131 NA 2.95E-07 NA 6.14E-08 NA 5.27E-08 
Cadmium 2.8 0.002588 NA 0.0005384 NA 0.0014314 NA 
Copper 18.7 0.000216 NA 4.494E-05 NA 0.0001195 NA 
Dieldrin ND NA NA NA NA NA NA 
MCPA 4.1 0.007096 NA 0.001476 NA 0.0031656 NA 
MCPP ND NA NA NA NA NA NA 
Nickel 21.9 0.000506 NA 0.0001053 NA 0.0002799 NA 

Sum 0.028131 3.14E-06 0.0058512 6.54E-07 0.0147992 6.83E-07 

38SMOO0801 
Antimony 15.8 0.018256 NA 0.0037973 NA 0.0100963 NA 
PCB Aroclor-1260 ND NA NA NA NA NA NA 
Arsenic 4.1 0.006319 1.02E-06 0.0013144 2.11E-07 0.0034949 2.25E-07 
BEQ 0.061 NA 1.38E-07 NA 2.87E-08 NA 2.47E-08 
Cadmium 1.2 0.001109 NA 0.0002307 NA 0.0006135 NA 
Copper 18 0.000208 NA 4.326E-05 NA 0.000115 NA 
Dieldrin ND NA NA NA NA NA NA 
MCPA 2 0.003462 NA 0.00072 NA 0.0015442 NA 
MCPP 5.3 0.004586 NA 0.000954 NA 0.0020461 NA 
Nickel 22.9 0.000529 NA 0.0001101 NA 0.0002927 NA 

Sum 0.034469 1.15E-06 0.0071697 2.40E-07 0.0182027 2.49E-07 



Table 8.4.17 
Risk Estimates for SWMU 38 Sediment 

NSA Memphis Assembly E RFI 

Risk Estimates 
Reported 

Concentration Default Site Worker Maintenance Worker Adolescent Trespasser 
Samele 10 Chemical (mf!/kf!~ HI ILCR HI ILCR HI ILCR 

38SMOO0901 
Antimony ND NA NA NA NA NA NA 
PCB Aroclor-1260 ND NA NA NA NA NA NA 
Arsenic 17.4 0.026817 4.31E-06 0.005578 8.97E-07 0.0148321 9.53E-07 
BEQ 0.061 NA 1.38E-07 NA 2.87E-08 NA 2.47E-08 
Cadmium 2.7 0.002496 NA 0.0005191 NA 0.0013803 NA 
Copper 15.8 0.000183 NA 3.797E-05 NA 0.000101 NA 
Dieldrin ND NA NA NA NA NA NA 
MCPA ND NA NA NA NA NA NA 
MCPP 1.1 0.000952 NA 0.000198 NA 0.0004247 NA 
Nickel 26.2 0.000605 NA 0.0001259 NA 0.0003348 NA 

Sum 0.031053 4.45E-06 0.006459 9.25E-07 0.0170728 9.7BE-07 

3BSM001001 
Antimony ND NA NA NA NA NA NA 
PCB Aroclor-1260 ND NA NA NA NA NA NA 
Arsenic 4.2 0.006473 1.04E-06 0.0013464 2.16E-07 0.0035802 . 2.30E-07 
BEQ 0.OB5 NA 1.91E-07 NA 3.97E-08 NA 3.41E-08 
Cadmium 2.2 0.002034 NA 0.000423 NA 0.0011247 NA 
Copper 12.8 0.000148 NA 3.076E-05 NA B.179E-05 NA 
Dieldrin ND NA NA NA NA NA NA 
MCPA ND NA NA NA NA NA NA 
MCPP ND NA NA NA NA NA NA 
Nickel 16.1 0.000372 NA 7.739E-05 NA 0.0002058 NA 

Sum 0.009027 1.23E-06 0.0018776 2.56E-07 0.0049924 2.64E-07 

38SM001101 
Antimony ND NA NA NA NA NA NA 
PCB Aroclor-1260 ND NA NA NA NA NA NA 
Arsenic 11.5 0.017724 2.85E-06 0.0036866 5.93E-07 0.0098028 6.30E-07 
BEQ 0.061 NA 1.38E-07 NA 2.B7E-08 NA 2.47E-08 
Cadmium 2.1 0.001941 NA 0.0004038 NA 0.0010736 NA 
Copper 18 0.000208 NA 4.326E-05 NA 0.000115 NA 
Dieldrin NO NA NA NA NA NA NA 
MCPA 1.2 0.002077 NA 0.000432 NA 0.0009265 NA 
MCPP ND NA NA NA NA NA NA 
Nickel 18.8 0.000434 NA 9.037E-05 NA 0.0002403 NA 

Sum 0.022385 2.99E-06 0.004656 6.21E-07 0.0121582 6.55E-07 

38SM001201 
Antimony NO NA NA NA NA NA NA 
PCB Aroclor-1260 ND NA NA NA NA NA NA 
Arsenic 3.5 0.005394 8.67E-07 0.001122 1.80E-07 0.0029835 1.92E-07 
SEQ 0.486 NA 1.09E-06 NA 2.28E-07 NA 1.96E-07 
Cadmium 1.9 0.001756 NA 0.0003653 NA 0.0009713 NA 
Copper 9.4 0.000109 NA 2.259E-05 NA 6.007E-05 NA 
Dieldrin NO NA NA NA NA NA NA 
MCPA NO NA NA NA NA NA NA 
MCPP ND NA NA NA NA NA NA 
Nickel 12.7 0.000293 NA 6.104E-05 NA 0.0001623 NA 

Sum 0.007553 1.96E-06 0.001571 4.0BE-07 0.0041771 3.87E-07 



Table 8.4.17 
Risk Estimates for SWMU 38 Sediment 

NSA Memphis Assembly E RFI 

Risk Estimates 
Reported 

Concentration Default Site Worker Maintenance Worker Adolescent Trespasser 
SamEle 10 Chemical (ms/ks~ HI ILCR HI ILCR HI ILCR 

38SM001301 
Antimony ND NA NA NA NA NA NA 
PCB Aroclor-1260 ND NA NA NA NA NA NA 
Arsenic 12 0.018495 2.97E-06 0.0038469 6.18E-07 0.010229 6.57E-07 
BEQ 0.061 NA 1.38E-07 NA 2.87E-08 NA 2.47E-08 
Cadmium 4.6 0.004252 NA 0.0008844 NA 0.0023516 NA 
Copper 2250 0.025998 NA 0.0054075 NA 0.0143775 NA 
Dieldrin ND NA NA NA NA NA NA 
MCPA ND NA NA NA NA NA NA 
MCPP ND NA NA NA NA NA NA 
Nickel 2240 0.051764 NA 0.010767 NA 0.0286271 NA 

Sum 0.100509 3.11E-06 0.0209058 6.47E-07 0.0555852 6.82E-07 

38SM001401 
Antimony ND NA NA NA NA NA NA 
PCB Aroclor-1260 ND NA NA NA NA NA NA 
Arsenic 9.9 0.015258 2.45E-06 0.0031737 5.10E-07 0.0084389 5.42E-07 
BEQ 0.110 NA 2.49E-07 NA 5. 17E-08 NA 4.44E-08 
Cadmium 2.6 0.002403 NA 0.0004999 NA 0.0013292 NA 
Copper 15.1 0.000174 NA 3.629E-05 NA 9.649E-05 NA 
Dieldrin 0.0055 9.5E-05 2.72E-08 1.98E-05 5.66E-09 4.245E-05 4.86E-09 
MCPA ND NA NA NA NA NA NA 
MCPP ND NA NA NA NA NA NA 
Nickel 13.5 0.000312 NA 6.489E-05 NA 0.0001725 NA 

Sum 0.018243 2.73E-06 0.0037946 5.68E-07 0.0100796 5.92E-07 

38SM001501 
Antimony ND NA NA NA NA NA NA 
PCB Aroclor-1260 ND NA NA NA NA NA NA 
Arsenic 5.5 0.008477 1.36E-06 0.0017632 2.83E-07 0.0046883 3.01E-07 
BEQ 0.149 NA 3.36E-07 NA 6.99E-08 NA 6.01E-08 
Cadmium 2.8 0.002588 NA 0.0005384 NA 0.0014314 NA 
Copper 14.7 0.00017 NA 3.533E-05 NA 9.393E-05 NA 
Dieldrin 0.02 0.000346 9.90E-08 7.2E-05 2.06E-08 0.0001544 1.77E-08 
MCPA ND NA NA NA NA NA NA 
MCPP ND NA NA NA NA NA NA 
Nickel 13.1 0.000303 NA 6.297E-05 NA 0.0001674 NA 

Sum 0.011884 1.80E-06 0.0024718 3.74E-07 0.0065354 3.79E-07 

38SM001601 
Antimony ND NA NA NA NA NA NA 
PCB Aroclor-1260 0.29 NA 1.79E-07 NA 3.73E-08 NA 3.20E-08 
Arsenic 13.1 0.02019 3.25E-06 0.0041995 6.75E-07 0.0111667 7.18E-07 
BEQ 0.061 NA 1.38E-07 NA 2.87E-08 NA 2.47E-08 
Cadmium 5.3 0.004899 NA 0.001019 NA 0.0027094 NA 
Copper 27.1 0.000313 NA 6.513E-05 NA 0.0001732 NA 
Dieldrin ND NA NA NA NA NA NA 
MCPA ND NA NA NA NA NA NA 
MCPP ND NA NA NA NA NA NA 
Nickel 17.5 0.000404 NA 8.412E-05 NA 0.0002236 NA 

Sum 0.025807 3.56E-06 0.0053678 7.41E-07 0.0142729 7.74E-07 



Sam~le ID 

38SM002501 

38SM002S01 

Table 8.4.17 
Risk Estimates for SWMU 38 Sediment 

NSA Memphis Assembly E RFI 

Risk Estimates 
Reported 

Concentration Default Site Worker Maintenance Worker 
Chemical !mEl/kEil HI ILCR 

Antimony NS NA NA 
PCB Aroclor-12S0 1.9 NA 1.17E-OS 
Arsenic NS NA NA 
BEQ NS NA NA 
Cadmium NS NA NA 
Copper NS NA NA 
Dieldrin NS NA NA 
MCPA NS NA NA 
MCPP NS NA NA 
Nickel NS NA NA 

Sum NA 1.17E-06 

Antimony NS NA NA 
PCB Aroclor-12S0 0.27 NA 1.S7E-07 
Arsenic NS NA NA 
BEQ NS NA NA 
Cadmium NS NA NA 
Copper NS NA NA 
Dieldrin NS NA NA 
MCPA NS NA NA 
MCPP NS NA NA 
Nickel NS NA NA 

Sum NA 1.S7E-07 

Notes: 
ND = Not detected 
NS = Not sampled/not analyzed 
NA = Not applicabll' 
HI = Hazard index 

ILCR = Incremental lifetime excess cancer risk 
BEQ = Benzo(a)pyrene equivalent concentration 

MCPA = 2-Methyl-4-chlorophenoxyacetic acid 
MCPP = 2-(2-Methyl-14-chlorophenoxy)propionic acid 

HI ILCR 

NA NA 
NA 2.44E-07 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA 2.44E-07 

NA NA 
NA 3.47E-08 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA 3.47E-08 

Adolescent Trespasser 
HI ILCR 

NA NA 
NA 2.10E-07 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA 2.10E-07 

NA NA 
NA 2.98E-08 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA 2.98E-08 
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As described in the Technical Memorandum on HHRA, cacs were identified based on 2 

cumulative (all pathway) risk and hazard projected for this site. USEPA has established a 3 

generally acceptable risk range of 1E-4 to 1E-6, and an m threshold of 1.0 (unity). In 4 

Assembly E HHRAs, a cac was considered to be any chemical contributing to a cumulative risk 5 

level of 1E-6 or greater and/or a cumulative m above 1.0, if its individual ILCR exceeds 1E-6 6 

or its HQ exceeds 0.1. 7 

As shown in Table 8.4.17, no cacs were identified in SWMU 38 sediment. 8 

8.4.4.6 Risk Uncertainty 9 

Several parameters contribute to risk assessment uncertainty including: 10 

• Unknown future exposure settings and exposure pathways 11 

• Toxicological uncertainty in the determination of SFs and RIDs 12 

• EPC estimation 13 

• Human exposure quantification 14 

• Elimination of some CPSSs 15 

Fate and transport uncertainties are addressed in Section 8.4.6. 16 

Data Quality 17 

Most analytical data for environmental samples have inherent variability. This is a function of the 18 

matrix characteristics and heterogeneity, and the precision and accuracy of sampling, preparation, 19 

and analysis methods employed. Although data are typically considered to be exact values, they 20 

are in reality the laboratory's best estimate within a range defmed by method control limits. As 21 

a result, reported concentrations for any chemical can underestimate or overestimate actual 22 

concentrations. The Data Validation Report - Assembly E (E/A&H, 1997a) presents and 23 

evaluates the Assembly E analytical data. 24 



RCRA Facility Investigation Repon 
Assembly E - SWMUs 2, 9, 14, 38, 59, and 65 
NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

Exposure Setting and Exposure Pathways 

Sediment was treated as surface soil in RBC comparisons. Such comparisons could overestimate 2 

or underestimate potential risk and hazard values. However, separate assumptions were 3 

determined to provide reasonable maximum exposure scenarios. Sediment was assumed to be 4 

exposed eight months of the year. Scenarios included a typical site worker, maintenance worker, 5 

and a site trespasser scenario. Any of these scenarios could overestimate or underestimate 6 

exposure, depending on the duration sediments are submerged, as well as the duration and 7 

frequency of human exposure. 8 

Identification of COPCs 9 

Comparison to Reference Concentrations (Background) 10 

Because the intent of the HHRA is to estimate the excess cancer risk or health hazard posed by 11 

cOPCs, site data were compared to RCs in the RFI for NSA Memphis subsequent to comparison 12 

to risk-based screening values. Additional uncertainty is introduced by a comparison of site data 13 

to nonspecific screening reference data. Although the RCs are specific to NSA Memphis, they 14 

are not SWMU-specific. The limited number of background samples and sample locations at 15 

NSA Memphis increases the uncertainty because a larger data set more adequately accounts for 16 

natural variability in media composition. Comparison of soil RCs to sediment which are assessed 17 

as soils increases the uncertainty because conditions at background locations are dissimilar to those 18 

at SWMU 38. 19 

Dieldrin 20 

The Technical Memorandum - Surface Soil (0 to 1 foot) Background Dieldrin Concentrations at 21 

NSA Memphis (E/A&H, 1997d) stated that dieldrin was detected at NSA Memphis at relatively 22 

insignificant concentrations. Dieldrin was used extensively in the 1950s and 196Os, and was 23 

applied aerially as a pesticide at NSA Memphis during that time period. Dieldrin was also used 24 

in the pest control trade with chlordane for general subterranean termite control. As stated in the 25 

8.4-66 
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memorandum, "this rmding indicates that dieldrin levels found at each SWMU do not necessitate 

remedial action in the absence of other significant carcinogenic risk contributors." The average 2 

background dieldrin concentration reported in the memorandum is 0.131 mg/kg; two-times the 3 

mean is 0.262 mg/kg. Therefore, the background risk posed by dieldrin should be considered 4 

when making risk-management decisions. 5 

Toxicological Uncertainty 6 

The uncertainty of toxicological values from the IRIS and HEAST databases (provided by USEPA) 7 

are summarized in Table 8.4.16. The uncertainty factors assigned to these values account for 8 

acute to chronic dose extrapolation, study inadequacies, and sensitive subpopulations, among other 9 

factors. Although uncertainty factors for a specific compound may be 1,000 or higher, these 10 

safety factors are applied by USEP A to conservatively bias the overall assessment of risk/hazard 11 

toward human health concerns. In the presence of such uncertainty, USEPA and the risk assessor 12 

are obligated to make conservative assumptions so the chance is very small for the actual health 13 

risk to be greater than what is determined through the risk assessment process. On the other hand, 14 

the process is not to yield overly conservative risk values that have no basis in actual conditions. 15 

This balance was kept in mind in developing exposure assumptions and pathways and in 16 

interpreting data and guidance for this HHRA. 17 

USEPA determined BEQs to have a B2 cancer rating, which indicates they cause cancer in animals 18 

but have not been demonstrated to cause cancer in humans. BEQs are known mutagens. 19 

However, there is some uncertainty in assuming BEQs would cause the proliferation of cells 20 

caused in laboratory test organisms. BEQs are composed of seven carcinogenic P AHs: 21 

benzo(a)pyrene, benzo(a)anthracene, dibenz(a, h)anthracene, benzo(b)fluoranthene, 22 

benzo(k)fluorantheIie, indeno(123-cd)pyrene, and chrysene. Concentrations reported for 23 

benzo( a)anthracene, dibenz( a,h)anthracene, indeno(123-cd)pyrene, benzo(b )fluoranthene, 24 

benzo(k)fluoranthene, and chrysene did not exceed corresponding soil screening values. Because 25 
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the mechanism of action is similar for the seven carcinogenic P AHs, all seven carcinogenic P AHs 

were used to calculate BEQs. 2 

Arsenic was assessed as a carcinogen, and arsenic ILCR was a primary contributor to risk 3 

estimates for sediment exposure pathways. USEPA evaluated the cancer potency of arsenic based 4 

on certain studies from the literature. Limitations in these studies and the methods used by 5 

USEPA would result in overestimates of arsenic risk. For example, arsenic's MCL is 50 mg/L 6 

(USEPA, 1996c). Yet, exposure to drinking water with 50 mg/L arsenic would equate with 7 

unacceptable risk. The technology-based method used to calculate the MCL for arsenic is not the 8 

same as risk-based methods used to assess risk. 9 

USEPA derived the oral SF from a Taiwanese study of human exposures to groundwater 10 

containing arsenic (Tseng et al., 1968). The assumptions used by USEPA to derive the SF may 11 

have underestimated dietary exposure to arsenic (yost et aI., 1994). More recent water intake 12 

values were available for the Taiwanese population. These values are higher than the historical 13 

data used by USEPA. Using higher water intake values would reduce the expected cancer 14 

potency. In addition, toxic effects of arsenic could have been exacerbated because the 15 

study population was reportedly undernourished and many had chronic liver disease (Hsueh et 16 

al., 1995). 17 

The calculation method USEPA used to determine the SF may also have overestimated the cancer- 18 

causing potential of arsenic. A linear dose response curve was assumed by USEPA, and the dose- 19 

response curve for arsenic may be sublinear (Loehr et al., 1989). In 1989, the USEPA Science 20 

Advisory Board concluded that, " ... at dose levels below 200-250 micrograms arsenic per day there 21 

is a possible detoxification mechanism that may substantially reduce cancer risk from the levels 22 

USEP A has calculated using a linear-quadratic model fit to the Tseng data." 23 
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The Tseng study was based on water ingestion, and many studies indicate arsenic is more 

bioavailable from water than soil. Ingesting arsenic in soil may not elicit toxic responses, while 2 

the same amount of arsenic ingested from groundwater may be toxic (ATSDR, 1992). 3 

Relative bioavailabilities of arsenic in soil to arsenic in groundwater range from 20% to 78% 4 

(Freeman et aI., 1993, 1994). 5 

USEPA determined that risk-based concentrations for arsenic should be multiplied by 10 to 6 

account for the uncertainty in arsenic's carcinogenicity (USEPA, 1988). For example, a 7 

risk-based concentration of 0.001 mg/L would be changed to 0.01 mglL. In addition, the mean 8 

relative bioavailability of 78 % is recommended by USEP A to address arsenic in soil. In 9 

summary, a risk-based concentration of 1 mg/kg would be modified (e.g., 1/0.78 = 1.282 mg/kg) 10 

to approximately 1.28 mg/kg. The 1.28 mg/kg concentration in soil would also be adjusted to 11 

account for the uncertainty in arsenic's SF, resulting in an adjusted value of 12.8 mg/kg. The 12 

relative bioavailability factor would not be applicable to groundwater concentrations, so a risk- 13 

based groundwater concentration of 0.001 mg/L would be modified to 0.01 mg/L. Therefore, risk 14 

and hazard estimates are potentially overestimates. 15 

Determination of Exposure Point Concentrations 16 

EPCs are used to estimate intake. The uncertainty associated with EPCs primarily stems from 17 

their statistical determination (UCLs) or imposition of maximum concentrations. Use of the 18 

maximum reported concentration is highly conservative, can grossly overestimate exposure, and 19 

is not generally recommended by RAGS. The potential for variability between different sample 20 

locations would be very high because the samples are widely distributed across the Southside of 21 

NSA Memphis. SWMU 38 sediment risk estimates were calculated for each COPC at each sample 22 

location to limit this potential source of variability in the risk estimates. 23 
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Frequency of Detection and Spatial Distribution 

Risk estimates shown in Table 8.4.17 were calculated only for chemicals detected, which accounts 2 

for the frequency of detection. Spatial distribution is also a component of Table 8.4.17 because 3 

cumulative risk estimates are sorted by sample location. 4 

Quantification of Risk/Hazard 5 

As indicated by the discussions above, uncertainty is inherent during the risk assessment process. 6 

In addition, many site-specific factors have affected the uncertainty of this assessment that would 7 

upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of variability and 8 

uncertainty are discussed below. 9 

Site worker, maintenance worker, and site trespasser scenarios were determined for SWMU 38 10 

sediment exposure. In these scenarios, sediment was only assumed to be exposed for eight months 11 

of the year. The maintenance worker and site trespasser scenarios both were assessed assuming 12 

a 52-day exposure frequency, reducing the typical 250-day exposure frequency. However, 13 

exposure could be overestimated or underestimated, depending on the duration sediments are 14 

actually submerged. 15 

8.4.4.7 Risk Summary 16 

Exposure to SWMU 38 sediment was assessed using maintenance worker, adolescent trespasser, 17 

and default site worker land use scenarios. Risk estimates for the default site worker would not 18 

be applicable to sediment and were included for a relative comparison only. Incidental sediment 19 

ingestion and dermal contact pathways were evaluated for each land use scenario. Risk was 20 

estimated for each COPC reported at each sample location. No COCs were identified for 21 

SWMU 38 sediment exposure pathways for any of the three land use scenarios assessed. 22 
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This ERA focuses specifically on the aquatic and riparian ecosystem associated with SWMU 38, 

the Southside Industrial Drainage Ditches. This assessment considers sediment contaminant 

concentrations and distributions, physicochemical conditions, and exposure pathways which could 

result in unacceptable levels of exposure to ecological receptors now or in the future. The 

approach to this assessment is based on Risk Assessment Guidance for Superfund Volume II -

Environmental Evaluation Manual (USEPA, 1989a) and Framework for Ecological Risk 

Assessment (USEPA, 1992a). 

8.4.5.2 Problem Formulation 

Site Description 

The majority of NSA Memphis Southside has been heavily developed, displacing most of the 

natural habitats capable of supporting significant species diversity and/or richness. In addition to 

the overall absence of natural habitats, the high levels of human activity (foot and vehicular 

traffic, etc.) also reduce the attractiveness and accessibility of most of NSA Memphis as suitable 

habitat for plant or animal species. 

The portions of the SWMU 38 drainage ditches addressed in this report are within the southwest 
, 

quadrant of NSA Memphis. The southside ditch system receives water from surface runoff and 

storm sewers, and reportedly has previously received floor drain discharges from various 

industrial buildings. The system consists of three main branches: flowing north-to-south are two 

parallel ditches approximately 3,800 feet apart and 3,000 feet in length draining the western and 

eastern portions of its service areas. The southern end of the eastern ditch curves due west and 

forms the third branch, the larger southern ditch flowing east-to-west. After meandering 

approximately 4,800 feet west, this ditch intersects the southern end of the western ditch and 

ultimately discharges into Big Creek Drainage Canal (see Figure 8.4.1). Several smaller, 
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secondary ditches are present along the southern and eastern branch to facilitate drainage of 

outlying areas. Habitat and biota surveys were conducted concurrently with site sediment 

sampling to evaluate the presence and exposure potential of ecological receptors associated with 

the SWMU 38 ditches. 

Based on the observed topography of the ditches, flow in the eastern and western ditches is 

expected only in direct response to precipitation runoff and the topography is such that shallow 

pools form periodically in portions of the ditches. This lack of a constant water source prohibits 

a sustainable aquatic ecosystem to develop. Except in a few areas, the SWMU 38 ditches have 

either a cement or hard clay-sediment bottom which do not provide the cover and/or food 

requirements for aquatic organisms. 

Eastern Ditch - The eastern ditch is a deep-cut, cement-lined ditch along the west side of a four­

lane road, Seventh Avenue. This eastern branch of SWMU 38 is in a completely developed 

portion of NSA Memphis, surrounded by buildings, roads, parking lots, and maintained grassy 

fields and medians. Numerous large culverts are also present along its run south from G Street 

to its confluence with the southern ditch, including a massive culvert beneath Seventh Avenue. 

From north to south, this branch is represented by sediment samples 038SOO07, 038S0006, and 

038S0008. 

Southern Ditch - The habitat along the entire southern branch is the most diverse. At its origins 

west of Seventh Avenue, the ditch is narrow, cement-lined and devoid of marginal vegetation 

(other than grass), but as it enters into the undisturbed wooded area between Fifth and 

Third avenues, the ditch appears to have a natural bottom and a less maintained shoreline 

overgrown with herbaceous vegetation. As the ditch continues west through the culvert beneath 

Third Avenue, it goes beyond NSA Memphis fenceline and into a densely wooded area. The ditch 

widens, becoming more stream-like and less channelized. The fence and steep banks, which reach 
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heights of over 30 feet, limit human access, thus prohibiting the level of maintenance observed in 

the other portions of the ditches. These undisturbed riparian areas are dominated by mature trees 

and thick undergrowth. As it flows west, the channel is joined by the western branch of 

SWMU 38 and widens further and the shallow water reveals a hard-clay bottom. As the total 

amount of water carried by this ditch increases, the high-water marks along the shore rise 

significantly, indicated that during heavy storm events, the water in the ditch rises nearly 10 feet. 

This periodic flooding keeps the bottom clean of debris and loose sediments. From east to west, 

the sediment samples representing the southern branch of SWMU 38 are 038S0OO8, 038S0009, 

038S0014, 038SOOO5, 038SOO12, 038SOO11 and 038SOO10. 

Four smaller tributaries to the southern ditch are also present. These range in length from 300 to 

1,000 feet and drain some interior areas not connected to the stormsewer system. Nearly identical 

to one another, the ecological characteristics associated with these secondary ditches are much like 

the eastern ditch, having a cement lining and grassy banks. From east to west, these are 

represented by sediment samples 038S00015, 038S0OO13, 038SOOO4, and 038S0016. 

Western Branch - The western branch is similar to the eastern branch since it too is a narrow, 

predominantly dry drainageway. During rain events, it flows from Navy Road south along the 

NSA Memphis boundary to its confluence with the southern branch. A narrow fringe of 

herbaceous and scrub vegetation exists along the central and lower portions, but these are adjacent 

to the distributional warehouses and various industrial facilities, a off-site recreational park, and 

off-base housing. With these surroundings and the quality of habitat observed, this ditch doesn't 

offer adequate cover and foraging habitat for receptors to be present. From north to south, the 

western branch is represented by sediment samples 038S0001, 038S0OO2, and 038S0OO3. 
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Potential Receptors 

The southern portions of SWMU 38 are the only areas which may be regularly accessible to 

terrestrial species such as raccoons or opossums for drinking water. Resident birds also have 

access to the remote and vegetated drainage ditches for cover and drinking water. Although no 

aquatic or benthic species were observed during the initial habitat and biota surveys, a subsequent 

visit during a warmer season did reveal that after a period of frequent rainfall, the southern portion 

of SWMU 38 between Third and Fifth avenues did support small, isolated communities of aquatic 

biota (small fish). These more natural and remote ditches would be expected to support larger 

communities of aquatic wildlife, but this potential is greatly reduced by occasional devegetation 

and flow maintenance by NSA Memphis grounds keeping personnel and/or the scouring from flash 

flooding which occurs during heavy rainfall. 

8.4.5.3 Risk Characterization 

VOCs, SVOCs, metals, pesticides, and herbicides were detected in the drainage-ditch sediment. 

Although some contaminant concentrations in the ditches exceed SSV values, the lack of suitable 

habitat for sediment- or surface water-dwelling organisms limits the exposure potential. The 

habitat and biota survey revealed that the ditches do not have sufficient annual water flow or 

forage/cover features to support significant communities of aquatic biota. 

In addition, the drainage ditch system provides minimal life requisites for terrestrial vertebrate 

species. Although access is possible, no evidence of mammalian species in the area of the 

drainage ditches was noted during the habitat and biota survey. A lack of suitable habitat, 

significant human activity, and lack of vegetation in the general area of NSA Memphis may 

account for this. 

Furthermore, sediment contamination appears to be limited to the onsite reaches of the drainage 

ditches and is not a likely source to downstream receptors. At sample location 38SMOOlO, the 
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most downstream of the SWMU 38 samples, the overall level of contamination was the lowest, 

with no SVOCs detected; only cadmium and nickel exceeded their SSVs. Pesticides were also 

detected at sample location 38SMOOlO, but at concentrations lower than the upstream samples. 

These data indicate that contaminants are confmed to the upper reaches of SWMU 38, have a low 

migration potential, and most likely will not impact downgradient receptors. 

A small portion of the ditches onsite did appear to support seasonal populations of aquatic biota 

(small fish/insects). However, this intermittent habitat is relatively small and the ambient 

conditions defined during this assessment would likely allow it to reoccur each year, therefore the 

low concentrations of constituents detected in the associated sediment samples are not expected 

to pose a significant ecological risk. 

8.4.5.4 ERA Summary 

It is recommended that no further ecological study be conducted on the SWMU 38 drainage 

ditches. Quality habitat is limited to a small portion of the site and contaminant concentrations do 

not appear to represent a single source. Runoff characteristics across the area most likely will 

remain the same. 

8.4.6 Fate and Transport Assessment 

The migration pathway for constituents detected at SWMU 38 is predominantly soil to sediment, 

with transport within the ditches occurring during high water events. No contaminant detected 

at SWMU 38 exceeded its SSL for soil-to-air transport; therefore, this pathway is not discussed. 

Also, since all samples collected from SWMU 38 Southside drainage ditches were sediment 

samples, the groundwater-to-surface water pathway is not relevant. The soil-to-groundwater 

migration pathway is mitigated by the fact that contaminants in drainage ditch surface soil are 

migrating with the flow of water during drainage, limiting the potential for leaching through the 

soil column to groundwater. 
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8.4.6.1 Soil-to-Sediment Cross-Media Transport 

Thirty-two sediment samples collected from two intervals (0 to 6 inches and 18 to 24 inches bls) 

at 16 SWMU 38 locations were analyzed and the results compared to SSVs. SSVs were exceeded 

by seven SVOCs [benzo(a)anthracene, benzo(a)pyrene, BEHP, chrysene, fluoranthene, 

phenanthrene, pyrene]; one PCB (Aroclor-1260); five pesticides (4,4'-DDD, 4,4'-DDE, 

4,4'-DDT, dieldrin, and endrin); and six inorganics (antimony, arsenic, cadmium, copper, lead, 

and nickel). Most of these contaminants have a strong tendency to sorb to soil particles and are 

relatively immobile in the environment. Transport is more likely to occur in their solid rather than 

their dissolved phase. Also, these contaminants are generally persistent in the environment and 

do not degrade readily. 

Surface water runoff and numerous Southside outfalls discharge into SWMU 38 drainage ditches. 

The original design of many buildings at NSA Memphis (circa 1943) included floor drains which 

discharged to storm sewers, storm sewer drains, and drainage ditches. As buildings were 

remodeled and replaced, these drains were eliminated or re-routed to the sanitary sewer. Until 

1980, when most of these drains were replaced, it is reported that various substances, including 

solvents, degreasers, oils, and paints, may have been discharged to the drainage ditches. Most 

wastes discharged into the drainage ditches prior to 1980 would have been transported downstream 

during high flow events. Therefore, it may not be possible to locate where contamination in the 

drainage ditches evolved from. Due to the relative immobility of the contaminants, most residual 

contamination is most likely concentrated nearest the outfalls. 

SWMU 38 transects the Southside of NSA Memphis. The drainage pathways are generally 

adjacent to streets; therefore, the potential exists for contact with surface water and sediment by 

the general population. South of NSA Memphis, the potential also exists for similar contact due 

to unrestricted access to Big Creek Drainage Canal, into which the drainage ditches ultimately 

discharge. Other potential receptors include two production wells PW-4 and PW-5 
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(see Figure 8.4.1). However, it is unlikely that these wells will be impacted by SWMU 38 

contaminants since they are both screened at depths greater than 1 ,400 feet and topographically 

upgradient of the majority of the SWMU 38 Southside drainage ditches. 

8.4.7 Conclusions and Recommendations 

Based on information gathered during this RFI, the following conclusions are presented: 

• VOCs, SVOCs, TPH, pesticideslPCBs, herbicides, and metals have been identified in the 

sediment samples collected from drainage ditches that comprise SWMU 38. Due to the 

nature and configuration of the drainage ditches and their proximity to several SWMUs, 

there are multiple "contaminant sources that cannot readily be identified." Analytical data 

indicate organic compounds were more frequently detected in the surface sediment 

interval, with a decreasing detection frequency and contaminant concentration gradient 

with depth. The pesticides DDD, DDE, DDT, and dieldrin were frequently detected in 

surface sediment samples; these compounds are most likely present in site sediments due 

to pesticide applications throughout NSA Memphis and are transported to the drainage 

ditch system in site runoff during rainfall events. 

• The HHRA evaluated the risk and hazard posed by sediment contaminants by using three 

hypothetical reasonable maximum exposure scenarios: the maintenance worker, the site 

worker, and the child (adolescent) trespasser. Because each sample represented a certain 

portion of the widely separated drainage ditch system, each sample was assessed 

independently in the HHRA. Incidental ingestion and dermal contact exposure pathways 

were used to address potential future sediment exposure. COCs were identified for 

various exposure scenarios to determine whether they exceeded an excess cancer risk of 

lE-4 or a hazard index of 1. The HHRA concluded these thresholds were not exceeded 
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for any exposure scenario. Based on the HHRA, the property consisting of the Southside 

Industrial Drainage Ditches is suitable for reuse in either industrial or residential scenarios. 

• The ERA recommended that no further ecological study be conducted on the SWMU 38 

drainage ditches. Quality habitat is limited to a small portion of the site and contaminant 

concentrations do not appear to represent a single source. Runoff characteristics across 

the area most likely will remain the same. 

• The fate and transport discussion determined the migration pathway for SWMU 38 

constituents is predominantly soil-to-sediment, and transport during high water events 

within the drainage ditches. The soil-to-groundwater migration pathway is mitigated by 

the fact that contaminants in surface sediment in the drainage ditches are migrating with 

the flow of water during drainage, limiting the potential for leaching through the soil 

column to groundwater. Due to the relative immobility of the contaminants, most residual 

contamination is most likely concentrated nearest the outfalls and areas where water flow 

is slow. The drainage pathways are mainly adjacent to streets; therefore, the potential 

exists for contact with surface water and sediment by the general population. Away from 

NSA Memphis, the potential also exists for similar contact due to unrestricted access to 

Big Creek Drainage Canal, into which the drainage ditches ultimately discharge. Other 

potential receptors include two production wells PW -4 and PW -5. However, it is Unlikely 

that these wells will be impacted by SWMU 38 contaminants since they are both screened 

at depths greater than 1,400 feet. 

Based on information gathered during this RFI, the following recommendations are presented: 

• No further action is recommended for SWMU 38. 
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SWMU 59 consists of Building S-335, the Pesticide Storage Facility (commonly referred to as the 2 

Old Pesticide Shop) and the grassy area immediately adjacent to the building. Building S-335 is 3 

a wood-framed, sheet-metal exterior structure. A small grassy area adjacent to the north, east, 4 

and south sides of the building separates it from First Avenue on the east. An. asphalt parking lot 5 

is north, west, and south of Building S-335 and its adjacent grassy area. Figure 1.5 shows 6 

SWMU 59 and its surrounding features. 7 

The SWMU 59 area slopes gently to the east, with runoff flowing toward a storm drain northeast 8 

of the building in the grassy area. This storm drain conveys the water southeast under First Street 9 

to an outfall in the SWMU 38 secondary drainage ditch along the east side of First Street. 10 

SWMU 38 then conveys runoff approximately 1,800 feet south to Big Creek Drainage Canal. Any 11 

storm runoff which does not enter the storm drain northeast of the building would move across 12 

the parking lot as sheet flow to First Street, where it would travel south to Big Creek Drainage 13 

Canal. 14 

8.5.1 Previous Investigation Results 15 

According to the ReRA Facility Assessment (RFA) (ERC/EDGe, 1990b), the exact age of 16 

Building S-335 is unknown. It is estimated to be approximately 40 years old. The building was 17 

used to store pesticides and fertilizers used throughout NSA Memphis. Pesticides reported to have 18 

been stored at the building included chlordane, dieldrin, and DDT, and arsenic, a common 19 

component of early pesticide formulations. SWMU 59 was flooded in 1974 and again in 1987; 20 

water marks from flooding are present on the walls inside the building approximately 2.5 feet 21 

above the floor. 22 

According to the Visual Site Inspection Report (ERC/EDGe, 1990a), a water line leak was 23 

observed during a 1990 site visit by the Navy, with clear water trickling from beneath the building 24 

and saturating the ground on the building's east side. A pesticide odor near the building's window 2S 

was also noted. 26 
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According to the Draft Final RCRA Facility Investigation Work Plan for Naval Air Station 

Memphis (SOUTHDIV, 1990), an inspection of Building S-335 in 1990 indicated the building had 2 

not been cleaned up following the flood damage, and the doors were locked. The report also 3 

stated that the building was scheduled for demolition in 1990. 4 

In 1990 an RFI was conducted at SWMU 59 because the Navy planned to demolish Building S-335 5 

and needed to generate data for project planning issues, including worker health and safety and 6 

demolition waste disposal. The RFI consisted of collecting 16 shallow soil samples from eight 7 

boring locations (SSI to SS8) surrounding Building S-335 and 30 wipe samples from the building's 8 

interior surfaces. Figure 8.5.1 shows the soil sample locations. Soil samples were collected with 9 

a stainless-steel hand auger from 0 to 1 foot bls (upper interval) and 1 to 2 feet bls (lower interval) 10 

at all eight boring locations. The soil samples and wipe samples were analyzed for chlordane, 11 

DDT and related isomers, dieldrin, and arsenic. The results of the RFI were compiled in the 12 

ReRA Facility Investigation Report, NAS Memphis Site No. 59 (Building No. S-335, Former 13 

Pesticide Storage Facility), NAS Memphis (ERC/EnSafe, 1990). According to the report, 14 

chlorinated pesticides and arsenic were identified in shallow (0 to 2 feet bls) soil surrounding the 15 

building and on surfaces inside the building. 16 

The analytical results from the 1990 SWMU 59 RFI soil samples were compared to values listed 17 

in the Risk-Based Concentration Table, January to June 1996 (USEPA, 1996a). Surface soil 18 

sample results were compared to residential and industrial RBC soil ingestion concentrations and 19 

soil-to-groundwater SSL concentrations. Soil sample results from the subsurface interval were 20 

compared to the SSLs only, because RBCs do not apply to subsurface soil. Detected inorganics 21 

were also compared to their established RCs to determine if the element occurs naturally or may 22 

be the result of SWMU 59 operations. The calculations for the RCs are provided in the Technical 23 

Memorandum - Reference Concentrations (E/A&H, 1996a). As shown in Table 8.5.1, the 24 

following constituents exceeded one or more applicable values: chlordane, dieldrin, and arsenic. 25 

The exceedances are discussed in the following paragraphs. 26 
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Table 8.5.1 
Analytical Summary of 1990 RFI Soil Samples 

DDT DDD DDE Dieldrin Chlordane 

<e"Ul (efIfg) . '/:tIM} (e"kg) (e"kg) 

3S~8 1.-~i···· ···iNV .... ··· ......•. ~ ..•.•.•.•• 
10 NO 4 4.7 267 

"2.391 
9 312 2 42.8 202 

·l'J'.7U 

4.9 9,949 

NO NO NO NO 5,014 

NO NO NO NO 398 

NO NO 5 7.8 20 

·.~·.~·.~.·.· ••••.•• ·.·.·········"····~~~i"·< ....................... ~~~ •........• ·#~)iHI.~ ·•·•······•• .... ·4c)·············«}·.1,~;· .. · 
RBc(e) - Industrial 3.8 17,000 24,000 17.000 360 16,352 

RC(d) (0-1') 1 RC (> 1') 14.58/20.32 NA NA NA NA 

Notes: 
a feet bls = feet below land surface 
b NO denotes the analyte was not detected below the practical quantitation limit in this sample. 
c RBCs and SSLs were obtained from the Risk-Based Concentration Table, January to June 1996 (USEPA, 1996a) and the 1998 update. 
d RC = reference concentration (2 x the mean background concentration). RCs were established for inorganics in surface (0 to 1 foot 

bls) and subsurface (> 1 foot bls) soil throughout NSA Memphis; refer to the Technical Memorandum - Reference Concentrations 
(E/A&H, 1996a) for reference concentration calculations. 

e NA denotes a background RC is not available for this organic compound. 

Concentrations in surface soil that exceeded their residential soil RBC (and background RC, where applicable) are shown in bold print. 

Chlordane's residential soil RBC (1,825 ILg/kg) was exceeded in upper interval samples from 

locations SS1, SS2, SS3, SS4, SS5, and SS7, while the industrial soil RBC (16,352 ILg/kg) was 2 

exceeded in the upper interval samples from locations SS3 and SS4. The soil-to-groundwater SSL 3 

for chlordane (2,000 ILg/kg) was exceeded by upper interval samples from locations SS1, SS2, 4 
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SS3, SS4, SS5, and SS7. Lower interval soil samples from locations SS3 and SS4 also exceeded 

the soil-to-groundwater SSL. 2 

Dieldrin's residential RBC (40 JLg/kg) was exceeded in the upper interval soil samples from 3 

locations SS2 and SS3, while the industrial RBC for dieldrin (360 JLglkg) was not exceeded by any 4 

upper interval soil sample. The soil-to-groundwater SSL for dieldrin (1 JLg/kg) was exceeded by 5 

six upper interval samples and five lower interval sample. 6 

Arsenic's surface soil RC (14.58 mg/kg) and industrial soil RBC (3.8 mg/kg for arsenic as a 7 

carcinogen) were both exceeded by the upper interval soil sample from location SSI. The arsenic 8 

concentration at this location also exceeded its RC and SSL (15 mg/kg). No other detected 9 

concentration of arsenic exceeded both its RC and soil RBC, or RC and SSL. 10 

The wipe samples collected during the 1990 RFI identified the following contaminants on surfaces 11 

inside the building: 4,4'-DDE, 4,4'-DDT, chlordane, dieldrin, and arsenic. Results of the wipe 12 

samples were provided in the Assembly E Site Investigation Plans (E/A&H, 1995a). 13 

On June 8, 1995, E/A&H representatives inspected the site. The building had not been 14 

demolished, had not been cleaned, and was still locked. A chlorinated pesticide odor was evident 15 

near the window and door. 16 

According to Navy personnel, employees associated with the SWMU 59 pesticide operation are 17 

no longer employed at NSA Memphis or involved in the aforementioned activities. Therefore, 18 

no definitive information is available regarding the former operating procedures at SWMU 59. 19 

8.5-6 



8.5.2 RFI Characterization 

RCRA Facility Investigation Report 
Assembly E -SWMUs 2,9, 14, 38, 59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

The focus of the RFI characterization was on the nature and extent of contamination in the 2 

following media: 3 

• 
• 

Surface and subsurface soil near Building S-335 

Groundwater in the loess and fluvial deposits 

4 

5 

8.5.2.1 DPT Screening Investigation 6 

As part of the RFI characterization, a preliminary screening investigation was conducted at 7 

SWMU 59 using DPT Geoprobe equipment operated by ProTech Inc. of Baton Rouge, Louisiana. 8 

The DPT screening investigation was conducted on October 27 and 28, 1995. Chlorinated 9 

pesticideslPCBs and VOCs were chosen as the DPT screening investigation indicator parameters 10 

because: 11 

• The 1990 RFI confirmed the presence of pesticides in shallow soil surrounding 12 

Building S.,.335. 

• Many of these pesticides were commonly formulated with a hydrocarbon carrier, such as 14 

xylene, which contained VOCs. 15 

The DPT investigation focused on the area immediately surrounding Building S-335, especially 16 

the adjacent grassy area, where the highest chlordane concentrations were detected in shallow soil 17 

during the 1990 RFI. Ten DPT soil sample locations (059S0001 through 059SOO10) were 18 

selected, and samples were collected from three depth intervals at each location (Figure 8.5.2). 19 

The following intervals were sampled: 0 to 2 feet bls (exclusive of any grass or asphalt), 3 to 20 

5 feet bls, and 9 to 11 feet bls. Three of the surface soil samples (locations 059S0002, 059SOOO3, 21 

and 059S0004) were split as duplicates. The soil samples were submitted to an offsite laboratory 22 
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(NET) for analysis of VOCs (SW -846 Method 8240) and chlorinated pesticides/PCBs (SW -846 

Method 8080). 2 

One additional sample was collected during the DPT screening investigation - an upper fluvial 3 

deposits groundwater sample (059GOOO2) from 39 to 40 feet bls at DPT soil sample location 4 

059S0oo2. Due to the limited volume of groundwater that could be collected with the DPT 5 

equipment, the groundwater sample was submitted to NET for VOC analysis only (SW -846 6 

Method 8240). The borehole was immediately grouted to land surface following groundwater 7 

sample collection. 8 

The NSA Memphis BeT reviewed the DPT results to determine the optimal number, placement, 9 

and depth of the SWMU 59 soil borings and groundwater monitoring wells. 10 

8.5.2.2 Hand-Auger Surface Soil Investigation 11 

Since the highest pesticide concentrations detected during the 1990 RFI were in the grassy area 12 

next to Building S-335, this area was chosen for surface soil sampling to provide information for 13 

an evaluation of the potential ecological and human health effects. On October 12, 1995, E/A&H 14 

collected two surface soil samples from 0 to 6 inches bls on the north (location 059S0012) and 15 

south (location 059SOO11) sides of the grassy area. The surface soil samples were collected with 16 

a stainless-steel hand auger. A duplicate sample was collected at location 059SOO11. The hand 17 

auger samples were submitted to NET for FSA. Figure 8.5.2 shows the hand-auger surface soil 18 

sample locations. 19 

8.5.2.3 Soil Boring and Monitoring Well Investigation 20 

Based on the 1990 RFI and 1995 DPT screening results, the NSA Memphis BCT selected three 21 

locations for advancing soil borings and installing groundwater wells. Each soil 22 

boring/monitoring well was advanced, continuously sampled, and installed with a rotasonic 23 
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drilling rig operated by Alliance Environmental of Marietta, Ohio. Figure 8.5.2 shows the soil 

boring and monitoring well locations. 2 

Based on the anticipated groundwater flow direction (southwest, toward Big Creek Drainage 3 

Canal), one soil boring/monitoring well (059SOlLS/059GOILS) was placed upgradient (north) of 4 

Building S-335. Soil boring/monitoring well 059S02LS/059G02LS was placed in the grassy area 5 

near Building S-335's door, where pesticides were identified in soil samples from the 1990 RFI 6 

and 1995 DPT screening investigation. A soil boring/monitoring well pair (059S03LS/059G03LS 7 

and 059S03UF/059G03UF) was placed downgradient (southwest) of SWMU 59. 8 

Loess soil borings 059S01LS, 059S02LS, and 059S03LS were advanced to 20 feet bls and soil 9 

samples from each of the three borings were collected at three intervals. Loess soil boring 10 

059S02LS was sampled from 0 to 2 feet bls, 4 to 6 feet bls, and 10 to 12 feet bls, as outlined in 11 

the Assembly E Site Investigation Plans (E/A&H, 1995a). Loess soil boring 059SOlLS was 12 

sampled from 1 to 2 feet bls, 6 to 8 feet bls, and 10 to 12 feet bls; the 0- to I-foot interval sample 13 

was not included because it consisted of asphalt, and the 6- to 8-foot interval, rather than the 4- to 14 

6-foot interval, was sampled due to poor sample recovery in the 4- to 6-foot interval. Loess soil 15 

boring 059S03LS was sampled from 1 to 2 feet bls, 4 to 6 feet bls, and 10 to 12 feet bls; the 0- to 16 

I-foot interval was not included because it consisted of asphalt. The sample from the 10- to 17 

12-foot interval of location 059S03LS was split as a duplicate. The soil boring samples listed 18 

above were submitted to NET for FSA. Upper fluvial deposits soil boring 059S03UF, collocated 19 

with soil boring 059S03LS, was advanced to 56 feet bls and no soil samples were collected for 20 

chemical analysis. 21 

As outlined in the Assembly E Site Investigation Plans (E/A&H, 1995a), soil samples were 22 

collected for physical and chemical design parameters analysis from each water-bearing unit 23 

encountered during the SWMU 59 RFI. Shelby tube soil samples were collected for physical 24 
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design parameters analysis (e.g., geotechnical testing) from the 13- to 15-foot bls interval of 

boring 059S03LS and the 41- to 43-foot bls interval of boring 059S03UF. Soil samples collected 2 

for chemical design parameters analysis were the 10- to 12-foot bls interval of boring 059S03LS 3 

and the 43- to 45-foot bls interval of boring 059S03UF. Samples for chemical design parameters 4 

analysis were submitted to NET, and samples for physical design parameters analysis were 5 

submitted to Tri-State Testing Services of Memphis, Tennessee. 6 

Loess groundwater monitoring wells 059GOILS, 059G02LS, and 059G03LS were installed 7 

through open boreholes 059SOlLS, 059S02LS, and 059S03LS and screened from 10 to 20 feet bls. 8 

Upper fluvial deposits monitoring well 059G03UF was installed through open borehole 059S03UF 9 

and screened from 44 to 54 feet bls. Several weeks after monitoring well installation and 10 

development, the wells were purged and sampled. A duplicate groundwater sample was colIected 11 

from upper fluvial deposits monitoring weII 059G03UF. The groundwater samples were 12 

submitted to NET for FSA excluding TPH-GRO, because many of the lighter fraction 13 

hydrocarbons of interest would be identified from the TICs of the VOC analyses. 14 

8.S.3 Nature and Extent of Contamination 15 

The following sections summarize the nature and extent of contamination in soil and groundwater 16 

samples colIected during the Assembly E SWMU 59 RFI. 17 

8.S.3.1 Nature and Extent of Soil Contamination 18 

This section summarizes the nature and extent of contamination in surface and subsurface soil 19 

samples collected at SWMU 59 during the Assembly E RFI. This discussion includes the results 20 

of the DPT surface and subsurface soil samples, hand auger surface soil samples, and surface and 21 

subsurface soil samples collected from soil borings associated with monitoring well installation. 22 

For comparison purposes, the 0- to 2-foot bls DPT samples, 0- to 6-inch bls hand auger samples, 23 

and the 0- to 2-foot or 1- to 2-foot bls soil boring samples were considered surface soil. 24 
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Constituents in surface and subsurface soil samples are compared to the screening values discussed 

in Section 8.5.l. 2 

8.5.3.1.1 Organic Compounds in Soil Samples 3 

VOCs, SVOCs, TPH, chlorinated pesticides, PCBs, and herbicides were detected in the 4 

SWMU 59 soil samples. Tables 8.5.2, 8.5.3, and 8.5.4 summarize the organic compounds 5 

detected in the DPT samples, hand auger samples, and soil boring samples, respectively. The 6 

following sections detail the detected organic compounds by parameter. 7 

VOCs in Soil 8 

The following VOCs were identified in DPT, hand auger, or soil boring samples: 9 

2-Butanone (MEK) 
4-Methyl-2-Pentanone (MffiK) 
Acetone 
Carbon disulfide 
Ethylbenzene 

Methylene chloride 
Tetrachloroethene (PCE) 
Toluene 
Xylene 

10 

11 

12 

13 

14 

As shown in Tables 8.5.2, 8.5.3, and 8.5.4, no detected VOC in any surface soil sample exceeded 15 

its respective residential RBC value. The only VOC in soil that exceeded its soil-to-groundwater 16 

SSL was acetone in the 3- to 5-foot interval sample from DPT location 059S0OO9 (detected 17 

concentration = 8,600 p.g/kg, SSL = 8,000 p.g/kg). Figure 8.5.3 shows the SSL exceedance. 18 

SVOCs in Soil 19 

The DPT soil samples were not analyzed for SVOCs. The following SVOCs were detected in 20 

hand auger or soil boring samples: 

Anthracene 
Benzo(a)anthracene 
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Chrysene 

21 

22 

23 
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Benzo(a)pyrene 
Benzo(b )fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
bis(2-Ethylhexyl)phthalate (BEHP) 
Butylbenzylphthalate 

Dibenz(a,h)anthracene 
Fluoranthene 
Indeno(I,2,3-cd)pyrene 
Pentachlorophenol 
Phenanthrene 
Pyrene 

2 

3 

4 

5 

6 

The following SVOCs exceeded one or more screening values: benzo(a)anthracene, 7 

benzo(a)pyrene, benzo(b)fluoranthene, chrysene, and pentachlorophenol. Figure 8.5.3 plots the 8 

soil-to-groundwater SSL exceedances, and Figure 8.5.4 plots the RBC exceedances. The 9 

following paragraphs discuss the exceedances by compound. 10 

Benzo(a)anthracene's SSL (700 p,g/kg) was exceeded at hand auger surface soil sample locations 11 

059S0011 (710 p,g/kg) and 059S0012 (760 p,g/kg). 12 

Benzo(a)pyrene's residential soil RBC (88 p,g/kg) was exceeded by the hand auger surface soil 13 

sample from location 059S0011 (780 p,g/kg) and the surface soil sample from soil boring 14 

059S02LS (280 p,g/kg). The residential and industrial RBC (780 p,g/kg) were exceeded by the 15 

hand auger surface soil sample from location 059S0012 (950 p,g/kg). 16 

Benzo(b)jluoranthene's residential soil RBC (880 p,g/kg) was exceeded by the detected 17 

concentration in the surface soil sample from hand auger location 059SOO12 (1,200 p,g/kg). 18 

Chrysene's SSL (1,000 p,g/kg) was exceeded by the detected concentration in the hand auger 19 

surface soil sample from location 059S0012 (1,200 p,g/kg). 20 

Pentachlorophenol's SSL (200 p,g/kg) was exceeded by the concentration in the hand auger surface 21 

soil sample from location 059SOO12 (2,600 p,g/kg). 22 
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Heptadllor 

Technical Chlordane 

NIIU': 

Number of 
1Jlt~ DetectI.cms'-' 

0-2 1110 

3-5 1110 

0-2 2110 

3-5 2/10 

99 

74 

2,900 - 3,600 

730 - 3,200 

TableS.5.2 
Detected COaceatratioUII of VOCs and Pestiddes in DPT Soil Samples 

SWMU 59 - S-33S Old Pesticide SIIop 

99 

74 

3,250 

1,965 

ResideDdal 
SoiI~ 

140 

NA 

1,825 

NA 

(data in "glkg) 

RBC-R'I!i. 

0 

NA 

2(059S0002,059SOOO7) 

NA 

Industrial Soil 
~ 

1,300 

NA 

16,352 

NA 

RBC - Ind. :b:eedauces SSLOO SSL :b:eedauces 

0 60 1 (059SOOO7) 

NA 60 1 (059SOOO7) 

1(~tl 
1~······ 

0 2,000 2 (059S0002, 059S00(7) 

NA 2,000 1 (059SOOO7) 

a Thirty primary sampl'l!i were collected from 10 DPT sampling locations. The following intervals were sampled: 0 to 2 feet, 3 to 5 feet, and 9 10 11 feet. Three of the 0 10 2-foat interval samples were split as duplicates. 
All sampI'I!i were submitted 10 NET for VOC and pesticide/PCB analyses. The surtilce soil interval for DPT locations collected in the grassy area (059S0002, 059S0003, 059S0004, and 059S00(7) was approximately 0.5 10 
2 feet bls after grass, roots, and rocks were removed. The surface soil interval for DPT locations on asphalt (059S0001, 059S0005, 059S0006, 059S0008, 059S0009, and 059SOOIO) was approximately 110 2 feet bls, exclusive 
ofasphall. 

b Interval shown is in feet below land surtilce. 
c Range lower limit is the lowest detected anaIyte concentration. 
d Mean based on detected anaIyte concentrations only. 
e Residential and industrial soil screening values (RBC-Res., RBC-Ind.) and soil-to-groundwater soil screening levels (SSLs) are from the Risk-Based CJncentration Table, JonIIllry to June 1996 (USEPA, 1996a). RBCs only 

apply to surtilce soil samples; SSLs apply to both surface and subsurface soil samples. 
f NA deootes RBC comparison is oat applicable for this subsorface sample. 
g deootes SSL is oat available for this ana!yte; therefore, no comparison can be made. 
h The residential and industrial RBC's for PCBs were obtained from the Integrated Risk Injol1lllJtion System (IRIS 1996). 
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TabIeS.5.3 
Detected COllCelltrations of Organic: Compoumls in Haad Auger Surface Soil Samples 

SWMU 59 - 8-335 Old Pesticide Shop 
(data in "glkg) 

Resideatial Soil Industrial Soil 
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ADaIyte(o) Intervaf'l IJetedioasloI Raagew Meaaldl RBCW RBC - Res. Eseeedaaees RBCW RBC -Ind. Eseeedaaees SSL(eI SSL ExceedaDces 

TPH-GRO 

PestiddesIPCBs 

3tID o 
ArocIor-l260 0 - 6" In 5,400 5,400 320m 1 (05980012) 2,S5()6) 1 (05980012) 

8.5-21 

s 

1 (05980012) 

o 
o 

J (059SOcJ12) 

o 

i~U) 
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Number of 
lDtervaf"l Detedious"" 

PestiddesIPCBs 

0-6" 212 

4,4'-DDD 0-6" 1/2 

4,4'-DDT 0-6" 212 

Endrin aldehyde 0-6" 1/2 

0-6" 112 

Dichlorprop 0-6" 112 

N •• : 

TableS.5.3 
Detected Concentratious of Organic Compouads In HamI Auger Surface Soil Samples 

SWMU 59 - S-335 Old Pesticide Shop 
(data in "gIkg) 

ResIdeutiaI Soil Industrial Soil 
Ranft(cl Meaa100 RJJC'tI RBC - Res. Exceedanees RJJC'tI RBC -Ind. Exceedanees SSL(cI 

790 - 6,900 3,845 1,825 1 (05980011) 16,352 0 2,000 

Ud$1JSOOU) 
700 700 2.700 0 24,000 0 700 

1,300 - 4,000 2,650 1,900 1 (05980012) 17,000 0 1,000 

260 260 23,000 0 610,000 0 

800 800 70 1 (05950011) 630 1 (05980011) 30 

5.7 5.7 

SSL Exceedances 

1 (05950011) 

2 «()S9S00tl. o59s00ih 
0 

2 (Os9S00U. OS9S0(12) 

2 (05950011, 05950(12) 

i tos9S00t(~t2) 

1 (ri59S00ll) 

1 (05980011) 

a Two surface soil samples were collected from 0 10 6 inches bls. One sample was split as a duplicale. All handlauger surface sui! samples were submitted 10 NET for the following analyses: VOCs, SVOCs, TPH-GRO, TPH-
DRO, chlorinated pesticidesIPCBs, organophosphorus pesticides, chlorinated herbicides, Appendix IX metals, and cyanide. 

b Interval shown is in inches below land surface 
c Range lower limit is the lowest detected anaIyte concentration. 
d Mean based on detected analyte concentrations only. 
e Residential and industrial screening values (RBC-Res., RBC-Ind.) and soil-to-groundwater soil screening levels (SSLs) are from the Risk-Based Concentration Table, JllIIIII11Y to June 1996 (USEPA, 1996a). 
f The RBCs for tluoranthene were used as a surrogate for benzo(g,h,i)perylene and phenanthrene, which do not have RBCs. 
g denotes risk-based data not available for this analyte; therefore, no comparison ean be made. 
h The IDEC soil cleanup level of 500,000 pglkg for non-<irinking water aquifers and soil permeabilities ranging from 10-' 10 10-' has been used for the SSL. The IOIaI TPH cleanup level is from IDEC Policy Statement/or 

Petrole_ Contaminaled Sites (TOEC Memorandum. February 14, 1997). 
The residential and industrial RBC's for PCBs were obtained from the Integrated Risk Infomuztion Sysrem (lRIS 1996). 
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Number of 

TableS.5.4 
Detected Cooceotratioas of Otpaic COIIIpourads in Soil Samples from Soil BoriB~ 

SWMU 59 - 8-335 Old Pesticide SOOp 
(data in "glkg) 

AaaI~~ __ . __ Inte~"'_~ .Raagel<l M_«G 
Residential Soil 

RIJc<"I 
RBC -Res. 

Exeeedaaces 
Industrial Soil 

RBCW 

Acetone 

Benzo(a)anthracene 

Benzo(b)fIuoranthene 

Benzo(k)fluoranthene 

BulylbenzylphtlJalate 

0-2 

4-8 

10 -12 

0-2 

10 -12 

0-2 

10 -12 

0-2 

10 -12 

10 -12 

313 

3/3 

2/3 

113 

1/3 

113 

1/3 

1/3 

1/3 

1/3 

5 -43 

6 -47 

7 - 30 

220 

240 

300 

360 

330 

340 

64 

18 

29 

19 

220 

240 

300 

360 

330 

340 

64 

7,800,000 

NA 

NA 

880 

NA 

880 

8,800 

NA 

NA 

8.5-23 

o 
NA 

NA 

o 
NA 

o 
NA 

0 

NA 

NA 

200,000,000 

NA 

NA 

7,800 

NA 

7,800 

NA 

78,000 

NA 

NA 
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RBC-Ind. 
Exeeedaaces 

o 
NA 

NA 

o 
NA 

o 
NA 

0 

NA 

NA 

SSL(e) 

8,000 

8,000 

8,000 

700 

700 

4,000 

4,000 

4,000 

U;t)OO 

U,ooo 
11,000 

68,000 

SSL Exeeedaaces 

o 
o 
o 

o 
o 

o 
o 

0 

0 

0 

0 

0 
0 
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• /111 

SVOCs 

Chrysene 

F1uoranthene 

Phenanthrene 

4,4'-DDE 

Number of 
IJatervaP Dttecdoos"" 

0-2 

10 -12 

0-2 

10 -12 

0-2 

10 -12 

0-2 

4-6 

113 

1/3 

113 

1/3 

113 

113 

2/3 

113 

TabieS.S.4 
Detected Concentratioas of Organic CompolIIIds iD Soil Samples from Soil ~ 

SWMU S9 - S-335 Old Pesticide Shop 

240 

280 

330 

370 

ISO 
220 

.1cI 

12 - 2,500 

3.9 

Mean(dl 

240 

280 

330 

370 

ISO 
220 

1,256 

3.9 

(data iD "glkg) 

Residential Soil 
RBC"" 

88,000 

NA 

3,100,000 

NA 

3,100,0IJ0I"I 

NA 

1,900 

NA 

8.5-24 

RBC-Res. 
Exceedaaees 

o 
NA 

o 
NA 

o 
NA 

1 (059S02LS) 

NA 

Industrial Soil 
RBCIcI 

780,000 

NA 

82,000,000 

NA 

82,000,0IJ0I"I 

NA 

17,000 

NA 

RBC-Ind • 
Exceedaaees 

o 
NA 

o 
NA 

o 
NA 

0 

0 

NA 

SSLIcI 

1,000 

1,000 

980,000 

980,000 

700 

500 

500 

SSL ExceedaDces 

I) 

o 
o 
o 
I) 

o 
o 

i~· 

1 (OS9S02LS) 

0 



Number of 

Table 8.5.4 
Detected Com:entratioas of Orgimic Compouads In Soil Samples from Soil BoriDgs 

SWMU 59 - 8-335 Old Pestieide Shop 
(data in ,.glkg) 

~-"" 1DtervaI(/II DetedJonsI'l Rangel<) Meanl<D 
Residential Soil 

RBCI<I 
RUC-Res. 
Exceedanees 

Industrial Soil 
RUCI<I 

Aldrin 

Dieldrin 

Heptacblor 

Technical Chlordane 

0-2 

4-6 

10 -12 

0-2 

4-6 

10 -12 

0-2 

4-6 

10 -12 

0-2 

4-6 

10 -12 

1/3 

1/3 

1/3 

1/3 

1/3 

113 

1/3 

1/3 

1/3 

1/3 

113 

1/3 

840 

5.7 

3.1 

1,200 

3.4 

2.8 

3,900 

26 

11 

46,000 

250 

140 

840 

5.7 

3.1 

1,200 

3.4 

2.8 

3,900 

26 

11 

46,000 

250 

140 

38 

NA 

NA 

40 

NA 

NA 

140 

NA 

NA 

1,825 

NA 

NA 

8.5-25 

1 (059S02I..S) 

NA 

NA 

1 (059S02I..S) 

NA 

NA 

1 (059S02I..S) 

NA 

NA 

1 (059S02I..S) 

NA 

NA 

340 

NA 

NA 

360 

NA 

NA 

1,300 

NA 

NA 

16,352 

NA 

NA 
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RUC-Ind. 
Exceedanees 

1 (059S02I..S) 

NA 

NA 

1 (059S02I..S) 

NA 

NA 

1 (059S02I..S) 

NA 

NA 

>., : 

NA 

NA 

1 (059S02I..S) 

NA 

NA 

SSL(e) 

5 

5 

5 

10 

10 

10 

60 

60 

60 

30 
30 
30 

2,000 

2,000 

2,000 

SSL Exceedaaces 

1 (059S02I..S) 

1 (059S02I..S) 

o 

o 
1 (059S02I..S) 

1 (059S02I..S) 

1 (059S02I..S) 

1 (059S02I..S) 

0 

0 

1 «(J$9solLS) 
0 
0 

1 (059S02I..S) 

0 

0 
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Number of 

TableS.5.4 
Detected COIICeatrations of Orpnic Compounds In Soil Samples from Soil Borinf!:l 

SWMU 59 - S-335 Old Pesticide Shop 
(data In "gIkg) 

AllllJyteoo lDtenaf"l JletectioasOO Ran&eoo MeanllG 
Residential Soil 

RBCOO 
RBC-Res. 
Exceedaaces 

Industrial Soil 
RBCOO 

Herbicides 

2,4-D 0-2 213 12 -IS 15 780,000 o 20,000,000 

Dicamba 0-2 113 12 12 2,300,000 o 61,000,000 

NllUs: 

RBC-IDd. 
Exceedaaces 

o 
6 

o 

SSL(e) SSL Exceedaaces 

1,700 o 

a Nine soil samples were collected; three from each loess soil boring location. The surface sample inlerval was 1 10 2 feet bls (exclusive of asphalt) for soil borings OS9S01LS and OS9S03LS, and 0 10 2 feet for soil boring 
059S02LS. Subsurface soil samples were collected from soil boring 059S01LS from the 6 10 S feet bls (due 10 poor sample recovery in the 4-10 6-foot inlerval) and 1010 12 feet bls inlervals. Subsurface soil samples were 
collected from the 4 10 6-foot and 10- 10 12-foot intervals at soil boring locations 059S02LS and 059S03LS. One of the 10- 10 12-foot inlerval soil samples was split for duplicate analysis. The samples were analyzed by 
NEI' for VOCs, SVOCs, TPH-GRO, TPH-DRO, chlorinated pesticideslPCBs, organophosphorus pesticides, chlorinated herbicides, Appendix IX metals, and cyanide. 

b Interva1 shown is in feet below land surface . 
c Range lower limit is the lowest detected analyte concentration. 
d Mean based on detected analyte concentrations only. 
e Residential and industrial screening values (RBC-Res., RBC-Ind.) and soi1-to-groundwater soil screening levels (SSLs) are from the Risk-Based Concentration Table, JaJIIJIJTy 10 JUlIe 1996 (USEPA, 19961). RBCs only apply 

10 surface soil samples; SSLs apply 10 boIh surface and subsurface soil samples. 
f deootes risk-based data not available for this anaIyte; therefore, no comparison can be made. 
g NA denotes RBC comparison is not applicable for this subsurface sample. 
h The RBCs for fluoranlhene were nsed as a surrogate for benzo(g,h,i)perylene and phenanthrene, which do not bave RBCs. 

No RBC or SSL exists for TPH. The TDEC soil c\eanop level of 500,000 tAiIkg for non-drinking water aquifers and soil perrneabilities ranging from 10" to 10<; has been used for the SSL. The total TPH cleanup level is 
from TDEe Policy SIIIletMntfor Petroleum Contaminated Situ (IDEe Memorandum, Februsry 14, 1997). 
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The DPT soil samples were not analyzed for TPH. TPH-GRO and TPH-DRO were detected in 2 

several SWMU 59 hand auger or soil boring samples. The USEPA has not established an RBC 3 

or SSL for TPH. For evaluation, the TDEC cleanup level of 500,000 p.g/kg (TDEC, 1997) for 4 

total TPH in non-drinking water aquifers (e.g., the loess groundwater throughout NSA Memphis) 5 

with soil permeabilities ranging from 10-4 to 10-6 cm/sec has been compared to total TPH 6 

concentrations in surface and subsurface soil samples. As shown in Tables 8.5.3 and 8.5.4, the 7 

TDEC cleanup standard was not exceeded by any sample's total TPH concentration. 8 

Pesticides/PCBs in Soil 9 

The following pesticides were detected in SWMU 59 DPT, hand auger, or soil boring samples: 10 

Aldrin 4,4 '-DDT 11 

alpha-Chlordane Dieldrin 12 

gamma-Chlordane Endrin aldehyde 13 

Technical chlordane Heptachlor 14 

4,4'-DDD Heptachlor epoxide 15 

4,4'-DDE 16 

Each of these pesticides, except for endrin aldehyde, exceeded one or more of their applicable 17 

screening values for soil. Tables 8.5.2, 8.5.3, and 8.5.4 summarize the pesticides detected in the 18 

DPT surface and subsurface soil samples, hand auger surface soil samples, and surface and 19 

subsurface soil samples from soil borings, respectively. Figure 8.5.3 shows the pesticides in 20 

surface and subsurface soil that exceeded their SSLs, and Figure 8.5.4 shows the pesticides in 21 

surface soil that exceeded their RBCs. The following paragraphs discuss the pesticides that 22 

exceeded one or more comparison values. 23 
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Aldrin's residential RBC (38 JLg/kg) and SSL (5 JLg/kg) were exceeded by surface soil samples 

from hand auger location 059SOO11 (140 JLg/kg) and soil boring 059S02LS (840 JLg/kg). The 2 

industrial RBC (340 ILg/kg) was also exceeded by the surface soil sample from soil boring 3 

059S02LS (840 JLg/kg). The SSL was also exceeded in the 4- to 6-foot bls soil sample from soil 4 

boring 059S02LS(5.7 JLg/kg). 5 

Alpha-chlordane concentrations in surface soil samples from hand auger location 059S0011 6 

(6,500 JLg/kg) and soil boring 059S02LS (4,800 JLg/kg) exceeded the residential RBC for chlordane 7 

(1,825 JLg/kg). The surface soil samples from hand auger location 059SOO11 and soil boring 8 

059S02LS also exceeded the SSL (2,000 JLg/kg) for chlordane. 9 

Gamma-chlordane concentrations in surface soil samples from hand auger location 059S0011 10 

(6,900 JLg/kg) and soil boring 059S02LS (8,800 JLg/kg) exceeded the residential RBC 11 

(1,825 JLg/kg) for chlordane. The concentrations in surface soil samples from hand auger location 12 

059S0011 and soil boring 059S02LS also exceeded the SSL (2,000 ILg/kg) for chlordane. 13 

Technical chlordane concentrations in surface soil samples from DPT locations 059S0002 14 

(3,600 ILg/kg) and 059S0007 (2,900 JLg/kg), hand auger locations 059SOO11 (52,000 JLg/kg) and 15 

059S0012 (5,100 ILg/kg), and soil boring 059S02LS (46,000 ILg/kg) exceeded the residential RBC 16 

(1,825 JLg/kg) and SSL (2,000 JLg/kg) for chlordane. The industrial RBC for chlordane 17 

(16,352 JLglkg) was also exceeded by the surface soil samples from hand auger location 059SOO11 18 

and soil boring 059S02LS. The SSL for chlordane was also exceeded by the technical chlordane 19 

concentration in the 3- to 5-foot bls subsurface soil sample from DPT location 059S0007 20 

(3,200 JLg/kg). 21 

4,4' -DDD's SSL (700 JLg/kg) was exceeded by the surface soil sample from soil boring 059S02LS 22 

(850 JLg/kg). 23 
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4,4'-DDE's residential RBC (1,900 p.g/kg) and SSL (500 p.g/kg) were exceeded by surface soil 

samples from hand auger location 059SOO12 (2,300 p.g/kg) and soil boring 059S02LS 2 

(2,500 p.g/kg). The hand auger surface soil sample from location 059S0011 (1,300 p.g/kg) also 3 

exceeded the SSL. 4 

4,4'-DDT's residential RBC (1,900 p.g/kg) and SSL (1,000 p.g/kg) were exceeded by the surface 5 

soil sample from hand auger location 059S0012 (4,000 p.g/kg). The surface soil samples from 6 

hand auger location 059SOO11 (1,300 p.g/kg) and soil boring 059S02LS (1,700 p.g/kg) also 7 

exceeded the SSL. 8 

Dieldrin's residential RBC (40 p.g/kg) and SSL (1 p.g/kg) were exceeded in surface soil samples 9 

from DPT locations 059S0002 (650 p.g/kg) and 059S0003 (190 p.g/kg), hand auger locations 10 

059S0011 (1,800 p.g/kg) and 059SOO12 (750 p.g/kg), and soil boring location 059S02LS 11 

(1,200 p.g/kg). The surface soil samples from DPT location 059SOO02, hand auger locations 12 

059Soo11 and 059SOO12, and soil boring 059S02LS also exceeded the industrial RBC (360 p.g/kg). 13 

The SSL was also exceeded by the surface soil sample from DPT location 059S0OO7 (18 p.g/kg), 14 

the 3- to 5~foot bls subsurface soil samples from DPT locations 059S0OO2 (150 p.g/kg) and 15 

059S0007 (25 p.g/kg), and the 4- to 6-foot bls (3.4 p.g/kg) and 10- to 12-foot bls interval 16 

(2.8 p.g/kg) soil samples from soil boring 059S02LS. 17 

Heptachlor's residential RBC (140 p.g/kg) and SSL (60 p.g/kg) were exceeded in surface soil 18 

samples from hand auger location 059SOO11 (310 p.g/kg) and soil boring 059S02LS (3,900 p.g/kg). 19 

The industrial RBC (1,300 p.g/kg) was also exceeded by the surface soil sample from soil boring 20 

059S02LS. The SSL was exceeded by the surface soil sample (99 p.g/kg) and 3- to 5-foot bls 21 

subsurface soil sample (74 p.g/kg) from DPT location 059S0007. 22 
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Heptachlor epoxide's residential RBC (70 JLglkg) and SSL (30 JLg/kg) were both exceeded in 

surface soil samples from DPT location 059Sooo7 (140 JLg/kg), hand auger location 059Soo11 2 

(800 JLglkg), and soil boring 059S02LS (2,200 JLglkg). The industrial RBC (630 JLg/kg) was also 3 

exceeded by the surface soil samples from hand auger location 059SOO11 and soil boring 4 

059S02LS. The SSL was also exceeded in 3- to 5-foot bls soil sample from DPT location 5 

059S0007 (160 JLg/kg). 6 

The only PCB detected in SWMU 59 soil samples was Aroclor-1260. Detected concentrations of 7 

Aroc1or-1260 in the hand auger surface soil sample from location 059SOO12 (5,400 JLglkg) 8 

exceeded both the residential and industrial RBCs (320 JLg/kg and 2,850 JLglkg, respectively). 9 

Herbicides in Soil 10 

The DPT soil samples were not analyzed for herbicides. The following herbicides were detected 11 

in hand auger or soil boring samples: 

2,4-D 
2,4-DB 
2,4,5-T 
Dicamba 

Dichlorprop 
Dinoseb 
MCPA 

12 

13 

14 

15 

16 

Herbicide concentrations in soil samples did not exceed either the residential RBCs or SSLs (where 17 

available). Tables 8.5.3 and 8.5.4 summarize the herbicides detected in soil from the hand auger 18 

and soil boring samples, respectively. 19 

8.5.3.1.2 Inorganics in Soil Samples 20 

The DPT soil samples were not analyzed for inorganics. The following inorganics were detected 21 

in hand auger or soil boring samples: 22 
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Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
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Mercury 
Nickel 
Selenium 
Silver 
Tin 
Vanadium 
Zinc 

2 

3 

4 

5 

6 

7 

8 

Tables 8.5.5 and 8.5.6 summarize the detected inorganics in hand auger and soil boring samples 9 

collected during the RFI. As shown on the tables, the only inorganics that exceeded both their 10 

RCs and RBCs or SSLs were arsenic, lead, and nickel. Figure 8.5.3 shows the inorganics in 11 

exceedance of their RCs and SSLs and Figure 8.5.4 shows the inorganics in exceedance of their 12 

RCs and RBCs. Exceedances are discussed by analyte in the following paragraphs. 13 

Arsenic's surface soil RC (14.58 mg/kg), residential RBC (0.43 mg/kg), industrial RBC 14 

(3.8 mg/kg), and SSL (15 mg/kg) all were exceeded in surface soil samples from hand auger 15 

locations 059S0011 (15.3 mg/kg) and 059S0012 (27 mg/kg). 16 

Lead, which has no RBC or SSL, was compared to its surface soil RC (26.03 mg/kg) and the 17 

USEPA residential and industrial soil cleanup goals of 400 mg/kg and 1,300 mg/kg (USEPA, 18 

1994c). Concentrations of lead in surface soil samples from hand auger locations 059S0011 19 

(625 mg/kg) and 059S0012 (521 mg/kg) exceeded both the surface soil RC and the USEPA 20 

residential soil cleanup goal. 21 

Nickel's subsurface RC (nondetect) and SSL (21 mg/kg) were both exceeded in the 10- to 12-foot 22 

bls soil sample from soil boring location 059S02LS (27.8 mg/kg). 23 
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8.5.3.2 Nature and Extent of Groundwater Contamination 

As discussed in Section 4, groundwater sample results were compared to the tap water RBCs 2 

(USEPA, 1996a) and the MCLs listed in Drinking Water Regulations and Health Advisories 3 

(USEPA, 1996c). Inorganics detected in groundwater are also compared to the RCs established 4 

in the Technical Memorandum - Reference Concentrations (E/A&H, 1996a). The one DPT 5 

groundwater sample was only analyzed for VOCs. The groundwater samples from monitoring 6 

wells were analyzed for FSA. 7 

8.5.3.2.1 Organic Compounds in Groundwater Samples 8 

VOCs, SVOCs, TPH-DRO, and pesticides were detected in the Assembly E SWMU 59 9 

groundwater samples. The following sections summarize the detected concentrations by 10 

parameter. 11 

VOCs in Groundwater 12 

No VOCs were detected in the one DPT groundwater sample. Acetone, the only VOC identified 13 

in monitoring wells during the RFI, was detected in loess monitoring well 059GOILS (93 p,glL). 14 

This concentration did not exceed the tap water RBC (3,700 p,g/L), and no MCL is available for 15 

this compound. Table 8.5.7 summarizes the VOC detections in groundwater samples from 16 

monitoring wells. 17 

SVOCs in Groundwater 18 

Two SVOCs were detected in loess monitoring wells, bis(2-Ethylhexyl)phthalate (BEHP) in well 19 

059GOILS (l p,glL) and diethylphthalate in well 059G03LS (3 p,g/L); however, neither SVOC 20 

exceeded its tap water RBC, and no MCL is available for either compound. Table 8.5.7 21 

summarizes the detected SVOC concentrations in groundwater samples. 22 
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Bariwu 0- 6" 2J2 95.2 -147 121 5,SOO 

Cadmiwu 0-6" 2J2 1.6 - 2.3 2 39 

Cobalt 0- 6" 212 6.5 - 6.9 6.7 4,700 

Lead 0-6" 2J2 521- 62S 573 40()1'1 

Nickel 0-6" 2J2 5.3 - 6.3 5.8 1,600 

Vanadiwu 0- 6" 212 21.9- 23.1 22.5 5SO 

NlIII,: 

Table 8.5.5 
Detected Ccmcent~ of InorganIcs In Hand Auger Surface SolI Samples 

SWMU 59 - S-335 Old Pestidde Shop 
(data In mglkg) 

0 140,000 0 

0 1,000 0 

0 120,000 0 

2(059S0011,059S0012) 1,300"" 0 

0 41,000 0 

0 14,000 0 

223.46 

1.54 

15.98 

26.03 

20.62 

45.11 
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0 32 2 (059S0011,059S0012) 

0 

2 (059S0011 , 059S0012) 6 0 

0 

2 (059S0011, 059S0012) 

0 

0 21 0 

0 

a Two band-auger surface soil samples were collected from 0 10 6 inches below land surface. Ooe of die samples was split as a duplicate. The samples were analyzed by die offsite laboratory for VOCs, SVOCs, TPH-GRO, TPH-DRO, 
chlorinated pesticideslPCBs, organophospborus pesticides, chlorinated herbicides, Appendix IX metals, and cyanide. 

b Interval shown is in inches below land surface 
c Rqe lower limit is die lowest detected anaIyte concentration. 
d Mean based on detected analyte concenttations only. 
e Residential and industrial screening values (RBC-Res., RBC-lad.) and soil-Io-groundwater soil screening levels (SSLs) are from die RisIc-Based Concentration Table, JQ1UI(JT1 to June 1996 (USEPA, 19961). 
f Reference concentration (RC) is two times die roean background concenIration established for 13 background surface soil samples and 5 background subsurface soil samples collected throughout NSA Memphis. Refer to die TeclrniCJJI 

Memomndlilft - Reference Concentmliolrs (ElA&H, 19961) for background reference concenttation calculations. 
g denotes SSL is not available for this anaIyte; therefOre, no COIIIPIIrison can be made. 
h No RBC exists for lead; die soil screening values for residential and industrial soil (400 I'g/kg and 1,300 I'gIkg) from OSWER Directive 9355.4-12 (USEPA 1994<:) are used for comparison. 
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Bariwn 

Cadmiwn 

Cobalt 

0-2 

4-S 

10-12 

0-2 

4-S 

10 -12 

0-2 

4-8 

10 - 12 

Numherol 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

62.4 -113 

SI.5 - 166 

63.5 - 220 

1.0 -1.8 

I.l -1.6 

0.84-2.3 

6.2 - 9.8 

7- S.8 

6.6 -12 

89 

110 

157 

1.4 

1.4 

1.7 

7.7 

8 

10 

TableS.5.6 
Detected Conceutraticms or Jnorgaaia In Soil Samples rrma Soil BorIngs 

SWMU 59 - 8-335 Old Pestidde Shop 
(data In mllkg) 

ResldeatInI Soil Industrial Soil 

5,500 

NA 

NA 

39 

NA 

NA 

4,700 

NA 

NA 

0 

NA 

NA 

o 
NA 

NA 

o 
NA 

NA 

140,000 

NA 

NA 

1,000 

NA 

NA 

120,000 

NA 

NA 

8.5-34 

0 

NA 

NA 

o 
NA 

NA 

o 
NA 

NA 

Reference 

223.46 

265.12 

265.12 

1.54 

3.24 

3.24 

15.98 

14.36 

14.36 

0 

0 

0 

I (OS9S02LS) 

o 
o 

o 
o 
o 

32 

32 

32 

6 

6 

6 

SSL 

3 (OS9SOILS, 
OS9S02LS, 
OS9S03lS) 

3 (OS9S01LS, 
OS9S02LS, 
OS9S03LS) 

3 (0S9S01LS, 
OS9S02LS, 
OS9S03lS) 

o 
o 
o .. 



Lead 

Seleniwn 

lin 

0-2 

4-S 

10-12 

0-2 

4-8 

10-12 

0-2 

4-8 

10-12 

Nwnberol' 

3/3 

3/3 

4/4 

213 

2/3 

213 

3/3 

3/3 

3/3 

12.3 - 151 

11.1 - 14.S 

8.3 -14.8 

0.31- 0.32 

0.31- 0.38 

0.26 - 0.35 

21.7 - 27.9 

17.8 - 31.4 

21.2 - 33 

89 

13.1 

11.8 

0.32 

0.35 

0.31 

25.5 

25.0 

27 

TabieS.S.6 
Detected ConcentnatfoDs 01' IDorpuics In Soil Samples from Soil BorIap 

SWMU 59 - S-33S Old Patldcle Shop 
(data In mgIkg) 

Resicleatial Soil Industrial Soil 

40()111 

NA 

NA 

390 

NA 

NA 

47000 

NA 

NA 

o 
NA 

NA 

0 

NA 

NA 

0 

NA 

NA 

1,300" 

NA 

NA 

10,000 

NA 

NA 

1,000,000 

NA 

NA 

8.5-35 

o 
NA 

NA 

0 

NA 

NA 

0 

NA 

NA 
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Refereac:e 

26.03 

19.8 

19.8 

NoOl 

NoOl 

NoOl 

33.56 

ND 

ND 

2 (OS9S01LS, OS9S02lS) 

o 
o 

2 (059S02LS, OS9S03LS) 

2 (OS9S0tLS, OS9S02LS) 

2 (OS9S0tLS, OS9S03LS) 

0 

3 (OS9S0ILS, OS9S02LS, 
OS9S03LS) 

3 (OS9S01LS, OS9S02LS, 
OS9S03LS) 

0 
0 

SSL 

3 0 

3 0 

3 0 
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Zinc 

Nous: 

0-2 

4-8 

10-12 

213 

3/3 

3. 

49.S -102 

38.3 - 58.8 

4O.S-79.9 

76 

51.3 

62.2 

23000 

NA 

NA 

TabieS.S.6 
Detected COilceatratioDs of InwpDIa Iu SolI Samples from SolI BorIugs 

SWMU S9 - S-33S Old PesIidde Shop 

o 
NA 

NA 

(data Iu mgfka) 

610,000 

NA 

NA 

o 
NA 

NA 

98 

109 

109 

1 (OS9S02LS) 

o 
o 

42,000 

42,000 

42.000 

o 
o 
o 

a Nine soil samples were col/ecled; Ihree from each loess soil boring location. The surfaI:e sample inIervaI was I 10 2 feet bIs (exclusive of aspbak) for soil borings OS9S01LS and OS9S03LS, and 0 10 2 feet for soil boring OS9S02LS. Subsurface 
soil samples were collected from soil boring OS9S01LS from the 610 8 feet bls (due 10 poor sample recovery in the 4- 10 6-fOOl intemIl) and 1010 12 feet bls intervals. Subsurface soil samples were collected from Ihe 410 6-fOOl and lo.. 
10 12-foot inIervaIs at soil boring IoeaIions OS9S02LS and OS9S03LS. One of Ihe lo..l0 12-foot inlerYaI soil samples was split for duplicale analysis. The samples were analyzed by NET for VOCS, SVOCs, TPH-GRO, TPH-DRO, chlorinated 
peslicidesIPCBs, orgaoopbosphorus pestiCides, cltlorinsted herbicides, Appendix IX metals, and cyanide. 

b IntervaI shown in feet below land surface 
c Range lower limit is Ihe lowest detected analyte coneentration. 
d Mean based on detected ana1yte concentrations only. 
e Resideutial and industrial screening values (RBC-Res., RBC-Ind.) and soiI-1O-groundwaler soil screooing lcYeis (SSLs) are from Ihe Risk-llaml ConclllllMtion Tabll!. JQIWQfY 10J_ 1996 (USEPA, 19961). RBCs only apply 10 surfaI:e soil 

samples; SSLs apply to boIh surface and subsurface soil samples. 
f Reference concentralion (RC) is two times lite mean bact&round concentration eslablisbed for 13 background surface soil samples and 5 background subsurface soil samples collected throughout NSA Memphis. Refer 10 Ihe Techniarl 

MI!1IIIH'QtII/um - IlefertlllCl! ConclllllMtions (E/ A&:H 19968) for bact&round reference concentraIIon calculations. 
g NA deootes RBC comparison is not applicable for litis subsurface sample. 
h deootes risk-based data not available for this anaIyte; dterefore, no comparison ean be made. 

No RBC mslS for lead; the soil screooing value for residential and industrial soil (400 p.glkg and 1,300 p.gIkg) from OSWER Directive 9355.4-12 (US EPA 1994c) are used for comparison. 
ND deootes Ihe indicated analyte was not detected in bact&round samples. 
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Detected Concentrations of Organic Compounds in Groundwater Samples from Monitoring WeDs 
SWMU 59 - Building S-335 Old Pesticide Shop 

Number of 
Intenaf"l Detections"" ,(C) 

Diethylphlhalate LS 1/3 3 

gamma-Cblordane LS 1/3 0.12 

Dieldrin LS 1/3 0.052 

,xide LS 1/3 0.19 

Not,,: 

(data in "gIL) 

Meant .. RBC - Tap Water"" 

3 29,000 

0.12 0.192 

0.052 0.0042 

0.19 0.0012 

RBC Exceedances 

o 

o 

1 (059G02LS) 

MCL - Drinking 
Water<" 

2 

0.2 

MCLExceedances 

o 

o 

a Only primary samples are included on this table. Groundwater samples were collected from three loess monitoring wells and one upper fluvial deposits monitoring well and analyzed by NET for VOCs, SVOCs, 
TPH-DRO, chlorinated pesticides/PCBs, organophosphorus pesticides, chlorinated herbicides, Appendix IX metals, and cyanide. 

b Interval refers to the lithologic unit within the screened interval of the monitoring well. LS = loess groundwater. No organic compounds were detected in the upper fluvial deposits groundwater sample. 
c Range lower limit is the lowest detected analyte concentration. 
d Mean based on detected analyte concentrations only. 
e Tap water RBCs obtained from the Risle-Based Concentration Table, January to June 1996 (USEPA, 1996&). 
f Maximum contaminant levels (MCLs) in drinking water obtained from Drinking Waler Regulations and Health Advisories (USEPA, 1996<:). 
g denotes MCL is not available for tbis analyte; therefore, no comparison can be made. 
h No RBC or MCL exists for TPH. The TDBe groundwater cleanup standard of 100 "gIL for drinking water aquifers has been used for comparison. The TDEC cleanup standard is from Policy SlalemenJ for 

Petroleum Contaminoted Sites (IDEe, 1997). 
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TPH-DRO in Groundwater 

As previously mentioned, monitoring well samples were not tested for TPH-GRO because many 2 

of the lighter fraction hydrocarbons of interest would be identified in the TICs from the VOC 3 

analyses. No tap water RBC or MCL is available for TPH; therefore, the IDEC cleanup standard 4 

of 100 J,LglL for drinking water (IDEC, 1997) was compared to detected concentrations of TPH- 5 

DRO in groundwater samples from monitoring wells. 6 

As shown on Table 8.5.7, TPH-DRO was detected in only one loess monitoring well at a 7 

concentration of 160 J,Lg/L (059G02LS), which exceeds the IDEC cleanup standard for total TPH 8 

in drinking water. 9 

Pesticides, PCBs, and Herbicides in Groundwater 10 

No PCBs, organophosphorus pesticides, or herbicides were detected in monitoring well samples. 11 

The following chlorinated pesticides were detected in monitoring well samples: 12 

alpha-Chlordane 
gamma~hlordane 

Technical chlordane 

Dieldrin 
Heptachlor 
Heptachlor epoxide 

13 

14 

15 

As shown on Table 8.5.7, several of the detected pesticides exceeded their tap water RBCs in loess 16 

monitoring well 059G02LS; however, none of the pesticides exceeded its MCL, where one was 17 

available. Figure 8.5.5 plots the tap water RBC exceedances. The following summarizes the 18 

pesticides that exceeded their tap water RBC. 19 

The technical chlordane concentration in the groundwater sample from loess monitoring well 20 

059G02LS (1.1 J,LglL) exceeded the tap water RBC for chlordane (0.192, J,Lg/L) , but not the MCL 21 

for chlordane (2 J,LglL). 22 
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• 

GROUNDWATER 
FLOW DIRECTION 

IN THE FLUVIAL DEPOSITS 

059G03LS 
LEAD 30.6 ~glL • 

(April 1996) 

LEGEND 

A 059G03UF 

NO CONSTITUENT IN GROUNDWATER EXCEEDED THE RBC 
FOR TAP WATER (AND THE BACKGROUND REFERENCE 
CONCENTRATION, WHERE APPLICABLE). 

ONE OR MORE CONSTITUENTS IN GROUNDWATER EXCEEDED 
THE RBC FOR TAP WATER (AND THE BACKGROUND REFERENCE 
CONCENTRATION, WHERE APPLICABLE). 

059G0002 DPT GROUNDWATER SAMPLE DESIGNATION 

059G03LS MONITORING WELL GROUNDWATER SAMPLE DESIGNATION 

059G03LS 
LEAD 30.6 1l01l • 

THE GROUNDWATER SAMPLE FROM MONITORING 
WELL 059G03lS CONTAINED THE FOLLOWING 
CONSTITUENT THAT EXCEEDED ONE OR MORE 
APPLICABLE COMPARISON VALUES: 30.6 ~g/L LEAD. 

Ilg/L MICROGRAMS PER LITER 

NOTES: 

'* NO RBC IS AVAILABLE FOR LEAD; THE USEPA TREATMENT TECHNIQUE ACTION LEVEL OF 
15 pglL IS USED FOR COMPARISON (USEPA ORINKING WATER REGULATIONS AND HEALTH 
ADVISORIES, OCTOBER 1996). 

TPH-DRO CONCENTRATION EXCEEDS THE TDEC CLEANUP STANDARD OF 100 uglL 
TOTAL TPH IN DRINKING WATER AQUIFERS (TDEC, 1997). 

N 

t 
059G01LS 

LEAD 18 ~gll • (April 1996) 

50 0 50 Feet 

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

RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MILLINGTON, TENNESSEE 

FIGURE 8.5.5 
RBC AND TOTAL TPH EXCEEDANCES 

IN GROUNDWATER SAMPLES 
SWMU 59 - S-335 OLD PESTICIDE SHOP 



ReRA Facility Investigation Report 
Assembly E - SWMUs 2, 9, 14, 38, 59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

Dieldrin's tap water RBC (0.0042 p,g/L) was exceeded by the detected dieldrin concentration in 

the groundwater sample from loess monitoring well 059G02LS (0.052 p,g/L). No MCL is 2 

available for dieldrin. 3 

Heptachlor's tap water RBC (0.0023 p,g/L) was exceeded in the groundwater sample from loess 4 

monitoring well 059G02LS (0.069 p,g/L). The MCL (0.4 p,g/L) was not exceeded. 5 

Heptachlor epoxide's tap water RBC (0.0012 p,g/L) was exceeded in the groundwater sample from 6 

loess monitoring well 059G02LS (0.19 p,g/L). The MCL (0.2 p,g/L) was not exceeded. 7 

8.5.3.2.2 Inorganics in Groundwater Samples 8 

The following inorganics were detected in monitoring well samples: 9 

Arsenic Mercury 10 

Barium Nickel 11 

Beryllium Tin 12 

Chromium Vanadium 13 

Cobalt Zinc 14 

Lead 15 

No inorganic was detected in groundwater that exceeded both its RC and tap water RBC orMCL 16 

for drinking water. However, lead, which does not have a tap water RBC or MCL, was screened 17 

by comparing concentrations to its RC and the USEPA TTAL (15 p,g/L). Lead concentrations in 18 

groundwater samples from loess monitoring wells 059GOILS (18 p,g/L) and 059G03LS 19 

(30.6 p,g/L) exceeded both the loess groundwater RC (17.5 p,g/L) and the TTAL. Table 8.5.8 20 

summarizes the inorganic constituents detected in groundwater samples and Figure 8.5.5 plots the 21 

lead concentrations that exceeded both the RC and TTAL. 22 
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Table 8.5.8 
Detected Concentrations of InorpDics in Groundwater Samples from Monitoring WeDs 

SWMU 59 - S-33S Old Pestidde Shop 

Number or 

Barium LS 3/3 263 - 463 

UP 111 203 

Chromium LS 3/3 27.2 - 42.2 

UP III 11.1 

Lead LS 3/3 16.5 - 30.6 

Nickel LS 3/3 43.6 -55.2 

390 

203 

35.3 

11.1 

21.7 

50.6 

(data in "gIL) 

RBC - Tap RBC MCL - Drinking MCL 

2,600 0 

2,600 0 

180 0 

180 0 

15-

730 0 

100 

100 

100 

o 
o 

o 

Reference 

442 
232 

239 

39.8 

17Jl 

RC 

2(059GOILS,059G03LS) 

o 
o 
o 
o 

2 (M900IL$, ~LS) 
17.5 2 (059GOILS, 059G03LS) 

0.24 0 
173.5 o 
Nr1'. ! (M9003LS) 

260 0 40.9 1 (059G03LS) 

Notes: 
a Only primary samples are included on this table. Groundwater samples were coUected from three loess monitoring weUs and one upper fluvial monitoring well and analyzed by NET for 

VOCs, SVOCI, TPH-DRO, chlorinated pesticides/PCBs, organophosphorus pesticides, chlorinated herbicides, Appendix IX metals, and cyanide. 
b Interval refers to the lithologic unit within the screened interval of the monitoring well. LS:: loess groundwater; UP = upper fluvial deposits groundwater. 
c Range lower limit is the lowest detected anaIyte concentration. 
d Mean based on detected anaIyte concentrations only. 
e Tap water RBCs obtained from the Risk-Based Concentrotion Table, JQlUlQry to June 1996 (USEPA, 1996&). 
f Maximum contaminant levels (MCLs) in drinking water obtained from Drinking Water Regulations ond Health Advisories (USEPA, 1996c). 
g Reference concentration (RC) is two times the mean background concentration. Analytical data from two sampling events of 4 loess monitoring wells and 13 fluvial monitoring weIls were 

used to establish background concentrations. Refer to the Technical Memorand1Jm - Reference Concentrations (ElA&H, 1996&) for background reference concentration calculations. 
h denotes risk-based data or background reference concentrations are not available for this anaIyte; therefore, no comparison can be made. 

Lead does not have an RaC or MCL; therefore, the USEPA treatment technique action level of 15 p.glL bas been substituted for screening purposes (USEPA, 1996c). 
j ND denotes the indicated anaIyte was not detected in the background samples. 
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8.5.3.2.3 Groundwater Samples From the AprillMay 1997 Sampling Event 

The three loess and one upper fluvial deposits groundwater monitoring wells installed at 2 

SWMU 59 were sampled during the April/May 1997 groundwater sampling event and submitted 3 

to an offsite laboratory for analysis of chlorinated pesticideslPCBs and VOCs. 4 

The only VOC detected in groundwater samples from SWMU 59 monitoring wells was methylene 5 

chloride in loess well 059G03LS at a concentration of 1.0 p,g/L, which was below both its tap 6 

water RBC (4.1p,g/L) and MCL (5 p,g/L). 7 

No PCBs were identified in any of the groundwater samples and the only chlorinated pesticides 8 

detected were in loess well 059G02LS. The groundwater sample from loess well 059G02LS 9 

indicated dieldrin at a concentration of 0.027 p,g/L, which was above its tap water RBC 10 

(0.0042 p,g/L), and heptachlor epoxide at a concentration of 0.084 p,g/L, which was above its tap 11 

water RBC (0.0012 p,g/L) but below its MCL (0.2 p,g/L). No MCL is available for dieldrin. 12 

Figure 8.5.5 plots the tap water RBC exceedances. 13 

8.5.3.3 Nature and Extent of Sediment Contamination 14 

As part of the SWMU 38 RFI, two sediment samples were collected southeast of SWMU 59 near 15 

the outfall of the underground storm sewer line leading from the grassy area adjacent to Building 16 

S-335 to the SWMU 38 secondary drainage ditch. The sediment samples were collected from the 17 

0- to 6-inch interval and the 18- to 24-inch interval at SWMU 38 sample location 38SMOO16 (refer 18 

to Figure 8.4.1 within the tabbed section for SWMU 38 [Section 8]). The sediment samples were 19 

collected with a stainless-steel hand auger and analyzed by NET for FSA. 20 

As outlined in the SWMU 38 RFI (Section 8.4), SSVs were exceeded by the following analytes 21 

in the surface sediment sample from location 38SMOO16: Aroclor-1260, 4,4'-DDD, 4,4'-DDE, 22 
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arsenic, cadmium, copper, lead, and nickel. The SSV exceedances are plotted on Figure 8.4.2 

(Section 8.4). The SSV exceedances are listed below, along with their applicable SSV values. 2 

Analyte Concentration 

Aroc1or-1260 290 JLg/kg 
4,4'-DDD 56 JLg/kg 
4,4'-DDE 23 JLg/kg 
Cadmium 5.3 mg/kg 
Copper 27.1 mg/kg 
Lead 39.4 mg/kg 
Nickel 17.5 mg/kg 

SSV 

33 JLg/kg 
3.3 JLg/kg 
3.3 JLg/kg 
1 mg/kg 
18.7 mg/kg 
30.2 mg/kg 
15.9 mg/kg 

3 

4 

5 

6 

7 

8 

9 

10 

No contaminant in the surface sediment sample from location 38SMOO16 exceeded both the RC 11 

for surface soil and the residential RBC or SSL, as shown on Figure 8.4.3 in the SWMU 38 RFI 12 

(Section 8.4). No contaminant in subsurface sediment exceeded both the RC for subsurface soil 13 

and the SSL, as shown on Figure 8.4.4 in the SWMU 38 RFI (Section 8.4). 14 

Concentrations in surface and subsurface sediment from location 38SMOO16 do not definitively 15 

indicate storm water runoff from SWMU 59 is responsible for the detected concentrations in the 16 

SWMU 38 sediment drainage ditch, nor do the sediment samples collected downstream of 17 

SWMU 59 (locations 38SMOO11 and 38SMOO10). No sediment samples were collected in the 18 

secondary drainage ditch upstream (north) of location 38SM0016. Note that other sediment 19 

samples from the SWMU 38 drainage ditches upgradient (north) of SWMU 59 exhibit higher 20 

concentrations of 4,4'-DDD (location 38SMOO02, 280 JLg/kg). 4,4'-DDE (location 38SMOO02, 21 

79 JLg/kg). Aroclor-1260 (location 38SM0025. 1,900 JLg/kg) , or lead (location 38SMOOOI. 22 

96.9 mg/kg) than were detected in sample 38SM0016. 23 
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8.5.4 Human Health Risk Assessment for SWMU 59 

8.5.4.1 Site Background and Investigative Approach 2 

SWMU 59 consists of Building S-335 and the surrounding area. This human health risk 3 

assessment (HHRA) uses analytical data from 15 surface soil samples, three loess groundwater 4 

samples, one DPT fluvial deposits groundwater sample, and one fluvial deposits groundwater 5 

monitoring well sample. Soil and groundwater samples used in this HHRA are listed below. A 6 

Voluntary Corrective Action Work Plan has been prepared for SWMU 59 and specifies the 7 

removal of Building S-335, the asphalt flooring, and contaminated soil under the building and in 8 

the grassy area surrounding the building. 9 

• Surface Soil 

• Loess Groundwater 

• Fluvial Groundwater 

8.5.4.2 COPC Identification 

Surface Soil 

059SOO0102 059SOOO202 059S0OO302 059S000402 10 

059Sooo502 059SOOO602 059SOO0702 059S000802 11 

059SOO0902 059SOO1002 059S001102 059SOO1202 12 

059SOlLS02 059S02LS02 059S03LS02 13 

059GOILSOI 059G02LSOI 059G03LSOI 14 

059G03UFOI 059SOO02 (OPT) 15 

16 

17 

Table 8.5.9 lists chemicals present in site samples (CPSSs) in surface soil with chemicals of 18 

potential concern (COPCs) labeled with an asterisk. COPCs are any ch,emical that exceed RBCs 19 

and where applicable RCs. COPCs in surface soil at SWMU 59 include 4,4'-DDE, 4,4'-DDT, 20 

aldrin, alpha-chlordane, Aroclor-1260, arsenic, BEQ, gamma-chlordane, dieldrin, heptachlor, 21 

heptachlor epoxide, lead, and 2-methyl-4-chlorophenoxyacetic acid (MCPA). 22 
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Chemical UDits 
Frequeru:y or 

DetedIon 

Table B.5.9 
Chemicals Present in Surface SoIl Samples 

SWMU 59 NSA Memphis 

Range or Detected Average Detected Residential Number 
Range or Noacieteds Conceatratioa CoDCelltratioa RBC Notes Over MC RC 

Cobalt mg/kg 515 NA NA 6.2 - 9.B 7.3 470 a, n o 15.98 

8.5-46 

Number Over RC 

o 



* Heptachlor pg/kg 3115 2 200 

* Lead mglkg 515 NA - NA 

Table 8.5.9 
Chemic:aJs Present in Surface Soil Samples 

SWMU 59 NSA Memphis 

99 3,900 1436 

12.3 - 625 283 

8.5-47 

140 

400 

Draft ReRA Facility Investigation Repon 
Assembly E - SWMU 59 
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Chemieal 

NoIIs: 
() 

* 
a 
b 
BEQ 
c 
MCPA 
n 
NA 
RC 
RBC 

Units 

Surrogate used 

Frequency of 
Detection 

Identified as a chemical of potential concern 

Table 8.5.9 
Chemicals Present in Surfac:e Soil Samples 

SWMU 59 NSA Memphis 

Range of Detected Average Detected Residential 
Range of Nondeteets Coneeatratioa Coneeatratioa R.BC 

Screening based on Risle-Based Concentration Table, January to J/IIII! 1996 (USEPA, 1996&) 
Screening based on 400 mglkg of lead in soil (USEPA, 1994c) 
Benzo(a)pyrene Equivalent 
Carcinogen 
2-methyl-4-chlomphenoxyacetic acid 
Noncarcinogen, RBC screening value adjusted from a bazard quotient of 1.0 to 0.1 
Not Applicable 
Reference concentration from Technical Memorandum - Reference Concentrations (ElA&H, 1996&) 
Risk Based Concentration 
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Table 8.5.10 lists CPSS in loess groundwater with COPCs labeled with an asterisk. COPCs in 2 

loess groundwater at SWMU 59 include barium, dieldrin, heptachlor, heptachlor epoxide, lead, 3 

and vanadium. It should be noted that both chlordane isomers, barium, heptachlor, and heptachlor 4 

epoxide are below their respective MCLs. 5 

Fluvial Deposits Groundwater 6 

Table 8.5.11 lists CPSSs in fluvial deposits groundwater. There are no COPCs identified in 7 

fluvial deposits groundwater at SWMU 59. 8 

8.5.4.3 Exposure Assessment 9 

Exposure Setting 10 

SWMU 59 is approximately 2,000 feet east of the nearest offsite residence and 80 feet south and 11 

east of the nearest NSA Memphis personnel at Buildings S-184 and S-77. The storm water from 12 

SWMU 59 discharges into SWMU 38, which in turn, discharges into Big Creek Drainage Canal 13 

approximately 1,400 feet south of Building S-335. Big Creek Drainage Canal may serve as a food 14 

and water source for various animals. SWMU 38 is made up of drainage ways in populated areas 15 

of NSA Memphis; therefore, personnel may contact surface water and sediment in these ditches 16 

(See Section 1.1.4). Off of NSA Memphis, the general public may contact surface water and 17 

sediment due to unrestricted access to Big Creek Drainage Canal. According to NSA Memphis 18 

personnel, no fishing or swimming occurs in Big Creek Drainage Canal, but children may play 19 

near this stream. 20 

Potential Exposed Populations 21 

Potential exposed popUlations are assumed to be hypothetical area residents and future site 22 

workers. The future use of this property is unknown, but it is likely to be used for 23 

commercial/industrial purposes. There are no plans for residential use. 24 
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Table 8.5.10 
Chemicals Present in Loess Groundwater Samples 

SWMU 59 NSA Memphis 

CbemieaI 
Frequency of 

Detection Range of Noodeteds 
Range of Detected 

Concentration 

NoUs: 

* 
a 
b 

c 
n 
NA 

Identified as a chemical of potential concern 
Screening based on Risk-Bosed Concenlration Table, ICIIIlIiUY to lUll/! 1996 (USEPA, 19968) 
Screening based on treatment technique action level of 15 J.4g1L of lead in groundwater (USEPA, 
1994c) 
Carcinogen 
Noncarcinogen, RBC screening value adjusted from a hazard quotient of 1.0 to 0.1 
Not Applicable 
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RC 
RBC 
ug/L 
t 
It 

Y 
z 

Average Detected Tap Water 
Coacentration RBC Notes 

Number Over 
RBC 

Number Over 
RC RC 

Reference Concentration from Technical Memorandum - Reference Concenlrations (ElA&H, 19968) 
Risk Based Concentration 
micrograms per liter of water 
MCLS is 2000 mg/L (USEPA, 1994c) 
MCLS is 2 mg/L (USEPA, 1994c) 
MCLS is 0.2 mg/L (USEPA, 1994c) 
MCLS is 0.4 mg/L (USEPA,I994c) 



Table 8.S.11 
Chemicals Present In Fluvial Deposits Groundwater Samples 

SWMU 59 NSA Memphis 

Chromium (Ill) J.lglL 111 NA NA 11.1 -- 11.1 11.1 

NllUs: 

* 
a 
n 
RC 
RBC 
mglL -

Identified as a cbemical of potential concern 
Screening based on tap water RBCs from Risk -Based Concentrotion Table, Jtl1III/lry to June 1996 (USEPA, 1996a) 
Noncarcinogen, RBC screening value adjusted from a hazard quotient of 1.0 to 0.1 
Reference concentration from Technical Menwrandum - Reference Concentration (ElA&H, 1996a). 
Risk Based Concentration 
micrograms per liter of water 

8.5-51 

3700 

RCRA Facility Investigation Repon 
Assembly E - SWMUs 2, 9, 14, 38, 59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

a,n o 39.8 o 



ReRA Facility Investigation Repon 
Assembly E - SWMUs 2, 9, 14, 38, 59, and 65 
NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

Exposure Pathways 

Soil 2 

Soil exposure pathways include incidental soil ingestion and dermal exposure for hypothetical 3 

residents and site workers. Table 8.5.12 lists exposure pathways, media, and land use 4 

assumptions. 5 

Loess Groundwater 6 

It is unlikely that the loess groundwater exposure pathway will be completed since there is an 7 

existing drinking water supply system at NSA Memphis. However, in this HHRA, it is assumed 8 

that hypothetical residents and future site workers could be exposed to chemicals via ingestion of 9 

groundwater. Inhalation of VOCs from groundwater was not considered a viable exposure 10 

pathway since significant VOC quantities were not identified. Uniform exposure at all sample 11 

locations with the exposure point concentration (EPC) set equal to the maximum detected 12 

concentration was assumed for all groundwater sample locations. This is quite conservative since 13 

groundwater is not used as a source for drinking water. 14 

TableS.S.U 
Exposure Pathways Summary - SWMU 59 

NSA Memphis Millington, Tennessee 

Potentially Exposed Pathway Selected for 
Population Medium and Exposure Pathway Evaluation? 

Air, inhalation of chemicals entrained in 
fugitive dust 

Shallow groundwater, inhalation of VOCs 
from the groundwater 

Soil, dermal contact 

No 

No 

Yes 
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Reason for Selection or Exclusion 

The particulate emission factor would result in 
orders of magnitude less exposure dum that which 
would be estimated for direct exposure pathways, 
such as incidental soD ingestion. 

There were no significant voes identified in the 
RFI. 

It is assumed that hypothetical residents would be 
dermally exposed to soil 
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Table 8.5.12 
Exposure Pathways Summary - SWMU 59 

NSA Memphis Millington, Tennessee 

Medium and Exposure Pathway 

Sediment. Dermal contact 

Air. inhalation of chemicals entrained in 
fugitive dust 

Shallow groundwater. inhalation of VOCs 
from the groundwater 

Sediment, dermal contact 

Pathway Selected for 
Evaluation? 

No 

No 

No 

No 

Reason for Selection or Exclusion 

No sediment is present 

The particulate emission' factor would result in 
orders of magnitude less exposure than that which 
would be estimated for direct exposure pathways. 
such as incidental soil ingestion. 

There were no significant VOCs identified in the 
RFI. 

No sediment is present 

Construction Worker 

Air. inhalation of chemicals entrained in 
fugitive dust 

Shallow groundwater. inhalation ofVOCs 
from the groundwater 

Soil. dermal contact 

No 

No 

Yes (Qualified) 
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The particulate emission factor would result in 
orders of magnitude less exposure than that which 
would be estimated for direct exposure pathways. 
such as incidental soil ingestion. 

There were no significant VOCs identified in the 
RFI. 

It is assumed that construction workers would be 
dermally exposed to subsurface soil. This is 
discussed in the Uncertainty Section 8.5.4.6. 
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Fluvial Deposits Groundwater 

No COPCs were identified in fluvial deposits groundwater. 2 

Exposure Point Concentrations 3 

When more than 10 surface soil samples were analyzed, 95% Upper Confidence Levels (UCLs) 4 

were calculated. In accordance with VSEPA Region IV's recommendations and Supplemental 5 

Guidance to RAGS, (USEPA, 1995b), the lesser of the maximum reported concentration or the 6 

calculated VCL was the EPC for each COPC. 7 

Soil 8 

Table 8.5.13 lists the EPC estimates for the soil COPCs with a statistical analysis for each 9 

compound. All 15 soil samples were analyzed for pesticides and PCBs, but only five were 10 

analyzed for metals, VOCs, and SVOCs. The maximum concentrations were used as the EPC for 11 

all COPCs, except for aldrin and Aroclor-1260. The calculated VCL was used for the EPC for 12 

aldrin and Aroclor-1260. The fraction ingested/fraction contaminated (FIIFC) term was used to 13 

adjust the exposure based on the actual contaminated area. The development of each FI/FC term 14 

per COPC is discussed in the Spatial 'Distribution and Frequency of Detection in the Uncertainty 15 

Section (Section 8.5.4.6), which includes tables showing risk estimates without the FIIFC 16 

adjustment for comparison. 17 

Loess Groundwater 18 

Three loess groundwater samples were collected, and the EPC estimate was set equal to the 19 

maximum reported concentrations. 20 
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Table 8.5.13 
Statistical Analysis of COPCs 

SoU Surface Samples at SWMU 59 NSA Memphis 

Natural Log Transformed 95%UCL MAX EPC EPC 

3.20 2.83 6.23 149,910 4,000 4,000 4.0 

Alpha-Chlordane 15 3.01 3.20 6.98 1,321,225 6500 6500 6.5 

Aroclor-1260 15 3.50 1.54 3.68 488.9 5,400 488.9 0.489 

Dieldrin 15 2.79 2.87 6.31 127,595 1,800 1,800 1.8 

15 1.24 2.66 5.89 7,937 3,900 3,900 3.9 

MCPA 5 NA NA NA NA 6,500 6,500 6.5 

Notes: 
COPC Chemical of Potential Concern 
EPC Exposure Point Concentration 
H-stat parameter from the H -stat statistical method 
MAX Maximum detected concentration 
n number of samples 
NA Not Applicable 
SO Standard Deviation 

8.5.4.4 Toxicity Assessment 

The USEP A has established a classification system for rating the potential carcinogenicity of 2 

environmental contaminants based on the weight of scientific evidence. The cancer classes are 3 

described below. Cancer weight-of-evidence class "A" (human carcinogens) means that human 4 

toxicological data have shown a proven correlation between exposure and the onset of cancer (in 5 

varying forms). The "BI" classification indicates some human exposure studies have implicated 6 

the compound as a probable carcinogen. Weight-of-evidence class "B2" indicates a possible 7 

human carcinogen, a description based on positive laboratory animal data (for carcinogenicity) in 8 

the absence of human data. Weight-of-evidence class "c" identifies possible human carcinogens, 9 
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and class "D" indicates a compound not classifiable with respect to its carcinogemc potential. 

Also the USEPA has established slope factors (SF) for carcinogenic compounds, which are defined 2 

as a "plausible upper-bound estimate of the probability of a response (cancer) per unit intake of 3 

a chemical over a lifetime" (USEPA, 1991b). 4 

In addition to potential carcinogenic effects, most substances can also produce other toxic 5 

responses at doses greater than experimentally derived threshold concentrations. For these 6 

substances, the USEP A has established Reference Dose (RID) values. A chronic RID is defmed 7 

as " ... estimate (with uncertainty spanning perhaps an order of magnitude or greater) of a daily 8 

exposure concentration for the human population, including sensitive subpopulations, that is likely 9 

to be without an appreciable risk of deleterious effects during a lifetime." These toxicological 10 

values are used in risk formulae to assess the upper-bound level of cancer risk and noncancer 11 

hazard associated with exposure to a given contaminant concentration. Toxicological profiles of 12 

COPCs identified at SWMU 59 are presented below. Table 8.5.14 lists the SF and RID values 13 

used in risk/hazard calculations. 14 

Aldrin is a man-made insecticide widely used by farmers from the 1950s to the early 1970s. 15 

Aldrin was also used to treat soil and to kill termites. The main effects of short-term exposure of 16 

aldrin are headaches, dizziness, irritability, loss of appetite, nausea, muscle twitching. 17 

convulsions, and loss of consciousness and death. Most symptoms disappear with time after 18 

removal from exposure. The effects of long-term exposure to humans have not been clearly 19 

demonstrated. Aldrin fed to mice has caused liver cancer. 20 

There is inconclusive evidence in humans, but more evidence in animals, that aldrin exposure of 21 

a pregnant mother may be associated with harm to the fetus. Aldrin is absorbed into the blood 22 

from the gastrointestinal tract, through the skin, or by inhalation. The percentage of an oral dose 23 

absorbed has not been accurately determined because of the enterohepatic circulation system. In 24 
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COPC 

Aldrin 

Arsenic 

BBQ 

Gamma-cblordane 

RID SF 

Table 8.5.14 
Slope Faetors and Reference Doses for COPCs at SWMU 59 
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mglkg-day kg-day/mg Cancer Class Target Organ Effect 

0.00003 17.0 B2 Neuromuscular Sbort-term exposure to high doses causes headaches, dizziness, irritability, 
loss of appetite, nausea, muscle twitching, convulsions, am loss of 
consciousness am dealh. 'l11e IOIl!-term exposure effects to humans have not 

0.0003 1.5 A 

NA 7.3 B2 

0'()OOO6 1.3 B2 

Skin, bladder, lung, eNS, am cardiovascular Soil ill!estion can lead to skin cancer; water qestion may lead to cancer in 
system .... ... . .... .. . ... .. liver, kidney, lung, am bladder. Lung cancer can result from inhalation. 
N~~;$t$.tlM~~~ ····R~~~~~CNS~tlM.~~··· ... 
Liver, kidney, am blood. 

Neuromuscular 

8.5-57 

Some PARs are toxic to lite liver, kidney, am blood. 'l11e family of BEQ 
bas been sbown to .. ,," ,., "'. 

Sbort-term exposure to high doses of dieldrin causes tremors am 
convulsions; chronic exposure can cause emotional am neuromuscular 
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MCPA 

NoIIIs: 
kg-day/mg 
mglkg-day 
CNS 

RID SF 

0.0005 NA 

kilogram day per milligram 
milligram per kilogram day 
Central Nervous System 

Table 8.5.14 
Slope Factors and Reference Doses for COPCs at SWMU S9 

NSAMempbis 

Inconclusive studies indicate it may be is a Exposure can cause headaches, dizziness, nausea, vomiting, abdominal pains, 
neurotoxin diarrhea, respiratory complications, aching, and tender muscles, myotonia, 

weaImess!and 
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humans, 20% to 50% of inhaled aldrin is retained, and approximately 8% of a dennal dose of 

aldrin is absorbed (5 days). Aldrin, which rapidly converts to the epoxide dieldrin, is rarely found 2 

in the blood or tissues, because it is excreted primarily in the feces via the bile. In humans and 3 

animals, urinary excretion is minor. An oral reference dose for. aldrin has been determined to be 4 

3.00E-05 mg/kg-day based on a LOAEL of 0.5 ppm and an uncertainty factor of 1,000 in a 5 

hepatic effects study on rats. The modifying factor is 1. The cancar oral SF is 17.0 kg-day/mg, 6 

while the inhalation SF is 17.1 kg-day/mg (IRIS, 1996). 7 

Arsenic exposure via the ingestion route darkens and hardens the skin in chronically exposed 8 

humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and cardiovascular 9 

effects (Klaassen, et al., 1986). USEPA set 0.0003 mg/kg-day as the RID for arsenic based on 10 

a NOAEL of 0.0008 mg/kg-day in a human exposure study. Arsenic's effects on the nervous and 11 

cardiovascular systems are primarily associated with acute exposure to higher levels. Exposure 12 

to arsenic-containing materials has been shown to cause cancer in humans (as shown in IRIS). 13 

Inhalation of these materials can lead to increased lung cancer risk, and ingestion of these 14 

materials is associated with increased skin cancer rates. Arsenic has been classified as a group A 15 

carcinogen by USEPA, which set the SF at 1.5 kg-day/mg. Also, increased mortality from 16 

multiple internal organ cancers (liver, kidney, lung, and bladder) and an increased incidence of 17 

skin cancer were observed in populations consuming drinking water high in inorganic arsenic. 18 

Human milk contains about 3 J-lglL arsenic. The RBC for arsenic in tap water is 0.038 J-lg/L. As 19 

listed in IRIS (search date 9/1/95), the critical effect of this chemical is hyper pigmentation, 20 

keratosis, and possibly vascular complications. The uncertainty factor is 3, while the modifying 21 

factor is 1. 22 

Barium is used in various alloys, paints, soap, and manufacturing processes. Barium sulfate is 23 

used to aid x-ray diagnosis. This element is relatively abundant in nature and present in plant and 24 

animal tissue. Brazil nuts contain 3 to 4 mg of barium per gram. The fatal absorbed dose of 25 

8.5-59 



ReRA Facility Investigation Report 
Assembly E -SWMUs 2,9,14,38,59, and 65 
NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

barium is approximately 1,000 mg for humans. Assuming an absorption efficiency of 5 % for 

barium, 20,000 mg of ingested barium could be fatal. Major toxic effects are muscle stimulation, 2 

central nervous system effects, and effects on the heart. The major critical effect is increased blood 3 

pressure. USEPA has determined the oral RID and inhalation RID to be 0.07 and 4 

1.43E-4 mg/kg-day, respectively (Dreisbach, et al., 1987) (Klaassen, et al., 1986), based on a 5 

medium confidence level. The oral uncertainty factor for barium is 3 and the oral modifying factor 6 

is 1. Barium has been issued a carcinogenic weight-of-evidence classification of liD". 7 

Chlordane is a polycyclic chlorinated pesticide. Acute exposure to high doses of chlordane causes 8 

tremors and convulsions. Chronic exposure can cause emotional and neuromuscular disturbances. 9 

Exposed individuals revert to normal approximately one week after the source is removed 10 

(Dreisbach et al., 1987). USEPA has established an oral RID of 6E-5 mg/kg-day and an oral SF 11 

of 1.3 kg-day/mg for chlordane. 12 

DDT, or 1,1,1-trichloro-2,2-bis-(p-chlorophynyl)ethane, has been one of the most widely used 13 

chemicals for controlling agricultural pests and insects that carry diseases such as malaria and 14 

typhus. Technical DDT is primarily a mixture of three forms (p,p'-DDT, o,p'-DDT, and 0,0'- 15 

DDT); all are white, crystalline, tasteless, and almost odorless solids. DDT is anthropogenic; its 16 

presence in the environment is due to past production and application. Some DDT can be photo- 17 

oxidized in air and on surface soils, but the compound tends to bind to certain types of soil. 18 

DDE (l,1-dichloro-2,2-bis [p-chlorophenyl] ethylene) and DDD (l,1-dichloro-2,2-bis [p- 19 

chlorophenyl] ethane) are present in small amounts as contaminants in technical grade DDT. 20 

DDD has had some use as a pesticide and as a treatment for adrenal gland cancer. The use of 21 

DDD, DDE, and DDT was banned in the United States (ATSDR, 1992). 22 
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With acute exposure to high doses of DDT, the nervous system appears to be the major target in 

both humans and experimental animals (Herr and Tilson, 1987; Hayes, 1982). Information on 2 

health effects in humans following acute inhalation exposure to DDD or DDE is limited 3 

(ATSDR, 1992). Chronic exposure of experimental animals to DDT is associated with tremors 4 

and general hyperirritability (NCI, 1978; Rossi et aI., 1977). In male and female mice, a single 5 

oral dose between 32 to 237 to mg DDT/kg caused death of all the mice (Bathe et aI., 1976; 6 

Kashyap et aI., 1977; Tomatis et al., 1972). There is evidence of mild to severe hepatic effects 7 

in experimental animals as a result of acute, subchronic, or chronic oral administration of DDT 8 

(pasha, 1981). 9 

Epidemiological evidence is inconclusive for establishing, with reasonable certainty, if DDT is a 10 

human carcinogen. Evidence exists from animal studies to consider DDT, DDE, and DDD 11 

probable human carcinogens based on USEPA's B2 classification (IRIS, 1996). For example, 12 

DDT is carcinogenic in most strains of mice tested (Innes et aI., 1969; Thorpe and Walker, 1973; 13 

Tomatis et aI., 1972; Kashyap et al., 1977; Shabad et al., 1973) and in a few studies, it was 14 

carcino~enic in rats (Cabral et al., 1982b; Rossi et al., 1977). However, several other rat studies 15 

reported negative results (Legator et aI., 1973; Palmer et al., 1973; Cameron and Cheng, 1951; 16 

Shivapurkar et al., 1986), as did most of the studies on hamsters (Agthe et al., 1970; Cabral et al., 17 

1982a; Graillot et al., 1975), and the one study on monkeys (Adamson and Sieber, 1979, 1983). 18 

One area of uncertainty is the significance of liver tumors in certain strains of mice and the 19 

appropriateness of extrapolating this significance to humans. Several studies in rats, mice and 20 

hamsters have been conducted to determine the potential carcinogenicity of DDD and DDE. A 21 

chronic feeding study in mice has shown DDE to produce liver tumors at doses of 19 to 22 

34 mg/kg/day for 124 weeks (NCI 1978; Tomatis et al., 1974a). A similar study produced liver 23 

tumors in hamsters given 40 mg/kg-day DDE for 124 weeks (Rossi et al., 1983). However, DDE 24 

did not induce significant tumor frequencies in rats given 12 to 42 mg/kg/day for 78 weeks 25 
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(NCI, 1978). DDD induced liver tumors and lung adenomas in CF-1 mice (Tomatis et aI., 1974a) 

and thyroid follicular cell tumors in Fischer-344 rats (NCI, 1978) but it was not tumor producing 2 

in B6C3F1 mice (NCI, 1978). 3 

The oral SF for DDD, DDE, and DDT are 2.4E-01, 3.4E-01, and 3.4E-01 kg-day/mg, 4 

respectively. DDT's inhalation SF equals 3.4E-01 kg-day/mg. An oral RID has been issued for 5 

DDT as 5E-04 kg-day/mg (IRIS, 1996). 6 

Dieldrin is a polycyclic chlorinated pesticide to which short-term exposure to high doses causes 7 

tremors and convulsions, and chronic exposure can cause emotional and neuromuscular 8 

disturbances. Exposed individuals revert to normal approximately one week after the dieldrin 9 

source is removed. Dieldrin is classified as a B2 carcinogen by USEP A; the oral SF, inhalation 10 

SF, and oral RID have been set by USEPA at 16 kg-day/mg, 16.1 kg-day/mg, and 11 

0.00005 mg/kg-day, respectively (Dreisbach et al., 1987). 12 

Heptachlor is a man-made chemical that was used in the past for killing insects in homes, 13 

buildings, and on food crops while pure heptachlor is a white powder, technical-grade heptachlor 14 

is tan and less pure. Heptachlor, which smells somewhat like camphor, does not bum easily or 15 

explode (ATSDR, 1991). 16 

No studies were located regarding lethal effects in humans after oral exposure to heptachlor. 17 

However, since heptachlor is a major component of the insecticide chlordane, chlordane poisoning 18 

can be considered when evaluating heptachlor toxicity data. While there are no data on chronic 19 

oral exposures in humans in occupational studies of workers manufacturing heptachlor, the 20 

exposures are presumed to be predominantly inhalation, with contributions from the dermal route. 21 

No adverse health effects have been identified that could be positively associated with heptachlor 22 

exposure. 23 
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Heptachlor has been issued the USEPA weight-of-evidence classification ofB2, a probable human 

carcinogen (IRIS, 1993). Heptachlor has an oral RID, oral SF, and inhalation SF of 5E-04 mg/kg- 2 

day, 4.5 kg-day/mg, and 4.55 kg-day/mg, respectively (IRIS, 1996). 3 

Heptachlor epoxide is the more toxic form of the insecticide heptachlor which was used to control 4 

flies, mosquitoes, and field insects. Benign and malignant liver tumors were induced in three 5 

strains of mice of both sexes. Heptachlor epoxide has been linked to liver carcinoma (Dreisbach, 6 

et al., 1987). USEPA determined this compound to be a class B2 carcinogen, and determined the 7 

oral SF and the inhalation SF to be 9.1 kg-day/mg. The primary target organs for this pesticide 8 

are the liver and kidneys. The USEPA has determined the oral RID to be 1.3E-05 mg/kg-day 9 

(IRIS, 1996). 10 

Lead has been classified as a group B2 carcinogen by USEPA based on animal data. Ten rat 11 

bioassays and one mouse assay have shown statistically significant increases in renal tumors with 12 

dietary and subcutaneous exposure to several soluble lead salts. Animal assays have provided 13 

reproducible results in several laboratories and in multiple rat strains, with some evidence of 14 

mUltiple tumor sites. No RID or SF has been set by USEPA. However, an action level for soil 15 

protective of child residents has been proposed by USEP A Region IV to be 400 mg/kg (USEPA, 16 

1994c). USEPA's OSWER has recommended a 1,000 mg/kg cleanup standard for industrial 17 

properties. USEPA's Office of Water has established a treatment technique action level of 18 

15 p,g/L (USEPA, 1994c). Although short-term studies show that lead affects gene expression in 19 

rats, human evidence is inadequate. Lead can accumulate in bone marrow and effects have been 20 

observed in the eNS, blood, and mental development of children. RIDs are based on the 21 

assumption that a threshold must be exceeded to result in toxic effects other than carcinogenicity. 22 

Once lead accumulates in the body, other influences cause the actual levels in the blood to 23 

fluctuate, with lead sometimes attached to binding sites, and other times free flowing. This 24 
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fluctuation and lack of previous lead exposure data make effects difficult to predict (Klaassen et 

al., 1986). 2 

Polyaromtitic hydrocarbons (pAHs- Including BEQs) are toxic to the liver, kidney, and blood. 3 

However, the toxic effects of the PAHs above have not been well-established and there are no 4 

RIDs for them due to a lack of data. All the P AHs listed below are classified by USEPA as B2 5 

carcinogens. Their carcinogenicity is addressed relative to that of Benzo(a)pyrene (BAP), having 6 

an oral SF of7.3 kg-day/mg. The Toxicity Equivalent Factors (TEFs), also set by USEPA, are 7 

multipliers applied to the detected concentrations subsequently used to calculate excess cancer risk. 8 

P AHs which have TEFs are listed below. 9 

PARs Toxicity Equivalent Factors 10 

Benzo(a)anthracene 0.1 11 

Benzo(b )fluoranthene 0.1 12 

Dibenz(a,h)anthracene 1.0 13 

Benzo(k)fluoranthene 0.01 14 

Benzo(a)pyrene 1.0 15 

Indeno(1,2,3-cd)pyrene 0.1 16 

Chrysene 0.001 17 

Most P AHs classified as carcinogenic are due to the result of animal studies using large doses of 18 

purified PAHs. There is some doubt as to the validity of these listings and the SFs listed in 19 

USEPA's RBC Table are provisional. However, PAHs are carcinogens when the exposure 20 

involves a mixture of other carcinogenic substances (e.g., coal tar, soot, cigarette smoke). As 21 

listed in IRIS (search date 6/28/95), BAP has been issued a weight-of-evidence classification of 22 

B2 based on insufficient human data specifically linking it to a carcinogenic effect. However, 23 

multiple animal studies in many species demonstrate BAP to be carcinogenic following 24 

administration by numerous routes. 25 
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As listed in IRIS, the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 classification is based 

on data from animal bioassays. Benzo(b )fluoranthene produced tumors in mice after lung 2 

implantation, intraperitoneal or subcutaneous injection, and skin painting. Benzo(a)anthracene 3 

produced tumors in mice exposed by gavage; intraperitoneal, subcutaneous, or intramuscular 4 

injection; and topical application. Benzo(a)anthracene produced mutations in bacteria and in 5 

mammalian cells and transformed mammalian cells in culture. Similar results have been found in 6 

a lung adenoma assay in mice. Benzo(k)fluoranthene is mutagenic in bacteria (Klaassen et al., 7 

1986). 8 

PCB Aroclors are a group of chlorinated hydrocarbons (such as Aroclors-1248, 1254, and 1260) 9 

that accumulate in fat tissue. Occupational exposure (both inhalation and dermal) to PCBs causes 10 

eye and lung irritation, loss of appetite, liver enlargement, increased serum liver enzyme levels, 11 

rashes and chloracne, and decreased birth weight of infants in heavily exposed worker/mothers. 12 

Of the effects listed above, the liver is the primary target organ (Klaassen, et al., 1986; Dreisbach, 13 

et aI., 1987). USEPA classified PCB Aroclors as group B2 carcinogens, primarily based on 14 

animal data. As listed in IRIS (search date 6/29/95), the basis for the classification is 15 

hepatocellular carcinomas in three strains of rats and two strains of mice and inadequate yet 16 

suggestive evidence of excess risk of liver cancer in humans by ingestion and inhalation or dermal 17 

contact. Oral ingestion of PCBs causes liver and stomach tumors in rat studies. USEPA set PCB 18 

Aroclors' oral SF at 2.0 (kg-day/mg) and the RIDs at 0.00007 mg/kg-day for Aroclor-1260 and 19 

0.00002 mg/kg-day for Aroclor-1254. 20 

MCPA is a chlorophenoxy herbicide compound class developed in World War IT in the 21 

United States and the United Kingdom to increase food production and as a possible chemical 22 

warfare agent. Chlorophenoxy compounds have been used since 1947 in agriculture for broad- 23 

leafed weeds; in the control of woody plants along roadside, railway, and utility right-of-ways; 24 

and in reforestation programs (Klaassen, 1996). The three most common chlorophenoxy 25 
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compounds are 2,4-D, 2,4,5-T, and MCPA. Most people exposed to chlorophenoxy herbicides 

complain of headache, dizziness, nausea, vomiting, abdominal pains, diarrhea, respiratory 2 

complications, aching, tender muscles, myotonia, weakness, and fatigue. There is some clinical 3 

evidence of renal dysfunction and transient albuminuria. The oral LDso (Lethal Dose 50% of 4 

population) ranged from 300 to > 1000 mg/kg in different species and only the dog appeared to 5 

be particularly sensitive (Klaassen, 1996). Toxicity of chlorophenoxy compounds increase with 6 

a decrease in the phenoxy side chain length (Patnaik, Pradyot, 1992). One study showed some 7 

neurotoxicity in the workers involved in the manufacture of2,4-D and 2,4,5-T; however, most 8 

studies on humans were inconclusive (Klaassen, 1996). 9 

Vanadium is not readily absorbed through the skin or by oral ingestion and is a ubiquitous by- 10 

product of petroleum refining. Vanadium is soluble in fats and oils (Klaassen et aI., 1986). 11 

Municipal water supplies contain 0.001 to 0.006 mg/L of vanadium. The target organ is unclear 12 

and the primary focus of toxicological information is inhalation of vanadium dust. Typical vitamin 13 

supplements contain approximately 0.010 mg of vanadium in a daily dose. USEPA set the oral 14 

SF at 0.007 mg/kg-day. 15 

8.5.4.5 Risk Characterization 16 

Exposures for hypothetical residents and future site workers include incidental surface soil 17 

ingestion, surface soil dermal contact, and groundwater ingestion. Tables 8.5.15 and 8.5.16 18 

present the estimated carcinogenic risks and HQs associated with the incidental ingestion 19 

pathways, while Tables 8.5.17 and 8.5.18 present the estimated carcinogenic risks and HQs 20 

associated with the dermal contact surface soil exposure pathway. LW A ILCR and IDs are 21 

summarized at the bottoms of these tables. Numbers in bold indicate that risk or hazard acceptable 22 

limits have been exceeded. These tables also include the FIIFC fraction used to conservatively 23 

estimate the actual area of contaminated land. The FIIFC fraction is detailed in Section 8.5.4.6. 24 
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Hazard Quotients and Incremental Lifetime Cancer Risks for Surface Soillngestioo 
SWMU 59 NSA Memphis 

Residential Scenario Site Worker Sc:eo.ario 

Oral RID Used mg/kg- Oral SF Used FIIF Future Worker 
EPC mgIkg day mg/kg-day C Future Adult HQ Future Child HQ Future LWA lLCR Future Worker HQ ILCR 

6.5 O.OOOS NA 0.1 0.0018 0.017 NA 0.00064 NA 

0.3 3 J.E.04 0.1 IE-05 
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Table 8.5.16 
Hazard Quotients and Incremeatal Lifetime Cancer Risks for Surface SoillngesUon (without Fl/FC) 

SWMU 59 NSA Memphis 

Oral RID Oral SF Residential Scenario 

EPC Used Used Future Adult Future Future LWA 

Site Worker Scenario 

CbemieaI mglkg mglkg-day kg-day/mg FIJli'C HQ Child HQ R.CR HQ R.CR 

4,4'-DDT 

Aldtht 
Alpha-Cblordane 
~~C3·.·· 
Aroclor-l260 
jBQ .•. 
Dieldrin 

Heptachlor 

H~~~~~ 
MCPA 

Summary 

Note,: 
HQ 
ll..CR 
kg-daylmg 
LWA 
MCPA 
mglkg-day 
NA 

4 
(U76 

6.5 

17 
0.49 

1.23 
1.8 

its 
3.9 

6.5 

Hazard Quotient 
Incremental Lifetime Cancer Risk 
kilogram per milligram per day 
Lifetime Weighted Average 
2-medtyl-4-chlorophenoxyacetK: acid 
milligrams per kilogram per day 
Not Applicable 

NA 0.34 

3&-0$ 17 
6JUl5 0.35 

0;0003 U 
NA 2 

NA 7.3 
5E-05 0.16 
(I8..(jS 

0.0005 4.5 

U~~ 
0.0005 NA 

NA NA 4.2E-07 
.U8:;06 

0.15 1.4 3.7E-06 

6i~JtOS 
NA NA 1.5E-06 

1.48~ 
0.05 0.467 4.7E-07 

0.011 0.1 2.7E-05 

0.018 0.17 NA 

0.8 7 1.5E-04 
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NA 

oJm9 
0.053 
O;(J44: 

NA 

NA 
0.018 

0.0038 

0.0064 

0.3 

tsi01 
2.4E-07 

S.2B-07 
4.0E-07 

7J8.:06 
1.7E-07 

l.~ 
5.0E-08 

S.3E-07 
3.1E-06 

:H~ 
NA 

1.7E-05 



MCPA 6.5 

Summary 
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Hazard Quotients and Incremental Lifetime Cancer Risks for Dermal Ext-ure to Surface Soil 
SWMU 5' NSA Memphis 

Resideotial Scenario 

Dermal RID Dermal SF kg- Future Adult Future Child 

0.00025 NA 0.5 0.1 0.0015 0.005 

0.2 0.5 

8.5-69 

Future 
LWA 

NA 

2B'()5 

Site Worker Scenario 

Future Worker 

0.001 NA 

0.1 9B-06 
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Table 8.5.18 
Hazard Quotients and Incremental Lifetime Cancer Risks for Surface Soil Ingestion (without FIlFC) 

SWMU 59 NSA Memphis 
Dermal RID Dermal SF Residential Scenario Site Worker Scenario 

EPC Used Used Future Adult Future Future LWA 

ChemiCal mgIkg mglkg-day kg-day/mg DAF FIIFC HQ Child HQ ll..CR HQ ll..CR 

~~~B~~0080~0:VS7:ryg~~S7:~~S?T:N~~~%0'~~~7P01~g~~~T/«7Nk.~2----~- ··.··.·.:t48-07 
4,4'-DDT 

Aroclor-1260 

MCPA 
Summary 

Not6S: 
HQ 
kg-day/mg 
LWA 
ILCR 
MCPA 
mgIkg-day 
NA 

4 NA 

3.9 0.0002S 

6.5 0.00025 

Hazard Quotient 
kilogram day per mllligram 
Lifetime Weighted Average 
Incremental Lifetime Cancer Risk 
2-medtyl-4-<:bloropbenoxyacetic acid 
mllligrams per kilogram per day 
Not Applicable 

0.68 0.5 

9 0.5 

NA 0.5 

8.5-70 

NA NA 9.6&07 
... j..i~ 

0.0087 0.029 1.3E-05 

0.015 0.05 NA 
0.6 2 6.8E-OS 

NA 
O.(j{)41 

3.8E-07 

8;6B-01 
0.087 6.5E-07 

0.018 2.98-06 
NA 
NA 

0.006 

0.01 

0.4 

2.8E-07 

2;58-00 
8.3E-08 

9.~ 
5.0E-06 

!.'tl3-OO 
NA 

2.0E-05 
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TDEC assumes all groundwater is potential drinking water. Consequently, hypothetical future site 

residential and non-residential receptors are assumed to use loess groundwater for drinking water. 2 

Carcinogenic risk and HQ estimates for groundwater exposure scenarios are presented in 3 

Table 8.5.19. Surface soil and loess groundwater exposure pathways are discussed separately for 4 

hypothetical site residents and future site workers. 5 

Hypothetical Site Residents 6 

In accordance with RAGS, risk to site residents was evaluated for carcinogens using the LWA 7 

estimates of daily intake. Noncarcinogenic risk or carcinogenic hazard was estimated separately 8 

to address child and adult exposure. As shown in Figure 8.5.6, the sum of soil and loess 9 

groundwater risk estimates was 1.86E-4, with the soil exposure pathway contributing the largest 10 

portion of projected risk. This figure is qualitative in nature, and several chemicals are not easily 11 

distinguished due to smaller risk contribution. However, the relative risk contributions from each 12 

pathway and the largest individual chemical contributors can be easily discerned. Figure 8.5.7 13 

provides a better view of the relative risk contributions from each individual chemical to the total 14 

risk. Arsenic is the largest risk contributor (37.8%). Figure 8.5.7 shows the soil and loess 15 

groundwater child hazard estimates .. Figures 8.5.8 and 8.5.9 show the relative proportional child 16 

hazard contribution from the individual chemicals. Heptachlor epoxide is the largest hazard 17 

contributor (25.6%). 18 

Surface Soil 19 

The ingestion and dermal pathway ILCRs estimated for SWMU 59 surface soil were lE-4 and 20 

2E-5, respectively (See Tables 8.5.15 and 8.5.17). The estimated HI for the adult and child 21 

residential was 0.3 and 3 for the soil ingestion pathway, respectively. The dermal contact 22 

pathway HI estimates were 0.2 and 0.5 for both the adult resident and the child resident, 23 

respectively. 24 
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Table 8.5.19 
Hazard Quotients and Incremental Lifetime Cancer Risks 

Water Ingestion of Loess Groundwter at SWMU 59 NSA Memphis 

Chemical EPCmglL 

Heptachlor 0'()00069 

Barioum 0.46 

Summary 

Oral RID Used 
mglkg-day 

0.0005 

0.07 

Oral SF Used 
kg-day/mg 

4.5 

NA 

Future Adult 
HQ 

0.004 

0.18 

0.8 

8.5-72 

Residential Scenario 

Future Child 
HQ 

0.01 

0.42 

1 

FutureLWA 
ILCR 

4.6E-06 

NA 

7E-05 

Site Worker Scenario 

Future Site 
WorkerHQ 

0.001 

0.06 

0.2 

Future Site 
WorkerlLCR 

NA 

2E-05 
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Figure 8.5.6 SWMU 59 Residential Risk Estimates 
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Figure 8.5.7 SWMU 59 Residential Risk Contributors All Pathways 

Risk Estimates are IE-S Times Value Shown 
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Figure 8.5.8 SWMU 59 Residential Child Hazard Index Estimates 
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Figure 8.5.9 SWMU 59 Residential Child Hazard Index Contributors 
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The LWA ILCR and child HI for exposure to surface soil exceeded lE-4 and 1, respectively. The 

cancer risk contributors (>E-6) include aldrin, alpha-chlordane, arsenic, Aroclor-1260, BEQ, 2 

gamma-chlordane, heptachlor, and heptachlor epoxide. Chemicals which contribute to the hazard 3 

(>0.1) include alpha-chlordane, arsenic, dieldrin, gamma-chlordane, and heptachlor epoxide. 4 

Loess Groundwater 5 

The projected ingestion-related LWA ILCR equaled 7E-5. The HIs for adult and child residential 6 

receptors were estimated to be 0.8 and 2, respectively. The major contributors to the LWA ILCR 7 

(> E-6) were dieldrin, heptachlor, and heptachlor epoxide. The primary contributors to the child 8 

HI were heptachlor epoxide, barium, and vanadium. 9 

Lead 10 

Lead was evaluated with USEPA's Isokinetic Lead Uptake Model (lEUBK-Version 0.99d-The 11 

Integrated Exposure Uptake Biokinetic Model for Lead in Children, EPA 540-R-93-081). Given 12 

site-specific data, this model calculates the lead concentration in children's blood. USEPA 13 

recommends that there should be a 5 % or less probability that the blood level in a child (age 0 to 14 

84 months) should exceed 10 mg of lead per deciliter of blood (mg/dL). This model was used to 15 

evaluate a child's blood concentration at lead's average concentration in soil and loess groundwater 16 

at SWMU 59. Lead averaged 283 mg/kg in five surface soil samples and 21.7 mg/L in three 17 

loess groundwater samples. These average values were entered into the IEUBK model, along with 18 

the program's default values for diet and house dust. Figure 8.5.10 shows the percent probability 19 

of a child's (ages 0 to 84 months) blood level exceeding 10 mg/dL. The probability equaled 20 

8.25 % which exceeds the 5 % acceptable limit. 21 

When the uptake of the average soil concentration (283 mg/kg) was considered. separate from the 22 

groundwater exposure pathway, the probability (2.7%) of a child's blood lead level exceeding 23 

10 mg/dllead does not exceed the recommended 5 %. However, when the average groundwater 24 
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concentration (21.7 mg/L) was considered separate from the soil exposure pathway, the probability 

(6.42%) exceeds 5%. Based on these results, lead is retained as a COC for groundwater, but not 2 

for soil. 3 

Hypothetical Site Workers 4 

Figure 8.5.11 shows the risk estimates from the soil and loess groundwater exposure pathways. 5 

The cumulative risk estimate for both is 3.5E-5. Figure 8.5.12 shows the portion of risk each 6 

chemical contributes to the total risk for both exposure pathways. Neither exceeds 1E-4 risk nor 7 

a HI of 1. 8 

Surface Soil 9 

Sums of the site worker ILCRs estimates are 1E-5 and 9E-6 for the incidental ingestion and dermal 10 

contact pathways, respectively. Arsenic and BEQ were the risk contributors that exceeded or 11 

equaled lE-6. 12 

Loess Groundwater 13 

The projected ingestion-related ILCR from groundwater was 2E-5, while the site worker HI was 14 

estimated to be 0.2. Dieldrin, heptachlor, and heptachlor epoxide were the only chemicals to 15 

contribute more than 1E-6 risk to the total ILCR. Heptachlor epoxide was the only chemical to 16 

contribute more than 0.1 to the HI. 17 

COCs Identified 18 

Identification of COCs was based on cumulative (all pathway) risk and hazard projected for 19 

SWMU 59. USEPA has established a generally acceptable risk range of 1E-4 to 1E-6, and an HI 20 

threshold of 1.0 (unity). In Assembly E HHRAs, a COC was considered to be any chemical 21 

contributing to a cumulative risk level of lE-4 or greater and/or a cumulative HI above 1.0, if its 22 
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Figure 8.5.10 Probability of Lead Exceeding 10 J,lg/dL in the Blood of a Child Ages 0 to 
84 Months from Incidental Soil Ingestion (Average Soil Concentration, 283 mg/kg) and 
Groundwater Ingestion (Average Concentration 21.7 Ilg/L) at SWMU 59, Calculated by 
the IEUBK Model 
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Figure 8.5.11 SWMU 59 Industrial Risk Estimates 
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Figure 8.5.12 SWMU 59 Industrial Risk Contributors All Pathways 

Risk Estimates are lE-5 Times Value Shown 
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individual ILCR exceeds lE-6 or its HQ exceeds 0.1. The exception to this rule is lead which was 

already discussed in this section. 2 

Hypothetical Site Residents 3 

Surface Soil 4 

COCs identified in surface soil at SWMU 59 included aldrin, alpha-chlordane, arsenic, 5 

Aroclor-1260, BEQ, dieldrin, gamma-chlordane, heptachlor, and heptachlor epoxide. 6 

Loess Groundwater 7 

Barium, vanadium, and heptachlor epoxide were identified as COCs in loess groundwater at 8 

SWMU 59 for this scenario based on their contribution to hazard for children. Lead was also 9 

identified as a COC based on childrens' groundwater ingestion at the age of 0 to 84 months. 10 

Future Site Workers 11 

Surface Soil 12 

No COCs were identified in surface soil at SWMU 59 for the hypothetical site worker scenario. 13 

Loess Groundwater 14 

No COCs were identified in loess groundwater for the hypothetical site worker scenario based on 15 

contribution to risk/hazard. 

8.5.4.6 Risk Uncertainty 

Several parameters contribute to risk assessment uncertainty and variability including: 

• 
• 
• 

Unknown future exposure settings and exposure pathways 

Toxicological uncertainty in the determination of SFs and RIDs 

EPC estimation 
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• Human exposure quantification 

• Elimination of some CPSS could result in some inaccurate estimations 2 

Exposure Setting and Exposure Pathways 3 

Surface Soil 4 

Currently there are no future reuse plans for SWMU 59, but a residential reuse is highly unlikely. 5 

Therefore, the residential scenario developed here is likely to overestimate exposure, which could 6 

result in overestimates in the projected risk/hazard values. 7 

Loess Groundwater 8 

Shallow groundwater is not currently used at SWMU 59 for potable or industrial purposes. The 9 

existing drinking and process water supply system at NSA Memphis is to remain in operation 10 

under the current reuse plan. As a result, groundwater use would not be expected under future 11 

site use scenarios. Therefore, the scenario established to project exposure to shallow groundwater 12 

is highly conservative and associated pathways are not expected to be completed in the future. 13 

Subsurface Soil 14 

One uncertainty for this site is the possibility of heavy construction. This HHRA addresses this 15 

possibility here. Construction work generally requires less than one year to complete a project, 16 

and chronic exposure is typically seven years or more. The current site worker scenario used in 17 

this assessment assumes 25-year exposure. Therefore, future worker assessment is considered to 18 

be protective of both current site use and future construction/maintenance exposure scenarios for 19 

surface soil. The future site resident scenario assumed existing buildings would be removed and 20 

replaced with dwellings. In addition, the future site residents and workers were assumed to use 21 

the onsite underlying aquifers as a source of drinking water. 22 
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Subsurface soil was assessed for the construction worker land use scenario in accordance with 

recommendations made by USEPA Region IV and TDEC. Most assumptions used to estimate 2 

construction worker's exposure are default site worker assumptions. The three exposure 3 

assumptions modified in accordance with USEPA and TDEC's suggestions are shown below: 4 

Exposure Duration = 0.5 year (1 year used to estimate exposure for carcinogens) 5 

Exposure Frequency = 120 days/year 6 

Ingestion Rate = 340 mg/day (modified as discussed below) 7 

The modified ingestion rate is based on the time-weighted average, assuming a worker would be 8 

exposed to a hole in the ground, incidentally ingesting 4S0 mg/day (RBCAIASTM) for 0.5 year, 9 

and 200 mg/day for 0.5 year (USEPA, 1995b). The weighted average is 340 mg/day. Intake 10 

multipliers were calculated in accordance with RAGS, as discussed in the Technical Memorandum 11 

onHHRA. 12 

Assuming a soil concentration of 1 mg/kg and applying the modified exposure assumptions 13 

presented above, this results in the following intake multipliers: 

• 
• 

Ingestion Hazard Multiplier = 1.6E-06 

Ingestion ILCR Multiplier = 1.2SE-OS 

14 

15 

16 

As presented in the Technical Memorandum on HHRA, the residential intake multipliers are: 17 

• 
• 

Ingestion Hazard Multiplier = 1.2SE-07 

Ingestion ILCR Multiplier = 1.57E-09 
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RBCs were calculated by USEPA Region ill using similar multipliers. The following equation 

can be used to calculate the RBC for a site resident exposed to soil: 

RBC= Tar~et Risk Goal 

2 

3 

Ingestion Hazard Multiplier x Slope Factor 4 

For example, the slope factor for arsenic is 1.5 kg-day/mg. Using arsenic as an example with a 5 

target risk goal of lE-6 and the residential multiplier for carcinogens shown above, the RBC 6 

would equal approximately 0.43 mg/kg, the same value shown in USEPA Region ill's RBC tables. 7 

Applying the multiplier for the construction worker scenario results in an RBC for a construction 8 

worker scenario approximately equal to 29.5 mg/kg, which is shown in Table 8.5.20. 9 

Because a linear relationship exists between the two land use scenarios, residential RBCs for 10 

noncarcinogens and carcinogens can be related to construction worker RBCs using the following 11 

multipliers: 

• 
• 

Noncarcinogens = 8 * RBCN (residential) = RB~ (construction worker) 

Carcinogens = 68.63 * RBCe (residential) = RBCe (construction worker) 

Toxicological Uncertainty 

Surface Soil 

12 

13 

14 

15 

16 

COCs include aldrin, chlordane isomers, arsenic, Aroclor-1260, BEQ, heptachlor, and heptachlor 17 

epoxide. Arsenic is the only contaminant demonstrated to be carcinogenic in humans, but 18 

primarily through inhalation of arsenic, not incidental soil ingestion and dermal exposure. Arsenic 19 

causes squamous cell carcinoma (blackfoot disease) through ingestion, but because it is curable, 20 

USEP A has a policy of tolerance to lE-3 cancer risk. Aldrin, chlordane isomers, Aroclor-1260, 21 
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Notes: 

Table 8.5.20 
Construction Worker Scenario 

SWMU59 
NSAMemphis 

MAX RBCres RBC const 

MAX - Maximum reported concentration in subsurface soil 
RBC res - Screening based on USEPA's 1998 Risk-Based Screening tables (USEPA, 1998) 
RBC const - Screening based on construction worker soil ingestion as per RBCA/ A~TM guidance 
RC - NASP reference concentration 
NA - Not applicable/not available 
N - Noncarcinogen 
C - Carcinogen 
a - industrial cleanup goals used at other federal facilities 

RC 
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BEQ, heptachlor, and heptachlor epoxide have "B2" cancer ratings, which indicates that they cause 

cancer in animals but have not been demonstrated to cause cancer in humans. This rating may 2 

result in overestimation of the cancer risk from exposure to these compounds. Most are synthetic, 3 

fat-soluble pesticides which most likely have a cumulative effect. Due to their properties, dermal 4 

exposure would be a major exposure pathway, and a long-term chronic exposure would result in 5 

detrimental effects on the liver, kidney, and the central nervous system. 6 

Loess Groundwater 7 

COCs in loess groundwater at SWMU 59 include lead, heptachlor epoxide, barium, and vanadium 8 

based on their toxicant properties. Lead exposure effects have been difficult to determine; 9 

therefore its long-term effect cannot be completely determined. The primary target organs of 10 

heptachlor epoxide are the liver and kidneys. Barium's toxic effects include muscle stimulation, 11 

central nervous system effects, and increased blood pressure. Vanadium, whose primary entrance 12 

pathway of concern is inhalation, is not readily absorbed through the dermal or gastrointestinal 13 

routes, and appears to pose little danger through water ingestion. 14 

Determination of Exposure Point Concentrations 15 

Based on the guidance provided by USEPA and as discussed in the Technical Memorandum on 16 

HHRA (E/A&H, 1997e), EPCs are used to estimate CDI (Chronic Daily Intake). The uncertainty 17 

associated with EPCs primarily stems from their statistical determination (UCLs) or imposition 18 

of maximum concentrations. 19 

Surface Soil 20 

The 95% UCLs calculated for surface soil at SWMU 59 were used for aldrin's and Aroclor-1260's 21 

EPC. For all other COPCs in surface soil, the maximum concentrations were set to the EPCs. 22 

The FI/FC fraction was used with the maximum concentrations to adjust for the spatial distribution 23 

8.5-94 



ReRA Facility Investigation Report 
Assembly E -SWMUs 2,9,14,38,59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

of the individual COPCs except for lead. See Figures 8.5.13 and 8.5.14 in the Uncertainty Section 

to see how the FI/FC was determined. The EPC was set to the average lead concentration. 2 

Loess Groundwater 3 

All COPC EPCs in loess groundwater at SWMU 59 were based on the maximum reported 4 

concentration, and therefore, exposure is likely overestimated. 5 

Frequency of Detection and Spatial Distribution 6 

Surface Soil 7 

In addition to the standard tabular presentation of risk estimates in Section 8.5.4.5, point estimate 8 

maps were plotted for surface soil to clarify the spatial distribution for risk managers. As an 9 

extension of conventional data presentation, excess cancer risk and hazard estimates were 10 

calculated for each sample location. Point estimates of risk and hazard were developed for both 11 

residential and industrial land use scenarios for relative comparison. 12 

Table 8.5.21 was generated to present risk estimates for each COC at each sample location using 13 

the ratio of the reported concentration to the corresponding ROO and risk estimate used to develop 14 

the RGO. 15 

COCs were not detected at all sample locations, as discussed in Section 8.3.2. However, 16 

concentrations were assumed to be present in site samples slightly below sample quantitation 17 

limits, when COCs were reported as nondetects. As discussed in the Technical Memorandum on 18 

HHRA (E/A&H, 1997e), the assumed concentration for a specific organic COC equals either one- 19 

half of the lowest reported hit or one-half the reported sample quantitation limit. Using one-half 20 

the lowest reported hit accounts for any elevated sample quantitation limits that could bias risk 21 

estimates and overestimate risk by using some other assumed concentration. Assumed 22 

concentrations for inorganics equal one-half of the reported sample quantitation limit. After 23 
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estimating risk for each cac and each sample location, risk estimates were summed to provide 

cumulative risk estimates for each sample location and land use scenario. Individual hazard 2 

estimates were established as well as cumulative hazard estimates for each cac and each sample 3 

location. Figures 8.5.13 and 8.5.14 show risk and hazard estimates, respectively. These figures 4 

also show the sample locations that COCs were detected. 5 

Arc View. a graphical data presentation and geographic information system software package, was 6 

used to plot risk and hazard estimates on NSA Memphis maps. The risk or hazard for individual 7 

locations was plotted using corresponding northing and easting data. All graphical presentations 8 

of risk and corresponding tables are based on RME exposure assumptions and RGOs presented 9 

in Section 8.3.4.8. Figures were developed for a residential land use scenario only. 10 

Risk and hazard point mapping is useful for determining whether hot spots (or isolated areas of 11 

gross contamination) exist within an otherwise unimpacted area and in identifying areas where 12 

remedial activities would be more effective. This information is important because heterogeneous 13 

contaminant concentrations can affect the manner in which receptors are exposed to the affected 14 

media. As discussed earlier, it is sometimes appropriate to estimate the PIIFC from the 15 

contaminated source in computing CDI. Point maps allow for visual analysis of risk and hazard 16 

distributions and facilitate estimation of the extent of hot spots relative to the overall site area. 17 

These maps also support preliminary scoping of remedial requirements as well as assessment of 18 

potential cleanup alternatives in a Corrective Measures Study. 19 

Cumulative risk maps could be misleading when different chemicals contribute to elevated risk 20 

estimates in a cluster of sample locations. Such an area could appear to be a hot spot, when 21 

chemicals with different toxicology were reported at each location. For this reason, it is important 22 

to support the figures with tables showing individual chemical concentrations along with risk and 23 
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SampieID Units Result VQUAL 

~g/kg 9.7 u 

~glkg 21 U 

~g/kg 770 u 

Table 8.5.21 

Risk and Hazard Estimates for each COPe at Each Sample Location 

SWMU 59 NSA Memphis 
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Revision I: February 2, 1998 

Residential 
LWA 

Industrial 

Assumed Cone. Param EPC ChlldHQ ILCR WorkerHQ Workerll.CR 

Heptachlor epoxide 0.0013 2.1E-OS 0.0001 4.2&09 

sum 0.004 2.1E'{)7 0.0003 4.3E-OS 

Heptachlor epoxide 0.0013 2.1E.{)8 0.0001 4.2E.{)9 

sum 0.2367 3.0E.{)6 0.0185 6.2E'{)7 

19.5 Aroclor-1260 19.5 NA 8.8E.{)8 NA 1.8E'{)8 
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Jlg/kg 38 u 

Jlglkg 20 u 

Table 8.5.21 

Risk and Hazard Estimates for each COPC at Each Sample Location 

SWMU 59 NSA Memphis 

Heptacblor epoxide 0.0013 

sum 0.066 

HeplllCblor epoxlde 0.0013 

sum 0.0143 

8.5-102 

Industrial 

2.1&08 0.0001 4.2E-09 

3.OE-07 0.0052 6.2E~ 

2.1&08 0.000099 4.2E-09 

1.3&06 0.0011 2.8E-07 



SampieID Units Result VQUAL 

Jl.g/kg 2.1 u 

Jl.glkg 21 u 

Jl.g/kg 140 JD 

Table 8.5.21 

Risk and Hazard Estimates for each COPC at Each Sample Location 

SWMU 59 NSA Memphis 

ReRA Facility Investigation Report 
Assembly E - SWMUs 2, 9, 14, 38, 59, and 65 

NSA Memphis - MiUington, Tennessee 
Revision 1: February 2, 1998 

Residential 

LWA 

Industrial 

Assumed Cone:. Param £PC CbildHQ ILCR WorkerHQ WorkerILCR 

Heptachlor epoxide 0.0013 2.lE-08 0.00010 4.2E-09 

sum 0.0039 2.1E-07 0.00030 4.3E-08 

Heptachlor epoxide 0.0013 2.064E-08 0.00010 4.20E-09 

sum 0.004 5E-07 0.0003 lE-07 

140 . Heptachlor epoxide 140 0.18 2.9E-06 0.014 5.9E-07 

sum 0.42 6.7E-06 0.033 1.4E-06 

8.5-103 



RCRA Facility Investigation Report 
Assembly E - SWMUs 2, 9, 14, 38, 59, and 65 
NSA Memphis - Millington, Tennessee 
Revision I: February 2, 1998 

Table 8.5.21 

Risk and Hazard Estimates Cor each COPC at Each Sample Location 

SWMU 59 NSA Memphis 

Residential 

LWA 

SampleID UDits Result VQUAL Assumed Cone. Param EPC Child HQ ILCR 

Slglkg 9.4 U Heptachlor epoxide 0.0013 2.1E-08 

sum 0.0039 2.lE-07 

/-lg/kg 100 U Heptachlor epoxide 0.0013 2.1E-08 

sum 0.0039 2.08E-07 

059S001002 
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Industrial 

WorkerlLCR 

0.00010 4.2E-09 

0.0003 4.3E-08 

0.00010 4.20E-09 

0.0003 4.25E-08 



Sample ID Units Result VQUAL 

l4g1kg 9S u 

Table 8.5.21 

Risk and Hazard Estimates for each COPC at Each Sample Location 

SWMU 59 NSA Mempbis 

ReRA Facility Investigation Report 
Assembly E - SWMUs 2, 9, /4, 38, 59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

Residential 

LWA 

Industrial 

Assumed Cone. Param EPC CbildHQ ILCR WorkerHQ Workern.cR 

Heptachlor epoxidc 0.0013 2.1E-08 0.00010 4.2E-09 

sum 0.0039 2.1E.()7 0.00030 4.3E-08 

sum 6.11 1.2E..()4 0.46 2E-05 

I4fl/b 200 U Heptachlor epoxide 0.0013 2.1E-08 0.00010 4.2E-09 
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059S01LS02 

Table 8.5.21 

Risk and Hazard Estimates for each COPC at Each Sample Location 

SWMU 59 NSA Memphis 

sum 1.95 

sum 0.11 

ttg/kg 2200 . D 2200 HeptacbloU\l9.xide 2200 2.8 

Industrial 

1.2B-04 0.12 2.1B"()5 

1.2B..()5 0.0091 1.9B-06 

4.5B"()5 0.22 9.2E-06 



Sample ID Units Result VQUAL 

Table 8.5.21 

Risk and Hazard Estimates for each COPC at Each Sample Location 

SWMU 59 NSA Memphis 

ReRA Facility Investigation Report 
Assembly E -SWMUs 2,9,14,38,59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

Residential 

LWA 
Industrial 

Assumed Cone. Param EPC ChildHQ ILCR WorkerHQ WorkerILCR 

sum 7.m 1.9E-04 0.6 3.7E'()5 

sum 0.35 2.2E'()5 0.018 3.4E.()6 
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hazard estimates. These tables are sorted by sample location and also show cumulative values for 

each location. 2 

Figures presented in this report are approximations which include many uncertainties. The 3 

numerous uncertainties in risk and hazard estimates presented in tables and figures should be 4 

considered by risk management when making decisions regarding the potential for exposure to site 5 

~~. 6 

Table 8.5.22 lists the PIIFC term for each COPC, frequency of detection, and abbreviated sample 7 

numbers. This table also lists comments for each COPC's spatial distribution. Table 8.5.22 and 8 

either Figure 8.5.13 or 8.5.14 can be used to visually determine the PI/FC term based on its 9 

spatial distribution at the site. 10 

4,4 '-DDT 0.5 

alpha-Chlordane 0.3 

Aroclor-1260 NA 

Table 8.5.22 
Spatial Distribution of COPes at SWMU 59 NSA Memphis 

Frequency of 
Detec:tfon 

8/15 

6/15 

2/15 

059SOOO2,0595OOO3,059SOOO4, 
059SOOO6,0595OO11,0595012, 

059S0002,059S0004,05950007, 
059Soo11,05950012,059502LS 

05950004,059Soo12 
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All detects were to the west, except 
for one at sample 05950006. 

Detects were confined to the west of 
the building, and they were close to 

other. 

The 95 % UCL was used for the 



Chemical 

Heptachlor 

MCPA 

Table 8.5.22 
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Spatial Distribution of COPes at SWMU 59 NSA Memphis 
Frequency of 

FIIFC Detection Sample Numbers 
Comments on Spatial 

Distribution 

0.15 3/15 

0.1 115 

059S0007,059SOO11, 059S02LS 

059Soo11 

Three samples were vet)' close 
together on the southeastern side of 
the building. A fourth was on the 

side. 

One detect 

Quantification of RiskIHazard 

Uncertainty in the quantification of risk/hazard is due to possible cumulative effects of CPSS 2 

previously eliminated in the risk screening and the assumptions of the parameters used to estimate 3 

human exposures. 4 

Surface Soil 5 

CPSS eliminated from the formal assessment that did not exceed RBCs or RCs did not approach 6 

within 10% of their respective RBCs. Risk and! or hazard might be underestimated if several 7 

CPSS were near their respective RBCs, but this was not the case, reducing the likelihood of 8 

potentially significant cumulative risk/hazard with respect to the eliminated CPSS. 9 

The Reasonable Maximum Exposure (RME) assumptions used to calculate the risk/hazard 10 

estimations to soil exposure is based on the 95th percentile, which tends to overestimate the 11 

risk/hazard. As a measure of variability, Central Tendency (CT) analysis was performed on 12 

surface soil exposure. In accordance with Superfund's Standard Default Exposure Factors for 13 

the Central Tendency and Reasonable Maximum Exposure-Draft (USEPA, 1993a), the exposure 14 

duration of site residents was reduced from 30 to 9 years, with two of the years for child exposure, 15 

and seven years of the years for adult exposure. Exposure frequency was reduced from 350 to 16 

234 days for site residents. 17 
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Using CT exposure assumptions, residential soil exposure ILCR estimate drops from 1.2E-4 

to 2.4E-5, and the children's HI estimate drops from 3 to 0.7. Using the CT assumptions reduces 2 

the risk and hazard of surface soils to acceptable limits for residential use. 3 

Loess Groundwater 4 

Arsenic, beryllium, and chromium all exceeded their respective tap water RBCs, but not their 5 

RCs. No other CPSS came within 10% of their tap water RBCs. 6 

When CT analysis was also performed for groundwater, site residents exposure duration was 7 

reduced from thirty to nine years and with two years for child exposure, and with seven years for 8 

adult exposure. Exposure assumptions were modified to reflect the 50th percentile rather than the 9 

95th, and EPCs were not modified. Exposure frequency was reduced from 350 to 234 days for 10 

site residents and from 250 to 219 days for site workers. The drinking water ingestion rate for 11 

an adult was reduced from 2 to 1.4 liters per day, and exposure to groundwater was reduced by 12 

25% to account for other water sources. Using these exposure assumptions, the adult and child 13 

HI was lowered from 0.8 and 2 to 0.05 and 0.2, respectively. As a result, the CT exposure 14 

scenario reduces the hazard exposure for groundwater to acceptable levels. 15 

8.5.4.7 ItlskS~ary 16 

Table 8.5.23 summarizes soil exposure pathway and groundwater exposure scenarios. 17 
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Medium and Exposure Pathway 

Soil-~ .••• ~··· .• 
Soil - Dermal Exposure 

Loess Groundwater - Ingestion 

Notes: 

HI Hazard Quotient 
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Table 8.5.23 

Summation of Exposure Pathways 

SWMU 59 - NSA Memphis 

Future Site Residents 

Adult Child 

m m 
···";32;7 

0.2 O.S 

0.8 2.1 
"" .,;""'." 

• Vii· 

LWA 

ILCR 

··9.~··· 

2.3E-OS 

7E-OS 

Current and Future Site Workers 

Worker 

m 
/o.i···· 

0.1 

0.2 

Worker 

ILCR 

1&05 

9E-06 

2E-OS 

ILCR Incremental Lifetime Cancer Risk 

LWA Lifetime Weighted Average 

Surface Soil 

Acceptable levels of risk are exceeded for the cumulative incidental ingestion and dermal exposure 2 

for the soil exposure pathway. The cumulative soil ingestion and dermal contact exceeds 1E-4. 3 

The acceptable limits for child hazard are exceeded as well. The soil ingestion and dermal 4 

exposure HI equal 2.7 and 0.5, respectively. Industrial risk and/or hazard acceptable limits are S 

not exceeded. 6 

Loess Groundwater 7 

Acceptable levels of the HI are exceeded for loess groundwater ingestion for children. The HI 8 

exceeds the threshold of 1. Industrial risk and/or hazard acceptable limits are not exceeded. 9 

8.5.4.8 Remedial Goal Options 10 

Soil 11 

Table 8.5.24 lists RGOs for LW A ILCR and child HI for residential reuse. 12 
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Loess Groundwater 

Table 8.5.25 list RGOs for LWA ILCR and child hazard residential reuse scenario. It should be 2 

noted that the EPCs for heptachlor epoxide and barium are below their respective MCLs. 3 

Vanadium's EPC is 46.8 mg/L compared to its RC of 40.9 mg/L. 4 

Table 8.5.24 
Residential Remedial Goal Options for COCs in Surface Son 

SWMU 59 NSA Memphis 
(mglkg) 

Child Child Child 
Hazard Hazard Hazard 

Heptachlor epoxide 2.2 NA 0.Q7 0.079 0.79 2.37 

Notes: 
COC Chemical of Concern 
EPC Exposure Point Concentration 
ILCR Incremental Lifetime Cancer Risk 
LWA Lifetime Weighted Average 
NA Not Applicable 
mglkg mllligram per kilogram 
RBC Risk Based Concentration 
RC Reference Concentration, Background 

Table 8.5.25 
Residential Remedial Goal Options for COCs in Loess Groundwater 

SWMU 59 NSA Memphis (all units are 14fL) 

LWA 
ILCR 

0.05 

LWA 
ILCR 

0.5 

LWA 
ILCR 

5 

Tap Child Child Child LWA LWA LWA 
MCLS Water Hazard Hazard Hazard ILCR ILCR ILCR 

Cbrmka' EPC RIC RC at 0.1 at 1 at 3 at llHi at 19-5 at 19-4 
~~~ ..<P~j~~~~(g,~i) •.• · •. N~ ··(dJ2·};6;~){~,~t .. O;Q07:)*,lb?<·ij~;t·· 
Barium 463 2000 260 442 109.5 1095 3285 NA NA NA 
V~ •• <·<··i·W~.8i~Ji.fu26n·~]9/(lij;~!lijrJ;~i28@cji:il.m'Ni\~NA····· 

Notes: 
COC Chemical of Concern 
I-lglL micrograms per liter 
NA None Available or Not Applicable 
Res. Residential Re-use 
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8.5.5.1 Introduction 2 

The focus of the SWMU 59 ERA is the terrestrial ecosystem associated with the site since other 3 

habitat types are not present. This assessment considers surface soil contaminant concentrations 4 

and distributions and exposure pathways that could result in unacceptable levels of exposure to 5 

terrestrial ecological receptors now or in the future. Potential aquatic risks associated with storm 6 

water runoff from this site is discussed in the ERA for SWMU 38 (Industrial Drainage Ditches 7 

Southside), in Section 8.4. 8 

8.5.5.2 Problem Formulation 9 

Site Description 10 

The ecological features at SWMU 59 are minimal. The site is a small wooden structure 11 

surrounded by a semicircular perimeter of mowed grass which extends no more than 10 feet from 12 

the foundation. Beyond the grass border is a large asphalt-covered parking lot and roadway 13 

(First Avenue) which service several adjacent buildings. 14 

Ecosystem at Risk 15 

Based on visual observation, no quality habitat is available at SWMU 59. The grassy area 16 

surrounding the site could potentially be used by terrestrial receptors such as passerine birds 17 

and/or small mammals as foraging areas, but given the size of the area and surrounding human 18 

activity, this is not likely. Any such occurrence would most likely be transient or opportunistic. 19 

No viable terrestrial community exists within SWMU 59. With limited habitat and lack of 20 

terrestrial receptors, the SWMU 59 area does not warrant a preliminary ecological risk 21 

assessment. 22 
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8.5.6 Fate and Transport Assessment 

Potential migration pathways associated with SWMU 59 include the surface soil erosion of sorbed 2 

constituents forming sediments and constituents leaching from soil-to-groundwater. Neither of 3 

these migration pathways should be significant at SWMU 59 due to the presence of paved and 4 

vegetated areas and because the large paved area would limit rainwater infiltration. However, 5 

these migration pathways are addressed in a screening level assessment. Also, the soil-to-air 6 

migration pathway is evaluated due to the exceedance of soil-to-air SSLs for some constituents. 7 

SWMU 59 COCs include: 8 

• Acetone, heptachlor epoxide, 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, aldrin, dieldrin, 9 

heptachlor, technical chlordane, gamma-chlordane, alpha-chlordane, 10 

benzo(a)anthracene, chrysene, and pentachlorophenol which all exceeded their respective 11 

soil-to-groundwater SSLs. 12 

• Arsenic and nickel which exceeded their respective soil-to-groundwater SSLs as well as 13 

their RCs. 14 

• Aldrin, Aroclor-1260, arsenic, BEQ, chlordane, dieldrin, heptachlor, and heptachlor 15 

epoxide which are considered COCs in surface soil in the SWMU 59 HHRA. 16 

• Barium, lead, vanadium, and heptachlor epoxide, which are considered COCs in loess 17 

groundwater in the SWMU 59 HHRA. 18 

• Heptachlor epoxide, aldrin, heptachlor, and technical chlordane which all exceeded their 19 

respective soil-to-air SSLs. 20 
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8.5.6.1 Soil-to-Groundwater Cross-Media Transport 

Nineteen constituents (acetone, alpha-chlordane, gamma-chlordane, technical chlordane, dieldrin, 2 

heptachlor, heptachlor epoxide, TPH-DRO, arsenic, barium, beryllium, chromium, cobalt, lead, 3 

mercury, nickel, tin, vanadium, and zinc) were detected in both soil and groundwater at 4 

SWMU 59. Sixteen constituents are highlighted as posing a potential soil-to-groundwater 5 

migration concern as determined by soil concentrations in excess of groundwater protection SSLs. 6 

These include one VOC (acetone), three SVOCs [benzo(a)anthracene, chrysene, and 7 

pentachlorophenol], ten pesticides (heptachlor, heptachlor epoxide, 4,4'-DDD, 4,4'-DDE, 8 

4,4'-DDT, aldrin, dieldrin, alpha-chlordane, gamma-chlordane, and technical chlordane), and two 9 

inorganics (arsenic and nickel). Generally, SVOCs, pesticides, and inorganics, have a relatively 10 

high affInity for soil particles and low water solubilities, which limits their movement to 11 

groundwater through advective and dispersive transport mechanisms. The maximum 12 

concentrations in soil of the above constituents were detected from samples collected from the 13 

grassy area of SWMU 59. This indicates the potential for an isolated area of soil-to-groundwater 14 

leaching, and since the majority of constituents are pesticides, widespread impact to the aquifer 15 

is not expected. 16 

Alpha-chlordane, gamma-chlordane, technical chlordane, dieldrin, heptachlor, heptachlor epoxide, 17 

TPH-DRO, and lead were detected in groundwater at concentrations above the tap water RBC, 18 

MCL, or other applicable groundwater screening level. All of these contaminants were detected 19 

in soil at concentrations exceeding their SSL for soil-to-groundwater transfer, with the exception 20 

of lead and TPH-DRO. No SSLs are available for lead and TPH-DRO. 21 

8.5.6.2 Soil-to-Sediment Cross-Media Transport 22 

No sediment samples were taken at SWMU 59; however, surface soil samples were taken in 23 

various locations. These locations included grass or asphalt-covered areas. The asphalt areas are 24 

irrelevant in terms of discussing soil-to-sediment transport of contaminants. The contaminants 25 
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detected in surface soil samples from the grass-covered area include nine pesticides (heptachlor 

epoxide, technical chlordane, 4,4'-DDE, 4,4'-DDT, alpha-chlordane, gamma-chlordane, 2 

heptachlor, dieldrin, and aldrin), two SVOCs [benzo(b)fluoranthene and benzo(a)pyrene], one 3 

PCB (Aroclor-1260), and two inorganics (lead and arsenic). 4 

Contaminants found in both the surface soil samples collected from SWMU 59 and the nearby 5 

sediment sample 38SMOO16 include three pesticides (4,4'-DDE, alpha chlordane, and gamma 6 

chlordane), one PCB (Aroclor 1260), and two inorganics (arsenic and lead). All of these 7 

contaminants were detected at lower concentrations in the sediment sample than in surface soil, 8 

and all contaminants but arsenic and lead were at least one order of magnitude lower. Although 9 

evidence exists that contaminants in SWMU 59 surface soil have the potential to form 10 

contaminated sediments, contaminants in sediment sample 38SM0016 cannot be directly related 11 

to SWMU 59 surface soil due to surface water and sediment from many other areas being 12 

transported by the ditches. 13 

8.5.6.3 Soil-to-Air Cross-Media Transport 14 

Contaminants detected in surface soil were screened as potential hazards to air by the soil-to-air 15 

cross-media transport mechanism. Of the contaminants detected in surface soil, only pesticides 16 

were at levels above their respective soil-to-air volatilization screening levels. These include; 17 

aldrin, heptachlor, heptachlor epoxide, and technical chlordane. It should be noted that this 18 

screening level was derived to represent the acceptable mean concentration on a 30-acre site. This 19 

approach assumes that a homogeneous source exists which can consistently emit aldrin, 20 

heptachlor, heptachlor epoxide, and technical chlordane at a rate which will result in unacceptable 21 

ambient air concentrations. The limited extent of soil impacts at SWMU 59 indicate that the 22 

source strength is far less than that assumed in the screening level development model. As a 23 

result, it was concluded that the contaminants described above in surface soil do not represent a 24 

viable threat to ambient air quality via volatilization. 25 
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It should also be noted that there were no VOCs in surface soil which exceeded their respective 

soil-to-air SSL. VOCs would represent a greater risk to ambient air quality by volatilization based 2 

on their chemical properties (e.g., higher vapor pressure and higher Henry's Law Constant). 3 

8.5.7 Conclusions and Recommendations 4 

The following conclusions are presented based on the fmdings of the RFI: 5 

• In 1990 an RFI was conducted at SWMU 59 consisting of shallow soil samples from 6 

eight boring locations surrounding Building S-335 and wipe samples from the building's 7 

interior surfaces. Several of the surface soil samples indicated chlordane and/or dieldrin 8 

at concentrations exceeding their RBC and/or SSL values, and one surface soil sample 9 

indicated arsenic exceeding its RC, RBC, and SSL. The wipe samples identified various 10 

pesticides were present on surfaces inside the building. 11 

• Soil samples collected during the Assembly E RFI indicated the presence of VOCs, 12 

SVOCs, TPH, pesticideslPCBs, herbicides, and inorganics. Significant concentrations of 13 

pesticides (particularly chlordane) and arsenic were detected in shallow soil in the non- 14 

paved area of the site. Exceedances of screening values in soil samples are provided 15 

below. 16 

Several SVOCs in soil samples exceeded screening values; benzo(a)pyrene and 17 

benzo(b)fluoranthene were indicated in hand auger samples above RBC values; 18 

benzo(a)anthracene, chrysene, and pentachlorophenol were indicated in hand auger 19 

samples above SSL values; and benzo(a)pyrene was indicated in one soil boring 20 

surface sample above its RBC value. 21 
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Several pesticides in soil samples exceeded screening values; dieldrin, heptachlor, 

heptachlor epoxide, and technical chlordane were indicated in OPT soil samples at 2 

concentrations exceeding their respective RBCs and/or SSLs; various hand auger 3 

and/or soil boring samples indicated the following pesticides at concentrations 4 

exceeding their respective RBCs and/or SSLs: 4,4'-000, 4,4'-00E, 4,4'-00T, 5 

aldrin, alpha-chlordane, Aroclor-1260, dieldrin, endrin, endrin aldehyde, gamma- 6 

chlordane, heptachlor, heptachlor epoxide, and technical chlordane. 7 

The only inorganics detected in soil at concentrations exceeding both their RCs and 8 

RBCs or SSLs were arsenic, lead, and nickel. 9 

• Groundwater samples collected during the Assembly E RFI indicated VOCs, SVOCs, 10 

TPH-ORO, pesticides, and inorganics. No VOCs or SVOCs detected in groundwater 11 

exceeded their tap water RBC or MCL (where available). TPH-ORO, detected in one 12 

loess monitoring well sample, exceeded TOEC's total TPH groundwater cleanup standard 13 

for drinking water. The pesticides dieldrin, heptachlor, heptachlor epoxide, and technical 14 

chlordane were detected in one loess monitoring well at concentrations exceeding their tap 15 

water RBCs, but not their MCLs, except for dieldrin which has no MCL. The only 16 

inorganic detected in groundwater samples at a concentration in excess of a screening level 17 

was lead in two loess monitoring well samples which exceeded both lead's TTAL and the 18 

loess groundwater RC. 19 

• During the SWMU 38 RFI, one surface and one subsurface sediment sample were 20 

collected southeast of SWMU 59 near an outfall of an underground storm sewer line. 21 

SSVs were exceeded by the following analytes in the surface sediment sample: 22 

Aroclor-1260, 4,4'-000, 4,4'-00E, arsenic, cadmium, copper, lead, and nickel. No 23 

contaminant in the surface sediment sample exceeded the residential soil RBC or soil-to- 24 
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groundwater SSL and the RC for surface soil, where applicable. No contaminant in 

subsurface sediment exceeded both the soil-to-groundwater SSL and theRC for subsurface 2 

soil, where applicable. 3 

• During the April/May 1997 groundwater sampling event the three loess and one upper 4 

fluvial deposits groundwater monitoring wells installed at SWMU 59 were sampled and 5 

analyzed for chlorinated pesticides/PCBs and VOCs. The only VOC identified was 6 

methylene chloride in one loess well and the concentration was below both its tap water 7 

RBC and MCL. No PCBs were identified in any of the groun4water samples. Dieldrin 8 

was identified in one loess well above its tap water RBC. Heptachlor epoxide was 9 

identified in the same loess well as the dieldrin detection and it was above its tap water 10 

RBC, but below its MCL. No MCL is available for dieldrin. 11 

• The HHRA estimated the risk and hazard posed by soil and groundwater contaminants at 12 

SWMU 59. Two land use scenarios were evaluated for soil contaminants: the hypothetical 13 

site resident and the future site worker. The HHRA assumes that loess groundwater will 14 

be used as a drinking water source; however, the loess will likely never be used as a 15 

potable water source at NSA Memphis due to its low yield and poor aesthetic water 16 

quality. The HHRA evaluated the ingestion routes of exposure for loess groundwater 17 

contaminants for three scenarios: the adult site resident, the child site resident, and the site 18 

worker. The fmdings are as follows: 19 

Residential Land Use: Aldrin, alpha-chlordane, arsenic, Aroc1or-1260, BEQ, 20 

dieldrin, gamma-chlordane, heptachlor, and heptachlor epoxide were identified as 21 

COCs in soil for the residential land use scenario because the sum soil risk estimate 22 

is 1E-04, which meets the upper-bound of USEP A's acceptable risk range. 23 
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Barium, vanadium, and heptachlor epoxide were identified as COCs in loess 

groundwater at SWMU 59 for this scenario based on their contribution to hazard for 2 

children. Lead was also identified as a COC based on children's groundwater 3 

ingestion at the age of 0 to 84 months. 4 

The cumulative ill estimates for the adult site resident and child site resident and 5 

site worker are 0.8 and 2. The ill estimated for the child site resident exceeds 6 

USEPA's threshold ill of 1, but the ill estimated for the adult site resident does not 7 

exceed USEPA's threshold. 8 

9 

Industrial Land Use: No COCs were identified in SWMU 59 surface soil, loess 10 

groundwater, or fluvial deposits groundwater for the industrial land use scenario. 11 

12 

• The ERA concluded there is no quality habitat available and no viable terrestrial 13 

community exists at SWMU 59. The site is surrounded by asphalt and the grassy area 14 

covers only an estimated 1,600 square feet. 15 

• The fate and transport assessment concluded the migration pathways of surface soil 16 

erosion, leaching from soil-to-groundwater, soil-to-sediment transport, and soil-to-air 17 

transfer should not be significant at SWMU 59 due to the predominance of asphalt cover 18 

and the grass that covers the small, unpaved area. 19 

The following recommendations are presented based on the fmdings of the RFI: 20 

• Pesticide contamination on the interior surface of Building S-335 and in the grass covered 21 

area surrounding the building should be addressed through the demolition of the building 22 

and a limited soil excavation. Proper removal and disposal of the building debris and 23 
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shallow soil would limit future risk to human health or the environment. Also, since loess 

monitoring well 059G02LS is in the grass area surrounding Building S-335, it will need 2 

to be abandoned prior to any soil removal in accordance with Memphis and Shelby County 3 

well abandonment regulations. A Voluntary Corrective Action Work Plan for the 4 

demolition of Building S-335 and the removal of contaminated soil both under the building 5 

and in the grass covered area adjacent to the building has been prepared and is being 6 

reviewed by the Navy. The work plan will be submitted to the BCT after Navy comments 7 

have been reviewed and addressed. 8 

• Reassess the human health risk associated with SWMU 59 following the building 9 

demolition and soil excavation, in order to decide future actions concerning the SWMU. 10 

• Conduct annual sampling and analysis of down gradient monitoring well pair 059G03LS 11 

and 059G03UF, and upgradient monitoring well 059GOILS for pesticides. 12 
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The Building S-362 Training Mock-Up Site, SWMU 65, has been used since the early 1950s to 2 

train personnel in aircraft startup. SWMU 65 includes Building S-362, a concrete pad mock-up 3 

area with spaces for approximately 15 planes; Building S-1503, a wood storage shelter; 4 

Building S-346, the former engine test cell building; and the surrounding grass-covered area. 5 

SWMU 65 is bounded by Big Creek Drainage Canal on the south and Seventh A venue on the east. 6 

A broad grassy area and levee separate the concrete pad area from Big Creek Drainage Canal. 7 

SWMU 65 topography slopes gently south. Storm water runoff from the concrete pads flows 8 

across the grassy area into a linear drainage depression along the south side of the site. An 9 

additional drainage depression bisects the site, conveying water from its west and east sides to the 10 

southern drainage depression. Drainage from both linear depressions enters a north-south drainage 11 

depression at the site's southeast comer, where it exits the SWMU and eventually enters Big Creek 12 

Drainage Canal at an outlet near Seventh Avenue. Figure 1.6 (Section 1) provides a site map of 13 

SWMU65. 14 

Two 30,OOO-gallon USTs, formerly used to fuel the test cell, were north of Building S-346. The 15 

USTs were removed in 1984, and no free product was observed in the excavated area; however, 16 

a hydrocarbon odor and discolored soil were noted in the excavation. Underground piping likely 17 

transported the jet fuel to the test cell; however, this piping has not been located. 18 

Anticipated site constituents include VOCs and SVOCs that comprise jet fuel, engine oil, and 19 

hydraulic fluids. Chlorinated solvents, such as trichloroethene, trichloroethane, and 20 

tetrachloroethene, may also have been used as cleaning compounds at SWMU 65. 21 
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8.6.1 Previous Investigation Results 

Three previous investigations have been conducted at SWMU 65. The fIrst two investigations 2 

were in response to a 25-gallonjet propulsion fuel #5 (JP-5) release on April 28, 1992. The third 3 

investigation consisted of a geophysical survey to locate the former UST area and its associated 4 

piping. The following paragraphs describe the previous investigation results. 5 

8.6.1.1 JP-S Release Investigations 6 

On May 4, 1992, Navy personnel excavated the soil in the JP-5 spill area near the easternmost 7 

concrete pad, collected four surface and subsurface soil samples, then backfllled with the 8 

excavated material. The samples were submitted to a laboratory for TPH analysis. Analytical 9 

results indicated TPH concentrations ranged from 38,900 mglkg at the surface to 5,090 mg/kg at 10 

a depth of approximately 6 feet bls near the spill area. 11 

In October and November 1992, Memphis Environmental Center Inc. performed a limited site 12 

investigation at SWMU 65 in response to the JP-5 spill (MEC, 1992). The investigation consisted 13 

of using a hollow-stem auger drill rig to advance and sample four soil borings and installing an 14 

upper alluvium groundwater monitoring well within each open borehole. Five additional soil 15 

borings were completed; three using a stainless-steel hand auger and two using a hollow-stem 16 

auger drill rig. Soil and groundwater samples were analyzed for TPH-GRO and TPH-DRO; and 17 

benzene, toluene, and xylene (BTX). Table 8.6.1 summarizes the analytical results. 18 

As shown in the table, total TPH in soil, obtained by adding the GRO and DRO fractions, ranged 19 

from nondetect to 7,930 mg/kg. The majority of total TPH in the soil samples consisted of the 20 

TPH-DRO fraction, with concentrations increasing with depth in seven of nine soil borings. The 21 

sum ofBTX constituents in soil samples ranged from nondetect to 28.0 mg/kg. Most total BTX 22 

in the soil samples consisted of xylene. Total TPH in upper alluvium groundwater ranged from 23 

8.6-2 



RCRA Facility Investigation Report 
Assembly E -SWMUs 2,9,14,38,59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

295 to 2,980 micrograms per liter (j.lg/L) and consisted primarily of TPH-DRO. No BTX was 

detected in the groundwater samples. 

Sample 
Location 

065G02UA(d) 

065G04UA(d) 

B-2 

B~3 

B-4 

065G02UA(d) 

065G04UA(d) 

Notes: 

Table 8.6.1 
Analytical Summary of Soil and Groundwater Samples - 1992 Site Investigation 

Depth 
(feet bIs) 

0-2 
4-6 

0-2 
4-6 

0-1 
1·2 
4-5 

0-2 
4-6 

4.0 - 14.0 

4.0 -14.0 

TPH-GRO(a) TPH-DROoo Total TPH(b) Benzene Toluene Xylenes Total B11«') 

ND(o) ND ND ND ND ND ND 
ND 263 263 ND ND ND ND 

ND ND ND ND ND ND ND 
15.2 479 494.2 ND ND 5.06 5.06 

ND 1,940 1,940 ND ND ND ND 
ND 4,200 4,200 ND ND 0.61 0.61 
23.1 2,450 2,473.1 ND ND 2.69 2.69 

ND 187 187 ND ND ND ND 
19.2 939 958.2 ND ND 4.54 4.54 

147 2,110 2,257 ND ND ND ND 

ND 295 295 ND ND ND ND 

a TPH-GRO and TPH-DRO refer to total petroleum hydrocarbons - gasoline range organics and diesel range organics, respectively. TPH 
was analyzed using the TN Modified S015 Method. Detection limits are provided in the Site Investigation Report (MEC, 1992). 

b Total TPH refers to the sum of TPH-GRO and TPH-DRO concentrations. 
c Total BTX refers to the sum of benzene, toluene, and xylene concentrations. BTX was analyzed using SW-846 Method 8020. Detection 

limits are provided in the Site Investigation Report (MEC, 1992). 
d The soil boring/monitoring well sample designations have been revised to reflect the current monitoring well identification system at 

Naval Support Activity (NSA) Memphis. 065001 UA, 065G02UA, 065oo3UA, and 065G04UA are the revised designations for MW-l, 
MW-2, MW-3, and MW-4, respectively. 

e ND = parameter not detected. 
f Depth reported is the well screen interval. 
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8.6.1.2 Geophysical Survey 

On July 18, 1995, EI A&H conducted a geophysical survey at SWMU 65 to verify the former 2 

location of the two USTs used to fuel Building S-346's engine test cell (E/A&H, 1995c). The 3 

EM-31 survey included a conductivity survey and an in-phase (metal detection) survey. 4 

Geophysical anomalies due to disturbed soil or metal objects were plotted on a map and compared 5 

to as-built engineering drawings obtained from the NSA Memphis Public Wor1,s Department. The 6 

conductivity survey identified a sigriificant anomaly corresponding to the USTs' former locations. 7 

This anomaly was not identified by the in-phase survey indicating the USTs had been removed. 8 

A strong, localized anomaly was identified along the southeastern boundary of the surveyed area, 9 

but its source was not determined. Two additional linear anomalies may represent buried utility 10 

lines. One anomaly bisected the survey area and the second was along the surveyed area's eastern 11 

side. 12 

8.6.2 RFI Characterization 13 

RFI characterization focused on the nature and extent of contamination in the following media: 14 

• Surface and subsurface soil near the existing monitoring wells and the former UST area 15 

• Groundwater in the upper and deep alluvium 16 

• Sediment in the two linear drainage depressions 17 

8.6.2.1 DPT Soil and Groundwater Samples 18 

Prior to installing soil borings and monitoring wells, a preliminary soil and groundwater screening 19 

investigation was conducted using DPT equipment (Geoprobe) operated by InSitu Technologies 20 

Inc. of Traveler's Rest, South Carolina. DPT screening results were used to determine the 21 

optimum placement and depth of the soil borings and monitoring wells. Based on the anticipated 22 

site constituents and sample volume limitations, TPH-GRO and TPH-DRO were selected as 23 
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indicator parameters for DPT soil samples, and VOCs as the indicator parameter for groundwater 

samples. The DPT investigation focused on the following areas: 2 

• The JP-5 spill area and existing monitoring wells (065001 UA through 065G04UA) where 3 

hydrocarbon contamination was detected in the 1992 site investigation 4 

• The former UST area, where a hydrocarbon odor was noted during the USTs' removal in 5 

1984 6 

• South of each concrete pad, where hydrocarbons would accumulate if spilled during 7 

airplane refueling and maintenance 8 

Thirty DPT soil boring locations (065S0OO1 through 065S0030) were selected, and two soil 9 

samples were collected from each boring (Figure 8.6.1). The 0 to 2-foot interval (surface) and 10 

the 5- to 7-foot interval (subsurface) were sampled at each location, except for location 065Soo23, 11 

where the subsurface sample was collected from the 7- to 9-foot interval, due to poor sample 12 

recovery in the 5- to 7-foot interval. 13 

Eleven upper alluvium groundwater samples were collected from the following locations: 14 

065GOOO1, 065G0004, 065GOOO7, 065GOOlO, 065GOO13, 065GOO15, 065GOO18,.and 065GOO21 15 

through 065GOO24 (Figure 8.6.2). Upper alluvium groundwater sample depths ranged from 13 to 16 

18 feet bls. Six deep alluvium groundwater samples were collected from locations 06500001 17 

through 065GOOO6 (Figure 8.6.2). Deep alluvium groundwater sample depths ranged from 37 to 18 

40 feet bls. 19 

Ten percent of the soil and groundwater samples were split as duplicates in accordance with the 20 

Comprehensive RFI Work Plan (E/A&H, 1994a). NET analyzed all primary and duplicate DPT 21 
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soil samples for TPH-GRO and TPH-DRO using the TN Modified 8015 Method, and all DPT 

groundwater samples for VOCs using SW-846 Method 8240. The following samples were split 2 

as duplicates during the DPT investigation: 3 

• 

• 

• 

• 

Three surface-soil samples (0 to 2-foot bls) 

065S0005 

065S0016 

065S0028 

Three subsurface-soil samples (5- to 7-foot bls) 

065S0015 

065S0016 

065S0028 

One upper alluvium groundwater sample (065GOO13) 

One deep alluvium groundwater sample (065G0004) 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

All DPT samples were collected as outlined in the Assembly E Site Investigation Plans (E/ A&H, 14 

1995a), with the following exceptions: 15 

• One DPT subsurface soil sample (location 065S0023) was collected from 7 to 9 feet bls 16 

instead of from 5 to 7 feet bls, due to poor sample recovery in the 5- to 7-foot interval. 17 
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• Eleven DPT upper alluvium groundwater samples were collected instead of the 30 samples 

proposed, due to time and equipment limitations. At least two hours were required for the 2 

Geoprobe screen point sampler to collect an adequate volume of groundwater for a VOC 3 

sample, and the Geoprobe equipment could not pull a vacuum to enhance groundwater 4 

recovery. DPT soil samples were screened with a Photovac Microtip HL 2000 5 

photo ionization detector (Pill). Based on elevated Pill readings (up to 221 ppm) in soil 6 

near the former JP-5 spill area, six of the 11 upper alluvium sampling locations were 7 

positioned surrounding and/or downslope from the former JP-5 spill area. No upper 8 

alluvium groundwater samples were collected from the former UST area because Pill 9 

readings in soil were less than 10 ppm. Two of the upper alluvium DPT groundwater 10 

samples were collocated with the deep alluvium samples along the south side of the site. 11 

The remaining four upper alluvium DPT sampling locations were equally spaced south of 12 

the concrete pads. 13 

8.6.2.2 Soil Boring and Monitoring Well Samples 14 

The optimal number, placement, and depth of the RFI soil borings and groundwater monitoring 15 

wells were based on the DPT screening investigation and the results of the 1992 site investigation. 16 

The soil borings and monitoring wells were placed to adequately characterize the nature and extent 17 

of hydrocarbon contamination in soil and groundwater in the SWMU's eastern section, to provide 18 

a geologic cross section of the alluvium, and to provide data for establishing the groundwater flow 19 

direction in the upper alluvium. Figure 8.6.3 shows the soil boring and monitoring well locations. 20 

Three upper alluvium soil borings (065S05UA, 065S06UA, and 065S07UA) were placed around 21 , 
the primary area of shallow soil and groundwater hydrocarbon contamination (near the JP-5 spill) 22 

identified during DPT screening and the 1992 site investigation. Soil boring 065S05UA was 23 

positioned upgradient, and borings 065S06UA and 065S07UA were positioned downgradient of 24 

the spill area. 25 
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The upper alluvium soil borings were advanced and continuously sampled to 20 feet bls. 

Corresponding upper alluvium monitoring wells (065G05UA, 065G06UA, and 065G07UA) 2 

installed through the open boreholes, were screened between 10 and 20 feet bIs. One deep 3 

alluvium soil boring (065S06DA), placed downgradient of the spill area, was advanced and 4 

sampled through the upper and deep alluvium into the Cockfield Formation. The 5 

Cockfield Formation was encountered at 42 feet bIs, and the boring was terminated at 46 feet bls. 6 

The corresponding monitoring well (065G06DA), installed through the open borehole, was 7 

screened between 32 and 42 feet bls in the basal 10 feet of the deep alluvium just above the 8 

Cockfield Formation. Each soil boring was advanced, soil samples collected continuously, and 9 

monitoring wells installed with a rotasonic drill rig operated by Alliance Environmental of 10 

Marietta, Ohio. 11 

The following intervals were sampled in each upper alluvium soil boring: 0.5 to 2 feet, 6 to 12 

8 feet, and 12 to 14 feet bls. Soil sample intervals were approximately 2 feet thick to collect 13 

adequate sample volume for analysis. The uppermost portion of each surface soil sample -:- which 14 

contained organic material, roots, grass, and gravel - was discarded, yielding an approximate 15 

surface soil sampling interval of 0.5 to 2 feet bls. No soil samples were collected from the deep 16 

alluvium soil boring 065S06DA because it was collocated with upper alluvium soil boring 17 

065S06UA. 18 

In accordance with the Assembly E Site Investigation Plans (E/A&H, 1995a), 10% of the soil 19 

samples were split as duplicates, which consisted of one soil sample from the 12- to 14-foot 20 

interval from soil boring 065S06UA. The primary and duplicate soil samples were submitted to 21 

NET for FSA, consisting of VOCs, SVOCs, TPH-GRO and TPH-DRO, chlorinated PCBs, 22 

organophosphorus pesticides, herbicides, Appendix IX metals, and cyanide. Section 3 lists the 23 

analytical test methods used for each soil sample, while the Attachment of the Data Validation 24 

Report -Assembly E (E/A&H, 1997a) lists analytes reported for each test method. 25 
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The three upper alluvium and one deep alluvium monitoring wells were purged and sampled in 

April 1996, several weeks after monitoring well installation and development. All groundwater 2 

samples were submitted to NET for FSA excluding TPH-GRO, since TICs from the VOC analyses 3 

would identify many of the lighter fraction hydrocarbons, if present. According to the 4 

Assembly E work plan, 10% of the groundwater samples collected during the Assembly E 5 

investigation would be split for duplicate analysis. Groundwater was sampled at SWMU 65 at the 6 

same time as groundwater sampling at other Assembly E SWMUs, with duplicate and other 7 

QAlQC groundwater samples collected assembly-wide rather than from individual SWMUs (Le., 8 

10% of the samples collected from all Assembly E SWMUs were split as duplicates). As a result, 9 

no duplicate groundwater samples were collected from SWMU 65. 10 

8.6.2.3 Sediment Samples 11 

Sediment samples were collected from the linear drainage depressions at SWMU 65 to determine 12 

if residual hydrocarbon contamination associated with past SWMU operations was present. Three 13 

sediment sample locations (065MOOOl, 065MOO02, and 065M0005) were positioned along the 14 

drainage depression along the SWMU's south side, one sediment sample location (065MOOO3) was 15 

placed in the north-south drainage depression bisecting the site, and one sediment sample location 16 

(065MOOO4) was positioned in the north-south drainage depression at the site's southeast comer, 17 

which eventually conveys storm water runoff to Big Creek Drainage Canal. The sediment samples 18 

were collected with a stainless-steel hand auger from 0 to 6 inches bis and 18 to 24 inches bls at 19 

each sampling location. The 0 to 6-inch interval sediment sample from location 065M0004 was 20 

split as a duplicate in accordance with the Assembly E Site Investigation Plans (E/A&H, 1995a). 21 

Figure 8.6.3 shows the sediment sample locations. 22 

According to the Assembly E Site Investigation Plans (EI A&H, 1995a), sediment samples would 23 

be analyzed for benzene, toluene, ethylbenzene, and xylene (BTEX), TPH-GRO, and TPH-DRO. 24 

However, TPH-DRO was inadvertently omitted from the chain-of-custody; therefore there are no 25 

TPH-DRO data for sediment samples. 26 
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8.6.3 Nature and Extent of Contamination 

The following sections describe the nature and extent of contamination in soil, groundwater, and 2 

sediment samples collected during the Assembly E SWMU 65 RFI. 3 

8.6.3.1 Nature and Extent of Soil Contamination 4 

This section summarizes the nature and extent of contamination in surface and subsurface soil 5 

samples collected at SWMU 65. It includes the results of the surface and subsurface soil samples 6 

collected during the DPT investigation and the soil boring (rotasonic drill rig) investigation. 7 

Sections 8.6.2.1 and 8.6.2.2 provide details and rationale for sample locations and intervals 8 

sampled. 9 

VOCs, SVOCs, TPH-GRO, TPH-DRO, chlorinated pesticides, herbicides, and Appendix IX 10 

metals were detected in surface and/or subsurface soil samples collected during the RFI. 11 

Constituents in surface soil are compared to their respective USEPA residential and industrial 12 

RBCs and SSLs. Constituents in subsurface soil samples are compared to their respective SSLs. 13 

Inorganics have also been compared to their established RCs, to determine if the element occurs 14 

naturally or may be the result of SWMU 65 operations. The calculations for the RCs are provided 15 

in the Technical Memorandum - Reference Concentrations (ElA&H, 1996a). 16 

8.6.3.1.1 Organic Compounds in Soil Samples 17 

VOCs, SVOCs, chlorinated pesticides, and herbicides were detected in soil samples. The 18 

following sections discuss the detected organic compound concentrations by parameter. 19 

VOCs in Soil 20 

The following VOCs were identified in soil boring samples: acetone, ethylbenzene, and total 21 

xylene. As shown in Table 8.6.2, none of the detected VOCs exceeded its respective residential 22 

RBC or SSL values. 23 
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The following SVOCs were detected in surface soil boring samples: 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b )fluoranthene 
Benzo(g ,h, i)perylene 
Benzo(k)fluoranthene 

Chrysene 
Dibenz( a,h)anthracene 
Fluoranthene 
Indeno(I,2,3-cd)pyrene 
Pyrene 

2 

3 

4 

5 

6 

7 

Benzo(a)pyrene in a surface soil sample from soil boring location 065S07UA (210 .ug/kg) was the 8 

only SY~C to exceed its residential RBC (88 .ug/kg). No SVOCs were detected in subsurface soil 9 

boring samples. Figure 8.6.4 and Table 8.6.2 show the RBC exceedance in surface soil. 10 

TPH in Soil 11 

TPH-GRO and TPH-DRO were detected in many surface and subsurface soil samples collected 12 

during the DPT investigation, but only TPH-GRO was detected in soil samples from soil 13 

borings. The USEPA has not established an RBC or SSL for TPH. For evaluation, the TDEC 14 

cleanup level of 500,000 .ug/kg for total TPH in nondrinking water aquifers (Le., the upper 15 

alluvium) with soil permeabilities ranging from 1(f to 10-6 em/sec (TDEC, 1997) has been 16 

compared to total TPH concentrations in surface and subsurface soil from both DPT screening and 17 

soil borings. As shown on Figure 8.6.5, Table 8.6.2, and Table 8.6.3, the cleanup level for total 18 

TPH was exceeded only in the 5- to 7-foot interval sample from DPT soil boring 065S0022 19 

(910,000 .ug/kg). 20 
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Pesticides in Soil 

Pesticides, detected only in soil boring samples collected from the surface interval, consisted of 2 

the following compounds: 3 

4,4'-DDT 

gamma-Chlordane 

Dieldrin 

alpha-Chlordane 

4 

5 

As shown on Table 8.6.2, dieldrin's residential RBC (40 J.lglkg) and SSL (l J.lg/kg) were exceeded 6 

at soil boring 065S07UA (340 J.lg/kg), the only soil sample where dieldrin was detected. This 7 

concentration also exceeded the RC (262 J.lg/kg) established for dieldrin at NSA Memphis in the 8 

Technical Memorandum - Surface Soil (0 to 1 foot) Background Dieldrin Concentrations at 9 

NSA Memphis (E/A&H, 1997d). However, the detected concentration did not exceed the 10 

industrial RBC (360 J.lg/kg). Figure 8.6.4 plots RBC exceedances in surface soil. Figure 8.6.6 11 

plots SSL exceedances in surface and subsurface soil. 12 

Herbicides in Soil 13 

No herbicides were detected in surface soil samples from soil borings. However, the following 14 

were detected in subsurface soil boring samples: 

2,4,5-TP (Silvex) 
MCPA 

Dinoseb 
2,4-DB 

As shown on Table 8.6.2, SSLs were not available for any of the detected herbicides. 
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VOCs 

Blbylbenzene 

Benzo(a)pyrene 

Benzo(g,h,i)perylene 

Fluoranthene 

Pyrene 

0.5 -2' 

0.5 -2' 

0.5 -2' 

0.5 -2' 

0.5 -2' 

Number of 
Det~ 

1/3 

313 

1/3 

1/3 

1/3 

1/3 

TableS.6.2 
Detected Coaceutrations of 0rpDic Compounds in SoIl Samples from SoIl Borings 

SWMU 65 - Building 5-362 Training Mock-Up Site 

,(cI 

210 

180 

94 

120 

Mea-14I 

4 

3 

210 

180 

94 

120 

(data in J.lB/kg) 

Residential SoIl 
RBCOO 
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.. 160.@.@ 
'~i 

88 
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' .. N.\ 
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o 

0 

0 
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TableS.6.2 
Detected Coaeeatratioos of Organic Compounds in Soil Samples from Soil Borings 

SWMU 65 - Building S-36l Training Mock-Up Site 
(data In I4fkg) 

Interval Nnmber of Residential Soil RBC - Res. Industrial Soil 
RBc'" ADalyte(o) (fect bIs)oo ~ Ran2e'" Mean" RBC'" Exeeedances 

alpha-Chlordane 

gamma-Chlordane 

2,4-DB 

MCPA 

Notel: 

0.5 -2' 

6 - 8' 

12 - 14' 

12· 14' 

113 

113 

113 

1/3 

1.1 

12 

6.2 

1.1 

12 

6.2 

17,000 17,000 

1,825 

NA 

NA 

NA 

o 

NA 

NA 

NA 

16,352 

NA 

NA 

NA 

RBC-Ind. 
Exeeedances 

o 
o 
o 

NA 

NA 

NA 

SSLtn 

2,000 

2,000 

SSL Exeeedances 

o 
1 (065S01UA) 

o 

a Nine soil samples were collected from three sampling locations from the following intervals: 0.5 to 2 feet bls, 6 to 8 feet bls, and 12 to 14 feet bls. The samples were submitted to the offsite laboratory for the following analyses: 
VOCs, SVOCs, TPH-GRO, TPH-DRO, chlorinated pesticideslPCBs, orgattophosphorus pesticides, chlorinated herbicides, Appendix IX metals, and cyanide. 

b Interval shown is feet below land surface 
c Range lower limit is the lowest detected analyte concentration. 
d Mean based on detected analyte concentrations only. 
e Residential and industrial screening values (RBC-Res., RBC-Ind.) are from the Risk-Bosed Concenrration Table. JtvIlIiITY to Jtme 1996 (USEPA, 19968). RBCs apply only for comparison to data from samples collected across 

the surface interval. 
f Soil Screening Levels, considered protective of contaminant transfer from soil to groundwater are from the Risk-Bosed OmcentraJion Table. JQllUQry to Jtme 1996 (USEPA. 19968). 
g NA denmes RBC comparison is not applicable to this subsurface sample. 
h The RBCs for ftuoranthene were used for benzo(g,h,i)perylene, which does not have RBCs. 

- denmes RBC or SSL is not available for this analyte; therefore, no comparison can be made. 
No RBC or SSL exists for TPH; the IDEe soil cleanup level of 500,000 I4Ikg total TPH for nondrinking water aquifers with a soil peroteability of 10" to 10" has been substituted for the SSL. Standard obtained from the Policy 
StatemenrftJr Petroleum Contaminated Sites (1DEC, 1997). 
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Detected Concentrations of TPH-GRO and TPH-DRO in DPT Soil Samples 
SWMU 6S - Buildin& 5-362 Trainin& Mock-Up Site 

(data in Il&fk&) 

Interval 
(ft bls)(b) 

Number of 
DetectionsOO 

TDEC Cleanup TDEC Cleanup 
Analyte(l) Standard(') Standard Exceedances 

TPH .. QRO o~r ··.>~i· 

·Ji~·· 
TPH -DRO 0-2' 13/30 

5 - 9' 7/30 

tl~i~~· ··i?~· 
.•.. $~~~ ·)·~itaO··· 

Notes: 

""l~ ~~~.~ ....•. 

.<~. ·<SOOjPOO 

_C':itJ1sOO • .JOo 
4,300 - 310,000 34,985 

8,400 - 650,000 154.200 

500,000 

500,000 

•·•·· .•. 500~·· "illj;..(}~liOO ...•.. ····Z1~ll·· 
rl!&:OOO····.AA~..> ····$00,000 .. 

.0 

o 
o 
o 
o 

1 (06SSOO21> 

a Sixty soil samples were colIected from thirty locations. Thirty samples were colIected from 0 to 2 feet bls, and 29 samples were 
colIected from 5 to 7 feet bls. One sample was colIected from 7 to 9 feet bls (location 065S0023) due to poor sample recovery in the 
5 to 7-foot interval. The samples were submitted to the offsite laboratory for TPH-GRO and TPH-DRO analysis by the Tennessee 
Modified 8015 Method. 

b Interval shown is in feet below land surface 
c Range lower limit is the lowest detected analyte concentration. 
d Mean based on detected analyte concentrations only. 
e No USEPA RBC or SSL has been established for TPH; therefore, the TDEC soil cleanup level of 500,000 Ilg/kg total TPH for 

nondrinking water aquifers with a soil permeability of 1(r to ur is used for comparison. The cleanup standard was obtained from the 
Policy Statement/or Petroleum Contaminated Sites (TDEC, 1997). 

f Total TPH refers to the sum of TPH-GRO and TPH-DRO. 

8.6.3.1.2 Inorganics in Soil Samples 

The following inorganics were detected in soil samples from soil borings: 2 

Arsenic Lead 3 

Barium Nickel 4 

Beryllium Selenium 5 

Cadmium Silver 6 

Chromium Tin 7 

Cobalt Vanadium 8 

Copper Zinc 9 

As shown on Table 8.6.4, no detected inorganic in surface soil exceeded both its RC and 10 

residential RBC; however, the inorganics barium and nickel were detected at concentrations 11 

exceeding both their RCs and SSLs. Figure 8.6.6 plots the RC and SSL exceedances. The 12 

following paragraphs discuss the exceedances for barium and nickel. 13 
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Barium 0.5 -2' 

6·8' 

12 - 14' 

Cadmium 0.5 - 2' 

6 - 8' 

12 - 14' 

313 

313 

3/3 

313 

213 

313 

167 - 258 

130 - 193 

120 - 272 

1.5 - 1.8 

1.4 - 2.8 

1.5 - 2.7 

215 

163 

205 

1.6 

2.1 

2.3 

5,500 

NA 

NA 

39 

NA 

NA 

Table 8.6.4 
J.)etected Coneeutr1ltioas or InorgaDics in Soil Samples From Soil Boriqs 

SWMU 6S - BuUc:Iiq 5-362 Training Mock-Up SIte 

o 

NA 

NA 

o 

NA 

NA 

(data In mg/kg) 

140,000 

NA 

NA 

1,000 

NA 

NA 

8.6-28 

o 

NA 

NA 

o 

NA 

NA 

32 3 (065S05UA, 065S06UA, 233.46 
065S07UA) 

32 3 (065S05UA, 065S06UA, 265.12 
065S07UA) 

32 3 (065S05UA, 065S06UA, 265.12 

6 

6 

6 

065S07UA) 

o 

o 

o 

1.54 

3.24 

3.24 

1 (065S05UA) 

o 

1 (065S07UA) 

o 

2 (065S05UA, 065S06UA) 

o 
o 

o 
o 
o 



Copper 

Nickel 

Silver 

Interval Number of 

0.5 -2' 

6 - 8' 

12 - 14' 

0.5 -2' 

6 - 8' 

12 -14' 

12 - 14' 

1/3 

2/3 

3/3 

3/3 

3/3 

3/3 

3/3 

18.6 

16.8 - 23.6 

16.5 - 21.6 

12.6 -15.6 

12.7 - 28.3 

18.1 - 41.6 

2.4 - 5.4 

18.6 

20.2 

19.1 

14 

20 

33 

4.1 

TableS.6.4 
Detected Coaceutrations of Inorgaaics in Soil Samples From Soil ~ 

SWMU 65 - Building S-36l Trainiag Mock-Up Site 
(data in mg/kg) 

Residential lDdustrial 

3,100 

NA 

NA 

1,600 

NA 

NA 

NA 

o 

NA 

NA 

o 

NA 

NA 

NA 

82,000 

NA 

NA 

41,000 

NA 

NA 

NA 

8.6-29 

o 

NA 

NA 

o 

NA 

NA 

NA 

21 
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o 

24.19 

32.52 

32.52 

20.62 

o 
o 
o 

o 
o 
o 
o 

21 1 (065SOSUA) NDI\) 3 (065S05UA, 065S06UA, 

21 2 (065S05UA, 065S07UA) 

065S07UA) 

ND 3 (065S05UA, 065S06UA, 
065S07UA) 

ND3.~~~~$o6tiA. 
. 06~S01t1A) 

NO.2 (063So5tiA,~A) 
ND 3 (065S05UA, 065S06UA, 

065S07UA) 
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Interval Number of 

Vanadium 0.5 - 2' 

Notes: 

6 - 8' 

12 - 14' 

3/3 

3/3 

3/3 

26.6 - 30.7 

13.6 - 36 

19.7 - 29.4 

28.5 

21.8 

23.4 

TabieS.Ci.4 
Detected CODCeDtrati_ of Inorgaaics iD Soil Samples From Soil BoriDgs 

SWMU CiS - BuIlding s.3Cil TrainiDg Mock-Up Site 
(data in mglkg) 

ResIdential Industrial 

5SO 

NA 

NA 

o 

NA 

NA 

14,000 

NA 

NA 

o 

NA 

NA 

ND 

45.11 

43.7 

43.7 

o 

o 
o 

a Nine soil samples were collected from Ihree sampling locations frum the following intervals: 0.5102 feet bls. 610 8 feet bls, and 1210 14 feet bls. The samples were submitted 10 the off site laboralOry for the following analyses: 
VOCS, SVOCs, TPH-GRO, TPH-DRO, chlorinated pesticideslPCBs. organophospborus pesticides, chlorinated herbicides, Appendix IX metals, and cyanide. 

b feet below land surface 
c Range lower limit is the lowest detected anaIyte concentration. 
d Mean based on detected analyre concentrations ooIy. 
e Residential and industrial screening values (RBC-Res .• RBC-Ind.) are from the RiIIk-&ued Concentmlion Tobie. J01/IIJ1J'y 10 June 1996 (USBPA. 19961). RBCs only apply for comparison 10 data from samples collected across the 

surface iDtervai. 
f Soil Screening Levels, considered protective of contaminant transfer from soil 10 groundwater. are from the Risk-Based Concentralion Tobie, J01/IIJ1J'y to June 1996 (USEPA. 19961). 
g Reference concentration (Re) is two times the mean background concentration estahIished for 13 baclr:ground surface soil samples and 5 background subsurface soil samples collected througbout NSA Memphis. Refer to the TechnicoJ 

Memorandum - Reference Concentrations (EI MR, 19968) for bacleground reference concentration calculations. 
h NA denotes RBC comparison is not applicable for this subsurface sample. 
i-denotes risle -based data are not available for this analyte; therefore, no comparison can be made. 
j No RBC exists for lead; the soil screening value for residential and industrial soil (400 Ji.gllcg and 1.300 Ji.glleg) from OffICe of Solid Waste and Emergency Response (OSWER) Directive 9355.4-12 are nsed for comparison. 
Ie ND denotes ana/yte was not detected in background soil samples. 
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Barium's surface soil RC (233.46 mg/kg) and SSL (32 mg/kg) were exceeded in the 0.5 to 2-foot 

interval sample from location 065S05UA (258 mg/kg). Barium's subsurface soil RC 2 

(265.12 mg/kg) and SSL were exceeded in the 12- to 14-foot interval sample from location 3 

065S07UA (272 mg/kg). 4 

Nickel's subsurface soil RC (nondetect) and SSL (21 mg/kg) were exceeded in the 6- to 8-foot 5 

interval sample from location 065S05UA (28.3 mg/kg), and the 12- to 14-foot interval samples 6 

from locations 065S05UA (41.6 mg/kg) and065S07UA (39.4 mg/kg). 7 

8.6.3.1.3 SWMU 65 Follow Up Soil Sampling Summary 8 

In June 1997, EnSafe personnel collected an additional soil sample from the spill area at 9 

SWMU 65 at the direction of the BCT to reconfrrm spill contaminants. One soil sample was 10 

collected from 3 to 4 feet bls (065S003004) to determine if TPH concentrations in soil exceeded 11 

the TDEC clean up level of 500,000 ,ug/kg for total TPH in nondrinking water aquifers with soil 12 

permeabilities ranging from 1<r to 10-6 cm/sec (TDEC, 1997). The concentrations identified in 13 

sample 065S003004 were as follows: 

• 
• 
• 

TPH at 320,000 ,ug/kg 

TPH DRO at 700,000 ,ug/kg 

TPH-GRO at 7,300 ,ug/kg 

14 

15 

16 

17 

The TPH-DRO concentration in sample 065S003004 exceeded the TDEC cleanup level for total 18 

TPH in soil. Note that the soil encountered during this sampling event was greenish-gray in color 19 

and exhibited a strong petroleum odor. 20 
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8.6.3.2 Nature and Extent of Groundwater Contamination 

As discussed in Section 4, constituents in groundwater are compared to their respective tap water 2 

RBCs and MCLs for drinking water. None of the parameters identified in SWMU 65 groundwater 3 

samples exceeded their respective MCL. Inorganics in groundwater are also compared to their 4 

established RCs to determine if they occur naturally. This discussion includes the results of the 5 

DPT screening and monitoring well groundwater samples. Sections 8.6.2.1 and 8.6.2.2 provide 6 

details and rationale for sample locations and intervals sampled. 7 

8.6.3.2.1 Organic Compounds in Groundwater Samples 8 

No SVOCs, TPH, chlorinated pesticideslPCBs, organophosphorus pesticides, or herbicides were 9 

detected in groundwater samples. VOCs were the only organic compounds detected in 10 

groundwater samples, as described below. 11 

VOCs in Groundwater 12 

Two VOCs - 2-butanone (MEK) and chloromethane - were detected in the upper alluvium 13 

groundwater samples collected during the DPT investigation. No VOCs were detected in the deep 14 

alluvium groundwater samples. As shown on Table 8.6.5, chloromethane was the only VOC that 15 

exceeded its tap water RBC (1.4 f.J-glL), with a detected concentration of 15 f.J-g/L at location 16 

065GO018. Figure 8.6.7 shows the single RBC exceedance in DPT groundwater samples. 17 

The only VOC identified in the monitoring well groundwater samples was methylene chloride in 18 

the upper alluvium at location 065G07UA (2 f.J-g/L). The detected concentration did not exceed 19 

its tap water RBC (4.1 f.J-g/L) or MCL (5 f.J-g/L). Table 8.6.6 summarizes the detected organic 20 

compounds in monitoring well groundwater samples. 21 
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Table 8.6.5 
Detected Concentrations of VOCS in DPT Groundwater Samples 

SWMU 65 - Building 8-364 Training Mockup Site 
(data in 1J.f,IL) 
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ADaiyte"" IntervaJOO Number of Detections"" Range(c} Meant'" RBC - Tap Water"" RBC Exceedances MCL - Drinking Water<" MCL Exceedances 

i~4_.~ii*<;~~j~n ······<>H~~· ···.··.1~>~1;~·f:j~~ <.,~.":" .•• " ••.•.... ········iii···· . . ···t/ . 
Chloromethane UA 1111 15 15 1.4 1 (06500018) 

Notes: 
a Eleven upper alluvium groundwater samples and six deep alluvium groundwater samples were analyzed for VOCs by USEPA Method 8240 by the off site laboratory. 
b UA = upper alluvium groundwater 
c Range lower limit is the lowest detected analyte concentration. 
d Mean based on detected analyte concentrations only. 
e Risk-based concentrations for tap water obtained from the Risk-Based Concentration Table, JQ1lIIQTY to June 1996 (USEPA, 1996a). 
f Maximum contaminant levels in drinking water obtained from the Drinking Water Regulations and Health Advisories (USEPA, 1996c). 
g denotes MCL is not available for this analyte; therefore, no comparison can be made. 
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Inorgaaics 

Barium 

Selenium 

Number of 
InteI'"f11lOO Detec:tiolJsl"l 

>tJ' 
lit 

UA 3/3 

UA 113 

.u 
:5.6 

129 - 278 

2 

TableS.'.' 
Detected Coustituents in Groundwater Samples from MODitoring WeBs 

SWMU 6S - Building 8-362 Training Mockup Site 
(data in /AgIL) 

RBC - Tap MCL - Drinking 
Mean(dl Water«'l RBC Exceedances Water'" MCL Exceedances 

0.045 . 
5.6 O.tl4S 
182 o 2,000 o 

2 180 o so o 

Zinc UA 2/3 39.2-68.2 53.7 11,000 0 ____ 5,000 o 

Nou,: 

4.2 

844 

844 

69.2 
ti9.2 
27 

51:' 
NO 

NO 

RC Exceedances 

l(~UA) 

1 (065006DA) 

o 
o 
o 
o 
o 
o 

1 (065G06UA) 

l(~~~~.66$d06UA) 
6 

2 (065G05UA. 065G06UA) 

a Groundwater samples were coDected from three upper alluvium monitoring weDs and one deep aDuvium monitoring well and analyzed by the off site laboratory for voes, SVOCs, TPH-ORO, chlorinated 
pesticidesJPCBs, organophosphorus pesticides, chlorinated herbicides, Appendix IX metals, and cyanide. 

b UA = upper alluvium groundwater; OA = deep alluvium groundwater 
c Range lower limit is the lowest detected analyte concentration. 
d Mean based on detected analyte concentrations only. 
e Risk·based concentradons for tap water obtained from the Risk-Based Concentration Table, JQ1I1IQT'Y to June 1996 (USEPA, 19900). 
f Maximum contaminant levels in drinking water obtained from the Drinking Water Regulations ami Heallil Advisories (USBPA. 1996c). 
g Reference concentration is twO times the mean background com:entradon. Analydcal data from one sampling event of one middle alluvium monitoring well was used to establish background concentrations. Refer 

to the TeclmiaJl MefllOlY1lU1wn -Reference Concentrations (BJA&H, 19900) for background reference concentration calculadons. 
h denotes risk-based data or background reference concentrations are not available for this analyte; therefore, no comparison can be made. 
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The following inorganics were detected in the groundwater samples from monitoring wells: 2 

Arsenic 

Barium 

Chromium 

Cobalt 

Nickel 

Selenium 

Vanadium 

Zinc 

3 

4 

5 

6 

Arsenic concentrations in the groundwater samples from upper alluvium location 065G05U A 7 

(4.5 IJ-g/L) and deep alluvium location 065G06DA (5.6IJ-g/L) both exceeded arsenic's tap water 8 

RBC (0.045 IJ-g/L) and RC (4.2 IJ-g/L), while both detected concentrations were below the MCL 9 

(50 IJ-g/L). No other inorganic exceeded both its RC and tap water RBC or drinking water MCL. 10 

Table 8.6.6 compares the detected inorganic constituents in groundwater to their respective RBCs 11 

for tap water, MCLs for drinking water, and RCs for alluvium groundwater. Figure 8.6.8 shows 12 

the tap water RBC exceedances for the upper and deep alluvium groundwater samples from 13 

monitoring wells. 14 

8.6.3.2.3 Groundwater Samples From the April/May 1997 Sampling Event 15 

The four upper alluvium groundwater wells installed in 1992 and the three upper alluvium and one 16 

deep alluvium groundwater wells installed in 1996 at SWMU 65 were sampled during the 17 

April/May 1997 groundwater sampling event and submitted to an offsite laboratory for analysis 18 

of VOCs, TPH, TPH-GRO, and TPH-DRO. 19 

Acetone was the only VOC identified in the groundwater samples collected during the 20 

April/May 1997 sampling event. Upper alluvium location 065G06UA had an acetone 21 

concentration of 130 IJ-g/L, which was below its tap water RBC (3,700 IJ-g/L). Acetone does not 22 

have an established MCL. 23 
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The detected concentrations of TPH, TPH-DRO, and TPH-GRO were compared to the TDEC 

groundwater cleanup level of 100 ;.tg/L total TPH for drinking water aquifers. Exceedances of 2 

this standard were indicated in upper alluvium monitoring wells 065001 UA, 065OO2UA, 3 

065G03UA, 065G04UA, and 065G05UA. Table 8.6.7 summarizes the TPH concentrations and 4 

compares them to the TDEC standard. Figure 8.6.8 plots concentrations that exceeded the TDEC 5 

standard. 6 

8.6.3.3 Nature and Extent of Sediment Contamination 7 

Section 8.6.2.3 summarizes the number of samples taken, intervals sampled, and sediment 8 

sampling locations. As previously discussed, sediment samples were analyzed only for BTEX and 9 

TPH-GRO. No SSVs exist for toluene or TPH so a comparison of SSVs to surface sediment 10 

samples is not possible. However, since the linear drainage depressions at SWMU 65 contain 11 

water only intermittently, the screening parameters used for comparison to detected contaminants 12 

are the residential and industrial RBCs and SSLs. As shown on Table 8.6.8, toluene and TPH- 13 

GRO were the only organic constituents detected in sediment samples collected from the linear 14 

drainage depressions. Toluene was detected in both intervals of all five sediment sample locations; 15 

however, no detected concentration exceeded toluene's residential RBC (16,000,000 ;.tg/kg) or 16 

SSL (5,000 ;.tg/kg). As previously discussed, TPH has no established RBe or SSL; therefore, 17 

total TPH concentrations are compared to the TDEC soil cleanup standard of 500,000 ;.tg/kg 18 

(TDEC, 1997). TPH-GRO was detected in both the surface and subsurface samples from locations 19 

065M0OO4 and 065MOOO5; however, no detected concentration exceeds the TDEC soil cleanup 20 

standard. 21 

8.6-38 



N 

t 
;SWMU 65 

~ ~:;" j,c t: 

)'i;fjrf;j:: 

005G07UAA 

LEGEND 

NO CONSTITUENT IN GROUNDWATER EXCEEDED THE RBC FOR 
TAP WATER (AND THE BACKGROUND REFERENCE CONCENTRATION, 
WHERE APPLICABLE). 

ONE OR MORE CONSTITUENTS IN GROUNDWATER EXCEEDED 
THE RBC FOR TAP WATER (AND THE BACKGROUND REFERENCE 
CONCENTRATION, WHERE APPLICABLE). 

THE GROUNDWATER SAMPLE FROM MONITORING 
WELL 065G05UA CONTAINED THE FOLLOWING 
CONSTITUENT THAT EXCEEDED ONE OR MORE 
APPLICABLE STANDARDS: 4.5 IJglL ARSENIC. 

1l9/L MICROGRAMS PER LITER 

"' TPH, TPH-GRO, OR TPH-DRO CONCENTRATIONS EXCEEDED THE 
TDEC CLEANUP STANDARD OF 100 ug/L FOR TOTAL TPH IN DRINKING WATER 
AQUIFERS (TDEC, 1997). 

200 o 200 Feet 

,.....--------

RCRA FACILITY INVESTIGATION 
NAVAL SUPPORT ACTIVITY MEMPHIS 
MILLINGTON, TENNESSEE 

FIGURE 8.6.8 
RBC AND TOTAL TPH EXCEEDANCES IN GROUNDWATER 

SAMPLES FROM MONITORING WELLS 
SWMU 65 

BUILDING 5-362 TRAINING MOCK-UP SITE 



Table 8.6.7 

ReRA Facility Investigation Report 
Assembly E -SWMUs 2,9,14,38,59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

Compounds Identifted During the AprlllMay 1997 Groundwater Monitoring WeD Sampling Event 
SWMU 6S - Building S-362 Training Mock-Up Site 

:eOO 

Total Petroleum IIydrocarbons 

TPH-GRO 

Noles: 

Numherof 
Intervafl'l Detedicms"" 

UA 2n 

,(cI 

100 - 250 

(data in J.lg/L) 

Mean 
Concentration- RBC - TaD Waterlcl RBC Exceedanees MCL Exceedanees 

--
175 l(J()lll 1 (065GOlUA) 

a Only primary samples are included on this table. Groundwater samples were collected from seven upper alluvium and one deep alluvium monitoring wells and analyzed at an offsite laboratory for VOCs, TPH, 
TPH-DRO, and TPH-GRO. 

b interval shown is the lithologic unit in the screened interval of the monitoring well. UA = upper alluvium groundwater. 
c Range lower limit is the lowest detected analyte concentratinn. 
d Mean based on detected analyte concentrations only. 
e Risk-based concentrations for tap water obtained from the Risk-Based Concentration Table, January to June 1996 (USEPA, 1996a). 
f Maximum contaminant levels in drinking water obtained from the Drinking Water Regulations and Health Advisories (USEPA, 1996c). 
g No RBC or SSL exists for TPH; the IDOC groundwater cleanup level of 100 J.lglL total TPH for drinking water aquifers bas been substituted for the RBC for tap water. Standard obtained from the Policy StoIement 

for Petroleum Contaminated SUes (TDEC, 1997). 
h denotes MCL is not available for this analyte; therefore, no comparison can be made. 
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Table 8.6.8 
Detected Concentrations of BTEX &: TPH-GRO in Sediment Samples 

SWMU tiS - Building 8-362 Training Mock-Up Site 
(datain~ 

TPH-GRO 0-6" 2/5 65 - 150 lOS -(III 

18 - 24" 2/5 93 - 130 112 NA NA NA 

Notes: 

NA 

500,<XJOI'I 

500,000 

() 

o 
o 

o 

a Only primary samples are included in this table. Ten sediment samples were collected from five sampling locations from the following intervals: 0 to 6 inches below land surface and 18 to 
24 inches below land surface. One of the 0 to 6-inch interval samples was split as a duplicate. The sediment samples were submitted to NET for analysis of BTEX and TPH-GRO (TN 
ModiIted 8015). 

b Depth is in inches below land (sediment) surface. 
c Range lower limit is the lowest detected anaIyte concentration. 
d Mean based on detected anaIyte concentrations only. 
e Soil Screening Levels, considered protective of contaminant transfer from soil to groundwater, are from the Risk-Based Concentration Table. JQ1UIQry to JUlIe 1996 (USEPA, 19963). 
f Residential and industrial screening values (RBC-Res., RBC-Ind.) are from the Risk-Based Concenlration Table, JQ1UIQry to JUlIe 1996 (USEPA, 19963). RBCs only apply to data from samples 

collected from the 0 to 6-inch interval. 
g NA denotes RBC comparison is nnt applicable to this subsurface sample. 
h denotes RBC is nnt available for this anaIyte; therefore, no comparison can be made. 

No RBC or SSL exists for TPH; the TDEe soil cleanup level of 500,000 J.lgl/cg total TPH for nondrinldng water aquifers with a soil permeability of 10' to 10-<1 has been substituted for the 
SSL. Standard obtained from the Policy Statementfor Petroleum Contaminated Sites (TDEC, 1997). 
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8.6.4 Human Health Risk Assessment for SWMU 65 

8.6.4.1 Site Background and Investigative Approach 2 

SWMU 65 includes Building S-362; a concrete pad mock-up area with spaces for approximately 3 

15 airplanes; Building S-346 the former engine test cell building; and Building S-1503 a wooden 4 

storage shelter. A detailed site description is discussed in Section 1.1.6. Two 30,000 gallon 5 

USTs formerly used to fuel the test cell were removed from this site in 1984, as described in 6 

Section 8.6. In addition, a spill of JP-5 fuel occurred in 1992. As a result, hydrocarbon 7 

contamination is present at the site. Building S-346 was used as classroom space, for training, and 8 

as a storm shelter. In addition, various aircraft were parked on 15 concrete pads west of 9 

Building S-362 for aircraft start-up training. Figure 1.6 in Section 1 is a SWMU 65 site map. 10 

This HHRA uses data from three surface soil samples and four alluvial groundwater samples. 11 

Table 3.1, previously presented, lists samples and analytical methods for each medium. Samples 12 

used in the HHRA are listed below and include DPT samples for groundwater: 13 

• Surface soil 065S05UA02, 065S06UA02, and 065S07UA02 14 

• Alluvial monitoring wells 065G05UAOl, 065G06DAOl, 065 G06UAO 1 , and 15 

065G07UAOl, 16 

• Upper alluvial DPT samples - 065GOOOI, 065G0004, 065GOO07, 065 GOO 10 , 17 

065GO013, 065G00l5, 065GOO18, and 065GOO21 18 

through 065GOO24 19 

• Deep alluvium DPT samples - 065 GOOO 1 , 065GOO02, 065GOO03, 065GOO04, 20 

065GOO05, and 065GOO6. 21 

The surface soil samples and four alluvial groundwater monitoring samples were analyzed for 22 

FSA, while the DPT groundwater samples were analyzed for VOCs only. 23 
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8.6.4.2 Identification of Chemicals of Potential Concern 

COPCs were identified in accordance with Supplemental Guidance to RAGS, Bulletin 1 Data 2 

Collection and Evaluation (USEPA, 1995b) and with methods outlined in the Technical 3 

Memorandum on HHRA (E/A&H, 1997e). Reference concentrations were used in accordance 4 

with the Technical Memorandum - Reference Concentrations (E/A&H, 1996a). 5 

Surface Soil 6 

As shown in Table 8.6.9, only dieldrin was identified as a COPC in SWMU 65 surface soil. 7 

Chemical 
4;4~~PI)T 

Acetone 

Arsenic 

BariUm 

Beryllium 
.CadJ:uiWD, 

CoPJ>e~. ,. 
·.I)ieklrin· 
Ethylbenzene 

Table 8.6.9 
Chemicals Present in Surfaee SoD Samples at SWMU 65 NSA Memphis 

Average 
Frequency Range or Range or Detected Resi- Number 

or Nondetected Detected Coneen- dential Notes Over Number 
Ynits DetestioD Upper Ii\IPtM fonceptration ~ RIC 00 RBC RC Over Rf 

auo~tte,· " ....••... '... it !~~~ •• @ilt 3< ••• ·.·'420.~.420 
ganuna~Cb1ordane 

lead'''· 
Nickel 

~ 
Selenium 

Tin 
Vanadium 

... .......... ~'}13 ... lII'~.~.r:.rA 0.45 - 0.55 0.49 39 n 0 ND NA 
~>.313 .. ,.· .. · . .I!iiA· .. ~·.·.I!iiA~;643i~ ·~~9.,~;~H;i~E \·~(33~ ··.·.0 .. 
mglkg 3 I 3 NA - NA 26.6 30.7 28.5 55 n 0 45.11 0 
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:X:Yl~Tocal 
Zinc 

Notes: 
() 

* 
** 
a 
b 
c 
n 
BEQ 
RC 
RBC 
mglkg 
mg/kg 
NA 
ND 
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Table 8.6.9 
Chemicals Present in Surface Soil Samples at SWMU 65 NSA Memphis 

Average 
Frequency Range of Range of Detected Resi-

of Nondetected Detected Concen- dential 
Units Pete_ UPper Bounds ConcenteQon tpUop RBC 

•..••. ~ ·l}.~ . ·ij~.NA.<~J.~~U4 ·16,IX)(MI()O 
mg/kg 3 3 NA --- NA 53.3 59.7 57.3 2,300 

Surrogate used based on toxicological similarity 
Identified as a chemical of potential concern 
quotient of 1.0 to 0.1 
Screening based on Residential Soil lngestion (USEPA. 1996a) 
Screening based on 400 mglkg of lead in soil 
Carcinogen 
Noncarcinogen. RBC screening value adjusted from hazard 
Benzo(a)pyrene equivalent 
Reference concentration; two-times the mean background (ElA&H. 19900) 
Risk Based Concentration (USEP A. 19900) 
micrograms per kilogram 
milligrams per kilogram 
Not applicable/Not available 
nondetect 

Notes 
(a) 

·.:,..n 
n 

Number 
Over Number 
RBC RC OverRC 

<0. NA NA 
O· 98 0 

Alluvial Groundwater 

As shown in Table 8.6.10, arsenic and chloromethane were identified as COPCs. Chloromethane 2 

was reported only in DPT samples collected from alluvial groundwater, as described in 3 

Section 8.6.2. 4 

8.6.4.3 Exposure Assessment 5 

Exposure Setting 6 

The exposure setting of SWMU 65 is a building used for classroom space, training, or as a storm 7 

shelter; the adjacent concrete pads are used for aircraft start-up training. Future land use is not 8 

expected to change at SWMU 65. 9 

Potential Exposed Populations 10 

Potentially exposed populations are current and future site workers. The hypothetical future site 11 

resident scenario was included for a relative comparison to a future site worker scenario because 12 
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Table 8.6.10 
Chemicals Present in Alluvial Groundwater Samples at SWMU 6S NSA Mempbis 

Range of 
Frequency of Nondetected Upper Range of Detected A'verage Detected Residential 

Cobalt 

·····i~~~b~ 
Nickel 

·······~.~Int.·········· 

NDles: 

IJ:g/L 
)4,1'(. 

.~~/L. 
.#,$ 

* Identified as a chemical of potential concern 
a Screening based on Residential Soil Ingestion (USEPA. 1996&) 
b MeL is 50 "gIL 
c Carcinogen 
n Noncarcinogen. RBC screening value a4justed from a hazard quotient of 1.0 to 0.1 
NA Not applicable 
RC Reference concentration; two-times the mean background concentration (ElA&H. 1996&). 
RBC Risk Based Concentration (USEPA. 1996&) 
"gil Micrograms per liter 

8.646 

RC 
Number Alluvial Number Over 

NA 

o 
o 

NA 
o 

NA 
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future land use has not been specified. However, it is unlikely that there will be future residents 

because the U.S. Army is proposing to reuse the site as a vehicle parking area, as it is paved. 2 

Exposure Pathways 3 

Exposure pathways evaluated include: incidental soil ingestion, dermal contact with soil, and 4 

groundwater ingestion, and inhalation/dermal contact of VOCs during showering all of which were 5 

assessed for both residential and site worker scenarios. Uniform exposure was assumed for all 6 

sample locations. Table 8.6.11 lists exposure pathways considered in this HHRA. 7 

Exposure Point Concentrations 8 

Three samples were collected to assess soil, and four were collected to assess groundwater. Using 9 

less than 10 samples to calculate a UCL is not generally recommended (Gilbert, 1987). A plume 10 

was not defmed for chloromethane, because it was reported in only one of 21 samples. 11 

Consequently, the maximum reported concentrations were used as the EPCs for both media. The 12 

EPC was adjusted by the FI/FC fraction to account for areas which are contaminated and areas 13 

which are not. Unadjusted EPCs and risk estimates are also presented. 14 

Dieldrin was reported in only one of three soil samples, 065S07UA02. Spatial distribution of 15 

dieldrin is shown in Figure 8.6.4. 16 

Soil risk estimates were assumed to represent exposure across the entire SWMU. Risk estimates 17 

presented in Section 8.6.4.5 can be divided by 0.5 to provide soil risk estimates for sample 18 

065S07UA02. If future exposure was focused at this location, it would not be considered a hot 19 

spot based on risk and hazard estimates below lE-4 and 1.0. 20 
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Table 8.6.11 
Exposure Pathways Summary - SWMU 6S 

NSA Memphis Millington, Tennessee 

Potentially Exposed 
Population Medium and Exposure Pathway 

HYpothetical Residents 

Hypothetical Workers 

····Ait,J!{IIiidation.Of.pseous.~ 
~>_~iI 
Air, Inhalation of chemicals entrained in 
fugitive dust 

Alluvial groundwater, Inhalation of 
VOCs from the groundwater 

Soil, Dermal contact 

Sediment, Dermal contact 

Air,I~~pseOI1s~DtS 
~ftmD.iOU ... 
Air, Inhalation of chemicals entrained in 
fugitive dust 

Alluvial groundwater, Inhalation of 
VOCs from the groundwater 

Soil, Dermal contact 

Sediment, Dermal contact 

Pathway Selected for 
Evalnation? Reasop for Selection or Exclusion 

·N~No< 
.iOU. 

No 

Yes 

Yes 

No 

No 

Yes 

Yes 

No 
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Exposure to dust generated by site users traversing 
the area would be minimized by paved and/or 
veiletated soils. 

Based on Tennessee law it is assumed that all 
groundwater is a potential source of drinking water. 
At present a base wide system supplies drinking 
water 

It is assumed that hypothetical residents would be 
to soil 

Toluene and TPH-DRO were the only chemicals 
reported in sediment. As discussed in Section 8.6.5, 
TPH-DRO has no RBC value and toluene 
concentrations did not approach their RBC values. 

Exposure to dust generated by site users traversing 
the area would be minimized by paved and/or 

Based on Tennessee law it is assumed that all 
groundwater is a potential source of drinking water. 
At present a base wide system supplies drinking 
water 

····>····lt~II~~~.~~~ 
It is assumed that workers will be exposed to soil via 

Toluene and TPH-DRO were the only chemicals 
reported in sediment. As discussed in Section 8.6.5, 
TPH-DRO has no RBC value and toluene 
concentrations did not approach their RBC values. 



Potentially Exposed 
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Exposure Pathways Summary - SWMU 6S 

NSA Memphis MIllington, Tennessee 

Populatjon Medium and Exposure Pathway 
Pathway Selected for 

Evaluation? Reason for Selestion or Exclusion 

Construction Worker 

SuTjace Soil 

Air. inhalation of chemicals entrained in 
fugitive dust 

No 

Shallow groundwater. inhalation of No 
VOCs from the groundwater 

Soil. dermal contact Yes (Qualified) 

The particulate emission factor would result in orders 
of magnitude less exposure than that which would be 
estimated for direct exposure pathways. such as 
incidental soillllgc:suU'll. 

It is assumed that a construction worker will ingest 
incidental amount of subsurface soil. This is 
4iscuped in the uncertainty Section 8.6.U. 

The EPC for dieldrin is 0.34 mg/kg. 2 

Alluvial Groundwater 3 

A uniform arsenic EPC of 5.6 f,.lg/L was used, despite the fact that nondetects were reported for 4 

arsenic in two of the four wells sampled. The reported concentrations ranged from 4.5 to 5 

5.6 f,.lg/L. Incidentally, neither reported concentration exceeded arsenic's MCL of 50 f,.lg/L. The 6 

maximum reported chloromethane concentration, 15 f,.lg/L, was used as the EPC because no plume 7 

was defmed. 8 
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Quantification of Exposure 

Exposure was quantified as discussed in the Technical Memorandum on HHRA. In accordance 2 

with the memorandum, intake calculations were incorporated into risk estimates, and chronic daily 3 

intake is not presented separately. 4 

8.6.4.4 Toxicity Assessment 5 

Toxicity assessment terms and methods are discussed in the Technical Memorandum on HHRA. 6 

Table 8.6.12 presents toxicological references for COPCs identified at SWMU 65. Toxicological 7 

profiles for SWMU 65 COPCs are also presented. 8 

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically 9 

exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and 10 

cardiovascular effects (Klaassen, et aI., 1986). USEPA set 0.3 mg/kg/day as the oral RID for 11 

arsenic based on a NOAEL of 0.8 mg/kg-day in a human exposure study. Arsenic's effects on 12 

the nervous and cardiovascular systems are primarily associated with acute exposure to higher 13 

concentrations. Exposure to arsenic-containing materials has been shown to cause cancer in 14 

humans. Inhalation of these materials can lead to increased lung cancer risk, and ingestion of 15 

these materials is associated with increased skin cancer rates. Arsenic has been classified as a 16 

group A carcinogen by USEPA, who determined the 1.5 kg-day/mg oral SF for arsenic. As listed 17 

Table 8.6.12 Toxicological References in IRIS (search date 911/95), the basis for the classification 18 

is sufficient evidence from human data. An increased lung cancer mortality was observed in 19 

multiple human populations exposed primarily through inhalation. Also, increased mortality from 20 

multiple internal organ cancers (liver, kidney, lung, and bladder) and an increased incidence of 21 

skin cancer were observed in populations consuming drinking water high in inorganic arsenic. 22 

Human milk contains about 3 mg/L arsenic (Klaassen, et aI., 1986). The RBC for arsenic in tap 23 

water is 0.038 mg/L. As listed in IRIS (search date 911195), the critical effect of this chemical is 24 

hyperpigmentation, keratosis, and possible vascular complications. The uncertainty factor was 25 

determined to be 3 and the modifying factor was determined to be 1. 26 
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Chloromethane is a clear, colorless gas that has a faintly sweet, nonirritating odor at high levels 

in the air. A naturally occurring chemical, it is made in large amounts in the oceans and is 2 

produced by some plants and rotting wood and when such materials as grass, wood, charcoal, and 3 

coal bum. Chloromethane is also produced industrially, but most of it is destroyed during use. 4 

It is used mainly in the production of other chemicals such as silicones (72 %), agricultural 5 

chemicals (8%), quaternary mines, and butyl rubber. 6 

Case reports of humans exposed acutely to high concentrations of chloromethane have described 7 

severe neurological effects, sometimes followed by death. Effects on the cardiovascular system, 8 

liver, and kidney have also been described in the case reports of humans exposed for brief periods 9 

or for more prolonged periods occupationally (Gummart, 1961; McNally, 1946; Spevak et al., 10 

1976). Numerous acute inhalation studies have identified the liver and kidney as target organs in II 

rats and mice, the spleen in mice and dogs, and the testes and epididymides as target organs in 12 

rats. These studies have shown that species differences in susceptibility exist and that generally 13 

animals are more susceptible to relatively low exposures given continuously than to relatively high 14 

exposures given intermittently (ATSDR, 1990). USEPA has ranked chloromethane as a group C IS 

carcinogen (USEPA, 1993a). Chloromethane has an oral SF as well as an inhalation SF that are 16 

1.3E-02 and 6.3E-03, respectively (HEAST, 1996). 17 

Dieldrin is a member of the cyclodiene organochlorine pesticide family. These pesticides are 18 

neurotoxins. Aldrin, dieldrin, and endrin are structurally similar. Dieldrin and endrin are 19 

stereoisomers. The IRIS oral RID and oral SF are 0.00005 mg/kg-day and 16 kg-day/mg, 20 

respectively (IRIS, 1995). Dieldrin is highly toxic and affects the central nervous system, liver, 21 

kidneys, and skin. Dieldrin causes headache, dizziness, nausea, vomiting, tremor, ataxia, clonic 22 

and tonic convulsions, and respiratory failure. The LDso for mice is 38 mg/kg. It causes cancer 23 

in animals, but inadequate evidence exists for humans. Dieldrin is no longer used or manufactured 24 

in the United States (Klaassen et al., 1986). 25 

8.6-52 



8.6.4.5 Risk Characterization 

RCRA Facility Investigation Repon 
Assembly E -SWMUs 2,9, 14,38,59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

Exposure to SWMU 65 media was assessed using two scenarios, future residential and industrial 2 

(site worker) scenarios. For each scenario, these exposure pathways were evaluated: 3 

• 
• 
• 
• 

incidental surface soil ingestion 

dermal contact with surface soil 

ingestion of groundwater 

dermal contact and inhalation of VOCs in groundwater while showering 

4 

5 

6 

7 

TDEC assumes all groundwater is potential drinking water. Consequently, alluvial groundwater 8 

was assumed to be used as a drinking water source. Tables 8.6.13 and 8.6.14 present surface soil 9 

risk estimates for the incidental ingestion pathway, while Tables 8.6.15 and 8.6.16 present surface 10 

soil risk estimates for the dermal contact exposure pathways. Tables 8.6.14 and 8.6.16 also II 

incl\!de the FI/FC fraction which is used to conservatively estimate the actual area of land which 12 

is contaminated. This FI/FC equaled 0.5 which was based on the spatial distribution of these I3 

contaminants as shown in Figure 8.6.4. Tables 8.6.17 and 8.6.18 present risk estimates for 14 

alluvial groundwater ingestion and dermal contact, respectively. IS 

Hypothetical Site Residents 16 

In accordance with RAGS, risk to site residents was evaluated for carcinogens using the LWA 17 

estimates of daily intake. Noncarcinogenic risk, or hazard was estimated separately to address 18 

child and adult exposure. As shown in Figure 8.6.9, the sum of soil and groundwater residential 19 

risk estimates exceeded lE-4, with groundwater contributing more than 90% of the risk. The 20 

ingestion and dermal ILCRs for SWMU 65 surface soil were each 4E-6. Assuming alluvial 21 

groundwater would be used as a drinking water source, risk was estimated to be 4E-6. As shown 22 

in Figure 8.6.10, arsenic and chloromethane contributed to groundwater risk, and arsenic was the 23 

primary contributor to combined risk. 24 
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Figure 8.8.10 SWMU 65 Residential Risk Contributors 

Risk Estimates are 1 E-5 Times Value Shown 
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Chemical 

Notes: 
FIlFC 
HQ 
ILCR 
kg-day/mg 
LWA 

Table 8.6.13 
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Hazard Quotients and Incremental Lifetime Cancer Risks 

Surface Soil Ingestion at SWMU 6S NSA Memphis 

OralRfD Oral SF 

EPC Used Used 

mglkg mglkg-dty kg-dayImg 

0·31 ····>'m If 

Table 8.6.14 

Residential Scenario 

Future Future 

FI/FC Adult Child 

HO HO 

9;' i;g> >W3 

Site Worker 
Scenario 

Future Future Future 

LWA Worker Worker 

ILCR HO lLCR 

Hazard Quotients and Incremental Lifetime Cancer Risks Using an FI/FC of 1.0 

Surface Soil Ingestion at SWMU 6S NSA Memphis 

EPC 

mglkg 

OralRfD 

Used 

mglkg-dty 

Fraction Ingested/Fraction Contaminated 
Hazard Quotient 
Incremental Lifetime Cancer Risk 
kilogram day per milligram 
Lifetime Weighted Average 

Residential Scenario 
Site Worker 

Scenario 

Oral SF Future Future Future Future Future 

Used FIlFC Adult Child LWA Worker Worker 

kg-Mr. BO BO ILCR BO ILCR 

mg/kg-day 
NA 
RID 
SF 
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Cbemi£al 

pi.e1dOO 

Chemi£al 

Notes: 
LWA 
DAF 
FI/FC 
HQ 
ILCR 
SF 

EPC 

mglkg 
0;34 . 

EPC 

mglkg 

Table 8.6.15 

Hazard Quotients and Incremental Lifetime Cancer Risks 

Dermal Exposure to Surface Soil at SWMU 65 NSA Memphis 

Adjusted Adjusted Residential Scenario 

Oral RID Oral SF DAF FIIFC Future Future Future 

Used Used Adult Child LWA 

Site Worker Scenario 

Future Future 

Site Worker Site Worker 

mglkg-day kg-4aylmg 80 HO ILeR HO ILCB 
9.<K1092S P 

Table 8.6.16 

Hazard Quotients and Incremental Lifetime Cancer Risks Using an FIIFC of 1.0 

Dermal Exposure to Surface Soil at SWMU 65 NSA Meniphis 

Adjusted Adjusted Residential Scenario Site Worker Scenario 

Oral RID Oral SF DAF FIIFC Future Future Future Future Future 

Used Used Adult Child LWA Site Worker Site Worker .=v. '!:::lmgO;Sill,',I,.< .. :3. 
Lifetime Weighted Average 
Dennal Adjustment Factor 

kg-day/mg 
mg/kg 
mg/kg-day 
NA 

kilogram day per milligram 
milligrams per kilogram 
milligrams per kilogram per day 
Not applicable 

Fraction Ingested/Fraction Contaminated 
Hazard Quotient 
Incremental Lifetime Cancer Risk 
Slope Factor 
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EPC 

Contaminant mglL 

Arsenic 0.0056 

Chloromethane ·0;015· 

Table 8.6.17 
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Hazard Quotients and Incremental Lifetime Cancer Risks 

AUuviai Groundwater Ingestion at SWMU 65 NSA Memphis 

Residential Scenario Site Worker Scenario 

Oral RID Oral SF Future Future Future Future Future 

Used Used Adult Child LWA Adult Adult 

mg/kI;-day kg-day/mg Hg HO ILCR HO ILCR 
·<0.0003 .. 1;5 05 >k19 1.2&04 I>;5 2~9B-(}5 

NA···· ·0.013· NA··· ·NA ·2~9B:.o6 NA 6;8B-97 
Summary 0.5 1.2 lE-04 0.5 3E-05 

Table 8.6.18 

Hazard Quotients and Incremental Lifetime Cancer Risks 

AUuvial Groundwater Inhalation and Dermal Contact While Showering at SWMU 65 NSA Memphis 

Contaminant 

Chloromethane 

Notes: 
HQ 
ILCR 
LWA 
mg/kg-day -
RID 
SF 

Residential Scenario 
Inhalation RID Inhalation Future Future Future 

SF 
EPC Used Used 

mglL mgIkg-day kg-day/ma 
. 0;015· NA 

Hazard Quotient 
Incremental Lifetime Cancer Risk 
Lifetime Weighted Average 
milligrams per kilogram per day 
Reference Dose 
Slope Factor 

<0.0063 

Adult Child LWA 
HO HO ILCR 

NK ·NA·· .. i.4fi..Q6 

Site Worker Scenario 

Future Future 

Adult Adult 

HO ILCR 

.NA 34E'-07 

As shown in Figure 8.6.11, ill estimates for child residents were 1.2 for groundwater ingestion 

anq 0.03 for soil exposure. ill estimated for the adult resident was 0.005 for the soil ingestion 2 

pathway, while ill for the child ingestion pathway was estimated to be 0.04. The dennal contact 3 

HIs were estimated to be 0.008 and 0.03 for the adult and child, respectively. The groundwater 4 

HI was estimated to be 1.2. The only contributor to surface soil ill was dieldrin, and the only 5 

contributor to ill for alluvial groundwater was arsenic. 6 
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Future Site Workers 

As shown in Figure 8.6.12, the sum of soil and groundwater exposure estimates was 3E-5. Over 2 

90 % of the risk exposure was due to alluvial groundwater contribution. The ingestion and dermal 3 

ILCRs for SWMU 65 surface soil were 5E-7, and 2E-6, respectively. Alluvial groundwater risk 4 

was estimated to be 3E-5. Dieldrin was the primary contributor to the ILCR for each soil 5 

pathway, while arsenic and chloromethane were the primary contributors to groundwater ILCR. 6 

Arsenic was the only HI contributor in alluvial groundwater. HIs estimated for the incidental 7 

ingestion and dermal contact soil pathways were 0.002 and 0.005, respectively. The HI for 8 

arsenic in alluvial groundwater was estimated to be 0.5 as shown on Figure 8.6.13. 9 

Current Site Workers 10 

Alluvial groundwater is not currently a potable water source for SWMU 65, nor is it expected to 11 

be in the future. In the absence of a completed exposure pathway, no threat to human health 12 

would be posed to current site workers. Consequently, the future site worker scenario would be 13 

protective of current site workers because the exposure frequency and exposure duration would 14 

be much less for current site workers. 15 

COCs Identified 16 

As described in the Technical Memorandum on HHRA, COCs were identified based on 17 

cumulative (all pathway) risk and hazard projected for this site. USEPA has established a 18 

generally acceptable risk range of 1E-4 to 1E-6, and an HI threshold of 1.0 (unity). In Assembly 19 

E HHRAs, a COC was considered to be any chemical contributing to a cumulative risk level of 20 

1E-6 or greater and/or a cumulative HI above 1.0, if its individual ILCR exceeds 1E-6 or its HQ 21 

exceeds 0.1. 22 

Hypothetical Site Residents (Future Land Use) 23 

Arsenic was identified as a COC for the hypothetical site resident scenario, based on the risk and 24 

hazard estimates for ingesting alluvial groundwater as a drinking water source. However, the 25 
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concentrations reported for arsenic in alluvial groundwater are approximately one order of 

magnitude less than the corresponding MCL. 2 

Hypothetical Site Workers (Future Land Use) 3 

No risk- or hazard-based COCs were identified for the hypothetical site worker scenario. 4 

Hypothetical Site Workers (Current Land Use) 5 

No risk- or hazard-based COCs were identified for the current site worker scenario. 6 

8.6.4.6 Risk Uncertainty 7 

Characterization of Exposure Setting and Identification of Exposure Pathways 8 

Residential use of the site would not be expected, based on current site uses and the nature of the 9 

surrounding buildings. If this area were to be used as a residential site, the buildings would be 10 

demolished, and the surface soil conditions would likely chan~e. Consequently, exposure to 11 

current surface soil conditions would not be likely under a true future residential scenario. These 12 

factors indicate that exposure pathways assessed in this HHRA would generally overestimate the 13 

exposure posed to current site workers and future site residents. 14 

Alluvial groundwater is not currently used at SWMU 65 for potable or industrial purposes. At 15 

present, NSA Memphis has a system that supplies drinking and process water, including 16 

Assembly E. As a result, alluvial groundwater use would not be expected under future site use 17 

scenarios. Therefore, the scenario established to estimate exposure to chemicals reported in 18 

alluvial groundwater is highly conservative. 19 

Determination of Exposure Point Concentrations 20 

Based on the guidance provided by USEPA and discussed in the Technical Memorandum on 21 

HHRA, EPCs are used to estimate exposure. The uncertainty associated with EPCs primarily 22 
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stems from their statistical determination (UCLs) or imposition of maximum concentrations. In 

the case of SWMU 65, maximum reported concentrations were used as EPCs, which would tend 2 

to overestimate exposure. 3 

Surface Soil 4 

The dieldrin EPC is the maximum reported concentration. However, the FIlPC fraction was used 5 

to conservatively adjust exposure to the areas contaminated. 6 

Dieldrin 7 

The Technical Memorandum - Surface Soil (0 to 1 foot) Background Dieldrin Concentrations at 8 

NSA Memphis (E/A&H, 1997d) stated that dieldrin was detected at NSA Memphis at relatively 9 

insignificant concentrations. Dieldrin was used extensively in the 1950s and 1960s, and was 10 

applied as a pesticide at NSA Memphis during that time period. Dieldrin was also used in the pest I I 

control trade with chlordane for general subterranean termite control. As stated in the 12 

memorandum, "this finding indicates that dieldrin levels found at each SWMU do not necessitate 13 

remedial action in the absence of other significant carcinogenic risk contributors." The average 14 

background dieldrin concentration reported in the memorandum is 0.131 mg/kg; two-times the 15 

mean is 0.262 mg/kg. Therefore, the background risk posed by dieldrin should be considered 16 

when making risk-management decisions. 17 

Subsurface Soil 18 

Construction work generally requires less than one year to complete a project, and chronic 19 

exposure is typically seven years or more. The current site worker scenario used in this 20 

assessment assumes 25-year exposure. Therefore, future worker assessment is considered to be 21 

protective of both current site use and future construction/maintenance exposure scenarios for 22 

surface soil. The future site resident scenario assumed existing buildings would be removed and 23 
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replaced with dwellings. In addition, the future site residents and workers were assumed to use 

the onsite underlying aquifers as a source of drinking water. 2 

Subsurface soil was assessed for the construction worker land use scenario in accordance with 3 

recommendations made by USEPA Region Nand TDEC. Most assumptions used to estimate 4 

construction worker's exposure are default site worker assumptions. The three exposure 5 

assumptions modified in accordance with USEPA and TDEC's suggestions are shown below: 6 

Exposure Duration = 0.5 year (l year used to estimate exposure for carcinogens) 

Exposure Frequency = 120 days/year 

Ingestion Rate = 340 mg/day (modified as discussed below) 

7 

8 

9 

The modified ingestion rate is based on the time-weighted average, assuming a worker would be 10 

exposed to a hole in the ground, incidentally ingesting 4BO mg/day (RBCNASTM) for 0.5 year, 11 

and 200 mg/day for 0.5 year (USEPA, 1995b). The weighted average is 340 mg/day. Intake 12 

multipliers were calculated in accordance with RAGS, as discussed in the Technical Memorandum 13 

onHHRA. 14 

Assuming a soil concentration of 1 mg/kg and applying the modified exposure assumptions 15 

presented above, this results in the following intake multipliers: 

• 
• 

Ingestion Hazard Multiplier = 1.6E-06 

Ingestion ILCR Multiplier = 1.2BE-OB 

16 

17 

18 

As presented in Quantification of Exposure within the Technical Memorandum on HHRA, the 19 

residential intake multipliers are: 20 
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• 
• 

Ingestion Hazard Multiplier = 1.28E-07 

Ingestion ILCR Multiplier = 1.57E-09 2 

RBCs were calculated by USEP A Region ill using similar multipliers. The following equation 3 

can be used to calculate the RBC for a site resident exposed to soil: 4 

RBC= TaT,iet Risk Goal 5 

Ingestion Hazard Multiplier x Slope Factor 6 

For example, the slope factor for arsenic is 1.5 kg-day/mg. Using arsenic as an example with a 7 

target risk goal of lE-6 and the residential multiplier for carcinogens shown above, the RBC 8 

would equal approximately 0.43 mg/kg, the same value shown in USEPA Region ill's RBC tables. 9 

Applying the multiplier for the construction worker scenario results in an RBC for a construction 10 

worker scenario approximately equal to 29.5 mg/kg, as shown in Table 8.6.19. 11 

Because a linear relationship exists between the two land use scenarios, residential RBCs for 12 

noncarcinogens and carcinogens can be related to construction worker RBCs using the following 13 

multipliers: 

• 
• 

Noncarcinogens = 8 * RBCN (residential) = RB~ (construction worker) 

Carcinogens = 68.63 * RBCc (residential) = RBCc (construction worker) 

Alluvial Groundwater 

14 

15 

16 

17 

The arsenic EPC was based on the maximum detected concentration. As a result, site-wide 18 

exposure was overestimated. In addition, it should be noted that arsenic is not likely to be the 19 

result of the JP-5 fuel spill. Arsenic is likely to be part of the natural geochemistry or past 20 

agricultural practices based on similarity to RCs. 21 
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Table 8.6.19 
Construction Worker Scenario 

SWMU65 
NSAMemphis 

MAX RBCres RBCconst 

MAX - Maximum reported concentration in subsurface soil 
RBC res - Screening based on the 1998 Risk-Based Concentration table (USEPA 1998). 
RBC const - Screening based on construction worker soil ingestion as per RBCA/ ASTM guidance 
RC - NASP reference concentration 
NA - Not applicable/not available 
N - Noncarcinogen 
C - Carcinogen 
a - industrial cleanup goals used at other federal facilities 

RC 
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Arsenic 

Arsenic was assessed as a carcinogen, and arsenic ILCR was a primary contributor to risk 2 

estimates for groundwater exposure pathways. USEP A evaluated the cancer potency of arsenic 3 

based on certain studies from the literature. Limitations in these studies and the methods used by 4 

USEPA would result in overestimates of arsenic risk. For example, arsenic's MCL is 50 mg/L 5 

(US EPA , 1996a), yet exposure to drinking water with 50 mglL arsenic would equate with risk 6 

estimates greater than lE-4. The technology-based method used to calculate the MCL for arsenic 7 

is not the same as risk-based methods used to assess risk. 8 

USEPA derived the oral SF from a Taiwanese study of human exposures to groundwater 9 

containing arsenic (Tseng et al., 1968). The assumptions used by USEPA to derive the SF may 10 

have underestimated dietary exposure to arsenic (yost et at, 1994). More recent water intake II 

values were available for the Taiwanese population. These values are higher than the historical 12 

data used by USEPA. Using higher water intake values would reduce the expected cancer 13 

potency. In addition, toxic effects of arsenic could have been exacerbated because the 14 

study population was reportedly undernourished and many had chronic liver disease (Hsueh et 15 

aI., 1995). 16 

The calculation method USEPA used to determine the SF may also have overestimated the 17 

cancer-causing potential of arsenic. A linear dose response curve was assumed by USEPA, and 18 

the dose-response curve for arsenic may be sublinear (Loehr et aI., 1989). In 1989, the USEPA 19 

Science Advisory Board concluded that, " ... at dose levels below 200-250 micrograms arsenic per 20 

day there is a possible detoxification mechanism that may substantially reduce cancer risk from 21 

the levels USEPA has calculated using a linear-quadratic model fit to the Tseng data." 22 

The Tseng study was based on water ingestion, and many studies indicate arsenic is more 23 

bioavailable from water than soil. Ingesting arsenic in soil may not elicit toxic responses, while 24 

8.6-74 



ReRA Facility Investigation Repon 
Assembly E -SWMUs 2,9,14,38,59, and 65 

NSA Memphis - Millington, Tennessee 
Revision I: February 2, 1998 

the same amount of arsenic ingested from groundwater may be toxic (ATSDR, 1992). Relative 

bioavailabilities of arsenic in soil to arsenic in groundwater range from 20% to 78% 2 

(Freeman et aI., 1993, 1994). 3 

USEPA determined that risk-based concentrations for arsenic should be multiplied by 10 to 4 

account for the uncertainty in arsenic's carcinogenicity (USEPA, 1988). For example, a 5 

risk-based concentration of 0.001 mg/L would be changed to 0.01 mg/L. In addition, the mean 6 

relative bioavailability of 78 % is recommended by USEPA to address arsenic in soil. In 7 

summary, a risk-based concentration of 1 mg/kg would be modified (e.g., 110.78 = 1.282 mg/kg) 8 

to approximately 1.28 mg/kg. The 1.28 mg/kg concentration in soil would also be adjusted to 9 

account for the uncertainty in arsenic's SF, resulting in an adjusted value of 12.8 mg/kg. The 10 

relative bioavailability factor would not be applicable to groundwater concentrations, so a 11 

risk-based groundwater concentration of 0.001 mg/L would be modified to 0.01 mg/L. Therefore, 12 

risk and hazard estimates are potentially overestimates. 13 

Frequency of Detection and Spatial Distribution 14 

The FIlFC fraction accounted for some of the spatial variation in exposure calculations. Arsenic 15 

in groundwater was detected in only two of the four samples, and chloromethane was reported in 16 

only one of 21 samples. Exposure would not be expected to be focused at only the locations where 17 

these chemicals were reported. As a result, exposure was likely overestimated. 18 

Quantification of Risk/Hazard 19 

As indicated by the discussions above, uncertainty is inherent during therisk assessment process. 20 

In addition, many site-specific factors have affected the uncertainty of this assessment that would 21 

upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of variability and 22 

uncertainty are discussed below. 23 
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Surface Soil 

Arsenic and beryllium's maximum reported concentrations exceeded their corresponding RBCs, 2 

but they were eliminated from the formal assessment based on comparisons to the RCs. 3 

Alluvial Groundwater 4 

Barium and chromium's maximum reported concentrations exceeded their corresponding RBCs, 5 

but they were eliminated from the formal assessment based on comparisons to the RCs. As a 6 

measure of variability, Central Tendency (CT) analysis was performed for groundwater. Exposure 7 

assumptions were modified to reflect the 50th percentile rather than the 95th. EPCs were not 8 

modified. In accordance with Superfund's Standard Default Exposure Factors for the Central 9 

Tendency and Reasonable Maximum Exposure-Draft (USEPA, 1993a), the exposure durations 10 

were reduced from 30 to nine years for site residents, two years for child exposure, and seven 11 

years for adult exposure. Exposure frequency was reduced from 350 to 234 days per year for site 12 

residents and from 250 to 219 for site workers. The drinking water ingestion rate for an adult was 13 

reduced from 2 to 1.4liters per day, and exposure to groundwater was reduced by 25% to account 14 

for other water sources. 15 

Future Site Residents 16 

The ILCR based on RME assumptions for alluvial groundwater was estimated to exceed 1E-4, 17 

while using CT assumptions would reduce the risk estimate to within USEPA's acceptable risk 18 

range of 1E-6 to 1E-4. Based on RME assumptions, the HI for the child residential receptor was 19 
I 

estimated to exceed 1.0. However, the HI estimate based on CT assumptions is below the USEPA 20 

threshold of 1.0. 21 

Future Site Workers 22 

No COCs were identified for this scenario, so risk was not estimated assuming CT exposure. 23 
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No COCs were identified for this scenario, so risk was not estimated assuming CT exposure. 2 

8.6.4.7 Risk Summary 3 

Table 8.6.20 summarizes risk and hazard estimates for SWMU 65. Although risk estimates 4 

exceeding USEPA's upper bound acceptable risk range were calculated assuming alluvial 5 

groundwater would be used as a drinking water source, arsenic accounted for 100% of the 6 

groundwater estimated risk. The maximum concentration reported for arsenic in alluvial 7 

groundwater is approximately one order of magnitude less than the corresponding MCL. 8 

Media and Exposure Pathway 

Soil - Incidental Ingestion 

Soil - Dermal Exposure 

Notes: 
HQ - Hazard Quotient 
lLCR - Incremental Lifetime Cancer Risk 
LWA - Lifetime Weighted Average 

Remedial Goal Options 

Adult 
HQ 

0.005 

0.008 

Table 8.6.20 
Risk Summary 

SWMU 65 - NSA Memphis 

Future Site Residents 

Child 
HQ 

0.04 

0.03 

LWA 
ILCR 

4e-06 

4e-06 

Current and Future Site Workers 

Worker 
HQ 

0.002 

0.005 

Worker 
ILCR 

5e-07 

2e-06 

9 

Although arsenic concentrations reported in alluvial groundwater are less than the corresponding 10 

MCL, based on USEPA guidance they are considered to be COCs. Table 8.6.21lists the RGOs 11 

for arsenic in alluvial groundwater, as well as the MCL. 12 
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8.6.4.8 Summary Risk Figures 

Risk figures were developed for arsenic risk and hazard in alluvial groundwater. As previously 2 

discussed, figures were developed only for a residential land use scenario, based on a child 3 

receptor for the presented risk and hazard estimates. However, estimates assuming industrial land 4 

use are provided in corresponding tables. Chloromethane contributed approximately two orders 5 

of magnitude less to cumulative risk than arsenic, so chloromethane was not included in point risk 6 

maps below. Chloromethane was reported in one DPT sample and would not change the risk 7 

estimates. DPT locations are not shown on the maps. 8 

Table 8.6.22 presents individual risk and hazard estimates for arsenic in alluvial groundwater, 9 

sorted by sample location, which are presented graphically in Figures 8.6.14 and 8.6.15, 10 

respectively. Arsenic was the only contributor to alluvial groundwater risk and hazard. Arsenic 11 

was detected in groundwater samples 065G05UAOI and 065G06DAOl. However, an assumed 12 

concentration was used for samples in which arsenic was not detected, as described in the 13 

Technical Memorandum on HHRA and shown in Table 8.6.22. 14 
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1.0 to 3.0 
• > 3.0 

065G05UA 
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Risk Risk 
LWA LWA 

at 10-6 at 10-5 
Chemical J.1g/L J.1g1L 

Arsenic 0.045 0.448 
Chlormethane 3.5 35 

Notes: 
NA - Not Applicable/Not Available 
CDC - Chemical of Concern 
ILCR - Incremental Lifetime Cancer Risk 
LWA - Lifetime Weighted Average 
J.1g/L - micrograms per liter 

Table 8.6.21 
Remedial Goal Options for COCs 

Alluvial Groundwater at SWMU 6S NSA Memphis 

Site Rerident 

Risk Child Child Child Risk 
LWA Hazard Hazard Hazard MCL LWA 

at 10-4 at 0.1 at 1 at3 at 10-6 
J.1g1L J.1g1L J.1g/L J.1g/L J.1g/L J.1g1L 

4.482 0.4693 4.69 14.08 50 0.19 
350 NA NA NA NA 14.8 

Site Worker 

Risk Risk Child Child Child 
LWA LWA Hazard Hazard Hazard 

at 10-5 at 10-4 at 0.1 atl at 3 
!!gIL J.1g1L J.1g/L J.1g1L J.1g/L 

1.9 19 1.12 11.2 33.6 
148 1480 NA NA NA 



Table 8.6.22 Risk and Hazard Estimates for COCs per Sampling Location 
Alluvial Groundwater 

SWMU65 
NSAMemphis 

Assumed Residential Industrial 
Result 

06SG07UAOl 2 UJ 

Notes: 
VQUAL - Validation qualifier 
EPC - Exposure Point Concentration 
LWA - Lifetime Weighted Average 
HQ - Hazard Quotient 

Arsenic 

ILCR - Incremental Lifetime Excess Cancer Risk 

Concentration EPC 

1 1 

ChUd LWA Site Worker 
ILCR 

0.21 2.2E"(}5 0.09 

U - The material was analyzed for, but not detected. The associated numerical value is the sample quantitation limit. 
J.1g/L - micrograms per liter 
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8.6.5.1 Introduction 2 

The focus of the ERA for SWMU 65 is on the terrestrial ecosystem associated with the site, since 3 

no other habitat types are present. The ERA considers surface soil contaminant concentrations 4 

and distributions and exposure pathways that could result in unacceptable levels of exposure to 5 

terrestrial ecological receptors now or in the future. Potential aquatic risks associated with storm 6 

water runoff are discussed in the ERA of the SWMU 38 RFI (Industrial Drainage Ditches - 7 

Southside), in Section 8.4.5. 8 

8.6.5.2 Problem Formulation 9 

Site Description 10 

The ecological features at SWMU 65 are minimal. The site is a long paved area with several 11 

buildings surrounded by a grassy field and several small stands of trees. During the initial site 12 

assessment, a series of small, isolated depressions were observed along the southern site boundary 13 

which seemed to be retaining water. When the site was active, the paved area staged numerous 14 

jet airplanes which were repeatedly started for pilot training. Over time, the thrust from these 15 

ground-starts has created shallow oblong pits in the bare ground behind each plane. Lacking top 16 . 
soil, these isolated low areas retained storm water longer than the surrounding area. This 17 

condition occasionally makes these wet areas difficult to maintain, allowing grass around the few 18 

deeper pits to grow longer. Subsequent site visits have shown that since the removal of the jets, 19 

the pits are beginning to refill through wind-blown and water-born soil and these areas are being 20 

mowed. 21 

To the south the site is bound by a high grassy berm beyond which is the Big Creek Drainage 22 

Canal. Drainage of the site itself is via two drainage ditches. Storm water from the northern 23 

portion of the site is carried northward beneath B Street to the southern branch of SWMU 38 by 24 

a small ditch and culvert. The remainder of the site is drained by a small drainage swale (not 25 
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associated with SMWU 38), which runs east near the base of the berm, beneath a small access 

road, and into a larger ditch at the southeastern comer of the site. This ditch then runs south, 2 

parallel to the tree line of the nearby woods and ultimately into Big Creek Drainage Canal. This 3 

offsite water body is included in a separate investigation. 4 

Ecosystem at Risk 5 

Based on visual observation, no quality habitat is available at SWMU 65. The grassy area 6 

surrounding the site could potentially be used by terrestrial receptors such as passerine birds 7 

and/or small mammals as foraging areas, but their occurrence would most likely be transient or 8 

opportunistic. Both the ditches on site and along the edge of the offsite woods remain dry except 9 

in direct response to precipitation, therefore do not support aquatic biota. The small wooded area 10 

southeast of the site does offer some suitable cover and foraging habitat for a variety of terrestrial 11 

species, but since no significant exposure pathway is present (from nearby drainage ditch), neither 12 

these woods nor its inhabitants are expected to be impacted by the low level of contaminants 13 

associated with SWMU 65. No viable terrestrial community exists within SWMU 65. With 14 

limited habitat and lack of terrestrial receptors, the SWMU 65 area does not warrant a preliminary 15 

ecological risk assessment. 16 

8.6.6 Fate and Transport Assessment 17 

Potential migration pathways associated with SWMU 65 include constituents leaching from soil 18 

to groundwater, and surface soil erosion of sorbed constituents forming sediments. The soil-to-air 19 

volatilization process is eliminated from further discussion based on the lack of VOCs detected in 20 

surface soil and the fact that no contaminant detected in surface soil exceeded the soil-to-air SSL. 21 

Based on local topography and associated surface water drainage patterns, the most likely 22 

receptors for constituents originating in the SWMU 65 area are the drainage depressions and 23 

Big Creek Drainage Canal. Also, groundwater is a potential receptor for constituents present in 24 

subsurface soil. 25 
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SWMU 65 contaminants of concern (COCs) include: 

• 
• 
• 
• 

Arsenic - identified in the HHRA as a COC in alluvial groundwater 

Barium - exceeded its SSL and RC in subsurface soil 

Nickel - exceeded its SSL and RC in subsurface soil 

Dieldrin - exceeded its SSL in subsurface soil 

2 

3 

4 

5 

8.6.6.1 Soil-to-Groundwater Cross-Media Transport 6 

Three constituents are highlighted as posing a potential soil-to-groundwater migration concern, 7 

as determined by soil concentrations exceeding groundwater protection SSLs. These include two 8 

inorganics (barium and nickel) and one pesticide (dieldrin). Of these constituents, only barium 9 

was present in SWMU 65 soil and groundwater. Arsenic was the only other constituent detected 10 

in soil and groundwater. Arsenic exceeded its RBC and background RC in both upper and deep 11 

alluvium groundwater, but not its soil-to-groundwater SSL, its background RC in soil, or its MCL 12 

in groundwater. Inorganics and pesticides are considered to be immobile and persistent in the 13 

environment, not readily diffusing into groundwater. The solubility of these constituents in 14 

groundwater is low, reSUlting in limited mobility in this environment. Therefore, widespread 15 

impacts to the aquifer are not expected. 16 

Chloromethane, methylene chloride, and 2-butanone were detected in groundwater at SWMU 65 17 

but not detected in soil; however, none of these constituents exceeded its respective RBCs. 18 

Continued impact to groundwater is not expected from these constituents due to their absence in 19 

soil. 20 

Potential receptors relating to groundwater contamination are two production wells (pW -4 and 21 

PW-5). PW-4 is approximately 5,600 feet northwest of SWMU 65, while PW-5 is approximately 22 

4,500 feet northwest of SWMU 65. It is highly unlikely that groundwater contamination would 23 
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migrate horizontally to the production well locations based on the groundwater flow direction and 

the travel distance. Dilutional effects would also greatly reduce concentrations should they travel 2 

this distance. Both production wells are screened greater than 1,400 feet bls and conftning units 3 

that separate the screened interval from loess, alluvial, and fluvial deposits groundwater would 4 

greatly limit vertical contaminant migration. 5 

Based on the limited impacts to groundwater and the tendency for inorganics and pesticides to sorb 6 

to the soil matrix, soil contaminants identifted at SWMU 65 are not expected to adversely impact 7 

~~. 8 

8.6.6.2 Soil-to-Sediment Cross-Media Transport 9 

The presence of concrete areas within SWMU 65 somewhat mitigates the potential for soil to form 10 

sediments from surface water runoff. However, grass-covered areas and drainage swales at 11 

SWMU 65 could transport surface soil contaminants. 12 

Acetone was the only VOC detected in surface soil at SWMU 65. The remaining constituents 13 

identified in soil include SVOCs, pesticides, and inorganics, which all typically sorb to soil 14 

particles and do not readily diffuse into water. Therefore, their only transport process in surface 15 

soil would be soil-to-sediment transport as a result of erosion. 16 

The SWMU 65 topography generally slopes to the south and storm water falling on the concrete 17 

pads typically flows south to the grassy area and into a drainage swale along the south side of the 18 

site. The vegetative cover at SWMU 65 should aid in preventing erosion of surface soil; 19 

therefore, any surface soil contamination is not expected to migrate significant distances, if at all. 20 
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The following conclusions are presented based on the fmdings of the RFI: 2 

• A limited site investigation of SWMU 65 was conducted in 1992 in the area of a JP-5 3 

spill. TPH-GRO, TPH-ORO, and BTEX were identified in soil samples from the surface 4 

to 6 feet bls. TPH-GRO and TPH-ORO were also detected in the four upper alluvium 5 

monitoring wells installed during the 1992 investigation. 6 

• Soil samples collected during this RFI indicated the presence of VOCs, SVOCs, 7 

chlorinated pesticides, herbicides, and inorganics. No VOC exceeded any screening 8 

value. The only SVOC exceedance was for benzo(a)pyrene in one soil boring's surface- 9 

soil sample; the detected concentration exceeded its residential RBC only. One OPT 10 

subsurface soil sample exhibited a total TPH concentration exceeding the IDEC soil 11 

cleanup level for total TPH. The only pesticide that exceeded screening values was 12 

dieldrin in one soil boring surface-soil sample; the detected concentration exceeded its 13 

residential RBC, SSL, and RC. No detected inorganic in surface soil exceeded both its 14 

RC and residential RBC; however, barium concentrations in one surface and one 15 

subsurface soil boring sample, and nickel in one surface and two subsurface soil boring 16 

samples, exceeded both their RC and SSL. 17 

• No SVOCs, TPH, chlorinated pesticides/PCBs, organophosphorus pesticides, or 18 

herbicides were detected in the monitoring well groundwater samples collected during this 19 

RFI. Chloromethane, detected in only one OPT groundwater sample, was the only VOC 20 

in groundwater to exceed its tap water RBC. The arsenic concentration in one upper 21 

alluvium monitoring well and one deep alluvium monitoring well exceeded both its RC 22 

and tap water RBC; however, both detected concentrations were below arsenic's MCL. 23 
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• In April/May 1997 the four upper alluvium groundwater wells installed in 1992 and the 

three upper alluvium and one deep alluvium groundwater wells installed in 1996 were 2 

sampled and analyzed for VOCs, TPH, TPH-GRO, and TPH-DRO. The TPH, TPH- 3 

GRO, or TPH-DRO concentrations identified in five of the seven upper alluvium 4 

monitoring wells exceeded the TDEC groundwater cleanup level of 100 /-tg/L total TPH 5 

for drinking water aquifers. 6 

• Ten sediment samples were collected from five locations during this RFI and analyzed for 7 

TPH-GRO and BTEX. Toluene, detected in all 10 samples, did not exceed its residential 8 

RBC or SSL. TPH-GRO was present in several sediment samples, but no detected 9 

concentration exceeded the TDEC soil cleanup standard. 10 

• The HHRA identified arsenic as a COC for the hypothetical site resident scenario, based 11 

on the risk and hazard estimates for ingesting alluvial groundwater as a drinking water 12 

source. However, the concentrations reported for arsenic in alluvial groundwater are 13 

approximately one order of magnitude less than the corresponding MCL. Arsenic was 14 

not an anticipated site constituent and no records are available that indicate its use at 15 

SWMU 65, so it may be naturally occurring or a residual from past agricultural practices. 16 

• The ERA determined no quality habitat is available at SWMU 65, which has no viable 17 

terrestrial community. 18 

• Based on the limited impact to alluvial groundwater and the tendency for inorganics and 19 

pesticides to sorb to the soil matrix, soil contaminants identified at SWMU 65 are not 20 

expected to adversely impact the aquifer. 21 

8.6-90 



RCRA Facility Investigation Report 
Assembly E -SWMUs 2,9,14,38,59, and 65 

NSA Memphis - Millington, Tennessee 
Revision 1: February 2, 1998 

The following recommendations are presented based on the fmdings of the RFI: 

• Assess the need for a Voluntary Corrective Action to remove soil around the JP-5 spill 2 

area, after the BCT evaluates the data from the soil sample collected to characterize the 3 

former JP-5 fuel spill area. 4 

• Final determination on SWMU 65 groundwater should be deferred until the analytical 5 

results from the most recent groundwater sampling event have been evaluated by the 6 

BCT. 7 
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Table 9.1.1 on the following page summarizes the conclusions and recommendations of the 2 

Assembly E RFI. 3 
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Table 9.1 
Assembly E RFI Coadusioos Summary 

9 - Sewage Lagoons 

Suspected 

Two lagoons (400,000 and 141,000 VOCs, SVOCs, and 
sf) used as part of the wastewater metals 
treatment system from 1969 to 
1978. Although primarily domestic 
wastewater was treated, limited 
amounts of industrial wastewater 
from aircraft maintenance were 
treated. 

Groundwater: Site Resident 
Alluvial - arsenic, 
Chloroform, TCE 

FIsh ingestion: 
4.4'-DDE, 
Aroclor-1254, 
Aroclor-1260, arsenic 

Adult Site Yes 
Resident, Child 
Site Resident 

Adult Site 
Resident, Child 
Site Resident, 
Adolescent 
Trespasser, 
Child 
Trespasser 

38 - Misc. Southside 
Drainage Ditches 

Drainage Ditches Sediment No COCs were Not applicable Not applicable No 
contaminants from identified. 
former industrial 
discharges including 
pesticides, metals, 
and SVOCs 

9-2 

Continue annual groundwater monitoring for 
VOCs, TPH-GRO, and TPH-DRO. Continue 
the ban on fIShing at the lagoons. Assess The 
TCE in SWMU 9 groundwater during the 
SWMU 2 investigation. 

No further action is recommended for SWMU 
38. 



65 - Building S-362 
Training Mock-up Site 
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Aireraft parking; jet engine testing; 
aircraft engine slartUp training; two 
3O,OOO-gallon JP-5 USTs used to 
fuel the test cell 

Table 9.1 
Assembly E RFI Conclusions Summary 

Suspec:ted 

Petroleum-related 
contamination 
including VOCs and 
SVOCs 

Groundwater: Site Resident 
Alluvial - arsenic 

9-3 

Child Site 
Resident 

Ecological 

No After the BCT evaluates the data from the soil 
sample collected to cbaracterize the furmer IP-5 
fuel spill area, assess the need for a Voluntary 
Corrective Action to remove soil. Final 
determination on SWMU 65 groundwater will 
be defemd unIiI the analytical resolts from the 
most recent groundwater sampling event have 
been evaluated by the BCT. 
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the same amount of arsenic ingested from groundwater may be toxic (ATSDR, 1992). Relative 

bioavailabilities of arsenic in soil to arsenic in groundwater range from 20% to 78% 2 

(Freeman et aI., 1993, 1994). 3 

USEPA determined that risk-based concentrations for arsenic should be multiplied by 10 to 4 

account for the uncertainty in arsenic's carcinogenicity (USEPA, 1988). For example, a 5 

risk-based concentration of 0.001 mg/L would be changed to 0.01 mg/L. In addition, the mean 6 

relative bioavailability of 78 % is recommended by USEPA to address arsenic in soil. In 7 

summary, a risk-based concentration of 1 mg/kg would be modified (e.g., 110.78 = 1.282 mg/kg) 8 

to approximately 1.28 mg/kg. The 1.28 mg/kg concentration in soil would also be adjusted to 9 

account for the uncertainty in arsenic's SF, resulting in an adjusted value of 12.8 mg/kg. The 10 

relative bioavailability factor would not be applicable to groundwater concentrations, so a 11 

risk-based groundwater concentration ofO.D01 mg/L would be modified to 0.01 mg/L. Therefore, 12 

risk and hazard estimates are potentially overestimates. 13 

Frequency of Detection and Spatial Distribution 14 

The FIlFe fraction accounted for some of the spatial variation in exposure calculations. Arsenic 15 

in groundwater was detected in only two of the four samples, and chloromethane was reported in 16 

only one of21 samples. Exposure would not be expected to be focused at only the locations where 17 

these chemicals were reported. As a result, exposure was likely overestimated. 18 

Quantification of Risk/Hazard 19 

As indicated by the discussions above, uncertainty is inherent during the. risk assessment process. 20 

In addition, many site-specific factors have affected the uncertainty of this assessment that would 21 

upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of variability and 22 

uncertainty are discussed below. 23 
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Surface Soil 

Arsenic and beryllium's maximum reported concentrations exceeded their corresponding RBCs, 2 

but they were eliminated from the formal assessment based on comparisons to the RCs. 3 

Alluvial Groundwater 4 

Barium and chromium's maximum reported concentrations exceeded their corresponding RBCs, 5 

but they were eliminated from the formal assessment based on comparisons to the RCs. As a 6 

measure of variability, Central Tendency (CT) analysis was performed for groundwater. Exposure 7 

assumptions were modified to reflect the 50th percentile rather than the 95th. EPCs were not 8 

modified. In accordance with Superfund's Standard Default Exposure Factors for the Central 9 

Tendency and Reasonable Maximum Exposure-Draft (USEPA, 1993a), the exposure durations IO 

were reduced from 30 to nine years for site residents, two years for child exposure, and seven 11 

years for adult exposure. Exposure frequency was reduced from 350 to 234 days per year for site 12 

residents and from 250 to 219 for site workers. The drinking water ingestion rate for an adult was 13 

reduced from 2 to l.41iters per day, and exposure to groundwater was reduced by 25% to account 14 

for other water sources. 15 

Future Site Residents 16 

The ILCR based on RME assumptions for alluvial groundwater was estimated to exceed lE-4, 17 

while using CT assumptions would reduce the risk estimate to within USEPA's acceptable risk 18 

range of lE-6 to lE-4. Based on RME assumptions, the HI for the child residential receptor was 19 
: 

estimated to exceed 1.0. However, the ill estimate based on CT assumptions is below the USEPA 20 

threshold of 1.0. 21 

Future Site Workers 22 

No COCs were identified for this scenario, so risk was not estimated assuming CT exposure. 23 
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No COCs were identified for this scenario, so risk was not estimated assuming CT exposure. 2 

8.6.4.7 Risk Summary 3 

Table 8.6.20 summarizes risk and hazard estimates for SWMU 65. Although risk estimates 4 

exceeding USEPA's upper bound acceptable risk range were calculated assuming alluvial 5 

groundwater would be used as a drinking water source, arsenic accounted for 100% of the 6 

groundwater estimated risk. The maximum concentration reported for arsenic in alluvial 7 

groundwater is approximately one order of magnitude less than the corresponding MCL. 8 

Media and Exposure Pathway 

Soil - Incidental Ingestion 

Soil - Dermal Exposure 

Alluvial Groundwater -Ingestion 

Notes: 
HQ Hazard Quotient 
ILCR Incremental Lifetime Cancer Risk 
LWA Lifetime Weighted Average 

Remedial Goal Options 

Table 8.6.20 
Risk Summary 

SWMU 65 - NSA Memphis 

Adult 
HQ 

O.OOS 

0.008 

O.S 

Future Site Residents 

Child 
HQ 

0.04 

0.03 

1 

LWA 
B..CR 

4e-06 

4e-06 

le-04 

Current and Future Site Workers 

Worker 
HQ 

0.002 

O.OOS 

O.S 

Worker 
n.CR 

Se-07 

2e-06 

3e-OS 

9 

Although arsenic concentrations reported in alluvial groundwater are less than the corresponding 10 

MCL, based on USEPA guidance they are considered to be COCs. Table 8.6.21 lists the ROOs 11 

for arsenic in alluvial groundwater, as well as the MCL. 12 
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8.6.4.8 Summary Risk Figures 

Risk figures were developed for arsenic risk and hazard in alluvial groundwater. As previously 2 

discussed, figures were developed only for a residential land use scenario, based on a child 3 

receptor for the presented risk and hazard estimates. However, estimates assuming industrial land 4 

use are provided in corresponding tables. Chloromethane contributed approximately two orders 5 

of magnitude less to cumulative risk than arsenic, so chloromethane was not included in point risk 6 

maps below. Chloromethane was reported in one DPT sample and would not change the risk 7 

estimates. DPT locations are not shown on the maps. 8 

Table 8.6.22 presents individual risk and hazard estimates for arsenic in alluvial groundwater, 9 

sorted by sample location, which are presented graphically in Figures 8.6.14 and 8.6.15, 10 

respectively. Arsenic was the only contributor to alluvial groundwater risk and hazard. Arsenic II 

was detected in groundwater samples 065G05UA01 and 065G06DAOl. However, an assumed 12 

concentration was used for samples in which arsenic was not detected, as described in the 13 

Technical Memorandum on HHRA and shown in Table 8.6.22. 14 
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o to 0.1 

0.1 to 0.5 
0.5 to 1.0 
1.0 to 3.0 
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065G05UA 
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FACILITY INVESTIGATION 
NSA MEMPHIS 
MILLINGTON, TENNESSEE 

FIGURE 8.6.15 
ARSENIC HAZARD 

IN ALLUVIAL GROUNDWATER 
SWMU 65 



Risk Risk 
LWA LWA 

at 10-6 at 10-5 
Chemical J.l.g/L J.l.g/L 

Arsenic 0.045 0.448 
Chlormethane 3.5 35 

Notes: 
NA - Not Applicable/Not Available 
CDC - Chemical of Concern 
ILCR - Incremental Lifetime Cancer Risk 
LW A - Lifetime Weighted Average 
J.l.g/L - micrograms per liter 

Table 8.6.21 
Remedial Goal Options for COCs 

Alluvial Grouudwater at SWMU 65 NSA Memphis 

Site Resident 

Risk Child Child Child Risk 
LWA Hazard Hazard Hazard MCL LWA 

at 104 at 0.1 at 1 at3 at 10-6 
J.l.g/L J.l.glL J.l.glL J.l.glL J.l.glL J.l.g/L 

4.482 0.4693 4.69 14.08 50 0.19 
350 NA NA NA NA 14.8 

Site Worker 

Risk Risk Child Child Child 
LWA LWA Hazard Hazard Hazard 

at 10-5 at 104 at 0.1 atl at 3 
J.l.g/L J.l.glL J.l.glL J.l.glL J.l.glL 

1.9 19 1.12 11.2 33.6 
148 1480 NA NA NA 



Table 8.6.22 Risk and Hazard Estimates for COCs per Sampling Location 
Alluvial Groundwater 

SWMU65 
NSAMemphis 

Assumed Residential Industrial 
Result 

065G07UAOI 2 UJ 
Notes: 
VQUAL - Validation qualifier 
EPC - Exposure Point Concentration 
LWA - Lifetime Weighted Average 
HQ - Hazard Quotient 

Arsenic 

ILCR - Incremental Lifetime Excess Cancer Risk 

Concentration EPC 

1 1 

Child LWA Site Worker 
ILCR 

0.21 2.2E-05 0.09 

U - The material was analyzed for, but not detected. The associated numerical value is the sample quantitation limit. 
flg/L - micrograms per liter 

5.3E-06 
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8.6.5.1 Introduction 2 

The focus of the ERA for SWMU 65 is on the terrestrial ecosystem associated with the site, since 3 

no other habitat types are present. The ERA considers surface soil contaminant concentrations 4 

and distributions and exposure pathways that could result in unacceptable levels of exposure to 5 

terrestrial ecological receptors now or in the future. Potential aquatic risks associated with storm 6 

water runoff are discussed in the ERA of the SWMU 38 RFI (Industrial Drainage Ditches - 7 

Southside), in Section 8.4.5. 8 

8.6.5.2 Problem Formulation 9 

Site Description 10 

The ecological features at SWMU 65 are minimal. The site is a long paved area with several 11 

buildings surrounded by a grassy field and several small stands of trees. During the initial site 12 

assessment, a series of small, isolated depressions were observed along the southern site boundary 13 

which seemed to be retaining water. When the site was active, the paved area staged numerous 14 

jet airplanes which were repeatedly started for pilot training. Over time, the thrust from these 15 

ground-starts has created shallow oblong pits in the bare ground behind each plane. Lacking top 16 . 
soil, these isolated low areas retained storm water longer than the surrounding area. This 17 

condition occasionally makes these wet areas difficult to maintain, allowing grass around the few 18 

deeper pits to grow longer. Subsequent site visits have shown that since the removal of the jets, 19 

the pits are beginning to reflll through wind-blown and water-born soil and these areas are being 20 

mowed. 21 

To the south the site is bound by a high grassy berm beyond which is the Big Creek Drainage 22 

Canal. Drainage of the site itself is via two drainage ditches. Storm water from the northern 23 

portion of the site is carried northward beneath B Street to the southern branch of SWMU 38 by 24 

a small ditch and culvert. The remainder of the site is drained by a small drainage swale (not 25 
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associated with SMWU 38), which runs east near the base of the berm, beneath a small access 

road, and into a larger ditch at the southeastern comer of the site. This ditch then runs south, 2 

parallel to the tree line of the nearby woods and ultimately into Big Creek Drainage Canal. This 3 

offsite water body is included in a separate investigation. 4 

Ecosystem at Risk 5 

Based on visual observation, no quality habitat is available at SWMU 65. The grassy area 6 

surrounding the site could potentially be used by terrestrial receptors such as passerine birds 7 

and/or small mammals as foraging areas, but their occurrence would most likely be transient or 8 

opportunistic. Both the ditches on site and along the edge of the offsite woods remain dry except 9 

in direct response to precipitation, therefore do not support aquatic biota. The small wooded area 10 

southeast of the site does offer some suitable cover and foraging habitat for a variety of terrestrial 11 

species, but since no significant exposure pathway is present (from nearby drainage ditch), neither 12 

these woods. nor its inhabitants are expected to be impacted by the low level of contaminants 13 

associated with SWMU 65. No viable terrestrial community exists within SWMU 65. With 14 

limited habitat and lack of terrestrial receptors, the SWMU 65 area does not warrant a preliminary 15 

ecological risk assessment. 16 

8.6.6 Fate and Transport Assessment 17 

Potential migration pathways associated with SWMU 65 include constituents leaching from soil 18 

to groundwater, and surface soil erosion of sorbed constituents forming sediments. The soil-to-air 19 

volatilization process is eliminated from further discussion based on the lack of VOCs detected in 20 

surface soil and the fact that no contaminant detected in surface soil exceeded the soil-to-air SSL. 21 

Based on local topography and associated surface water drainage patterns, the most likely 22 

receptors for constituents originating in the SWMU 65 area are the drainage depressions and 23 

Big Creek Drainage Canal. Also. groundwater is a potential receptor for constituents present in 24 

subsurface soil. 25 
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SWMU 65 contaminants of concern (CaCs) include: 

• 
• 
• 
• 

Arsenic - identified in the HHRA as a cac in alluvial groundwater 

Barium - exceeded its SSL and RC in subsurface soil 

Nickel - exceeded its SSL and RC in subsurface soil 

Dieldrin - exceeded its SSL in subsurface soil 

2 

3 

4 

5 

8.6.6.1 Soil-to-Groundwater Cross-Media Transport 6 

Three constituents are highlighted as posing a potential soil-to-groundwater migration concern, 7 

as determined by soil concentrations exceeding groundwater protection SSLs. These include two 8 

inorganics (barium and nickel) and one pesticide (dieldrin). Of these constituents, only barium 9 

was present in SWMU 65 soil and groundwater. Arsenic was the only other constituent detected 10 

in soil and groundwater. Arsenic exceeded its RBC and background RC in both upper and deep 11 

alluvium groundwater, but not its soil-to-groundwater SSL, its background RC in soil, or its MCL 12 

in groundwater. Inorganics and pesticides are considered to be immobile and persistent in the 13 

environment, not readily diffusing into groundwater. The solubility of these constituents in 14 

groundwater is low, resulting in limited mobility in this environment. Therefore, widespread 15 

impacts to the aquifer are not expected. 16 

Chloromethane, methylene chloride, and 2-butanone were detected in groundwater at SWMU 65 17 

but not detected in soil; however, none of these constituents exceeded its respective RBCs. 18 

Continued impact to groundwater is not expected from these constituents due to their absence in 19 

soil. 20 

Potential receptors relating to groundwater contamination are two production wells (pW -4 and 21 

PW-5). PW-4 is approximately 5,600 feet northwest of SWMU 65, while PW-5 is approximately 22 

4,500 feet northwest of SWMU 65. It is highly unlikely that groundwater contamination would 23 
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migrate horizontally to the production well locations based on the groundwater flow direction and 

the travel distance. Dilutional effects would also greatly reduce concentrations should they travel 2 

this distance. Both production wells are screened greater than 1,400 feet bls and confIning units 3 

that separate the screened interval from loess, alluvial, and fluvial deposits groundwater would 4 

greatly limit vertical contaminant migration. 5 

Based on the limited impacts to groundwater and the tendency for inorganics and pesticides to sorb 6 

to the soil matrix, soil contaminants identifIed at SWMU 65 are not expected to adversely impact 7 

~~~. 8 

8.6.6.2 Soil-to-Sediment Cross-Media Transport 9 

The presence of concrete areas within SWMU 65 somewhat mitigates the potential for soil to form 10 

sediments from surface water runoff. However, grass-covered areas and drainage swales at 11 

SWMU 65 could transport surface soil contaminants. 12 

Acetone was the only VOC detected in surface soil at SWMU 65. The remaining constituents 13 

identifIed in soil include SVOCs, pesticides, and inorganics, which all typically sorb to soil 14 

particles and do not readily diffuse into water. Therefore, their only transport process in surface 15 

soil would be soil-to-sediment transport as a result of erosion. 16 

The SWMU 65 topography generally slopes to the south and storm water falling on the concrete 17 

pads typically flows south to the grassy area and into a drainage swale along the south side of the 18 

site. The vegetative cover at SWMU 65 should aid in preventing erosion of surface soil; 19 

therefore, any surface soil contamination is not expected to migrate signifIcant distances, if at all. 20 
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The following conclusions are presented based on the fmdings of the RFI: 2 

• A limited site investigation of SWMU 65 was conducted in 1992 in the area of a JP-5 3 

spill. TPH-GRO, TPH-ORO, and BTEX were identified in soil samples from the surface 4 

to 6 feet bls. TPH-GRO and TPH-ORO were also detected in the four upper alluvium 5 

monitoring wells installed during the 1992 investigation. 6 

• Soil samples collected during this RFI indicated the presence of VOCs, SVOCs, 7 

chlorinated pesticides, herbicides, and inorganics. No VOC exceeded any screening 8 

value. The only SVOC exceedance was for benzo(a)pyrene in one soil boring's surface- 9 

soil sample; the detected concentration exceeded its residential RBC only. One OPT 10 

subsurface soil sample exhibited a total TPH concentration exceeding the TOEC soil 11 

cleanup level for total TPH. The only pesticide that exceeded screening values was 12 

dieldrin in one soil boring surface-soil sample; the detected concentration exceeded its 13 

residential RBC, SSL, and RC. No detected inorganic in surface soil exceeded both its 14 

RC and residential RBC; however, barium concentrations in one surface and one 15 

subsurface soil boring sample, and nickel in one surface and two subsurface soil boring 16 

samples, exceeded both their RC and SSL. 17 

• No SVOCs, TPH, chlorinated pesticides/PCBs, organophosphorus pesticides, or 18 

herbicides were detected in the monitoring well groundwater samples collected during this 19 

RFI. Chloromethane, detected in only one OPT groundwater sample, was the only VOC 20 

in groundwater to exceed its tap water RBC. The arsenic concentration in one upper 21 

alluvium monitoring well and one deep alluvium monitoring well exceeded both its RC 22 

and tap water RBC; however, both detected concentrations were below arsenic's MCL. 23 
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• In April/May 1997 the four upper alluvium groundwater wells installed in 1992 and the 

three upper alluvium and one deep alluvium groundwater wells installed in 1996 were 2 

sampled and analyzed for VOCs, TPH, TPH-GRO, and TPH-DRO. The TPH, TPH- 3 

GRO, or TPH-DRO concentrations identified in five of the seven upper alluvium 4 

monitoring wells exceeded the TDEC groundwater cleanup level of 100 j.lg/L total TPH 5 

for drinking water aquifers. 6 

• Ten sediment samples were collected from five locations during this RFI and analyzed for 7 

TPH-GRO and BTEX. Toluene, detected in all 10 samples, did not exceed its residential 8 

RBC or SSL. TPH-GRO was present in several sediment samples, but no detected 9 

concentration exceeded the TDEC soil cleanup standard. 10 

• The HHRA identified arsenic as a COC for the hypothetical site resident scenario, based 11 

on the risk and hazard estimates for ingesting alluvial groundwater as a drinking water 12 

source. However, the concentrations reported for arsenic in alluvial groundwater are 13 

approximately one order of magnitude less than the corresponding MCL. Arsenic was 14 

not an anticipated site constituent and no records are available that indicate its use at 15 

SWMU 65, so it may be naturally occurring or a residual from past agricultural practices. 16 

• The ERA determined no quality habitat is available at SWMU 65, which has no viable 17 

terrestrial community. 18 

• Based on the limited impact to alluvial groundwater and the tendency for inorganics and 19 

pesticides to sorb to the soil matrix, soil contaminants identified at SWMU 65 are not 20 

expected to adversely impact the aquifer. 21 
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The following recommendations are presented based on the fmdings of the RFI: 

• Assess the need for a Voluntary Corrective Action to remove soil around the JP-5 spill 2 

area, after the BCT evaluates the data from the soil sample collected to characterize the 3 

former JP-5 fuel spill area. 4 

• Final determination on SWMU 65 groundwater should be deferred until the analytical 5 

results from the most recent groundwater sampling event have been evaluated by the 6 

BCT. 7 
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Table 9.1.1 on the following page summarizes the conclusions and recommendations of the 2 

Assembly E RFI. 3 
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Table'.l 
Assembly E RFI Conclusions Summary 

Suspected 

SWMU Description Cm!":=~ . . COCs Identified ........................................................ ············l~~ 

ILCR >lE-4? 

9 - Sewage Lagoons Two lagoons (400,000 and 141,000 VOCs, SVOCs, and 
sO used as part of the wastewater melals 

Groundwater: Site Resident 

treatment system from 1969 to 
1978. Although primarily domestic 
wastewater was treated, limited 
amounts of industrial wastewater 
from aircraft maintelllll1Ce were 
treated. 

Alluvial- arsenic, 
Chloroform, TCE 

Fish ingestion: 
4,4'-DDE, 
Aroclor-1254, 
Aroclor-1260, arsenic 

m>l? 
Ecological Recommendations 

Risk? 

Adult Site Yes 
Resident, Child 
Site Resident 

Adult Site 
Resident, Child 
Site Resident, 
Adolescent 
Trespasser, 
Child 
Trespasser 

Continue annual groundwater monitoring for 
VOCs, TPH-GRO, and TPH-DRO. Continue 
the ban on fishing at the lagoons. Assess The 
TCE in SWMU 9 groundwater during the 
SWMU 2 investigation. 

ae~'1I 
t(jr~iIi d!S~ ~tS. 

38 - Misc. Southside 
Drainage Ditches 

Drainage Ditches Sediment No COCs were Not applicable Not applicable No No further action is recommended for SWMU 
38. contaminants from identified. 

former indostrial 
discharges including 
pesticides, melals, 
and SVOCs 
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65 - Building S-362 
Training Mock-up Site 

Aircraft parking; jet engine testing; 
aircraft engine stanup training; two 
30,OOO-gallon JP-5 USTs used to 
fuel the test cell 

TabIe!).1 
Assembly E RFI Conclusions Summary 

Suspected 

Petroleum-related 
contamination 
including VOCs and 
SVOCs 

Groundwater: Site Resident 
Alluvial - arsenic 
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Eco1ogicaI 

No After the BCT evaluates the data from the soU 
sample collected to characterize the former JP-5 
fuel spill area, assess the need for a Voluntary 
Corrective Action to remove soU. Final 
determiuation on SWMU 65 groundwater will 
be deferred ontO the analytical results from the 
most recent groundwater sampling event have 
been evaluated bv the BCT. 
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