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EXECUTIVE SUMMARY

As part of the U.S. Navy
SWMU Name
Installation Restoration | * 2 Southside Landfill
. e 9 Sewage Lagoons
Program, the  following | « 14 Building S-140 and Seventh Avenue Ditch
] e 138 Miscellaneous Drainage Ditches (Southside Only)
Resource Conservation and |, s9 Pesticide Storage Facility (Old Pesticide Shop)
Recovery ACt (RCRA) Facility s 65 B\Hldlﬂg S-362 Tra.lmng Mock—up Site

Investigation (RFI) report has

been prepared for the six Assembly E solid waste management units (SWMUs) on the Southside
of Naval Support Activity (NSA) Memphis in Millington, Tennessee. The SWMUs required an
RFI to identify and characterize known or suspected releases of hazardous constituents. The
Southside of NSA Memphis has been “realigned” as a result of the Base Closure and Realignment
Act of 1990 (BRAC). The Assembly E RFI, undertaken by EnSafe/Allen & Hoshall (E/A&H)
and the U.S. Geological Survey (USGS), was conducted in accordance with the Hazardous and
Solid Waste Amendments (HSWA) portion (HSWA-TN002) of RCRA Permit No. TN2-170-022-
600 (issued in September 1986), the HSWA portion of permit modification No. TNHW-094
(issued in September 1996), and the Assembly E Site Investigation Plans (E/A&H, 1995a).

SWMU 2 SUMMARY

Site Description and History

SWMU 2, the Southside Landfill, covers 42 acres of the southeast quadrant of NSA Mempbhis.
The landfill is covered with mature trees and dense undergrowth. SWMU 2 is relatively flat,
subtly sloping downward to the south and rising near Big Creek Drainage Canal south of the
landfill, which flows from east to west. The southern boundary of NSA Memphis and
undeveloped land are south of Big Creek Drainage Canal. West of the landfill, Seventh Avenue
and the NSA Memphis South Gate open onto civilian-controlled Singleton Parkway. The
NSA Memphis shooting range is near the landfill’s northwest corner. A wooded lot and a
residential neighborhood are approximately 1,000 feet north of the landfill. SWMU 2 is bounded

on the east by Perimeter Road, woods, and residential areas.
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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
generated by onsite housing, office solid waste, aircraft parts, wastewater-treatment plant sludge,
incinerator ash, waste oil, oily sludge, and solvents generated from industrial operations. An
estimated one ton per year of oily waste and sludge (possibly containing polychlorinated biphenyls
[PCBs]) and approximately two tons per year of wastewater-treatment plant sludge were disposed
of by trench-and-cover in the landfill. Combustible materials disposed of were reportedly burned

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

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
Study/Verification Phase (CS/VP), five monitoring wells were installed around the landfill and
sampled for volatile organic compounds (VOCs) and select inorganics. In 1991, the USGS

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

Additional Sampling Required for SWMU 2 RFI Completion

The Assembly E RFI at SWMU 2 began with a direct push technology (DPT) soil and
groundwater screening investigation. The DPT results were used to determine the optimum
location and depth of soil borings and monitoring wells. Soil, groundwater, sediment, and
surface water samples were collected during the RFI. A preliminary evaluation of the SWMU 2
RFI data indicates that VOCs and metals, especially chromium, are present in SWMU 2
groundwater at concentrations exceeding their U.S. Environmental Protection Agency (USEPA)
risk-based concentrations (RBCs) for tap water or maximum contaminant levels (MCLs) for
drinking water. Additional investigation, including installing and sampling additional monitoring
wells, is scheduled to complete the SWMU 2 RFI. Therefore, the nafure and extent of
contamination at SWMU 2, and the resulting risk and fate and transport evaluations are not
presented in this report. When SWMU 2 has been adequately characterized and evaluated with
respect to risk and fate and transport, the RFI results will be incorporated in a subsequent revision
of this report.
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SWMU 9 SUMMARY

Site Description and History

SWMU 9 consists of two inactive sewage lagoons on the NSA Memphis Southside southern
boundary, approximately 175 feet south of Big Creek Drainage Canal and 450 feet southwest of
the South Gate. The approximately 400,000-square-foot western lagoon is separated from the
approximately 141,000-square-foot eastern lagoon by a 25-foot wide dike. The lagoons are
bordered by woods and Big Creek Drainage Canal to the north, woods to the south and west, and
Singleton Parkway to the east.

The lagoons, which support a variety of wildlife, are constructed of clay. NSA Memphis
personnel have reported that the water level in the lagoons does not hoticeably change from season
to season and are influenced by rainfall. The land surrounding the lagoons slopes away on all
sides for a few feet, with surface water draining generally west before it enters Big Creek
Drainage Canal, which flows to the west. The lagoon bottom sediments are clay and wastewater

sludge, underlain by clayey silt.

The two lagoons were used as part of the wastewater treatment system from 1969 to 1978.
Although primarily domestic wastewater was treated, limited amounts of industrial wastewater
from aircraft maintenance were also treated. This industrial wastewater may have contained a
wide variety of contaminants, including VOCs, semivolatile organic compounds (SVOCs), and
metals. The lagoons received approximately 35% of the wastewater produced at NSA Memphis,
with the other 65% going to SWMU 28, the former Southside wastewater treatment plant.

An influent line from the former wastewater treatment plant crossed Big Creek Drainage Canal
and entered the lagoon area at the northwest corner of the larger western lagoon. The wastewater
was chlorinated prior to discharge into Big Creek Drainage Canal through the effluent line at the
northeast corner of the lagoons. According to NSA Memphis personnel, all influent and effluent
control valves were closed and concrete-sealed in 1978, when the sewer system was connected to

the City of Millington sewage treatment system.
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The sewage lagoons have been the subject of one previous investigation during which limited
sediment sampling was conducted. In 1984, Geraghty and Miller (G&M) collected five sediment
samples from the bottom material in the two lagoons. The samples were analyzed for total
cadmium, chromium, copper, nickel, and lead by Solid Waste (SW)-846 Method 1310, and the
results were compiled in the NACIP Confirmation Study, Verification Phase report (G&M, 1985).
No metal was detected above its method detection limit (0.01 milligrams per kilogram [mg/kg] for
cadmium and nickel and 0.1 mg/kg for chromium, copper, and lead); therefore, the 1985 G&M
report recommended no further investigation for SWMU 9. However, the subsequent RCRA
Facility Assessment (ERC/EDGe, 1990b) recommended an RFI at SWMU 9 due to the lack of
analytical data for the SWMU.

SWMU 9 RFI Sampling Rationale
The SWMU 9 RFI consisted of collecting and analyzing soil, groundwater, sediment, surface
water, and fish tissue samples. The sampling methods, intervals, analyses, and rationale are listed

in the following table.

SWMU 9
Sample Summary

Number of Interval

Soil Soit Boring 4 0 -2 feet FSA® To determine surface and subsurface soil quality in the

upper alluvium at each corner of the lagoons; human
4 8 - 10 feet health risk to potential residents, site workers,
maintenance workers, and trespassers; ecological risk
4 14 - 16 feet to terrestrial species; and the migration potential for

soil constituents to groundwater and sediment.

Groundwater DPT 15 Deep Alluvium VOCs Screening investigation to determine optimum soil
boring and monitoring well placement and depth. DPT
groundwater samples surrounded the perimeter of the
lagoons.
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SWMU 9

Sample Summary
Number of Interval
Media Type Samples Sampled Analysis P@e
Groundwater Monitoring 4 Deep Alluvium  FSA, less TPH-  To determine groundwater quality in the deep alluvium
Well GRO 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.

Sediment

Hand Auger To determine if contaminants potentiaily associated
with SWMU 9 had affected the sediment in Big Creek
4 18 - 24 inches Drainage Canal; the risk of exposure to ecological
receptors.

Sediment

Fish Tissue Trotline 3 Not applicable SVOCs, To determine the potential risk to humans and

Pesticides/PCBs,  ecological receptors that might consume the fish.
Appendix IX
Metals, Cyanide -
Note:
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 pesticides/PCBs by SW-846 Method 8080; organophosphorus pesticides by SW-846 Method 8140; chlorinated
herbicides by SW-846 Method 8150; 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 8015.

SWMU 9 Analytical Results

This discussion presents only those contaminants that exceeded USEPA screening values for soil,
groundwater, sediment, and fish tissue; contaminants that were pertinent to the human health risk
assessment (HHRA), ecological risk assessment (ERA), and/or fate and transport evaluations; or
contaminants attributed to former SWMU 9 operations. '

Soil Contaminants: VOCs, SVOCs, TPH-GRO, TPH-DRO, chlorinated pesticides and PCBs,
herbicides, and Appendix IX metals were detected in SWMU 9 soil samples. Although the VOC
acetone, the SVOC benzo(a)pyrene, the chlorinated pesticide dieldrin, and the inorganics barium
and nickel exceeded one or more screening values in a limited number of soil samples, these

exceedances did not significantly affect the HHRA, ERA, or fate and transport evaluations.
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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

Appendix IX metals of interest are summarized below.

VOCs:

TPH-DRO:

Inorganics:

The chlorinated solvent trichloroethene (TCE) was identified in one deep alluvium
DPT groundwater sample (11 ng/L) exceeding its tap water RBC (1.6 ng/L) and
MCL (5 ng/L). A second deep alluvium DPT groundwater sample indicated TCE
(1.68 ug/L) exceeding only the tap water RBC. TCE was detected in one of four
alluvium groundwater monitoring wells, but its concentration did not exceed the
tap water RBC or MCL.

One of four deep alluvium groundwater wells indicated TPH-DRO (230 ug/L)
exceeding the Tennessee Department of Environment and Conservation (TDEC)
cleanup standard of 100 ng/L for drinking water.

Arsenic was identified in one deep alluvium groundwater sample (12.2 ng/L)
exceeding both its reference concentration (RC, or two times the mean background
concentration) (4.2 wg/1) and tap water RBC (0.045 wng/L); however, the detected
concentration did not exceed its MCL (50 ug/L).

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

event, a duplicate sample from one deep alluvium groundwater sample indicated TCE below its
tap water RBC and MCL, and tetrachloroethene (PCE) above its tap water RBC but below its

MCL.

Sediment Contaminants: VOCs, SVOCs, TPH, chlorinated pesticides, PCBs, herbicides, and
Appendix IX metals were detected in sediment samples from the sewage lagoon and Big Creek

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

Pesticides:  USEPA Sediment Screening Values (SSVs) were exceeded for the pesticides
4,4'-DDD, 4,4'-DDT, and dieldrin in Big Creek Drainage Canal surface sediment
samples. At one sample location north of SWMU 9, the 4,4'-DDD (140 n.g/kg)
and 4,4'-DDT (150 n.g/kg) concentrations exceeded their SSVs (3.3 ng/kg for both
compounds). At a location upstream (northeast) of SWMU 9, dieldrin (3.5 ng/kg)
was identified exceeding its SSV (3.3 ug/kg); however, the dieldrin concentration
did not exceed the RC for dieldrin in soil at NSA Memphis (262 n.g/kg).

Inorganics:  Arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, lead, nickel,

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

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

In_g_rg%'g Rangg !mg/g! N_g_. Exgeedances _§_§V gmg/kgg

; [ n Sedi . ) )
PCBs: The PCB Aroclor-1254 was identified in three surface sediment samples from the
~ sewage lagoons at concentrations ranging from 320 to 950 ng/kg which exceeded

the PCB SSV (33 ug/kg).

Inorganics:  Arsenic, chromium, copper, lead, mercury, silver, and/or zinc were detected in
numerous sewage lagoon sediment samples. The SSVs exceeded most often are

shown below.
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Surface Water Contaminants: Barium and silver were the only detected analytes in the two 1
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 SVOC, 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, s
Aroclor-1254, Aroclor-1260, and arsenic concentrations in fish tissue samples exceeded their s

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

Aroclor—1254

SWMU 9 HHRA 8
The HHRA estimated the risk and hazard for three land use scenarios: future site residents, future ¢
site workers, and current and future site trespassers. The media and exposure pathways included 10

in each scenario are: 11

Xxvi




Land Use Media and Exposure Pathway

Future Site Residents Alluvial Groundwater - Ingestion, Inhalation
Fish Ingestion

Future Site Workers Alluvial Groundwater - Ingestion, Inhalation

Current and future trespassers 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
comparing detected concentrations to RBCs. No chemicals of potential concern (COPCs) were

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

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
or hazard index point of departure.

Summation of Exposure Pathways for SWMU 9

Future Site Residents Future Site Workers Current and Future Site Trespassers
) * L L}

Adult Child LWA Worker Worker  Adolescent Child LWA

Medium and Exposure Pathway HI HI ILCR HI ILCR HI HI ILCR
Alluvial Groundwater — Ingestion 1 3 3e-04 04 6e-05 NA NA NA
Alluvial Groundwater - Inhalation 0.05 0.1 2e-06 0.02 5e-07 NA NA NA

Fish Tissue: East Lagoon — Ingestion 3.7 173 2e-04 NA NA 23 6.9 6e-05
i

Fish Tissue: West Lagoon — Ingestion 3 14 4e-04 NA NA 1.8 5.6 1.1e-04

Notes:

HI - Hazard Index

ILCR -~ Incremental Lifetime Cancer Risk

NA - Not Applicable

LWA -~ Lifetime Weighted Average
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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

medium-specific basis.

Land Use Medium Exposure Pathway cocC
Future Site Residents Alluvial groundwater ingestion Arsenic, Chloroform, TCE

Fish ingestion - East Lagoon 4,4'-DDE, Aroclor-1254, Aroclor-1260

Fish ingestion - West Lagoon 4,4'-DDE, Aroclor-1254, Aroclor-1260, Arsenic
Future Site Trespassers Fish ingestion - East Lagoon 4,4'-DDE, Aroclor-1254, Aroclor-1260

Fish ingestion - West Lagoon 4,4'-DDE, Aroclor-1254, Aroclor-1260, Arsenic

SWMU 9 ERA

According to the conclusions in the ERA, no lethal or sublethal effects were predicted for
terrestrial wildlife species at SWMU 9, except for the short-tailed shrew. Aroclor-1260 produced
a sublethal Hazard Quotient (HQ) of 1.35, which contributed to the cumulative Hazard Index (HI)
of 1.62 for this species (the risk threshold for lethal effects is 10). The dietary exposure model
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,
no impacts to aquatic species from contamination present in lagoon sediment or Big Creek

Drainage Canal are predicted.

SWMU 9 Fate and Transport Assessment

In the fate and transport discussion, the soil-to-groundwater and soil-to-sediment cross-media
transport mechanisms were evaluated. SWMU 9 contaminants that exceeded their soil-to-
groundwater SSLs or contaminants identified as COCs in the HHRA were assessed to determine
their transport potential. The assessment identified acetone, dieldrin, barium, and nickel as the
SWMU 9 contaminants exhibiting the potential for soil-to-groundwater transport, and identiﬁed

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

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

acetone is not expected, because this compound was detected only in soil samples. Furthermore,
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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,
not readily diffusing to groundwater. Dieldrin was absent in SWMU 9 groundwater samples
collected during the April 1996 sampling event. Widespread impact to alluvial groundwater by

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

SWMU 9 Recommendations

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

concentrations are increasing.
. Continue the ban on fishing at the lagoons.

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

SWMU 14 Summary

Site Description and History

SWMU 14, a flat, grass-covered area on the NSA Memphis Southside, is the former site of
Building S-140, several related former buildings and structures, and the Seventh Avenue and
Polaris Drive drainage ditches west and south of the site, respectively. The grass covering
SWMU 14 is regularly mowed to maintain lawn-like conditions. According to engineering plans
of the building obtained from Public Works, four smaller structures were associated with
Building S-140: a gear locker (Building S-275), a mobile building along the eastern edge of the
site (Building S-1602), a prefabricated metal storage building southeast of Building S-140 used as
a paint locker (Building S-351), and SWMU 46, a hazardous waste accumulation point northeast
of the building. Building S-140 was demolished along with all associated structures in 1985.

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

associated with training Navy personnel in various painting-related processes from 1943
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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
and work table. Navy records indicate paint-related wastes generated by the paint spray booth and
water wash pits collected in two floor drains which emptied into two 1,885-gallon sump pits.
Paint waste and sludge from these sumps were most likely removed as-needed, and any overflow
was discharged directly to the Seventh Avenue ditch until 1980. After 1980, the flow from the
paint booth and wash down area was redirected to a paint separator/sump in the building’s

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

The paint waste and sludge likely contained chromium, lead, and various hydrocarbons and paint
solvents including mineral spirits, toluene, and phenols. Wastes generated by the paint wash down
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 interceptor/separator installed beneath the north end of
a sidewalk immediately east of the building. According to construction diagrams, this interceptor
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.

A former outdoor wash basin adjacent to Building S-140's south side consisted of a 36 x 40-foot
concrete slab surrounded by a 6-inch berm. According to sewer modification diagrams, the drain
in this basin discharged to the Polaris Drive drainage ditch south of SWMU 14 until it was
diverted to the sanitary sewer in 1980. A small discharge pipe still visible in the Polaris Drive
ditch has been included in the SWMU 14 RFI.

In July 1995, E/A&H geophysically surveyed SWMU 14 in an attempt to verify the approximate
location of the former building and subsurface structures. Geophysical anomalies due to disturbed
soil or metal objects were plotted on a map, and proposed sample locations were chosen after
results were reviewed. The geophysical survey showed one moderate anomaly at SWMU 14 near
the former location of the outdoor wash basin. The remainder of the surveyed area was

anomaly-free, indicating the sumps and separators may have been removed during building
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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.

SWMU 14 Sampling Rationale
The SWMU 14 RFI consisted of collecting and analyzing soil, groundwater, and ditch sediment
samples. The sampling methods, intervals, analyses, and rationale are provided in the following

table.

SWMU 14
Sample Summary

Number of Interval
amples Analysis

Soil Soil Borings 8 0.5 - 2 feet FSA To determine surface and subsurface soil quality in the

loess in the SWMU 14 vicinity; to provide a geologic
8 4 - 6 feet cross section of loess and fluvial deposits; to determine
human health risk to potential site residents and site
8 8 - 10 feet workers; ecological risk to terrestrial species; and the
migration potential for soil constituents to groundwater
and sediment.
Groundwater DPT 9 Loess VOCs Screening investigation to determine optimum soil boring
and well placement. VOCs chosen as the indicator
9 Upper Fluvial parameter because of the known usage of solvents at

SWMU 14

Sediment Hand Auger 2 0 - 6 inches FSA To determine the presence of any residual contaminants

in Seventh Avenue drainage ditch sediment associated
2 18 - 24 inches with past operations; the human health risk to potential

site residents and workers and adolescent trespassers; the

ecological risk to terrestrial gcies.
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SWMU 14 Analytical Results

This discussion presents only those contaminants that exceeded USEPA screening values for soil,
groundwater, and sediment; contaminants that were pertinent to the HHRA, ERA, and/or fate and
transport evaluations; or contaminants attributed to former SWMU 14 operations.

Soil Contaminants: The VOC acetone, the SVOCs benzo(a)pyrene and dibenz(a,h)anthracene,
the pesticides aldrin and dieldrin, and the inorganics barium and nickel exceeded one or more
screening values in a limited number of soil samples. However, these exceedances did not
significantly affect the HHRA, ERA, or fate and transport evaluations; nor were they definitively
attributed to former operations at SWMU 9. The VOCs TCE and PCE were detected in surface
and subsurface soil samples at one location near the former interceptor/separator at concentrations
below their residential soil RBCs; however, these contaminants were also detected in loess
groundwater samples from the same locations at concentrations that exceeded both the tap-water
RBC and MCL. The fate and transport evaluation concluded these VOCs are relatively mobile
and likely to be transported from soil to groundwater; however, once in groundwater, they are

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

PCE 2 0-2
8 4-6
23 8-10

Groundwater Contaminants: VOCs, SVOCs, TPH, and Appendix IX metals were detected in
groundwater samples collected during the RFI. No SVOC concentration exceeded a screening

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

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

interceptor/separator on the northeast corner of former building S-140. TCE
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concentrations exceeded its tap water RBC (1.6 wg/L) and/or MCL (5 wg/L) in six loess DPT
groundwater samples, two upper fluvial deposits DPT groundwater samples, and in one loess
monitoring well. Detected concentrations ranged from 3.09 to 285 ng/L. PCE concentrations
exceeded its tap water RBC (1.1 pg/L) and MCL (5 ng/L) in one loess DPT groundwater sample
(230 wg/L) and in one loess monitoring well (150 ng/L). Benzene was identified in one fluvial
deposits groundwater sample submitted for confirmation analysis above its tap water RBC
(0.36 ug/L).

Inorganics:  Arsenic was identified above its RC (3.5 xg/L) and tap-water RBC (0.045 wg/L),
but not above its MCL (50 n.g/L), in groundwater samples from two lower fluvial
deposits monitoring wells (3.6 and 3.9 ng/L). Barium was identified above its RC
(232 wug/L), but not its tap-water RBC (2,600 n.g/L) or MCL (2,000 ug/L), in
groundwater samples from all four lower fluvial deposits monitoring wells
(concentration range 422 to 638 ug/L). Vanadium was identified above its RC
(17.4 pg/L), but not its tap-water RBC (260 ng/L), in one lower fluvial deposits
groundwater sample (54 n.g/L).

April/May 1997 Groundwater Sampling Event: Groundwater samples were collected from five
loess and four lower fluvial deposits groundwater monitoring wells at SWMU 14 and analyzed for
VOCs, TPH, TPH-DRO, and TPH-GRO. Exceedances of applicable standards were as follows:
TCE’s tap water RBC and MCL were exceeded by one loess groundwater sample; PCE’s tap
water RBC and MCL were exceeded by one loess groundwater sample; and TPH, TPH-GRO,
and/or TPH-DRO concentrations in three loess groundwater samples and two lower fluvial
deposits samples exceeded the TDEC groundwater cleanup level for total TPH in drinking water

aquifers.

Sediment Contaminants: SVOCs, TPH, chlorinated pesticides, herbicides, and Appendix IX
metals were detected in one or more Seventh Avenue drainage ditch sediment samples. The
detected concentrations were compared to both sediment and soil screening values, because the

sediment sample locations are only intermittently submerged. No TPH or herbicide concentrations

XXXiii

10

11

12

13

14

15

16

17

18

19

20

21

22

23

25

26

27



exceeded a screening value. SVOC, pesticide, and Appendix IX metals exceedances of concern

are briefly discussed below.

SVOCs:

Pesticides:

Inorganics:

Five SVOC:s in surface sediment — benzo(a)pyrene, BEHP, chrysene, fluoranthene,
and pyrene — exceeded residential soil RBCs or soil-to-groundwater SSLs. With
the exception of BEHP, these SVOCs are typical constituents of vehicle emissions
and asphalt road materials; therefore, their presence in the Seventh Avenue ditch
may be a result of runoff from Seventh Avenue during rain events. The detected
SVOC concentrations are similar to those found in SWMU 38 Southside drainage

ditch sediment samples along Seventh Avenue.

Four pesticides — 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, and dieldrin — exceeded their
SSVs and/or soil-to-groundwater SSLs. These pesticides were routinely applied
for pest control throughout NSA Memphis; therefore, they cannot definitively be
attributed to former SWMU 14 operations. Concentrations were similar to those
detected in SWMU 38 drainage ditch sediment samples throughout the Southside,
with the exception of 4,4'-DDT (1,900 n.g/kg) in one surface sediment sample,
which exceeded both its SSV (3.3 ug/kg) and soil-to-groundwater SSL
(1,000 wug/kg).

Arsenic, copper, lead, and nickel exceeded their SSVs in one or both sediment
intervals. The detected concentrations were similar to those identified in

SWMU 38 drainage ditch sediment samples throughout the Southside.

SWMU 14 HHRA

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

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

media and exposure pathways included in each scenario are:

XXXiv

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24




Land Use Media and Exposure Pathway

Future Site Residents 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
comparing detected concentrations to RBCs. No COPCs were identified for this scenario, so no
risk calculations were performed. 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 or hazard index point of departure.

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 I Worker = Worker I Adult Adult l
Medium and Exposure Pathway — HI HI ILCR . HI ILCR HI _ ILCR HI ILCR
Soil — Incidental Ingestion NA NA  5e-06 NA 5e-07 NA NA NA NA
Soil — Dermal Contact NA NA 206 NA | 8e-07 NA NA NA NA

Sediment — Incidental Ingestion NA NA NA 0.01 2e-06 0.002 5e-07 0.007 6e-07

Sediment — Dermal Contact NA NA NA 0.004 1e-06 0.0009 3e-07 0.001 2e-07

Loess Groundwater — Ingestion 2 5 2e-04 0.7 5e-05 NA NA NA NA

Loess Groundwater — Inhalation of 2 5 3e-05 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
¥ i LS Al 1]
Adult Child LWA  Worker Worker Worker Worker Adult Adult
Medium and Exposure Pathway HI HI ILCR HI ILCR HI ILCR HI ILCR

Fluvial Deposits Groundwater - Ingestion 0.9 2 9e-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

ILCR -~ Incremental lifetime excess cancer risk
HI - Hazard Index

NA —  Not applicable

LWA — 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

shown in the following box.

Land Use Exposure Pathway CcOoC
Future Site Residents Loess groundwater ingestion and inhalation 1,2-DCE,TCE, PCE
Fluvial deposits groundwater ingestion Arsenic, Barium, Benzene,
Vanadium

SWMU 14 ERA

The ERA determined that no quality habitat is available at SWMU 14, which has no viable
terrestrial community. According to the ERA conclusions, exposure risk to terrestrial species near
SWMU 14 is low compared to the potential for effects to lower-level infaunal species. However,
biotransfer of contaminants up the food chain should not be a concern because contaminant

concentrations are not at levels indicative of accumulation. In addition, the low soil concentrations
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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.

SWMU 14 Fate and Transport Evaluation

In the fate and transport discussion, the soil-to-groundwater and soil-to sediment cross-media
transport mechanisms were evaluated. TCE and PCE, detected in both soil and groundwater
samples, are relatively mobile due to their high solubility and vapor pressure; however, they are
expected to attenuate rather quickly. Aldrin and dieldrin, detected in soil only, are expected to
be immobile and not likely to diffuse to groundwater due to their physical and chemical properties.
The portion of the Seventh Avenue drainage ditch west of SWMU 14 is part of a larger system —
the SWMU 38 Southside drainage ditches. Therefore, the SVOCs, pesticides, and inorganics
detected in both soil and sediment samples cannot be attributed solely to SWMU 14 activities.
Most of the SVOCs in Seventh Avenue drainage ditch sediment are typical constituents of vehicle
emissions and asphalt road materials, both of which may emanate from Seventh Avenue, the main
street of the NSA Memphis Southside.

SWMU 14 Recommendations

. Remediation of PCE and TCE in loess groundwater should be evaluated in a Corrective
Measures Study. At a minimum, all site monitoring wells should be analyzed for VOCs
on an annual basis and for remedial design parameters, including those needed to evaluate

natural attenuation.

SWMU 38 Summary

SWMU 38 is the Miscellaneous Ditches in Industrial Areas at NSA Memphis. Only the ditches
on the Southside of NSA Memphis were studied during the Assembly E RFI; the Northside ditches
were investigated in 1995 during the Assembly B RFI. In general, the Southside drainage ditches
slope downward 1% to 3% to the west, eventually draining into Big Creek Drainage Canal in the
southwest corner of NSA Memphis. Water levels in the ditches may vary as much as several feet
during storms. Southside drainage ditches receive influent from surface runoff and storm sewers,

and formerly received wastewater discharges from floor drains in industrial buildings on the
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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.
As buildings were remodeled and replaced, these drains were eliminated or re-routed to the
sanitary sewer. Unﬁl 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 entering the drainage ditches would have been transported
downstream with flow; however, due to their relative immobility, contaminants such as metals can

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

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

SWMU 38
Sample Summary
Number of

Media Type Samples Interval Sampled Analysis Purpose

Sediment  Hand auger/ 9 0 - 6 inches PCBs (EnSys  To characterize the nature and extent of PCBs in the

grab samples Ris¢ Screening . western perimeter ditch area.
_ System) ’
SWMU 38 Analytical Results

SWMU 38 sediment samples contained VOCs, SVOCs, TPH, pesticides, PCBs, herbicides, and
inorganics; however, no VOCs, TPH, or herbicides were at concentrations exceeding screening
values. Seven SVOCs, six pesticides, one PCB, and six inorganics exceeded screening values.
Most exceedances did not affect the outcome of the HHRA, ERA, or fate and transport evaluation;
however, several specific areas of the drainage ditches had multiple exceedances. Exceedances

of concern are summarized below.
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SVOCs:

Pesticides:

PCBs:

Benzo(a)anthracene, benzo(a)pyrene, BEHP, chrysene, fluoranthene, phenanthrene,
and pyrene exceeded one or more screening values in a limited number of samples.
Except for BEHP, these SVOCs are common constituents of vehicle emissions and
asphalt road materials. Nearly all of the SVOC exceedances were in the portions
of the drainage ditches along main roads on the Southside (Seventh Avenue,
First Avenue, B Street). Therefore, their presence may be the result of runoff from
these adjacent roadways during rain events rather than former industrial wastewater

discharge.

Aldrin, DDT and its degradation products DDE and DDD, dieldrin, and endrin
exceeded one or more screening values. Exceedances were most frequent for
dieldrin, DDT, DDD, and DDE. Dieldrin and DDT were routinely applied
throughout NSA Memphis for pest control, and were likely transported to the
drainage system in site runoff during precipitation events. These pesticides were
detected more frequently and at higher concentrations in the upstream portion of
the west leg of the drainage ditches (i.e., the northwest side of the Southside). The
degradation products of DDT were more common, but detected in lower
concentrations, in downstream portions of the drainage ditches (i.e., toward the
southwest portion of the Southside where SWMU 38 discharges to Big Creek
Drainage Canal). The portion of the drainage ditches near Building S-335
(SWMU 59, Old Pesticide Shop) did not exhibit higher concentration of pesticides

than other areas of the drainage ditches.

Aroclor-1260 exceeded its SSV (33 ug/kg) in five surface sediment samples; one
of these samples also exceeded the residential soil RBC (320 ng/kg). Detected
concentrations, ranging from 34 to 1,900 ug/kg, were confined to the western
portion of the SWMU 38 drainage ditch, between Navy Road and the Seabee
compound on the southwest corner of NSA Memphis. Aroclor-1260 was not
present in the most downgradient sediment sample (between the Seabee compound
and the outfall to Big Creek Drainage Canal).
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Inorganics:  Several inorganics exceeding screening values were detected throughout the 1

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 s
ditches at concentrations much higher than detected elsewhere. At one location, s
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, s
respectively). The nickel concentration at this location also exceeded its RC ¢
(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 HHRA 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 2

scenario are: 2
Land Use Media and Exposure Pathway
Current and Future Maintenance Workers Sediment - Incidental Ingestion, Dermal Contact
Current and Future Adolescent Trespassers Sediment - Incidental Ingestion, Dermal Contact




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,
each was assessed independently in the HHRA. Estimated risk and hazard for each land use
scenario for each sediment sample did not exceed USEPA’s acceptable risk range or hazard index
point of departure; consequently, no COCs were identified. Based on the HHRA, the property
consisting of the Southside Industrial Drainage Ditches is considered suitable for use, assuming

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

SWMU 38 ERA

The ERA concluded that although some contaminant concentrations in the ditches exceeded SSV
values, the lack of suitable habitat for sediment- or surface-water-dwelling organisms limits the
exposure potential. The habitat and biota survey indicated the ditches do not have sufficient
annual water flow to support year-round aquatic life; water in the ditches appears to flow only in
immediate response to precipitation. Most of the ditches have a cement or hard clay-sediment
bottom; these substrates do not provide the cover and/or food requirements for aquatic organisms.
NSA Memphis groundskeeping personnel regularly conduct devegetation and flow maintenance
in the ditches, which further limits their ability to support wildlife. The ERA recommended no
further ecological study be conducted at SWMU 38.

SWMU 38 Fate and Transport Evaluation

Contaminant fate and transport was evaluated to assess the potential for contaminant migration in
sediment. The migration pathway for constituents detected at SWMU 38 is predominantly soil to
sediment by transport within drainage ditches during rainfall which results in high water levels.
The soil-to-groundwater migration pathway is mitigated by the fact that contaminants in surface
sediment 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 likely concentrated nearest the outfalls.

SWMU 38 Recommendations
. No further action is recommended for SWMU 38.
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SWMU 59 Summary

Site Description and History

SWMU 59 consists of Building S-335, the Pesticide Storage Facility (commonly referred to as the
OIld Pesticide Shop). Building S-335, a wood-framed, sheet-metal exterior structure, stored
pesticides and fertilizers used throughout NSA Memphis. A small grassy area adjacent to the
north, east, and south sides of the building separates it from First Avenue on the east, while an
asphalt parking lot is north, west, and south of Building S-335. The SWMU 59 area slopes gently
to the east, with runoff flowing toward a storm drain northeast of the building in the grassy area.
This storm drain conveys the water southeast under First Street to an outfall in the SWMU 38
secondary drainage ditch along the east side of First Street. SWMU 38 then conveys runoff
approximately 1,800 feet south to Big Creek Drainage Canal. Any storm water runoff which does
not enter the storm drain northeast of the building would move across the parking lot as sheet flow
to First Street, where it would travel south to Big Creek Drainage Canal. The exact age of
Building S-335 is unknown, although it is estimated to be approximately 40 years old. Pesticides
reportedly stored at the building included chlordane, dieldrin, and DDT, and arsenic, a common
component of early pesticide formulations. SWMU 59 was flooded in 1974 and 1987. Water
marks from flooding are present on the walls inside the building approximately 2.5 feet above the

floor.

In 1990, an investigation was conducted at SWMU 59 because the Navy planned to demolish
Building S-335 and needed to generate data for project planning issues, including worker health
and safety and demolition waste disposal. The investigation consisted of collecting 16 shallow soil
samples from eight boring locations (SS1 to SS8) surrounding Building S-335 and 30 wipe samples
from the building's interior surfaces. Hand auger soil samples were collected from O to 1 foot bls
(upper interval) and 1 to 2 feet bls (lower interval) at all eight boring locations. The soil samples
and wipe samples were specifically analyzed for chlordane, DDT and related isomers, dieldrin,

and arsenic.

Chlorinated pesticides and arsenic were identified in shallow (0 to 2 feet bls) soil surrounding the
building and on surfaces inside the building. The primary contaminant identified during the 1990
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investigation was chlordane, identified in all eight upper interval soil samples at concentrations
‘ ranging from 801 to 279,719 ng/kg. The chlordane concentration in six samples exceeded the
residential soil RBC (1,825 ng/kg), and the concentration in two of the samples exceeded the
industrial soil RBC (16,352 ug/kg). Additionally, the soil-to-groundwater SSL for chlordane

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

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

as outlined in the following table:

Media Samples S ed Purpose

Soil Soil Boring 3 0 -2 feet * FSA Results were used to determine the following:
surface and subsurface soil quality in the loess

3 4 - 8 feet ¥ upgradient, downgradient, and near Building S-335;

human health risk to potential residents and site

3 10 - 12 feet workers; ecological risk to terrestrial species; and

the migration potential for: soil constituents to

groundwater and sediment

Groundwater DPT 1 Upper Fluvial VOCs Screening investigation to determine if VOCs from
Deposits 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.




SWMU 59
Sample Summary

Number of Interval

Sediment Hand Auger 1 0 - 6 inches Full-Scan This sample was collected during the SWMU 38

Analysis investigation; due to its proximity to SWMU 59, its
1 18 - 24 inches results were incorporated 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 ad'!acent to Bui!ding S-335,

Note:

*  —  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
affected the results of the HHRA, ERA, and fate and transport assessments; or contaminants that
were obviously the result of SWMU 59 operations.

Soil Contaminants: VOCs, SVOCs, TPH, chlorinated pesticides, PCBs, herbicides, and
Appendix IX metals were detected in RFI soil samples. Soil samples from under the asphalt-paved
areas did not indicate significant screening value exceedances, while soil samples from the grassy

area indicated numerous significant exceedances, as described below.

SVOCs: Surface soil samples from the grassy area indicated several SVOCs above their
screening values. The SVOCs identified in the grassy area, their maximum
concentration detected, and the applicable screening value exceeded are as follows:
benzo(a)anthracene (760 wg/kg) above its SSL (700 wg/kg); benzo(a)pyrene
(950 ug/kg) above its residential RBC (88 ug/kg); benzo(b)fluoranthene
(1,200 ng/kg) above its residential RBC (880 ug/kg); chrysene (1,200 ung/kg)
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Pesticides:

PCBs:

Inorganics:

above its SSL (1,000 ng/kg); and pentachlorophenol (2,600 ng/kg) above its SSL
(200 g/kg).

4,4'-DDD, 4,4'-DDE, 4,4'-DDT, aldrin, alpha-chlordane, gamma-chlordane,
technical chlordane, dieldrin, heptachlor, and heptachlor epoxide, were indicated
in surface and/or subsurface soil samples exceeding screening values. Several
pesticides were at concentrations significantly exceeding their screening values,
including surface soil samples from the grassy area which indicated maximum
concentrations of technical chlordane (52,000 wng/kg), alpha-chlordane
(6,500 ng/kg), and gamma-chlordane (8,800 ng/kg), which were above chlordane’s
residential RBC (1,825 ug/kg), industrial RBC (16,352 ug/kg), and/or SSL
(2,000 ng/kg).

Aroclor-1260 was the only PCB detected in surface soil. Its detected concentration
(5,400 r.g/kg) in a sample from the grassy area exceeded both the residential and
industrial RBCs (320 ng/kg and 2,850 ng/kg, respectively).

The only inorganics in SWMU 59 soil samples that exceeded both their RCs and
RBCs or SSLs were arsenic, lead, and nickel. Arsenic’s surface soil RC
(14.58 mg/kg), residential RBC (0.43 mg/kg), industrial RBC (3.8 mg/kg), and
SSL (15 mg/kg) all were exceeded in two surface soil samples from the grassy area
(15.3 mg/kg and 27 mg/kg). Lead, which has no RBC or SSL, was compared to
its surface soil RC (26.03 mg/kg) and the USEPA residential and industrial soil
cleanup goals of 400 mg/kg and 1,300 mg/kg. Concentrations of lead in two
surface soil samples from the grassy area (625 mg/kg and 521 mg/kg) exceeded
both the surface soil RC and the USEPA residential soil cleanup goal. Nickel’s
subsurface RC (non-detect) and SSL (21 mg/kg) were both exceeded in a 10- to
12-foot bls soil sample from the grassy area (27.8 mg/kg).
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Groundwater Contaminants: VOCs, SVOCs, TPH-DRO, pesticides, and Appendix IX metals
were detected in SWMU 59 groundwater samples. No VOCs, SVOC:s, or total TPH concentration

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 s
pesticides at concentrations which exceeded their respective tap-water RBCs, but
not their MCLs: technical chlordane (1.1 ng/L), dieldrin (0.052 ..g/L), heptachlor 7
(0.069 ug/L), and heptachlor epoxide (0.19 ng/L). The corresponding tap-water 8
RBC:s are as follows: chlordane (0.192 ng/L), dieldrin (0.0042 n.g/L), heptachlor 9
(0.0023 ng/L), and heptachlor epoxide (0.0012 wng/L). 10

Inorganics: Two loess monitoring well samples indicated lead concentrations (18 and 11
30.6 ug/L) exceeding its loess groundwater RC (17.5 wug/L) and the USEPA 12
treatment technique action level for lead (15 wg/L). Although barium and 13
vanadium did not exceed their tap-water RBCs (2,600 ng/L and 260 ng/L) or 14
MCLs (2,000 wng/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 (442 ng/L) was exceeded in two loess groundwater 17
samples (445 and 463 ug/L) and the loess groundwater RC for vanadium 18
(40.3 ng/L) was exceeded in one loess groundwater sample (46.8 n.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
pesticides/PCBs 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
the outfall of the underground storm sewer line leading from the grassy area adjacent to
Building S-335 to the SWMU 38 secondary drainage ditch. The surface sediment sample indicated
concentrations of the pesticides 4,4'-DDD (56 ng/kg) and 4,4'-DDE (23 ng/kg) exceeding their
SSV (3.3 ug/kg for both compounds), the PCB Aroclor-1260 (290 ng/kg) exceeding its SSV
(33 ug/kg), and the inorganics cadmium (5.3 mg/kg), copper (27.1 mg/kg), lead (39.4 mg/kg),
and nickel (17.5 mg/kg) exceeding their SSVs (1 mg/kg, 18.7 mg/kg, 30.2 mg/kg, and
15.7 mg/kg, respectively). No organic or inorganic contaminant in the surface sediment sample
exceeded both its residential RBC or SSL and its RC for surface soil, where applicable. No
organic or inorganic contaminant in the subsurface sediment sample exceeded both its SSL. and RC
for subsurface soil. Note that other sediment samples from the SWMU 38 drainage ditches
upgradient (north) of SWMU 59 exhibited higher concentrations of contaminants than were
detected in the sample collected near SWMU 59.

SWMU 59 HHRA
The HHRA evaluated exposure for two land use scenarios: future site residents, and current and

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

Land Use Media and Exposure Pathway

Future Site Residents Soil - Incidental Ingestion, Dermal Contact
Loess Groundwater - Ingestion

Current and Future Site Workers Soil - Incidental Ingestion, Dermal Contact
Loess Groundwater - 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
comparing detected concentrations to RBCs. No COPCs were identified for this scenario, so no

risk calculations were performed.
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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

or hazard index point of departure.

Summation of Exposure Pathways for SWMU 59

Future Site Residents Current and Future Site Workers
1 ¥ Ll
Adult Child LWA Worker - Worker
Medium and Exposure Pathway HI HI ILCR - HI ILCR
Soil - Incidental Ingestion 0.3 3 1e-04 0.1 le-05
Soil - Dermal Exposure 0.2 0.5 2e-05 0.1 9e-06

Loess Groundwater - Ingestion 0.8 2 7e05 - 0.2 2e-05

Notes:

HI —  Hazard Quotient
ILCR - Incremental Lifetime Cancer Risk
LWA —  Lifetime Weighted Average

Identification of COCs was based on the multi-pathway risk and hazard estimate exceedances
provided on the table above. COCs, identified only for the future site resident scenario, are shown

in the following box.

Land Use Exposure Pathway cocC

Future Site Residents Surface soil - Ingestion Aldrin, alpha-Chlordane, Arsenic, Aroclor-
1260, BEQ, Dieldrin, gamma-Chlordane,
Heptachlor, Heptachlor epoxide

Loess groundwater ingestion Barium, Vanadium, Heptachlor epoxide, Lead

SWMU 59 ERA
The SWMU 59 Ecological Risk Assessment concluded there is no quality habitat available and no
viable terrestrial community exists. The site is surrounded by asphalt and the grassy area covers

only an estimated 1,600 square feet.
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SWMU 59 Fate and Transport Assessment

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

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

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

small, unpaved area.

SWMU 59 Recommendations

Pesticide contamination on the interior surface of Building S-335 and in the grass covered
area surrounding the building should be addressed through the demolition of the building
and a limited soil excavation. Proper removal and disposal of the building debris and
shallow soil would limit future risk to human health or the environment. Also, since loess
monitoring well 059GO2LS is in the grass area surrounding Building S-335, it will need
to be abandoned prior to any soil removal in accordance with Memphis and Shelby County
well abandonment regulations. A Voluntary Corrective Action Work Plan for the
demolition of Building S-335 and the removal of contaminated soil under the building and

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

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

Navy comments have been reviewed and addressed.

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

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

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

and 059GO3UF, and upgradient monitoring well 059GO1LS for pesticides.

SWMU 65 Summary
Site Description and History

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

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

building; and the surrounding grass-covered area. SWMU 65 has been used since the early 1950s
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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
east by Seventh Avenue. A broad grassy area and levee separate the concrete pad area from
Big Creek Dfainage Canal. The topography slopes gently south, with storm water runoff from
the concrete pads flowing across the grassy area into a linear drainage depression along the south
side of the site. An additional drainage depression bisects the site, conveying water from its west
and east sides to the southern drainage depression. Drainage from both linear depressions enters
a north-south drainage depression at the site’s southeast corner, where it exits the SWMU and

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

Two 30,000-gallon underground storage tanks (USTs), formerly used to fuel the test cell, were
present north of Building S-346. The USTs were removed in 1984, and no free product was
observed in the excavated area; however, a hydrocarbon odor and discolored soil were noted in
the excavation. Underground piping likely transported the jet fuel to the test cell; however, this
piping has not been located. )

Prior investigations at SWMU 65 were in response to a 25-gallon jet propulsion fuel #5 (JP-5)
release on April 28, 1992. On May 4, 1992, Navy personnel excavated the impacted soil in the
JP-5 spill area near the easternmost concrete pad, collected four surface and subsurface soil
samples, then backfilled with the excavated material. The soil samples were submitted to a
laboratory for total TPH analysis. Analytical results indicated TPH concentrations ranged from
38,900 mg/kg at the surface to 5,090 mg/kg at a depth of approximately 6 feet bls near the spill
area. In October and November 1992, a limited site investigation was performed at SWMU 65
in response to the JP-5 spill. The investigation consisted of advancing and sampling four soil
borings and installing an upper alluvium groundwater monitoring well within each open borehole.
Five additional soil borings were completed in the upper alluvium. Soil and groundwater samples
were analyzed for TPH-GRO, TPH-DRO, and benzene, toluene, and xylene (BTX). Total TPH
in soil, obtained by adding the GRO and DRO fractions, ranged from non-detect to 7,930 mg/kg.
The majority of total TPH in the soil samples consisted of the TPH-DRO fraction, with

concentrations increasing with depth in seven of the nine soil borings. The sum of BTX
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constituents in soil samples ranged from non-detect to 28.0 mg/kg with the majority consisting of 1

xylene. Total TPH in upper alluvium groundwater ranged from 295 to 3,156 ng/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
SWMU 65
Sample Summary
Number of Interval

Samples

Soil Soil Boring 3 0.5 - 2 feet FSA To determine surface and subsurface soil quality in

the upper alluvium at each corner of the lagoons; the
3 6 - 8 feet human health risk to potential residents, site workers,
= maintenance workers, and trespassers; ecological risk
3 12 - 14 feet to terrestrial species; and the migration potential for

soil constituents to groundwater and sediment,

Monitoring 4 Upper and FSA, less TPH-  To determine groundwater quality in the deep
Well 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.

Groundwater

SWMU 65 Analytical Resuits 7
This discussion presents only those contaminants that exceeded screening values; significantly s
affected the results of the HHRA, ERA, and fate and transport assessments; or contaminants that o

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 SVOC, 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 ng/kg) in one
DPT soil sample from the 5- to 7-foot bls interval exceeded the TDEC cleanup level for total TPH
(500,000 .g/kg); and dieldrin (340 n.g/kg) in one surface soil sample exceeded its residential RBC
(40 ng/kg), SSL (1 ng/kg), and the RC (262 wng/kg) established for dieldrin at NSA Memphis.

Groundwater Contaminants: No SVOCs, TPH, chlorinated pesticides/PCBs, organophosphorus
pesticides, or herbicides were detected in groundwater samples from monitoring wells.
Chloromethane was identified in one upper alluvium DPT sample (15 ng/L) exceeding its tap
water RBC (1.4 ng/L). Arsenic was identified in one upper alluvium groundwater monitoring
well (4.5 ng/L) and the deep alluvium well (5.6 ng/L) exceeding both its tap water RBC
(0.045 /L) and RC (4.2 pg/L). |

April/May 1997 Groundwater Sampling Event: The four upper alluvium groundwater wells
installed in 1992 and the three upper alluvium and one deep alluvium groundwater wells installed
in 1996 were sampled and analyzed for VOCs, TPH, TPH-GRO, and TPH-DRO. The T}’H,
TPH-GRO, or TPH-DRO concentrations identified in five of the seven upper alluvium monitoring
wells exceeded the TDEC groundwater cleanup level of 100 ..g/L total TPH for drinking water

aquifers.

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

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

SWMU 65 HHRA
The HHRA evaluated exposure for two land use scenarios: future site residents, and current and

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

Future Site Residents Soil - Incidental Ingestion, Dermal Contact
Alluvial Groundwater - Ingestion

Current and Future Site Workers Soil - Incidental Ingestion, Dermal Contact
Alluvial Groundwater - 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
comparing detected concentrations to RBCs. No COPCs were identified for this scenario, so no

risk calculations were performed.
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

or hazard index point of departure.

Summation of Exposure Pathways for SWMU 65

. Future Site Residents . Current and Future Site Workers .
Adult Child LWA Worker Worker
Media and Exposure Pathway HQ HQ ILCR HQ ILCR
Soil - Incidental Ingestion 0.005 0.04 4.3e-06 0.002 4.8e-07
Soil - Dermal Exposure 0.008 0.03 3.8e-06 0.005 2e-06

HQ —_ Hazard Quotient
ILCR — Incremental Lifetime Cancer Risk
LWA —  Lifetime Weighted Average

liii



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
scenario. The only COC identified for the future site resident scenario was arsenic, based on the
risk and hazard estimates for ingestion of alluvial groundwater as a drinking water source. The
maximum concentration reported for arsenic in alluvial groundwater (5.6 1g/L) is approximately
one order of magnitude less than the corresponding MCL (50 «g/L), and only slightly exceeds the
alluvial groundwater background RC (4.2 ng/L). It should be noted that the upper alluvium and
the loess are lithologically and hydrogeologically similar, and the maximum detected concentration
does not exceed the loess groundwater RC (7.32 ug/L). In addition, arsenic was not an anticipated
site constituent, and no records are available that indicate its use at SWMU 65. Therefore, arsenic
in SWMU 65 alluvial groundwater may be naturally occurring or residual background

concentrations from past agricultural practices.

SWMU 65 ERA

The Ecological Risk Assessment determined no quality habitat is available at SWMU 65, which
has no viable terrestrial community. Surface soil contaminant concentrations at SWMU 65 do not
indicate a risk to lower-level terrestrial receptors and the biotransfer of contaminants up the food

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

SWMU 65 Fate and Transport Assessment

The fate and transport evaluation concluded soil contaminants identified at SWMU 65 are not
expected to adversely impact the alluvial aquifer, based on their limited impact to alluvial
groundwater during the April 1996 groundwater sampling event, and the tendency for inorganics

and pesticides to sorb to the soil matrix.

SWMU 65 Recommendations

. Assess the need for a Voluntary Corrective Action to remove soil around the JP-5 spill
area after the BCT evaluates the data from the soil sample collected to characterize the
former JP-5 fuel spill area. '

. Final determination on SWMU 65 groundwater should be deferred until the analytical
results from the most recent groundwater sampling event have been evaluated by the BCT.
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RCRA Facility Investigation Report

Assembly E — SWMUs 2, 9, 14, 38, 59, and 65
NSA Memphis — Millington, Tennessee
Revision 1: February 2, 1998

1.0 INTRODUCTION

As part of the U.S. Navy Installation Restoration Program, the following Resource Conservation
and Recovery Act (RCRA) Facility Investigation (RFI) report has been prepared for six Solid
Waste Management Units (SWMUs) on the Southside of Naval Support Activity (NSA) Memphis
(formerly Naval Air Station [NAS] Memphis), Millington, Tennessee.

The Southside of NSA Memphis, on which these SWMUs are located, is being “realigned” for
other uses as a result of the Base Closure and Realignment Act of 1990 (BRAC). Additionally,
one portion of the Northside (primarily the airfield and associated buildings) has been closed and
prepared for property disposal; the remainder is being realigned along with the Southside. Under
the closure and realignment, Navy airfield operations ceased in October 1995. Training operations
moved to NAS Pensacola in 1996, and Navy Bureau of Personnel (BUPERS) operations are
scheduled to move from the Washington, D.C. area to NSA Memphis in 1998.

NSA Memphis received RCRA Permit No. TN2-170-022-600 from the U.S. Environmental
Protection Agency (USEPA) Region IV in September 1986. The Hazardous and Solid Waste
Amendments (HSWA) portion of the permit (HSWA-TNO002) required a RCRA Facility
Assessment (RFA) to identify and characterize all active and inactive SWMUs s at which there were
known or suspected releases of hazardous constituents. To comply with this requirement, the
Navy retained Engineering Design and Geosciences Group Inc. (EDGe) in December 1986 to
conduct the RFA and followup RFI to evaluate these SWMUs. EDGe completed the RFA and RFI
concurrently and submitted the draft reports in April 1987. The reports identified 58 potential
SWMUs and recommended 34 for additional study. Since 1987, eight more sites have been added
and a formerly identified site has been divided into two sites, bringing the total number of SWMUs
to 67. On September 24, 1996, the Tennessee Department of Environment and Conservation
(TDEC) issued a permit modification (Installation Identification Number TN2-170-022-600;
Permit Number TNHW-094) to add the new SWMUs and Area of Concern (AOC) A, the
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Northside Fluvial Deposits Groundwater. Thus, there are currently 68 sites needing investigation

which are listed in the modified permit.

At the present time, 27 of the 68 sites require full RFI characterization, 25 require a confirmatory
sampling investigation (CSI), and the remaining 15 require no further action. The RFI and CSI
SWMUs (including the one AOC) were grouped as eight Assemblies (A, B, C, D, E, F, G, and H)
under the RCRA Corrective Action Program (CAP) at NSA Memphis. Grouping was based on:

. the BRAC status of the SWMU and the type of funds used to investigate them.
Assemblies A, B, C, and D, on the closing portions of NSA Memphis, are being
investigated using BRAC funds. Assemblies E, F, G, and H, on portions of
NSA Memphis that will remain open, are being investigated using funds provided by the

Defense Environmental Restoration Account [DERA];

. whether the SWMU requires an RFI or CSI. SWMUs in Assemblies A, B, and E required
initial full RFI investigations; the remaining SWMUs required CSlIs; and

. the SWMUs associated waste sources (surface or subsurface) and the type of field sampling
methods involved (drilling, direct push technology [DPT], hand-auger, etc.)

The six Assembly E SWMUs that are the subject of this RFI require full characterization. These
SWMUs are on the portion of NSA Memphis that will remain open. Therefore, their
investigations are funded by DERA. The Assembly E SWMUs are:

. 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.

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

The Assembly E RFI, undertaken by EnSafe/Allen & Hoshall (E/A&H) and the U.S. Geological
Survey (USGS), was conducted in accordance with the Assembly E Site Investigation Plans
(E/A&H, 1995a). The RFI adhered to the requirements of the HSWA portion (HSWA-TN002)
of RCRA Permit No. TN2-170-022-600, the HSWA portion of permit modification
No. TNHW-094, and applicable regulations.

1.1 . Assembly E SWMU Descriptions and Site Histories
This section provides a description and site history of each Assembly E SWMU.

1.1.1 SWMU 2 — Southside Landfill

SWMU 2, the Southside Landfill, covers 42 acres of the southeast quadrant of NSA Memphis.
It is bounded on the east by Perimeter Road, wooded areas, and residential areas. South of the
landfill lies Big Creek Drainage Canal, which flows to the west. South of Big Creek Drainage
Canal lies the southern boundary of NSA Memphis and undeveloped land. West of the landfill
lies Seventh Avenue and the NSA Memphis South Gate. The NSA Memphis shooting range is
near the landfill’s northwest corner. A wooded lot and a residential neighborhood are

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

The landfill is covered with mature hardwood trees and dense undergrowth, as documented in the
Visual Site Inspection (VSI) Report (ERC/EDGe, 1990a). It is relatively flat, subtly sloping
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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).

The landfill receives surface drainage from the north, which apparently discharges generally to
the south and west into Big Creek Drainage Canal. During the Assembly E investigation, no
visual evidence of surface-water discharge into Big Creek Drainage Canal was identified, although
topographic features were noted where runoff from the landfill may be concentrated. During
current and previous site investigations, several areas of standing water, up to several inches deep,
have been noted at various landfill locations. These areas are believed to have resulted from a
combination of precipitation and blocked surface drainage pathways, and not from upward
groundwater movement. The drainage pathways have not been maintained since the landfill closed
in 1970, and dense undergrowth and plant debris may have filled areas which once drained low-

lying areas of the landfill.

According to the RCRA Facility Assessment (RFA) (ERC/EDGe, 1990b), the Southside Landfill
reportedly received solid waste generated from both the Northside and Southside from 1942 until
1970. Disposed waste included residential waste generated by onsite housing, office solid waste,
aircraft parts, wastewater-treatment plant sludge generated by the trickling filter plant, incinerator
ash, waste oil, oily sludge, and solvents generated from industrial operations. An estimated one
ton per year of oily waste and sludge (possibly containing polychlorinated biphenyls [PCBs]) and
approximately two tons per year of wastewater-treatment plant sludge were disposed of by trench-
and-cover in the landfill. Combustible materials were reportedly burned with waste oil to aid in

the burning process and to reduce the waste volume in the landfill.
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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
Study/Verification Phase (CS/VP), five monitoring wells were installed around the landfill and
sampled for volatile organic compounds (VOCs) and select inorganics. The analytical results were
compiled in the NACIP Confirmation Study, Verification Phase report (Geraghty and Miller
[G&M], 1985). In 1991, the USGS conducted a limited soil-gas survey and electromagnetic (EM)
survey of the landfill.

A preliminary evaluation of the SWMU 2 RFI data indicates that additional sampling should be
performed to complete the SWMU 2 RFI. Therefore, the nature and extent of contamination
at SWMU 2, and the resulting risk and fate and transport evaluations are not presented in this
report. However, lithologic and hydrogeologic information generated during RFI activities
performed to date have been included in Sections 2 and 3 because they are relevant to
understanding the geology and characteristics of groundwater transport on the Southside of
NSA Memphis. Once SWMU 2 has been adequately characterized and evaluated with respect
to risk and fate and transport, the RFI results will be incorporated in subsequent revisions to this
report.

1.1.2 SWMU 9 — Sewage Lagoons

SWMU 9 consists of two sewage lagoons on the Southside’s southern boundary, approximately
175 feet south of Big Creek Drainage Canal and 450 feet southwest of the South Gate. The
approximately 400,000-square-foot western lagoon is separated from the approximately
141,000-square-foot eastern lagoon by a 25-foot wide dike. The lagoons are bordered by
Big Creek Drainage Canal to the north, wooded areas to the south and west, and
Singleton Parkway to the east. Big Creek Drainage Canal flows to the west. Figure 1.3 provides
a site map of SWMU 9.
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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
approximately 3 feet of water. NSA Memphis personnel have reported that the water level in the
lagoons does not noticeably change from season to season. The land surrounding the lagoons
slopes away on all sides for a short distance, with surface water draining generally west before it
enters Big Creek Drainage Canal (refer to the topographic map in Appendix A). The lagoon
bottom sediments are clay and wastewater sludge, underlain by clayey silt. During the
Assembly E investigation, a temporary road was constructed on top of the dikes by clearing the
vegetation with a bulldozer. The levees appeared to be in good condition, except for a beaver
tunnel connecting the south side of the larger western lagoon with, presumably, the surface, at an

unknown point south of the temporary road.

The two lagoons were used as part of the NSA Memphis wastewater treatment system from 1969
to 1978. Although primarily domestic wastewater was treated, limited amounts of industrial
wastewater from aircraft maintenance were also treated. This industfial wastewater may have
contained a wide variety of contaminants, including VOCs, semivolatile organic compounds
(SVOC:s), and metals. The lagoons received approximately 35% of the wastewater produced at
NSA Memphis, with the other 65% going to SWMU 28, the former Southside wastewater
treatment plant. SWMU 28, which was classified as a no-further-action SWMU, was located at
the current site of Building S-787.

An influent line from the former wastewater treatment plant crossed Big Creek Drainage Canal
and entered the lagoon area at the northwest corner of the western lagoon (Figure 1.3). The
wastewater was chlorinated prior to discharge into Big Creek Drainage Canal through an effluent
line at the northeast corner of the lagoons. According to NSA Memphis personnel, all influent
and effluent control valves were closed and concrete-sealed in 1978, when the sewer system was

connected to the City of Millington sewage treatment system.
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Visual inspections by E/A&H personnel during the Assembly E RFI did not identify any evidence
of discharge into Big Creek Drainage Canal.

The sewage lagoons have been the subject of one previous investigation during which limited
sediment sampling was conducted. In 1984, Geraghty and Miller collected five sediment samples
from the bottom material in the two lagoons during the CS/VP. Each sediment sample was
analyzed for total cadmium, chromium, copper, nickel, and lead by SW-846 Method 1310 for
Extraction Procedure (EP) Toxicity. No metal was detected above its method detection limit
(0.01 milligrams per kilogram [mg/kg] for cadmium and nickel and 0.1 mg/kg for chromium,
copper, and lead). According to the NACIP Confirmation Study, Verification Phase report
(G&M, 1985), no further investigation was recommended for the SWMU. HoWever, the
subsequent RCRA Facility Assessment (ERC/EDGe, 1990b) recommended an RFI at SWMU 9 due
to the lack of analytical data for the SWMU. Copies of the CS/VP and RFA reports were
provided as attachments to the ASsembly E Site Investigation Plans (E/A&H, 1995a).

1.1.3 SWMU 14 — Building S-140 Site and Seventh Avenue Ditch

SWMU 14, the former site of Building S-140, is now a flat, grass-covered area on the Southside,
east of Seventh Avenue and north of Polaris Drive. Drainage ditches are south and west of the
site. The site’s eastern portion has a small stand of pine trees, several sidewalks, and a large open
field once used as a trailer park. Residential property is at the far east end of this open field.

Figure 1.4 provides a site map of SWMU 14.

Building S-140, demolished in 1985, housed a paint spray booth, a paint removing area, and a
paint wash-down area used to train Navy personnel in painting-related processes from 1943 to
1985. According to building diagrams, two drainage systems were associated with painting

activities at S-140: one was in the central portion of the building which housed the paint spray
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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.

Paint-related wastes generated by the paint spray booth and water wash pits in the central portion
of Building S-140 apparently collected in two floor drains which emptied into two 1,885-galion
sump pits. Paint waste and sludge from these sumps were most likely removed on an as-needed
basis, with any overflow discharged diréctly to the Seventh Avenue ditch until 1980. After 1980,
the flow from the paint booth and wash-down area was redirected to a paint separator/sump in the
building’s mechanical room with the overflow discharged to the sanitary sewer. The paint waste
and sludge likel); contained chromium, lead, and various hydrocarbons and paint solvents,

including mineral spirits, toluene, and phenols.

Wastes generated by the paint wash-down area and work tablgs in the northern portion of the
building were discharged to an unidentified drain line exiting the building’s east side. In 1968,
these wastes were diverted to an interceptor-separator beneath the north end of a sidewalk
immediately east of the building. According to construction diagrams, this interceptor-separator
was 3.5 x 5 feet wide and 4.5 feet deep. Interceptor discharge was directed to the sanitary sewer
line to the north.

A former outdoor wash basin next to Building S-140's south side consisted of a 36- x 40-foot
concrete slab surrounded by a 6-inch berm. According to sewer modification diagrams, the
basin’s drain connected to a 12-inch concrete line which discharged directly into the Polaris Drive
drainage ditch (Figure 1.4). When the drain line was plugged in 1980, drainage was diverted to
the sanitary sewer. Today, there is no evidence of the drain, but the associated outfall (a small
discharge pipe) can be seen in the Polaris Drive ditch, which has been included in the SWMU 14
RFIL.
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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
S-140, was constructed in 1944 and demolished in 1985. Building S-1602, reportedly a temporary
building along the eastern edge of the site, was removed in August 1989. Building 351, 50 feet
southeast of S-140, reportedly was a 12-foot by 20-foot, pre-fabricated metal storage building used
as a paint locker prior to its demolition in 1985. Also associated with Building S-140 is
SWMU 46, a former hazardous waste accumulation point at the north end of a paved area east of
the building. From 1980 until 1985, SWMU 46 was used for less-than-90-day storage of
drummed hazardous waste, including waste paints and thinners. Although SWMU 46 is in
Assembly G, it is included in the SWMU 14 study area and therefore, will not require a separate

investigation.

The site is relatively flat with no obvious direction for surface-water runoff. It is likely, however,
that all runoff currently discharges as sheet flow into the Seventh Avenue ditch to the west and the
Polaris Drive drainage ditch to the south. These ditches, which ultimately discharge into
Big Creek Drainage Canal, are partially concrete-lined.

1.1.4 SWMU 38 — Miscellaneous Drainage Ditches (Southside Only)

In its entirety, SWMU 38 covers most of the open ditches on NSA Memphis. These ditches drain
the Northside and Southside of NSA Memphis; however, only the Southside ditches are included
in the Assembly E RFI, while the Northside ditches were part of the Assembly B RFI. They
receive influent from surface runoff, storm sewers, and formerly, wastewater discharges from
various industrial buildings on the NSA Memphis Southside. The locations of the SWMU 38
primary and secondary drainage ditches were illustrated on Figure 1.1 (shown previously).

SWMU 38's general topography on the Southside of NSA Memphis subtly slopes downward 1%
to 3% to the west. SWMU 38 ditches, which appear to have been eroded in several areas, drain
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to Big Creek Drainage Canal in the southwest corner of NSA Memphis. Water levels in the
ditches may vary as much as several feet during storms. A topographic map showing local surface
elevations for SWMU 38 is provided as Appendix A.

The original design of many buildings at NSA Memphis (circa 1943) provided for floor drains to
discharge to storm sewers, storm drains, and drainage ditches. As buildings were remodeled and
replaced, however, 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 into them. The 1990 RFA description for
SWMU 38 (ERC/EDGe, 1990b) was provided in Attachment A of the Assembly E Site
Investigation Plans (E/A&H, 1995a).

1.1.5 SWMU 59 — Pesticide Storage Facility (Old Pesticide Shop)

The Pesticide Storage Facility (commonly referred to as the “Old Pesticide Shop”) consists of
Building S-335, a wood-framed, sheet-metal exterior structure. A small grassy area on the north,
east, and southeast sides of the building separates the building from the adjacent asphalt lot, which
surrounds the building on the north, south, and west sides. A grassy area on the building’s east

side separates it from First Avenue. Figure 1.5 proVides a site map of SWMU 59.

The SWMU 59 area slopes gently to the east, with runoff flowing toward a storm drain in the
grassy area east and northeast of Building S-355. This storm drain conveyé the water southeast
under First Street to an outfall in the SWMU 38 secondary drainage ditch along the east side of
First Street. SWMU 38 then conveys runoff approximately 1,800 feet south to Big Creek
Drainage Canal. Any storm runoff which does not enter the storm drain northeast of the building
would move across the parking lot as sheet flow to First Street, where it would travel south to
Big Creek Drainage Canal. A topographic map showing local land surface elevations for
SWMU 59 is provided as Appendix A. |
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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
reported to have been stored at the building included chlordane, dieldrin, and DDT, and arsenic,
a common component of early pesticide formulations. According to NSA Memphis personnel,
employees associated with the SWMU 59 pesticide operation are no longer at NSA Memphis, and
current employees were not involved in the aforementioned activities. Therefore, no personnel

were available for interviews regarding SWMU 59's operating procedures.

SWMU 59 was flooded in 1974 and 1987, as evidenced by the water mark on the wall inside the
building approximately 2.5 feet above the floor. The 1990 VSI conducted by the Navy and the
USGS indicated a pesticide odor emanating from the building's window. A water line leak was
present at the time of this Navy/USGS visit, resulting in clear water trickling from beneath the
building and saturating the ground on the building's east side. According to the Draft Final RCRA
Facility Investigation Work Plan for Naval Air Station — Memphis (SOUTHDIV, 1990), the
building was scheduled for demolition in 1990; however, at the present time it has not been
demolished or cleaned. It is locked, and hazard signs are present on the building’s exterior. At
the request of the BRAC Cleanup Team (BCT), EnSafe is currently preparing a Voluntary
Corrective Action (VCA) Work Plan for SWMU 59. The VCA Work Plan will outline the
demolition of the building and its asphalt flooring, removal of soil beneath the building and its

adjoining grassy area, and disposal of construction debris and excavated soil.

SWMU 59 has been the subject of one previous investigation — a 1990 RFI performed by EnSafe
and ERC in anticipation of the planned building demolition. During the RFI, 16 shallow soil
samples were collected from eight locations surrounding the shop, and 30 wipe samples were
collected from the building's interior surfaces. The samples were analyzed for arsenic, DDT and
related isomers, chlordane, and dieldrin. The RCRA Facility Investigation Report , NAS Memphis
Site No. 59 (Building No. S-335, Former Pesticide Storage Facility), NAS Memphis
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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.
The body of the 1990 RFI report was provided in Attachment 1 of the Assembly E Site
Investigation Plans (E/A&H, 1995a).

1.1.6 SWMU 65 — Building S-362 Training Mockup Site

The Building S-362 Training Mock-Up Site (SWMU 65) has been used since the early 1950s to
train personnel in aircraft startup. The SWMU 65 area includes: S-362, a concrete pad mock-up
area with spaces for approximately 15 planes; Building S-1503, a 128-foot by 16-foot by 9-foot
wood storage shelter; and Building S-346 (formerly the engine test cell building), presently used
for classroom space, training, and a storm shelter. Presently, the U.S. Army Reserves are parking
vehicles on the concrete pads west of Building S-362. SWMU 65 is bound by Big Creek Drainage
Canal on‘the south and Seventh Avenue on the east. A broad grassy area and a levee separate the

concrete pad area from Big Creek Drainage Canal. Figure 1.6 provides a site map of SWMU 65.

SWMU 65 topography slopes gently south. Storm water runoff from the concrete pads flows
across the grassy area into a linear drainage depression along the south side of the site. An
additional drainage depression bisects the site, conveying water from the west and east sides of
the site to the southern drainage depression. Stormwater flows east along the southern drainage
way and enters Big Creek Drainage Canal at an outlet near Seventh Avenue. A topographic map

showing local land surface elevations is provided in Appendix A.

According to the RCRA- Facility Assessment report (ERC/EDGe, 1990b), the jet aircraft at
SWMU 65 were refueled by pumper truck, and no fuel lines or underground storage tanks (USTs)
were present. However, NSA Memphis personnel stated that two 30,000-gallon USTs, formerly
used to fuel the test cell, were present north of Building S-346. The USTs were removed in 1984,

and no free product was observed in the excavated area; however, a fuel odor and discolored soil
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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 RFA listed the following potential contaminants at
SWMU 65: jet fuel, hydraulic fluid, and lubricating oil.

Two previous studies have been conducted at SWMU 65 in response to a reported 25-gallon jet
propulsion fuel (JP-5) release in April 1992. In May 1992, Navy personnel excavated the soil in
the spill area (near the easternmost concrete airplane pad), collected four soil samples for total
petroleum hydrocarbons (TPH) analyses, and filled the excavation with the excavated material.
In response to the jet fuel spill, a limited site investigation was performed at SWMU 65 by
Memphis Environmental Center Inc. The November 1992 investigation consisted of advancing
and sampling four soil borings and five hand-auger soil borings. The four soil borings were
converted to groundwater monitoring wells (Figure 1.6). Soil and groundwater samples collected
during the investigation were analyzed for TPH and benzene, toluene, and xylenes (BTX).
According to the Site Investigation Report (Memphis Environmental Center, 1992), “significant”
hydrocarbon concentrations were present at this site, and the jet fuel spill was probably not the
sole source of hydrocarbon contamination in soil and groundwater. Copies of the reports
associated with these previous investigations were provided in Appendix A of the Assembly E Site
Investigation Plans (E/A&H, 1995a). |

1.2  RFI Report Organization
To facilitate review of the RFI report, general information for Assembly E, the overall technical

approach, and evaluation methodologies are presented first. These general sections are sequenced

according to the natural progression of an RFI investigation. The general sections are as follows:
1.0 INTRODUCTION

2.0 PHYSICAL SETTING
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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

Section 8 follows the same chronology as Sections 1 through 7, except site-specifically. The
section is subdivided by specific SWMUs and includes the actual data summaries, human health
and ecological risk evaluations, fate and transport evaluations, and conclusions. In this manner,

the entire investigation sequence, including conclusions and recommendations, can be referenced

within a specific tabbed section.
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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,

remediation, or no further action. Section 10 provides references for the entire report.

1-27



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. 1

1-28



RCRA Facility Investigation Report

Assembly E — SWMUs 2, 9, 14, 38, 59, and 65
NSA Memphis — Millington, Tennessee
Revision 1: February 2, 1998

2.0 PHYSICAL SETTING

2.1 Regional Geology and Hydrogeology

The general hydrogeology of the Memphis area and a conceptual model of NSA Memphis
hydrogeology are presented in Sections 2.11 and Section 2.12 of the Comprehensive RFI Work
Plan (E/A&H, 1994a). Updated information is available in the Hydrogeology of Post-Wilcox
Group Stratigraphic Units in the Area of the Naval Air Station Memphis, Near Millington,
Tennessee (Kingsbury and Carmichael, 1995). Additional information was provided by the USGS
after its review of the data collected during the Assembly E RFI (personal communication with
USGS, 1996 and 1997). On the basis of this updated information, the regional geology and
hydrogeology of NSA Memphis are summarized in this section.

The stratigraphic units investigated during the RFIs at NSA Memphis are, in descending order:
the alluvium of Holocene and Pleistocene age, the loess of Pleistocene age, the fluvial deposits of
Pleistocene to Pliocene age, and the Cockfield and Cook Mountain Formations of Eocene age.
The loess — eolian deposits consisting of silt, silty clay, clay, and minor amounts of sand — is the
principal unit at land surface on most of the NSA Memphis Southside, except for the alluvial
plains of streams, where alluvium is present. Water-bearing zones have been encountered in each
of the stratigraphic units investigated during the NSA Memphis RFIs. The following sections
discuss the geology and hydrogeology of each stratigraphic unit.

2.1.1 Alluvium

Alluvium, which underlies the alluvial plains of streams, includes alluviated or reworked loess in
the upper part and locally the fluvial deposits in the lower part. The alluvium’s lateral and vertical
extent have not been mapped, because the alluvium is lithologically similar to the loess and fluvial
deposits. For purposes of this RFI report, it is assumed that alluvium is present from land surface
to the top of the Cockfield Formation. Therefore, the total thickness of the alluvium is assumed
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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).

The lithology of the upper part of the alluvium (called the “upper alluvium”) is similar to the loess.
It is composed primarily of silt with varying clay content. At Assembly E SWMUs near
Big Creek Drainage Canal, the upper alluvium is present from ground surface to depths between
22 and 41 feet bls. Fine-grained sand lenses, generally water-bearing and less than 6 inches thick,
are common in the upper alluvium, but are encountered at greater depths than the first water-

bearing zone in the loess.

The lithology of the lower part of the alluvium (called the “deep alluvium” and consisting of the
middle and deep alluvium) is similar to the fluvial deposits. It is composed of fine to very coarse-
grained sand and gravel with varying clay and silt content. The sand coarsens and the gravel
content increases with depth. Generally, a coarse sand and gravel mixture is present at the base
of the alluvium just above the Cockfield Formation. Locally, this sand and gravel may be
equivalent to the fluvial deposits. At Assembly E SWMUSs near Big Creek Drainage Canal, the
thickness of the deep alluvium ranges between 6 and 34 feet.

As previously mentioned, the alluvium’s lateral extent has not been determined. Due to the nature
of alluvial deposition and the lithologic similarity of the lower part of the fluvial deposits and the
deep alluvium, it is reasonable to assume that the lower part of the fluvial deposits and the deep
alluvium are hydraulically connected. It has not been determined if the water-bearing zones of the
loess and upper alluvium are hydraulically connected. The fluvial deposits and deep alluvium are
the preferential zones of groundwater flow and the route for contaminant transport at
NSA Memphis based on their higher permeability compared to the overlying loess/upper alluvium

and underlying Cockfield Formation.
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2.1.2 Loess

The loess is typically O to 65 feet thick in the Memphis area; on the Southside of NSA Memphis
it ranges from 30 to 39 feet thick. Water-bearing zones in the loess (if present), are generally in
the upper part of the unit. However, yields are low (less than 1 gallon per minute), and loess
groundwatef does not meet select primary and secondary drinking water standards (e.g., antimony,
cadmium, chromium, iron, thallium, nickel, and turbidity), based on water quality analyses of
loess groundwater samples from background monitoring wells throughout NSA Memphis and
previous water use surveys performed during Northside UST investigations. Refer to the
Technical Memorandum — Reference Concentrations (E/A&H, 1996a) for metals concentrations
in loess background monitoring wells. Refer to the Final Site Specific Standard Request —
Building N-126 (E/A&H, 1994b) for metals concentrations and turbidity measurements for
groundwater samples collected from the Building N-126 UST loess monitoring wells.

Previous investigations at NSA Memphis have identified depth-to-water in the loess varying
between 5 and 15 feet bls and vertical hydraulic conductivities from 10° to 10® centimeters per
second (cm/sec). Although the loess may be considered an aquitard on the basis of the relatively
low hydraulic conductivities, the shallowest water-bearing zone may be present within this
interval. In some areas of NSA Memphis, there is no water-bearing zone in the loess; therefore,
the zone is not laterally continuous throughout NSA Memphis and may be considered a “perched
zone” in some areas. Groundwater in the loess, where present, most likely moves primarily
downward to recharge the deeper part of the fluvial deposits, although some groundwater in the
loess may discharge to nearby streams, drainage ditches, and other surface-water bodies. Lateral

groundwater movement in the loess is most likely controlled by topography.

2.1.3 Fluvial Deposits
The fluvial deposits underlie the loess in upland areas; they consist of sand, gravel, and some clay,

with thin layers of ferruginous sandstone and conglomerate at the base. This unit ranges from O to
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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.
Groundwater wells screened in the upper or lower part of the fluvial deposits are respectively
called upper fluvial deposits or lower fluvial deposits wells throughout this report. In the past,
many shallow domestic wells in Memphis rural areas were completed in the fluvial deposits, but
most have been abandoned or are not used as a source of drinking water since public water

supplies have been extended into these areas.

Relative groundwater elevations between wells completed in the loess and fluvial deposits indicate
semiconfined to confined conditions in the fluvial deposits. Typically a downward vertical
gradient exists between water in the loess and the fluvial deposits. Sediments in the fluvial
deposits generally coarsen with depth, and typically, the upper portion consists of a mixture of
very fine sand with varying degrees of silt and clay that become increasingly less silty with depth,
grading into a fine to medium sand near the middle of the unit. Grain sizes typically coarsen

below this interval, grading into a gravelly sand near the basal section of the fluvial deposits.

2.1.4 Cockfield Formation

The Cockfield Formation, a part of the J acksoil-upper Claiborne confining unit, is a heterogeneous
formation of very fine silty sand interbedded with clay and silt lenses or clay with interbedded fine
sand lenses. It underlies the fluvial deposits and deep alluvium, and locally serves as part of the

lower confining unit for the alluvial-fluvial deposits aquifer.

2.1.5 Cook Mountain Formation

The Eocene-age Cook Mountain Formation, which underlies the Cockfield Formation, consists
predominantly of clay and silt; however, minor lenses of silty fine sand may be present locally.
The Cook Mountain Formation, which contains the most aerially extensive clay in the upper part
of the Claiborne Group in Shelby County, locally serves as the lower confining unit for the
alluvial-fluvial deposits and Cockfield aquifers and is the upper confining unit for the Memphis
aquifer, which is the principal source of public drinking water in the Memphis area.
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2.2 Site-Specific Geology and Hydrogeology

Of the stratigraphic formations described in Section 2.1, only the following were encountered
during the Assembly E investigation: alluvium, loess, fluvial deposits, and the
Cockfield Formation. For this RFI report, it is presumed that alluvium is present from ground
surface to the top of the Cockfield Formation at SWMUs within approximately 1,000 feet of
Big Creek Drainage Canal (SWMUs 2, 9, 65, and the southernmost portion of the SWMU 38
drainage ditches), and that loess and fluvial deposits are present from ground surface to the top
of the Cockfield Formation elsewhere (SWMUs 14, 59, and the central and northern portions of
the SWMU 38 drainage ditches).

2.2.1 Sources of Stratigraphic and Hydrogeologic Information

Several sources of information were used to evaluate the site-specific geology and hydrogeology

of Assembly E SWMUs. The sources of information are listed below, followed by the data they
.generated. Based on these data, the site-specific geology and hydrogeology of the Assembly E

SWMUs are discussed in detail in Section 2.2.2.

2.2.1.1 DPT Screening Investigation of Assembly E SWMUs
Stratigraphic and hydrogeologic information generated during DPT screening investigations of
Assembly E SWMUs was used to guide the placement of Assembly E soil borings and monitoring
wells. Twelve piezocone soundings performed at SWMUs 2, 9, 14, and 65 generated stratigraphic
information. Data measured with a transducer attached to a hydrocone groundwater sampler were
used in computer programs to produce horizontal permeability estimates and other hydrogeologic
information and to generate 56 hydrocone plots during the DPT investigations of SWMUs 2, 9,
‘and 14. (Note: Horizontal permeability estimates are not available from the DPT investigations
of SWMUs 59 and 65, where a GeoProbe sampling device was used to collect groundwater
screening samples). Figure 2.1 shows the DPT piezocone and sampling locations. Appendix B
contains the piezocone soundings, lithologic descriptions, and hydrocone plots. Section 3.2.1

describes the procedures used to collect these measurements.
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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
Big Creek Drainage Canal) consisted of less-permeable silty material. The lower unit (fluvial
deposits or deep alluvium, depending on the proximity to Big Creek Drainage Canal) consisted
of more-permeable sand. Table 2.1 summarizes the estimated contact between the silt and sand
units at SWMUs 2, 9, 14, and 65, and lists horizontal permeability estimates for the loess and
upper fluvial deposits at SWMU 14 and the upper and deep alluvium at SWMUs 2 and 9.

2.2.1.2 Stratigraphic Soil Borings

The following were used to evaluate Assembly E SWMU stratigraphy: stratigraphic soil boring
logs from a Southside public water supply well, two USGS stratigraphic test holes, eight Southside
background monitoring wells, two SWMU 2 soil borings, and 57 new and previously installed
monitoring wells at Assembly E SWMUs. Figure 2.2 shows the locations of the Southside soil
borings and monitoring wells used for the evaluation. Table 2.2 lists the depth of each soil boring
along with the thickness of each stratigraphic unit encountered during drilling activities.
Appendix C contains copies of the boring logs for the stratigraphic soil borings listed in Table 2.2,
except for USGS test holes TH-7 and TH-8. Lithologic descriptions for TH-7 and TH-8 in this
section were based on oral and written communication between E/A&H and USGS during 1996.

The following paragraphs identify the soil borings used to evaluate the Assembly E stratigraphy.

Public Supply Well PW-5

A stratigraphic boring (Sh:U-59) was drilled and visually logged by Layne Western
Company, Inc., in 1983 before the company installed Southside production well PW-5 in 1985.
This soil boring was advanced from land surface through the loess, fluvial deposits,
Cockfield Formation, Cook Mountain Formation, Memphis Sand, Flour Island Formation, and
terminated in the Old Breastworks Formation just below the base of the Fort Pillow Sand at
1,496 feet bls.
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Table 2.1
Assembly E DPT Screening Investigation — Piezocone and Hydrocone Results Summary

DPT Piezocone/Hydrocone Result SWMU 2 SWMU 9

SWMU 14 SWMU 65

Horizontal Permeability Range — NA®W NA 2.07 x 10%cm/sec® to 1.37 x 10* cm/sec NA
Loess

Horizontal Permeability Range — 1.10 x 107 cm/sec to 1.59 x 10° cm/sec NA NA -~

a — NA denotes not applicable; this unit is either not present at the SWMU or does not contain adequate water for sampling.
b —  cm/sec denotes centimeters per second
¢ — denotes that horizontal permeability measurements are not available; groundwater samples were collected with a GeoProbe sampler (which is not equipped with a transducer) at SWMU 65.
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Table 2.2
Summary of Assembly E and Other Southside Soil Borings/Monitoring Wells
Borehole Screened Loess or Upper Fluvial Deposits or Deep  Cockfield Formation TOC®/Ground
Soil Boring/ Date Completed Lithologic Depth® Interval Alluvium Interval and Alluvium Interval and Interval and Surface Elevation
Monitoring Well Designation or Installed Unit® (ft bls)® (ft bils) Thickness (ft bls) Thickness (ft bis) Thickness (ft bls) (feet msh)™

Stratigraphic Test Boring for Production Well PW-5

USGS Stratigraphic Test Borings

TH-8 (Sh:V-80)® 04/12/95 CM 182 NA 0-35(35) 35-45(10) 45 - 153 (108) NA/267

355-455 0 -30(30) 77->87(>5)
71->76(>5)

L ->76(>3)

OGMGO02DA 06/17/85 DA 44 39-4 0 - 30 (30) 30 - 46 (16) V 46->48(>2)

05426747
‘ 270.30/267.64

12/15/84 17-22 0->225(>22.5)

w009 5
24 - 48 (24) 48 - >50(> 2) NA/265.60

00250030 02/01/96 CF 50 NA 0-24 (24)
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Table 2.2
Summary of Assembly E and Other Southside Soil Borings/Monitoring Wells

Borehole Screened Loess or Upper Fluvial Deposits or Deep  Cockfield Formation TOC®/Ground
Soil Boring/ Date Completed Lithologic Depth® Interval Alluvium Interval and Alluvium Interval and Interval and Surface Elevation
Monito_m;‘ Well Desigmhon or Installed Unit® (ft bls)® (ft bls) Thickness (ft bls) Thickness (ft bls) Thickness (ft bls) (feet msh®

SWMU 2 — Assembly E Soil Borings/Monitoring Wells

53->56(>3) 269.56/267.09

002502DA/002G02DA

269.62/267.16
269.39/267.14
- 269.331267
269.61/267.82
£ 269.¢ -
002S07UA/002GOTUA 268.21/266.10

002S03DA/002GO3DA 02/06/96 DA 60 0-2929 29-48(19) 48-> 60 (> 12)

002S05UA/002GOSUA 02/05/96 UA 27 17-27 0-34(34) 34 - 50 (16) 50->355(>95)

0-32(32) 54->55(>1)

01/31/96

270.17/270.36
002S11DA/002G11DA 01/17/96 DA 46 322-422 33-43(10) 266.77/265.17
1/ 5.51(16) 2686326664
01/30/96 DA 50 38.5-48.5 0-35(35) 35 - 51 (16) 51->515(> 1.5 268.63/266.56
o 34.66(32) . 66->61(>1)  268.96/261.13

002510DA/002G10DA 02/13/96

002S12DA/002G12DA
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Table 2.2
Summary of Assembly E and Other Southside Soil Borings/Monitoring Wells
Borehole Screened Loess or Upper Fluvial Deposits or Deep  Cockfield Formation TOC®/Ground
Soil Boring/ Date Completed Lithologi Depth® Interval Alluvium Interval and Alluvium Interval and Interval and Surface Elevation
__Monitoring Well Designation or Installed Unit® (ft bis)® (ft bls) Thickness (ft bls) Thickness (ft bls) Thickness (ft bls) (feet ms})®
46 36-46 0-34(34) 34 -66(32) 66->67(>1) 269.20/267.23

66 - > 76 (> 10) 271.23/269.17

0-32(32) 32 - 66 (34)

009S04DA/009G04DA 02/15/96 DA 76 62 0-4141) 41-72 (31)
e —— e

SWMU 14 — Assembly E Soil Borings/Monitoring Wells

0->20(>20)

014S05LS/014GOSLS 01/21/96 LS 20 10 -20 0->20(> 20) NA NA 270.12/268.24

014S07LF/014GOTLF 01/22/96 LF 50 38-48 0-36 (36) 36-48 (12) 48- > 50 (> 2)‘” 270.63/268.88
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Table 2.2
Summary of Assembly E and Other Southside Soil Borings/Monitoring Wells
Borehole Screened Loess or Upper Fluvial Deposits or Deep  Cockfield Formation TOC*®/Ground
Soil Boring/ Date Completed Lithologic Depth® Interval Alluvium Interval and Alluvium Interval and Interval and Surface Elevation
Monitoring Well m&n or Installed Unit® (ft blg)® (ft bls) Thickness (ft bls) Thickness (ft bls) Thickness (ft bls) (feet msh*®

SWMU 59 — Assembly E Soil Borings/Monitoring Wells

059S02L.S/059G02LS 03/02/96 LS 20 10-20 0->20(> 20) NA NA 265.18/263.16
63:35/263.
059803UF/059G03UF 03/04/96 UF 56 44 - 54 0-39(39) 39->5(> 17 NA 263.32/263.51

— A s T —————
T — — S —

SWMU 65 - Existing Monitoring Wells

263.27/263.50
263.59/263.74

065MWO2UA 11/02/92 UA 4-14 0->14(> 14

065SMWO4UA 11/02/92 UA 14 4-14 0->14(> 14 NA
SWMU 65 — Assembly E Soil Borings/Monitoring Wells

0-29(29)

42->46(>49)

29 - 42 (13)

e uA i s > NA

Notes: :

a —  For soil borings, the indicated lithologic unit is the one present at the base of the soil boring. For monitoring wells, 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 alluvium; CF = Cockfield Formation

b — Borehole depth is the depth in feet below land surface of the soil boring.

¢ — ftbls = feet below land surface

d — TOC = top of casing elevation

e — ftmsl = 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 E/A&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.
Test hole TH-7, approximately 75 feet north of SWMU 14, was advanced through the loess,

fluvial deposits, and Cockfield Formation, and terminated in the Cook Mountain Formation at a

depth of 202 feet bls. Test hole TH-8, near the southeast corner of the SWMU 9 sewage lagoons,
was advanced through the alluvium and Cockfield Formation and terminated at a depth of 182 feet

in the Cook Mountain Formation.

Background Monitoring Wells

During the Assembly A RFI, two background well clusters (0BGG02LS/0BGG02UF/0BGGO2LF
and 0BGG04LS/0BGG04UF/0BGGO04LF) were installed on the Southside in January 1995. Wells
in each of these clusters were screened in the loess, upper fluvial deposits, and lower fluvial
deposits. Two additional background wells (0BGG11MA and 0BGG12UF) were installed on the
Southside in February 1996. Well 0BGG11MA was screened in the middle alluvium, and well
OBGGI12UF was screened in the upper fluvial deposits. A USGS geologist logged the stratigraphic

soil borings associated with these monitoring wells.

New and Existing Soil Borings and Monitoring Wells at Assembly E SWMUs

During the Assembly E RFI, an E/A&H or USGS geologist continuously sampled, classified, and
logged two deep alluvium soil borings at SWMU 2 near existing G&M monitoring wells, and
30 fluvial deposits or deep alluvium soil borings associated with the installation of 48 Assembly E
monitoring wells. Of these monitoring wells, 24 were installed in the loess or upper alluvium,
one was installed in the middle alluvium, and 23 were installed in the deep alluvium. Twenty-
eight of the wells were installed in shallow-deep well pairs. Three were installed in a cluster. The

17 remaining wells were installed as single wells.
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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
of the CS/VP. In 1992, Memphis Environmental Center installed four upper alluvium monitoring
wells at SWMU 65 in response to a jet fuel spill. Appendix C contains the boring logs for the new
and existing monitoring wells at the Assembly E SWMUs.

2.2.1.3 Geotechnical Analyses

Supplemental information was obtained through geotechnical laboratory analysis of two soil
samples from the Southside USGS stratigraphic test holes and 11 soil samples from various
Assembly E soil borings. USGS collected soil samples from select intervals at stratigraphic test
holes TH-7 and TH-8 for geotechnical analyses of porosity and permeability. Table 2.3 lists the
geotechnical laboratory results for the USGS test holes. E/A&H collected Shelby tube soil
samples from at least one soil boring per Assembly E SWMU from the loess/upper alluvium and
the fluvial deposits/deep alluvium, except for the deep alluvium at SWMU 9 due to poor sample
recovery. The samples were analyzed for the following geotechnical parameters: bulk density,
percent moisture, porosity, specific gravity, and vertical permeability. Table 2.3 summarizes the
porosity and vertical permeability results. Appendix C to this report contains the geotechnical
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

Coefficient of
Soil Depth  Lithologic Permeability

2 00280030  41-43 DA 0.33 3.4x10* Coarse sand with gravel and some
clay
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Table 2.3
Geotechnical Laboratory Test Results — Assembly E and USGS Soil Samples

Coefficient of

Soil Depth  Lithologic Permeability
SWMU __ Boring (ft bls)®  Unit® Porosity® (cm/sec)©? Soil Description

9 USGS TH-8 17-19.5 UA 0.48 2.41x 10% Lean silt

Silty clay with sand and small
gravel

41-43

13-15 Clayey silt

14 - 16

UA Clayey silt

a — ftbls = feet below land surface

b — Lithologic unit refers to the sampled interval. LS = loess; UF = upper fluvial deposits; LF = lower fluvial deposits;
UA = upper alluvium; DA = deep alluvium

¢ — Porosity and the coefficient of permeability were analyzed using American Society of Testing and Materials (ASTM)
Method D-5084-90.

d — cm/sec = centimeters per second.

2.2.1.4 Geophysical Logging 1

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
SWMU2  002GO3DA, 002G09DA, 002G11DA, 002G14DA 7
SWMU9  009G04DA 8
SWMU 14 014GO4LF 9
SWMU 59 059G03UF 10
SWMU 65 065G06DA / ’ 1

- Background 0BGG11MA, 0BGG12UF 12
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2.2.1.5 Stratigraphic Cross Sections

The boring logs, geotechnical laboratory results, and geophysical logs were used to generate
geologic cross sections defining stratigraphic relationships at SWMU 2 (Figures 2.3 and 2.4),
SWMU 9 (Figures 2.5 and 2.6), SWMU 14 (Figures 2.7 and 2.8), SWMU 59 (Figure 2.9), and
SWMU 65 (Figure 2.10). Section 2.2.2 discusses the stratigraphy at each Assembly E SWMU.

2.2.1.6 Groundwater Elevation Measurements

In April 1996, E/A&H collected groundwater elevation data from new and existing monitoring
wells at Assembly E SWMUs, background monitoring wells throughout NSA Memphis, and select
Northside monitoring wells completed in the upper and lower fluvial deposits. Groundwater
elevations have been measured twice since then: once in August 1996 for SWMU 2 and
background monitoring wells, and again in September 1996 for SWMU 2 monitoring wells only.
Table 2.4 lists measurement dates, depth-to-water measurements, and groundwater elevations for
the Assembly E and Southside background monitoring wells. The April 1996 event was the most
comprehensive sampling event, so measurements from this event were used for potentiometric map
construction and display. Figures 2.11 and 2.12 show potentiometric maps of the upper fluvial
deposits and upper alluvium, respectively. The groundwater elevation measurements from the
lower fluvial deposits and deep alluvium were combined and used to prepare Figure 2.13, because
of the lithologic similarity of these units on the Southside and the probability that they are
hydraulically interconnected.

2.2.1.7 Specific Capacity Testing

Groundwater movement and possible contaminant migration rates in the upper alluvium, upper
fluvial deposits, lower fluvial deposits, and deep alluvium were evaluated through limited aquifer
characterization of nine select wells from SWMUs 2, 9, 14, 59, and 65. Limited aquifer
characterization consisted of conducting specific capacity tests for two upper alluvium monitoring
wells at SWMU 2, one upper fluvial deposits well at SWMU 59, one lower fluvial deposits well
at SWMU 14, and five deep alluvium monitoring wells — two at SWMU 2, two at SWMU 9, and
one at SWMU 65. Groundwater migration rates in the loess were not evaluated during the RFI

due to the abundant historical information from previous investigations across NSA Memphis.
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E/A&H input the data from specific capacity testing into a computer program develdped by
Bradbury and Rothschild (1985) to facilitate the process of estimating specific capacity,
transmissivity, hydraulic conductivity, and potential well yield. The procedures used for specific
capacity testing and data reduction are discussed in Section 3.12.1 of this report, which also
presents a table of hydraulic conductivity estimates for each tested well. Refer to Appendix D for
the data from the Bradbury and Rothschild program used to estimate hydraulic conductivity. The
hydraulic conductivities calculated from the lower fluvial deposits and deep alluvium were
averaged to determine the mean hydraulic conductivity, because of the lithologic similarity of these
units and the probability that they are hydraulically interconnected. The mean hydraulic
conductivity was used to calculate estimated horizontal groundwater velocities at each SWMU.

As previously outlined, Shelby tube soil samples collected from each aquifer were submitted for
physical parameter analysis to obtain porosity estimates (refer to Table 2.3 and the laboratory
reports in Appendix C). Based on these results, average effective porosities of 0.43 and 0.29 were
calculated for the upper alluvium and fluvial deposits/deep alluvium, respectively. Horizontal
hydraulic gradients for each SWMU’s aquifers were obtained from the well measurements and

piezometric map contours (Figures 2.11, 2.12, and 2.13).

Horizontal groundwater velocities were calculated for the upper alluvium, upper fluvial deposits,
and deep alluvium/lower fluvial deposits aquifers using the average hydraulic conductivities from

Table 2.5 and the following derivation of Darcy's law:

V = Kin
where:
K = hydraulic conductivity from specific capacity tests
i =  groundwater gradient
n = effective porosity of aquifer matrix
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Table 2.4
Summary of Groundwater Elevations in Assembly E and Other Southside Monitoring Wells

D;yth to Dverh to Groundwater
Monitoring Well mn:llt%u Well N Screened Interval TOC*®/Ground Surface Stickup® Date ater ater Elevation
__Designation Ui (feet bis)© (feet bls)*® Elevation (feet ms)® (feetg Measured (feet btoc®) (feet bls)® (feet msl)

Background Monitoring Wells

0BGGO2UF UF 45.96 35.5-45.5 memmn 1% o418
08/14/96

264.63/262;25

O0BGG12UF UF ‘ 46.0 36.0 - 46.0 268.71/268.90 019 04/08/9 9.09 928 259.62

i
|

SWMU 2 — Existing Moaitoring Wells

269.45/266.71

270.30/267.64
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Table 2.4
Summary of Groundwater Elevations in Assembly E and Other Southside Monitoring Wells

to to Groundwater
Monitoring Well Lﬁhdz?c Well ud Screened Interval TOC®/Ground Surface Stickup® Date WBnr ater Elevation
Unit' (Feet bis)*® (feet bis)® Elevation (feet msh)® (feet')’ Mensured (feet btoc (Feet bls)® (feet misl)
SWMU 2 — Assembly E Monitoring Wells
002GO1UA UA 21.0 17.0-27.0 269.30/266.72 2.58 04/10/96 6.98 4.40
08/14/96 12.38 9.80
09/11/96 15.60 13.02

17.0-27.0 269.57/267.43

002GO3UA UA 27.0 17.0-27.0 269.73/267.28 245

002GO4UA UA ‘ 270 17.0-27.0 268.76/266.53 2.23 04/10/9 8.91 6.68

002GOSDA DA 50.5 V 40.5 - 50.5 269.33/267.16 217 MM 12.99 10.82 256.34

002GO6DA DA 54.5 269.69/267.86

002G0SUA UA 270 17.0-270 260.37/267.05 2.32
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Table 2.4
Summary of Groundwater Elevations in Assembly E and Other Southside Monitoring Wells

l)‘?dx to Depth to Groundwater
Monitoring Well Lithologic Well ® Screened Interval TOC®/Ground Surface Stickup® Date ater Water Elevation
__ Designation Unit¢ (Feet bis)® (Feet bls)® Elevation (feet ms)® (feet)  Measured _ (feetbtoc®  (fectbls)®  (feet ms)

SWMU 2 —Assembly E Monitoring Wells

002G09DA DA 460 36.0 - 46.0 267.96/265.51 245 04/08/96 17.15 1470 25081
002G10DA . 270.17/7270.36
002G11DA . 322-422 266.711265.17

002G12DA i 38.5-48.5 268.63/266.56

002G13MA MA 46.0 36.0 - 46.0 269.201267.23 1.97 08/ 5.38 4 ;s
i@ o

002G14UA UA 270 17.0-27.0 271.231269.17 2.06 04/08/96 5.50 344 265.73

10.65 8.59 260.58

118 992 259.25

690 490 264.10

ST 1087 25843
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Table 2.4
Summary of Groundwater Elevations in Assembly E and Other Southside Monitoring Wells

V D&)dl to to Groundwater
Monitoring Well Uﬂ::‘?c Well Depth®™ Screened Interval TOC*/Ground Surface Stickup™ Date ater ‘ater Elevation
___.. Designation Ui (feet _)“’ (feet bls)® Elevation (feet msl)® (feet] Measured (feet btoc®) (feet bls)® (feet msl)

SWMU 9 — Assembly E Monitoring Wells

009GO4DA DA 72.0 62.0 - 72.0 270.09/268.15 1.94 04/08/96 19.89 17.95 250.21

SWMU 14 — Assembly E Mouitoring Wells

014GOLILF 269.11/267.24

271.09/268.64

337263

263.32/263.51

065MWO4UA UA 14 4-14 263.59/263.74 -0.15 NA NM NM NM
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Table 2.4
Summary of Groundwater Elevations in Assembly E and Other Southside Monitoring Wells

to to Groundwater
M Well Lithologic Well ® Screened Interval TOC*®/Ground Surface Stickup® Date ater ater Elevation
Unit' (feet _)_('d (feet bls)® Elevation (feet ms))® ((eet'; Measured (feet btoc™) (feet bls)® (feet msl)

SWMU 65 — Assembly E Monitoring Wells

065G06UA UA 20 10-20 266.28/264.25 2.03 04/08/96 4.90 2.87
LOSGUIUA UA 20 1020 2648606083 200 OQUOBG 43 . 2ld . 26013

2
;é

gt;‘e liﬂlw hth(i)loglc unit is the one present in the screened interval of the monitoring well. LS = loess, UF = upper fluvial deposits, LF = lower fluvial deposits, UA = upper alluvium, MA = middle alluvium,
dm for monito! wells is the base of the monitoring well.
Tock beiow and sactn "

TOC top of casmg eluvauon

feet msl = feet with respecttonmmm level

Stickup was calculated by subtracting the ground surface elevation from the top-of-casing elevation.
feet btog = feet below top-of-cas mg

NM indicates groundwater levels were not measured in this well during 1996.

smemeane =
[
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Table 2.5
Specific Capacity Test Hydraulic Conductivity Estimates — Assembly E Monitoring Wells

Hydraulic Conductivity (K)
feet/da

The estimated horizontal groundwater velocities for each SWMU’s aquifers are: 1

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 s
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 o
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
stratigraphy. Section 2.2.2.1 summarizes the geology and hydrology for SWMUs 2, 9, and 65,
where alluvium is present. Section 2.2.2.2 summarizes the geology and hydrogeology of

SWMUs 14 and 59, where loess and fluvial deposits are present.

2.2.2.1 Alluvium

Alluvium is assumed to be present from land surface to the top of the Cockfield Formation near
Big Creek Drainage Canal. Therefore, soil borings and monitoring wells at SWMUs 2, 9, and
65, and background well location 0BGG11MA are presumed to be completed in the alluvium.
These borings and wells are within 100 to 1,000 feet of Big Creek Drainage Canal.

Two water-bearing zones are present in the alluvium. The first water-bearing zone, present in thin
sand lenses near the middle and base of the upper alluvium, appears to be unconfined. The second
waterfbearing zone, in the sand and gravel of the deep alluvium, appears to be semi-confined in
some locations and unconfined in others, based on water elevations measured in paired monitoring

wells (refer to groundwater elevations on Table 2.4).

Upper Alluvium

The upper alluvium consists of clay, silty clay, clayey silt, and silt. In general, the clay content
decreased while the sand content increased with depth. The basal portion of the upper alluvium
in most soil boring locations consisted of a sandy silt and silty or clayey sand. Sand laminations
or lenses in the middle to lower portions of the upper alluvium were generally water-bearing, and
ranged from less than 0.01 inches to 6 inches thick. The water-bearing sand laminations were
more common in soil borings at SWMUs 2 and 65 than at SWMU 9.

The color of the material in the uppermost portion of the upper alluvium varied from brown,

yellowish-brown, olive gray, gray, brownish-gray, and yellowish-gray with sparse to common
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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
various depths throughout the upper alluvium. At SWMUs 2 and 9, snail shells, which are
characteristic constituents of alluvium, were sparse to common from 16 to 39 feet bls. Wood

fragments were occasionally observed in SWMU 2 soil borings from 23 to 39 feet bls.

The thickness of the upper alluvium ranged from 22 feet in soil boring 002S08DA to 41 feet in
soil boring 009S04DA. Soil boring 002S08DA is at the southwest corner of the SWMU 2 landfill,
and soil boring 009S04DA is at the northwest corner of the SWMU 9 sewage lagoons. Table 2.2
lists the thickness of the upper alluvium for soil borings at SWMUs 2, 9, and 65, and background
location 0BGG11MA, while the lithologic cross sections (Figures 2.3, 2.4, 2.5, 2.6, and 2.10)
graphically depict the vertical thickness. As the cross sections demonstrate, the upper alluvium
thickness is fairly consistent (averaging 35 feet) across the southern portion of the NSA Memphis

Southside, except for the landfill’s southwest corner, where it averages 25 feet in thickness.

Soil samples collected for geotechnical analysis from the upper alluvium consisted of two
SWMU 2 samples (locations 00250029 and 002S0030 from 17 to 19 feet bls), one SWMU 9 soil
sample (location 009S01DA from 16 to 18 feet bls), the USGS test hole near SWMU 9 (location
TH-8 from 17 to 19.5 feet bls), and SWMU 65 (location 065S06DA from 14 to 16 feet bls). The
vertical permeability coefficient for these samples ranged from 4.8 x 10° cm/sec to
6.8 x 10-7 cm/sec, as previously shown on Table 2.3. The sieve analyses of the samples indicated
a silty clay or clayey silt classification, with porosities ranging from 0.41 to 0.48. The

geotechnical reports are provided in Appendix C of this report. |
Depth-to-groundwater measurements were collected during April, August, and September 1996

for SWMU 2 monitoring wells, whereas wells at SWMU 65 were measured only in April 1996.

Table 2.4 presents the depth-to-groundwater measurements for individual upper alluvium wells
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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.

Groundwater in the upper alluvium flows south, southwest, and southeast near SWMUs 2 and 65,
with an average horizontal gradient of 0.0085 at SWMU 2 and 0.0065 at SWMU 65 (refer to
Figure 2.12). Relative groundwater elevations between monitoring wells screened in the upper
and deep alluvium indicate an upward gradient at some locations and a downward gradient at
others. Therefore, no conclusion can be made regarding the recharge/discharge potential of the

upper alluvium at SWMU 2.

Horizontal groundwater velocities in the upper alluvium were calculated from the SWMU 2 DPT
investigation results, the upper alluvium potentiometric map, and specific capacity test results of
upper alluvium wells at SWMUs 2 and 65. Table B-1 in Appendix B provides the DPT horizontal
groundwater velocity calculations, Figure 2.12 presents the upper alluvium potentiometric map,
and Section 2.2.1.7 summarizes the specific capacity test results. The horizontal groundwater
velocity calculated during the SWMU 2 DPT investigation averaged 4.95 x 10° cm/sec, or
0.01 feet per day. Likewise, the calculated horizontal groundwater velocity from the specific
capacity tests averaged 0.012 feet per day.

Deep Alluvium

The deep alluvium consists of sand and gravel. In general, its uppermost portion is a silty or
clayey fine- to medium-grained sand with sparse to frequent gravel, which coarsens downward to
a medium to very coarse-grained sand and gravel above the erosional contact above the
Cockfield Formation. Most of the gravel is subangular to rounded gray quartz or chert, with the
longest diameter generally ranging from 0.5 to 2 inches in the upper portion and from 0.75 to
-4 inches in the lower portion. Some clay, silt, or sandy silt seams, along with occasional snail

shells and wood fragments, is present in the upper portion of the deep alluvium. Sandy gravel
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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.

Material in the uppermost portion varied from light olive gray, olive gray, greenish-gray, light
yellowish-brown, and dusky yellow, with common iron staining. In the lower portion, the sand

ranged from very light to light gray, yellowish-brown, and yellowish-orange.

The thickness of the deep alluvium ranged from 6 feet in soil boring 009S03DA to 34 feet in soil
boring 002S14DA. Soil boring 009S03DA is at the southwest corner of the SWMU 9 sewage
lagoons. Soil boring 002S14DA is at the northeast corner of the SWMU 2 landfill. Table 2.2 lists
the thickness of the deep alluvium for SWMU 2, 9, and 65 soil borings and background soil
boring 0BGS11MA, while the lithologic cross sections (Figures 2.3, 2.4, 2.5, 2.6, and 2.10)
graphically depict the vertical thickness of the deep alluvium. As the cross sections demonstrate,
the thickness of the deep alluvium decreases from north to south along the east side of the landfill
(Figure 2.3), but it is generally consistent from west to east (Figures 2.4 and 2.6). Based on its
thickness, the portion of Big Creek on the southeast side of NSA Memphis may have once
transected the northeast to southwest portion of the area beneath the SWMU 2 landfill. The
SWMU 9 cross section (Figure 2.5) shows the deep alluvium thins dramatically from north
(009G04DA, 31 feet thick) to south (009G02DA, 6 feet thick), showing the typical configuration

of the center to the edge of a buried stream channel.

Soil samples collected for geotechnical analysis from the deep alluvium consisted of two SWMU 2
samples and one SWMU 65 sample. SWMU 2 samples were collected from 41 to 43 feet bls at
boring locations 002S03DA and 002S0030 and the SWMU 65 sample was collected from 38 to
40 feet bls at boring location 065S06DA. The vertical permeability coefficients of the samples
ranged from 1.8 x 10* cm/sec to 8.6 x 10* cm/sec, as shown on Table 2.3. Sieve analyses of
these samples indicated a sand with gravel or gravelly sand classification, with porosities ranging

from 20% to 33%. The geotechnical reports are provided in Appendix C of this report.
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As previously discussed, depth-to-groundwater measurements for SWMU 2 monitoring wells were
collected during April, August, and September 1996, while the same measurements were collected
in April 1996 only for monitoring wells at SWMUs 9 and 65. Table 2.4 presents the depth-to-
groundwater measurements for individual deep alluvium wells and shows what appears to be a
seasonal trend in groundwater elevations in the SWMU 2 deep alluvium monitoring wells and
middle alluvium monitoring well OBGG11MA; i.e., water is higher in the spring and lower in the
fall.

The deep alluvium groundwater flowed southwest on the north side of Big Creek Drainage Canal
and northwest on the south side of the canal during April 1996, as shown on Figure 2.13. Based
on the potentiometric contour lines shown on Figure 2.13, average groundwater gradients in the
deep alluvium were as follows: at SWMU 2 it was 0.0083; at SWMU 9 it was 0.0091; and at
SWMU 65 it was 0.014. Relative groundwater elevations between monitoring wells screened in
the upper and deep alluvium indicate an upward gradient at some locations and a downward
gradient at others. Therefore no conclusion can be made regarding the recharge/discharge
potential of the deep alluvium at SWMUs 2 and 65.

Horizontal groundwater velocities in the deep alluvium were calculated from the DPT investigation
results at SWMU 2 and 9, from the lower fluvial deposits/deep alluvium potentiometric map, and
specific capacity test results from SWMUs 2, 9, and 65. Table B-1 in Appendix B shows the DPT
horizontal groundwater velocity calculations, Figure 2.13 provides the lower fluvial deposits/deep
alluvium potentiometric map, and Section 2.2.1.7 summarizes the specific capacity test results.
At SWMU 2, the horizontal groundwater velocity calculated during the DPT investigation
averaged 2.32 x 10* cm/sec, or 0.65 feet per day; the calculated horizontal groundwater velocity
from the SWMU 2 specific capacity tests averaged 0.23 feet per day. At SWMU 9, the horizontal
groundwater velocity calculated during the DPT investigation averaged 1.31 x 10* cm/sec, or
0.37 feet per day; the calculated horizontal groundwater velocity from the SWMU 9 specific
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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

As previously discussed, SWMU 14 and 59 monitoring wells and background monitoring wells
0BGGO2LS, 0BGGO2UF, 0BGGO2LF, 0BGG0O4LS, 0BGG04UF, 0BGGO4LF, and 0BGG12UF
were completed in either the loess or fluvial deposits. These wells are between 1,300 and

5,000 feet north of Big Creek Drainage Canal, as shown on Figure 2.1.

Loess

The loess encountered in soil borings consists of clay, silty clay, clayey silt, and silt from land
surface to depths ranging from 30 to 39 feet. In general, the clay fraction decreases and the silt
fraction increases with depth. The upper 6 or 7 feet are typically dry. A moist to wet zone
encountered between 10 and 16 feet in most SWMU 14 and 59 soil borings represents the
uppermost water-bearing zone in the loess. The loess color ranged from moderate to dark
yellowish-brown, brown, brownish-gray, greenish-gray, and light olive gray. Sparse to common
dark orangish-yellow or light olive gray mottling was observed in some soil borings, as was iron
staining, iron/manganese nodules, and organic material. Hard, siliceous clayey material or

concretions were present near 27 feet bls in one SWMU 14 soil boring.

Table 2.2 lists the loess thickness at SWMU 14, SWMU 59, and background locations, while the
geologic cross sections (Figures 2.7, 2.8, and 2.9) show the vertical thickness. As shown on the
geologic sections, the loess thickness was fairly consistent at SWMUs 14 and 59, except for the
west-east geologic section of SWMU 14 (Figure 2.8), where the loess slightly thinned from west

to east.

Loess soil samples collected for geotechnical analysis consisted of one sample from SWMU 14
(location 014S01LF, 8 to 10 feet bls), one from SWMU 59 (location 059S03UF, 13 to 15 feet bls),
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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
permeability testing, ranged from 2.83 x 107 cm/sec to 5.7 x 107 cm/sec, as previously shown
on Table 2.3. Sieve analyses of these samples indicated a clayey silt or silt classification, with
porosities ranging from 0.36 to 0.44 percent. The geotechnical reports are provided in
Appendix C of this report.

Table 2.4 (shown previously) summarized the depth-to-groundwater and groundwater elevation
measurements in the loess monitoring wells at SWMUs 14 and 59. As shown on the table, depth-
to-groundwater measurements in SWMU 14 loess monitoring wells ranged from 4.99 feet bls to
7.96 feet bls (014GO1LS and 014GO5SLS). At SWMU 59, the depth to loess groundwater ranged
from 7.71 feet bls to 9.69 feet bls (059GO1LS and 059GO3LS). Depth-to-groundwater
measurements were not collected from loess background wells during 1996. As outlined in
Section 2.1, loess groundwater migrates primarily downward, although locally, some may
discharge to nearby streams, drainage ditches, and other surface-water bodies. Potentiometric

maps were not constructed for the Assembly E loess monitoring wells.

The average loess horizontal groundwater velocity calculated from the DPT investigation results
at SWMU 14 was 3.44 x 10° cm/sec, or 0.09 feet per day. Refer to Table B-1 in Appendix B for
calculations. Since the hydrogeology of the loess has been adequately characterized during
previous NSA Memphis investigations, specific capacity tests were not performed for the

Assembly E loess monitoring wells.

Fluvial Deposits

The upper portion of the fluvial deposits consisted of a silty, clayey, fine to medium-grained sand.
At some locations, it also contained scattered quartz and chert gravel up to 0.75 inches in
diameter. In general, the sand’s grain size coarsened with depth. The percentage of gravel and

its maximum diameter also generally increased with depth. In most soil borings, the fluvial
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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

on the boring location.

The thickness of the fluvial deposits varies across the Southside as shown on Table 2.2. The
fluvial deposits range from 12 to 20 feet thick at SWMU 14 to between 33 and 47 feet thick at
Southside background well locations. Refer to the cross sections on Figures 2.7 and 2.8 for
details. At SWMU 59, the deepest soil boring (059S03UF, terminated at 56 feet bls) did not

encounter the base of the fluvial deposits as shown on the cross section, Figure 2.9.

Two soil samples were collected from 41 to 43 feet bls in the fluvial deposits for geotechnical
analyses: one from SWMU 14 soil boring 014SO1LF and the second from SWMU 59 soil boring
059S03UF. The vertical permeability coefficients were 4.0 x 107 cm/sec (location 014S01LF)
and 2.6 x 10* cm/sec (location 059S03UF). Sieve analyses and porosity testing classified the
sample from location 014SO1LF as a silty clay containing sand and small gravel with a porosity
of 32%. The sample from soil boring 059S03UF was classified as a gravelly sand with a trace
of silt and a porosity of 30%. Appendix C contains the geophysical laboratory reports.

As previously discussed, depth-to-groundwater measurements for SWMUs 14 and 59 were
collected in April 1996 and from background wells in both April and August 1996. Table 2.4
presents the depth-to-groundwater and groundwater elevation measurements for individual fluvial
deposits wells. The groundwater measurements from the fluvial deposits background monitoring
wells indicate a seasonal trend. Water levels are higher during the spring and lower during the

late summer, as shown in Table 2.4.

Potentiometric maps for the April 1996 monitoring event are provided as Figures 2.11 (upper
fluvial deposits) and 2.12 (lower fluvial deposits). The April 1996 water-level measurements were

collected from upper and lower fluvial deposits wells at select locations throughout
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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
alluvium were combined to generate Figure 2.13, because of the lithologic similarity between
these units and the probability that they are hydraulically connected. The horizontal gradient at
each SWMU was calculated from the well measurements and contour lines on the potentiometric

maps.

As shown on Figure 2.11, groundwater in the upper fluvial deposits flows southwest near
SWMU 59 and background well 0BGGO4UF and west near background well 0BGG12UF. The
horizontal gradient in upper fluvial deposits groundwater at SWMU 59 was approximately 0.0029.

As shown on Figure 2.13, lower fluvial deposits groundwater near SWMU 14 and background

well OBGGO4LF flows west, and flows north near background well 0BGGO2LF. The approximate
horizontal gradient of groundwater in the lower fluvial deposits beneath SWMU 14 was 0.005.

As shown on Table 2.4, relative groundwater elevations between upper and lower fluvial deposits
background well pairs 0BGGO2UF/0BGGO2LF and 0BGG04UF/0BGGO4LF are nearly identical,
indicating the upper and lower fluvial deposits may be hydraulically connected at these locations

and elsewhere on the Southside.

At SWMU 14, the horizontal groundwater velocity calculated from DPT investigations in the
upper fluvial deposits averaged 3.98 x 10° cm/sec, or 0.11 feet per day (refer to Table B-1 in
Appendix B). The horizontal velocity for groundwater in the lower fluvial deposits at SWMU 14
as calculated from specific capacity testing of monitoring well 014GO7LF was 0.14 feet per day
(refer to Section 2.2.1.7). At SWMU 59, the calculated horizontal groundwater velocity in the
upper fluvial deposits was 0.6 feet per day, based on specific-capacity test results from monitoring
well 059GO3UF.
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3.0 ANALYTICAL AND FIELD INVESTIGATIONS METHODS
The RFI sampling program was developed to define the nature and extent of contamination
associated with past activities at Assembly E SWMUs. The RFI’s specific objectives were to:

. Determine the nature and extent of potential contamination in soil, sediment, surface water,
and biota.

. Characterize the Southside alluvial and fluvial aquifers and their preferred contaminant
migration pathways.

. Identify potential groundwater contamination in the loess, fluvial deposits, and alluvial
aquifers.

Identify the human health and ecological risks associated with any identified contamination.

The RFI was conducted in two phases. The first phase consisted of a DPT subsurface soil and
groundwater screening investigation at each of the Assembly E SWMUs (except for SWMU 38,
where only sediment samples were collected). Lithologic and analytical data from the DPT soil
and groundwater investigation were used to determine the optimum placement and depth of
samples collected during second phase RFI characterization. The second phase included advancing
and sampling soil borings and installing and sampling monitoring wells to determine the vertical
and lateral extent of contaminants, including those detected during the investigation’s screening
phase. Surface soil, sediment, surface water, and biota samples were also collected from various
SWMUs to identify human health or ecological risk posed by site contaminants. In addition,
ancillary data were collected through aquifer characterization (specific capacity testing of select

monitoring wells) and borehole geophysics.
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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
Work Plan (E/A&H, 1994a) and the Assembly E Site Investigation Plans (E/A&H, 1995a).
Sampling locations were chosen to provide adequate coverage around each SWMU'’s suspected
source areas and to supplement previous investigation results at SWMUs 2 and 65, as outlined in
the SWMU-specific tabbed sections (Section 8).

Sections 3.1 and 3.2 present the analytical test methods used for each of the medias sampled and

provide an overview of the equipment used to conduct the DPT investigation, advance and sample

soil borings, and install groundwater monitoring wells. The next five sections organize and

present general sampling protocols for soil, groundwater, sediment, surface water, and fish tissue
sampling. Specific sampling protocols (sample handling, field Quality Assurance/Quality Control
[QA/QC], and decontamination) are in Section 3.8, which is followed by a summary of the data
validation process and a discussion of decontamination procedures and investigation-derived waste
(IDW). The last two sections summarize ancillary data collected during the RFI and survey
techniques.

3.1  Analytical Methods

The organic analyte list for Test Methods for Evaluating Solid Waste, Physical/Chemical Methods
(SW-846) Methods 8240 (VOCs), 8270 (SVOCs), and 8080 (pesticides/PCBs) was selectively
obtained from the Contract Laboratory Program (CLP) Target Compound List (TCL) statement
of work OLMO03.1 The inorganic analyte list for metals for SW-846 Method 6010/7000 series was
obtained from USEPA Title 40 Code of Federal Regulations (CFR) Part 264, Appendix IX. The
analyte lists for SW-846 Methods 8021 (VOCs), 8140 ‘(organophosphorus pesticides),
8150 (chlorinated herbicides), 9010 (cyanide), and 8015 Tennessee (TN) Modified (TPH Gasoline
Range Organics [TPH-GRO] and Diesel Range Organics [TPH-DRO]) were obtained directly from
the respective test methods. Table 3.1 summarizes the SW-846 reporting levels and analytical
methods used during the Assembly E RFI.
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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 Location and Descripti Method Sampled® Duplicates Parameter and SW-846 Method Lal Re Level

Subsurface DPT locations along landfill perimeter DPT 5to 7 feet VOCs (All samples - Method 8021) Onsite Level H-equivalent (Hydrologic)
Soil 910 11 feet TCL VOCs (Duplicates - Method 8240) (Hydrologic) Level IIl/Level IV-equivalent
11 to 13 feet Offsite (NET) (NET)
RFI soil borings along landfill perimeter Rotasonic 2 to 4 feet FSA Offsite (NET) Level ITl/Level IV-equivalent
8 to 10 feet
13 to 15 feet
14 to 16 feet

Groundwater  DPT locations along landfill perimeter DPT UA 1303 VOCs (All samples - Method 8021) Onsite Level -equivalent (Hydrologic)
DA 16 (5) TCL VOCs (Duplicates - Method 8240) (Hydrologic) Level 1/Level IV-equivalent
Offsite (NET) (NET)

Groundwater 5 existing G&M wells and 27 new RFI wells  Submersible UA FSA less TPH-GRO Offsite (NET) Level ITI/Level IV-equivalent
(Event 1) Electric MA

Pump® DA
Groundwater 5 existing G&M wells and 27 new RFI wells  Submersible UA TCL VOCs (Method 8240) Offsite (NET) Level HI/Level IV-equivalent
(Event 2) Electric Pump MA Appendix IX metals (6010/7000 series)
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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

Parameter and SW-846 Method Laborato! Reporting Level

Media Location and Descripti Method Samy Du

Subsurface DPT locations along the lagoons’ perimeter DPT 8 to 10 feet 15 (4) VOCs (All samples - Method 8021) Onsite Level Il-equivalent (Hydrologic)

Soil TCL VOCs (Duplicates - Method 8240) (Hydrologic) Level 1ll/Level 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 ITIl/Level IV-equivalent
corners 14 to 16 feet 4(2)

Groundwater  DPT locations along lagoons’ perimeter DPT DA VOCs (All samples - Method 8021) Onsite Level Il-equivalent (Hydrologic)
TCL VOCs (Duplicates - Method 8240) (Hydrologic) Level IIl/Level IV-equivalent
Offsite (NET) (NET)
RFI monitoring wells at the lagoon area’s four Submersible DA 4(0) FSA less TPH-GRO Offsite (NET) Level 11I/Level IV-equivalent
corners Electric Pump

Surface Water Big Creek Drainage Canal Grab Surface 2(DH FSA less TPH-GRO Offsite (NET) Level 1ll/Level IV-equivalent
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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 Location and Descri Method Sampled® Duj s Parameter and SW-846 Method Laborato! ® Reporting Level

SWMU 14

Subsurface DPT locations throughout SWMU 14 DPT 5 to 7 feet 11 @4) VOCs (All samples - Method 8021) Onsite Level II-equivalent (Hydrologic)

Soil ) 11 to 13 feet 3 TCL VOCs (Duplicates - Method 8240) (Hydrologic) Level HII/Level IV-equivalent
Offsite (NET) (NET)
From above the outfall and concrete lining in  Hand auger 18 t0 24 2 (0) FSA Offsite (NET) Level III/Level IV-equivalent
the drainage ditch south of SWMU 14 inches
RFI soil borings throughout SWMU 14 * Rotasonic 4 to 6 feet 8 (1) FSA Offsite (NET) Level III/Level IV-equivalent
8 to 10 feet 8(3)

Groundwater  DPT locations throughout SWMU 14 DPT 9(1) VOCs (All samples - Method 8021) Onsite Level Il-equivalent (Hydrologic)

LS
UF 9(3) TCL VOCs (Duplicates - Method 8240) (Hydrologic) Level IlI/Level IV-equivalent
Offsite (NET) (NET)
RFI monitoring wells throughout SWMU 14  Submersible LS 5(0) FSA less TPH-GRO Offsite (NET) Level IIl/Level IV-equivalent
Electric Pump LF 4(1)
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Table 3.1
Analytical Parameters and Methods
RFI Soil, Groundwater, Sediment, Surface Water, and Biota Samples

No. of Samples

Level IIl/Level IV-equivalent

Subsurface DPT (Geoprobe) locations surrounding the old DPT 3to5 feet 10 (0) TCL VOCs (Method 8240) Offsite (NET)
Soil Pesticide Shop building {Geoprobe) 910 11 feet 10 (0) TCL Chiorinated Pesticides/PCBs (Method
8080)
RFI soil borings Rotasonic 4 to 6 feet or 30 FSA Offsite (NET) Level 1I/Level IV-equivalent
6 to 8 feet
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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 Location and Descrij Method Sampled® Duplicates) Parameter and SW-846 Method Laborato ® Reporting Level

nic Level Il/Level IV-equivalent
Subsurface soil South of each concrete airplane pad, near DPT 5 to 7 feet or 30 (3) TPH-GRO and DRO (TN Modified 8015) Offsite (NET) Level 1II/Level IV-equivalent

existing monitoring wells and the former UST (Geoprobe) 7 to 9 feet

area

RFI soil borings Rotasonic 6 to 8 feet 3 FSA Offsite (NET) Level I1l/Level IV-equivalent
12 to 14 feet 3

Groundwater = . From various Geoprobe soil boring locations  Geoprobe UA 11 (1) TCL VOCs (Method 8240) Offsite (NET) Level 11I/Level IV-equivalent
spaced throughout SWMU DA 6(1)
RFI monitoring wells Submersible UA 30 FSA less TPH-GRO Offsite (NET) Level Ill/Level IV-equivalent
Electric Pump DA 1(0)
Notes:

[
i

Interval for soil and sediment samples is provided in inches or feet below land surface as indicated. The interval for groundwater refers to the aquifer within the screened interval of the DPT sample or monitoring
well — LS = loess; UF = upper fluvial deposits, LF = lower fluvial deposits, UA = upper alluvium, MA = middle alluvium, DA = deep alluvium.

DQO = Data Quality Objective

- FSA = Full Scan Analysis. FSA for soil and sediment samples consisted of the following Target Compound List parameters: VOCs by SW-846 Method 8240; SVOCs by SW-846 Method 8270; chiorinated
pesticides/PCBs by SW-846 Method 8080; organophosphorus pesticides by SW-846 Method 8140; chlorinated herbicides by SW-846 Method 8150; Appendix IX metals and cyanide by SW-846 Methods 6010, 7060,
7421, 7841, and 9012; and TPH-GRO and DRO by the Modified Tennessee SW-846 Method 8015. FSA for groundwater and surface water samples consisted of the above parameters, except for TPH-GRO, because
these lighter fraction hydrocarbons could be identified by the tentatively identified compounds in VOC analysis.

Wells were sampled using the low-flow micropurging teclinique as long as the static water level did not vary more than 1.0 foot during purging. When the static water level varied more than 1.0 foot, at least three
well volumes were removed, or the well was purged dry and allowed to recharge prior to sampling.

oo
I

o
|
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3.1.1 Analytical Methods for DPT Samples
Soil and groundwater samples were collected during the DPT screening investigation to
approximate the extent of anticipated contaminants at each SWMU. Based on the anticipated site

constituents, samples were submitted for select analyses as outlined below.

SWMUs 2, 9, and 14: Anticipated site constituents included solvents and petroleum-related
compounds. Therefore, VOCs were used as an indicator parameter during the DPT screening
phase at these SWMUs. The DPT subsurface soil and groundwater samples were transported
directly to an onsite mobile laboratory provided by Hydrologic, Inc., of Frankfort, Kentucky, for
the immediate analysis of VOCs by SW-846 Method 8021. The laboratory analyzed the DPT
samples using Level II-equivalent Data Quality Objectives (DQOs). In accordance with the
Assembly E Site Investigation Plans (E/A&H, 1995a), approximately 25% of the primary samples
submitted to the onsite laboratory for VOC analysis were split as confirmation samples for QA/QC
purposes. The confirmation samples were shipped to National Environmental Testing, Inc. (NET)
laboratory in Bedford, Massachusetts, for VOC analysis by SW-846 Method 8240. Ninety-five
percent of the confirmation samples were reported at Level III DQO-equivalent, while 5% of the
samples were reported at Level IV DQO-equivalent. The analytes in SW-846 Method 8021 and
the VOC TCL differ due to the instrumentation used; refer to the analytical data in the Data
Validation Report — Assembly E (E/A&H, 1997a) for the analyte list for each VOC test method.

SWMU 59: Pesticides and their carriers (solvents) were anticipated site constituents. Therefore,
subsurface soil and groundwater samples collected during the DPT screening investigation were
submitted to NET for VOC and pesticide/PCB analyses by SW-846 Methods 8240 and 8080,
respectively. In accordance with the Assembly E Site Investigation Plans (E/A&H, 1995a),
approximately 10% of the DPT samples were split for duplicate analysis. NET analyzed primary
and duplicate samples using a Level III DQO-equivalent for 95 % of the samples and a Level IV
DQO-equivalent for the remaining 5%.

3-8

10

11

12

13

14

15

18

19

20

21

22

23




RCRA Facility Investigation Report

Assembly E —SWMUs 2, 9, 14, 38, 59, and 65
NSA Memphis — Millington, Tennessee
Revision 1. February 2, 1998

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
SW-846 Method 8015 TN Modified, while groundwater samples were submitted to NET for VOC
analysis by SW-846 Method 8240. In accordance with the Assembly E Site Investigation Plans
(E/A&H, 1995a), approximately 10% of the DPT samples were split for duplicate analysis. NET
analyzed primary and duplicate samples using a Level IIl DQO-equivalent for 95% of the samples
and a Level IV DQO-equivalent for the remaining 5%.

3.1.2 Analytical Methods for RFI Samples

Based on DPT investigation results, RFI soil and groundwater were collected and analyzed to
further assess the nature and extent of contamination at the Assembly E SWMUs. Where present,
sediment and surface water samples were collected to assess the nature and extent of contamination
in the drainage pathways near the SWMUs. The samples were submitted to NET and analyzed
using a modified full scan analysis in accordance with SW-846 Methods and analyte lists based
on the CLP TCL with the following exception: groundwater and surface water samples were not
submitted for TPH-GRO analysis, because the tentatively identified coml;ounds (TICs) in the VOC
analysis would identify many of these lighter fraction hydrocarbons. NET analyzed the RFI
samples using a Level IIl DQO-equivalent for 95% of the samples and a Level IV DQO-equivalent

for the remaining 5%. Table 3.1 summarizes the methods and reporting levels.

Biota (fish tissue) samples were collected from the SWMU 9 sewage lagoons and submitted to
Ceimic Corporation of Naragansett, Rhode Island, for the following analyses: TCL SVOCs and
TCL pesticides/PCBs and TAL metals according to the CLP Statement of Work (SOW) OLMO3.1
and ILMO3.0 (USEPA 1994a, 1994b). Ceimic analyzed the samples using a Level IV DQO-

equivalent.
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In addition, select soil samples were analyzed for design parameters for later remedial design, 1
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
Number of Samples per
Parameter Method S /Interval Sampled®

S
Chemical:
Total Phosphorus USEPA 365.4 SWMU 2 -2 UA
Nitrate-N USEPA 352.1 SWMU9-1UA
Total Kjeldahl Nitrogen USEPA 351.2 SWMU 14 - 1 LS, 1 UF
Heterotrophic Plate Count SM® 9215B SWMU 59 - 1LS, 1 UF
Total Organic Carbon USEPA 415.1/9060 SWMU 65 - 1 UA
Cation Exchange Capaci USEPA 9081
Notes:
a — Interval sampled refers to the lithologic unit from which the soil sample was collected. UA, DA, LS, and
UF refer to upper alluvium, deep alluvium, loess, and upper fluvial deposits, respectively.
b — ASTM = American Society for Testing and Materials
¢ -~  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 s

~ monitoring wells during the investigation’s second phase. 9

3-10
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3.2.1 DPT Equipment

Between October 26 and December 18, 1995, E/A&H conducted DPT investigations at
SWMUs 2, 9, 14, 59, and 65 to obtain soil and groundwater samples from the locations proposed
in the Assembly E Site Investigation Plans. InSitu, Inc., of Travelers Rest, South Carolina,
provided and operated the DPT equipment at SWMUs 2, 9, and 14. ProTech, Inc., of
Baton Rouge, Louisiana, provided and operated the DPT Geoprobe equipment at SWMUs 59
and 65.

SWMUs 2, 9, and 14: The DPT investigations were conducted with truck-mounted, hydraulically
operated probes and samplers, including the piezocone system and geocone and hydrocone
samplers. The piezocone system, consisting of an electronic cone penetrometer, measured and
plotted point-stress, sleeve friction, and pore pressure as the cone penetrometer was advanced from
| ground surface, through the loess or upper alluvium, and into the upper fluvial deposits or deep
{ alluvium. The geocone sampler, a split-spoon sampler with a push plug on the leading end, was
advanced and retracted to retrieve relatively undisturbed subsurface soil samples from specific
depths at various locations throughout the SWMUs. The hydrocone groundwater sampler obtained
groundwater samples from specific depths in the loess or upper alluvium and upper fluvial deposits
or deep alluvium, with and without an applied vacuum, and generated hydraulic conductivity
information when no vacuum was applied. Hydraulic conductivity information was generated by
a transducer within the hydrocone that recorded rate of fill over time. Details for the DPT
sampling methods were provided in Section 4.4.4.3 of the Comprehensive RFI Work Plan.

SWMUs 59 and 65: The DPT investigations were conducted using both truck-mounted and all-
terrain vehicle (ATV) mounted Geoprobe sampling rigs. The Geoprobe is a hydraulically-powered
soil probing machine that uses static force and percussion to advance small diameter sampling tools
into the subsurface to collect soil core and groundwater samples. A closed-piston sampling tool

with plastic liner was used to collect soil samples. From the ground surface, the sampler was
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advanced 24 inches (sampling tool length) and retrieved from the borehole with the first sample.
The plastic liner and soil core were removed, a new liner was installed, and the sampler was
inserted back down the same hole to collect the next sample. The groundwater sampling device
is a screen-point sampler with a stainless-steel wire mesh screen insert and screen sleeve that is
driven to depth in an alloy steel sampler sheath using standard Geoprobe rods. The screen is
sealed inside the sheath with rubber o-rings which prevent the infiltration of formation fluids until

the screen is deployed.

3.2.2  Drilling Equipment

Between January 15 and March 4, 1996, soil borings were advanced and sampled, and
groundwater monitoring wells were installed and developed at SWMUs 2, 9, 14, 59, and 65.
Alliance Environmental, Inc., of Marietta, Ohio, provided and operated the drilling equipment.
Most soil borings and monitoring wells were completed using the rotasonic drill rig, which is
preferred over conventional drilling techniques due to its speed, high quality of lithologic
information and well construction, and the minimal amount of IDW generated.

Where the soil was not adequately compacted to support the weight of the rotasonic drilling
equipment, that is, wooded areas with limited access and areas with uneven terrain, Alliance used
an all-terrain Doodlebug carrier equipped with a CME-55 hollow-stem auger rig to reach the soil
boring locations. The following ‘sections describe each drilling method used during the
Assembly E RFI.

3.2.2.1 Reotasonic Drilling Method

The rotasonic drill mechanically induces vibrations through a drill head housing in which two steel
rollers rotate in eccentric orbits, creating equal centrifugal forces. The combined centrifugal
forces create a vertical force that is transmitted into the steel drill pipe and effectively transferred
through the pipe to its bottom cutting edge. A series of high-frequency, sinusoidal, wave
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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
exceeds the energy being dissipated on the medium being drilled and the maximum strain is
imparted to the steel pipe's end, and in turn, to the medium being drilled. With this pressure
pushing down on it, the steel drill pipe behaves like a spring, expanding and contracting as the
vibrations are imparted through the sonic head, creating a cutting action at the bit face that allows
a continuous core of the formation to move into the core barrel. Refer to The Resonant Sonic
Drilling Method: An Innovative Technology for Environmental Restoration Programs
(Barrow, 1994) for details on this drilling method.

Rotasonic drilling consists of advancing two drill casings, generally an inner 4-inch diameter core
(or sample) barrel and an outer 6-inch diameter casing. The inner core barrel, which has a
studded bit attached to its base, is first vibrated to the desired sample depth, which results in
sample material being captured in the barrel. The outer 6-inch casing is then vibrated around and
to the inner barrel's sample depth, displacing the 1-inch soil annulus between the core barrel and
casing into the formation. The outer casing serves two purposes — it ensures that the borehole
remains open during sampling, eliminating borehole “slough,” and it prevents potential
communication between shallower and deeper zones by continuously casing the borehole as it is
advanced. After the outer casing is advanced, the inner core barrel is retrieved to the surface,
leaving the outer casing in place, and the sample is vibrated out of the core barrel into a plastic
sleeve. A decontaminated core barrel replaces the previous one, and the process is repeated until
the desired sample depth is reached. Typically, 10-foot sections of core are collected at a time and
extruded in two 5-foot lengths.

Potable water is used to drill below the saturated zone. After the inner barrel is advanced to the
desired sample depth, water is pumped between the inner barrel and outer casing while the outer

casing is vibrated down to flush soil out of the annular space. Soil in the annular space is either
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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

outlined in the Comprehensive RFI Work Plan.

3.2.2.2 Hollow-Stem Auger Drilling Method

The hollow-stem auger consists of a 6%-inch outer diameter, open steel shaft with a continuous
spiraled steel flight welded to the outside. Each auger flight is connected in 5-foot sections to the
lead flight auger, which is connected to an auger bit which cuts. Soil cuttings are brought to the
surface as the top-head drive unit rotates the flights. A plug inserted into the center of the augers
attaches to the drive unit with smaller rods to prevent soil from rising inside the auger until the
desired sampling depth is reached. A 3-inch diameter, 2-foot long, split-spoon sampler is then
attached to the inner rods and inserted into the center of the augers. After a drop-hammer drives
the inner rods and split-spoon sampler 2 feet, a relatively undisturbed soil core collects in the
sampler. The inner rods are then removed, and the split-spoon sampler is detached. When the
sampler is opened, material is collected from the soil core. Once the soil boring is complete, a
monitoring well may be installed through the hollow-stem augers as outlined in the Comprehensive
RFI Work Plan.

The soil borings advanced and sampled with the all-terrain rig were as follows:

SWMU 2:  Soil borings 002S11UA, 002S11DA, 002S12UA, 002S12DA, 002S13UA,
002S13MA, and 002S13DA, and their associated monitoring wells. These soil
borings were along the temporary road constructed along the landfill’s north side,
and on the east central side of the landfill where trees were cleared with a bulldozer

to allow access for the buggy rig.

SWMU9:  Soil boring 009S03DA and its associated monitoring well. This soil boring is on
the southwest corner of the sewage lagoons in a wooded, low-lying area that could

not be accessed by the rotasonic rig.
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3.3  Soil Investigation
E/A&H collected 250 soil samples (excluding duplicate samples and samples split for confirmation
purposes) during both phases of the Assembly E RFI:

. 40 surface soil samples and 94 subsurface soil samples from DPT screening investigations
of SWMUs 2, 9, 14, 59, and 65

. 31 surface soil samples and 65 subsurface soil samples from drill rig soil borings at
SWMUs 2, 9, 14, 59, and 65

. 18 surface soil samples and 2 subsurface soil samples collected with a stainless-steel hand
auger from various locations at SWMUs 2, 9, 14, and 59

Table 3.1, shown previously, summarizes the location, number, media, collection depth, collection
method, and analyses for surface and subsurface soil samples collected during the Assembly E

RFI, while the following sections describe the soil sampling procedures.

3.3.1 DPT Soil Samples

An E/A&H or USGS geologist logged and processed the soil samples for field screening and
submittal to the analytical laboratory. Soil samples were collected with either the DPT equipment
using a 2-foot long, 2-inch outside diameter (OD), split-spoon geocone sampler, or the
2-foot long, 1.5-inch OD Geoprobe closed-piston sampler. After it was retrieved, the DPT
sampler was opened and the soil was immediately screened for VOCs using an HNu
photoionization detector (PID). When using the Geoprobe soil sampler, the geologist removed
the plastic liner containing the sample, sliced it open, and screened the exposed sample for VOCs
with the PID.
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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 unpreserved sample containers provided by the testing
laboratory, and placed the containers on ice in a cooler. Samples for VOC analyses were collected
directly from the sampling device, immediately placed in sample containers (minimizing
headspace), placed on ice in a cooler, and transported directly to the onsite laboratory for analysis
(samples from SWMUs 2, 9, and 14) or to the field trailer to be prepared for shipment to NET
(samples from SWMU 59). The DPT soil samples from SWMUs 59 and 65 for pesticide/PCB and
TPH analyses were homogenized in a stainless-steel bowl in accordance with Section 4.4 of the
Comprehensive RFI Work Plan prior to containerization. As outlined in Section 3.1.1, 25% of
the samples to be submitted for onsite VOC analyses were split and containerized separately for
subsequent offsite shipment to NET for confirmation analyses. Ten percent of the samples to be
submitted for offsite analysis were split and submitted to NET as duplicates. Each soil sample,
the field screening results, and sample location, designation, and time of collection were described

in the site logbook.

~ Grouting Procedure for DPT Boreholes

Each DPT boring was filled with neat cement grout to land surface following soil and groundwater
sample collection. Many of the DPT boreholes, which were less than 2 inches in diameter,
collapsed when the soil or groundwater sampler was removed. The DPT equipment operator
poured cement grout powder into each borehole that remained open and hydrated the grout by
pouring potable water into the borehole. The grout was allowed to cure for at least 24 hours to
allow for shrinkage. After the waiting period, additional grout was added as necessary to bring
the grout to land surface.

3.3.2  Soil Samples from Borings Associated with Monitoring Well Installation
During the Assembly E RFI, an E/A&H or USGS geologist continuously sampled, classified, and
logged two deep alluvium soil borings at SWMU 2 near existing G&M monitoring wells and
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30 fluvial deposits or deep alluvium soil borings associated with the installation of 48 Assembly E

monitoring wells.

A sample team — a USGS or E/A&H geologist and an environmental scientist or technician —
logged and processed soil samples for field screening and submittal to the analytical laboratory.
When using the rotasonic drilling method, Alliance collected continuous soil cores to the
termination depth of the soil boring. When using the hollow-stem auger drilling method, 2-foot-
long soil cores were collected continuously with a split-barrel sampler to approximately the top

of the sand and gravel unit, then at 5-foot intervals to the boring’s termination depth.

Lithologic descriptions and soil samples for analytical testing were obtained from the soil cores
collected from the soil borings. The intervals sampled varied between SWMU; refer to Section 8
of this report for the sampling rationale and intervals sampled. Where well pairs or clusters were
installed, the deepest monitoring well’s soil core was used to prepare lithologic descriptions and
to provide soil for organic vapor field screening. Soil samples for analytical testing were generally

obtained from the soil cores from the shallowest monitoring well.

Rotasonic soil cores were split into 2-foot-long sections (hollow-stem auger soil cores were
approximately 2 feet long). A portion of each core section was composited in 1-gallon resealable
plastic bags and allowed to equilibrate for at least 15 minutes prior to field screening for organic
vapors. Field screening consisted of placing the probe of an HNu PID into the soil headspace,
measuring any organiC vapor concentrations in the bag, and recording the readings on the
individual boring logs. The field screening readings were used by the onsite geologist to
determine if additional soil samples would be collected. However, no elevated field screening
readings were detected in the Assembly E soil borings that warranted additional sample collection.
The remaining soil in each core section was classified in the field by an E/A&H or USGS

geologist. Classifications were recorded on individual boring logs, along with data such as soil
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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.

A new pair of disposable nitrile gloves was donned prior to sample collection. Representative soil
samples from the site-specific intervals (outlined in Section 8 of this report) were collected with
a stainless-steel sampling implement, placed in unpreserved sample containers provided by the
analytical laboratory, and labeled with the sample designation, date and time collected, and
requested analyses. Samples for VOC analysis were collected first directly from the soil core, and
packed tightly into the sample container to minimize headspace and the potential loss of volatiles.
The remaining portion of the soil core was trimxhed, placed in a stainless-steel bowl, and
homogenized in accordance with Section 4.4 of the Comprehensive RFI Work Plan (E/A&H,
1994a). Samples for remaining analyses (including chemical design parameters) were placed in
the appropriate sample containers, labeled, and placed on ice for transportation to the field trailer
to be prepared for shipment. AS outlined in Section 3.1.2, approximately 10% of the samples
were split for duplicate analysis. Each soil sample, the field screening results, and sample

location, designation, and time of collection were described in the SWMU logbook.

Design Parameters

As outlined in Section 3.1.2, additional samples were collected from the soil borings and analyzed
for the design parameters listed on Table 3.2 for later remedial design, modeling, and (or)
migration studies, if needed.

Physical Design Parameters. Soil samples submitted for physical design parameters analysis (i.e.,
geotechnical testing) were collected with the drilling rig using a 2-foot-long, stainless-steel,
Shelby tube sampler. At least one Shelby tube soil sample was collected per SWMU from each
water-bearing unit (i.e., loess, upper alluvium, fluvial deposits, or deep alluvium), except for
SWMU 9, where the Shelby tube did not retain the sample from the deep alluvium. Table 2.3
(shown previously) lists the locations and depth intervals of the Assembly E Shelby tube samples.
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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
analyses: permeability, porosity, particle size, bulk density, specific gravity, and moisture

content. The sample interval was recorded on the field boring log.

Chemical Design Parameter&: At least one soil sample per SWMU was collected for chemical
design parameters analysis in accordance with the Assembly E Site Investigation Plans

(E/A&H, 1995a). As outlined in the work plans, the following samples were collected:

. 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.

An additional sample was collected from the upper fluvial deposits at SWMU 14, because
trichloroethene had been detected in upper fluvial deposits groundwater during the DPT screening
investigation. This deviation was recorded in the field logbook. The samples for chemical
characterization were collected in the same manner as the primary soil boring samples described
above, labeled, placed on ice in a cooler, and transported to the field trailer to be prepared for
shipment to NET for the following analyses: total phosphorus, nitrate-N, total Kjeldahl nitrogen,

heterotrophic plate count, total organic carbon, and cation-exchange capacity.

Grouting Procedures for Soil Borings

A groundwater monitoring well was installed in each of the Assembly E soil borings, except for
SWMU 2 soil borings 00250029 and 00250030, which were advanced and continuously sampled
next to existing G&M monitoring wells to provide soil data for these locations. After they were
completed, these borings were pressure-grouted from the bottom of the borehole to land surface

with a cement-bentonite slurry using a tremie pipe. The grout was allowed to cure at least
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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.

3.3.3 Hand-Auger Soil Samples

Between October 12 and November 2, 1995, E/A&H used a stainless-steel hand auger to collect
surface and subsurface soil samples from various locations throughout SWMUs 2, 9, 14, and 59.
Eighteen surface soil samples (0 to 6-inch interval) and two subsurface soil samples (18- to 24-inch
interval) were collected using the hand-auger sampling procedures outlined in Section 4.4.3 of the
Comprehensive RFI Work Plan (E/A&H, 1994a). Table 3.1 (shown previously) summarizes the
location, number, depth interval, and analytical test methods for each hand-auger soil sample. The
SWMU-specific tabbed sections within Section 8 of this report provide the sampling rationale for

the hand-auger soil samples. The sampling procedures are summarized below.

Vegetation and debris were cleared from the sample location prior to sampling. Sampling
personnel donned clean gloves and began to auger, continuing until the top of the desired sampling
interval was reached, then the auger was retrieved from the borehole. A decontaminated auger
was then inserted in the borehole, and augering proceeded until the bottom of the desired sample
interval was reached. The auger was retrieved from the borehole, and personnel donned a new
pair of disposable nitrile gloves prior to sample collection. A portion of the soil was immediately
removed from the auger bucket and placed in a VOC sample container, which was completely
filled to eliminate any headspace where volatilization might occur. The remaining soil was
removed from the auger bucket and placed in a stainless steel bowl, where it was thoroughly
homogenized in accordance with Section 4.4 of the Comprehensive RFI Work Plan
(E/A&H, 1994a). The soil was then transferred to the appropriate sample containers, labeled, and
placed on ice in a cooler chilled to 4°C (+2°C). The samples remained in the ice chest until the
sampling team returned to the field trailer where they were prepared for shipment to the
laboratory.
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3.4 Groundwater Investigation

The groundwater investigation focused on two water-bearing zones: the loess or upper alluvium,
and the underlying fluvial deposits or deep alluvium. The loess or upper alluvium are considered
the zones most likely to contain contaminants associated with the site based on shallow depth,
while the fluvial deposits or deep alluvium are a preferential zone of groundwater flow and, thus,
a potential route for contaminant transport. One hundred thirty-three groundwater samples
(excluding duplicate samples and samples split for confirmation purposes) were collected during

the Assembly E investigation as outlined below:

. 80 groundwater samples collected during the DPT investigations of SWMUs 2, 9, 14,
59, and 65.
o 53 groundwater samples were collected from new and existing Assembly E monitoring

wells during the April 1996 sampling event.

The following sections describe the groundwater sampling procedures used to collect groundwater
samples from the DPT locations and the procedures used to install, develop, and sample the new

and existing Assembly E monitoring wells.

3.4.1 DPT Groundwater Investigation
Groundwater samples were collected during the screening investigation using either a hydrocone
groundwater sampler with the DPT rig or with a Geoprobe screen-point sampler. The following

describes both techniques.

3.4.1.1 DPT Hydrocone Samples
Groundwater samples were collected from SWMUs 2, 9, and 14 by advancing the hydrocone
sampler to the targeted depth, and retracting it approximately 1 foot to expose the sampling screen.
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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.
When approximately 300 milliliters (ml) of groundwater had entered the sampler, the hydrocone
was returned to the surface. Groundwater samples were then collected directly from the
hydrocone by inserting a new piece of Teflon tubing into the bottom port of the sampler and
decanting the groundwater directly into the sample vials to minimize the loss of VOCs. If no
groundwater entered the hydrocone after 30 minutes, a vacuum was applied to the sampling
device. If no water had entered the ‘hydrocone after 20 or 30 minutes, it was raised approximately
1 foot in an attempt to find a water-bearing zone. If no water entered the sampler after an
additional waiting period (typically 15 minutes), attempts to collect a DPT groundwater sample
were abandoned at that sampling location (SWMUs 2 and 9), or a subsurface soil sample was
collected instead of a groundwater sample (SWMU 14 loess groundwater sampling locations).
When time permitted, the hydrocone was left in the ground overnight to collect a groundwater

sample where recharge was slow.

Groundwater samples for onsite VOC analysis were decanted into unpreserved 40-ml glass sample
vials provided by Hydrologic. The onsite laboratory did not require a preservative in the samples,
because they were transported on ice directly to the laboratory for immediate analysis.
Twenty-five percent of the groundwater samples split for offsite VOC confirmation analyses were
decanted into laboratory-provided 40-ml glass vials pre-preserved with hydrochloric acid. The

sample designation, date, and collection time were recorded in the field logbook.

3.4.1.2 Geoprobe Screen-Point Samples

Groundwater samples were collected at SWMUs 59 and 65 by advancing the Geoprobe screen-
point sampler to the target depth and opening it to expose the screen, through which groundwater
flows into the sampler. A threaded adaptor was fitted on the end of a new piece of clean Teflon

tubing. The tubing was inserted into the rod string and lowered through the rods to the top of the

3-22

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25




RCRA Facility Investigation Report

Assembly E — SWMUs 2, 9, 14, 38, 59, and 65
NSA Memphis — Millington, Tennessee
Revision 1: February 2, 1998

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
tubing filled with water, the pump was deactivated and the tubing crimped to prevent backflow
into the sampler. The tubing was pulled free from the nipple and retrieved from the rod string.

Once removed from the rods, the tube’s contents were gently drained into sample containers.

All Geoprobe screen-point groundwater samples were submitted to NET, which provided the
sample containers. Samples submitted for VOC analyses were decanted into pre-preserved 40-ml
glass vials. The single Geoprobe groundwater sample collected for pesticide/PCB analysis from
SWMU 59 was decanted into an unpreserved 2-liter amber glass bottle. Each sample was placed
on ice in a cooler immediately upon sample collection, and subsequently shipped to NET for
analyses. The sample designation, date, and collection time were recorded in the field logbook.
3.4.2 Groundwater Samples from Monitoring Wells

Forty-eight new monitoring wells were installed and sampled during the Assembly E RFI, along
with five existing SWMU 2 monitoring wells. Of these monitoring wells, eight are screened in
the loess, one in the upper fluvial deposits, four in the lower fluvial deposits, 18 in the upper
alluvium, one in the middle alluvium, and 21 in the deep alluvium. Thirty-four are installed in
shallow-deep well pairs. Three are installed in a cluster. The 16 remaining wells are installed as
single wells. Table 2.2 summarizes the location, depth, and screened interval for each
Assembly E monitoring well. The following sections describe the procedures used to install,

develop, and sample the Assembly E monitoring wells.

3.4.2.1 Monitoring Well Installation

All Assembly E RFI monitoring wells were installed using the previously described drilling
methods and constructed using a 10-foot section of 0.010-slotted, 2-inch diameter, Schedule 40
polyvinyl chloride (PVC) screen, attached to 5- and 10-foot sections of Schedule 40 PVC riser.
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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
prepared for monitoring well placement by placing a cement-bentonite plug in the bottom of the
soil boring to bring the bottom of the boring up to within 6 inches of where the base of the
monitoring well would be installed, and placing a 6-inch thick layer of filter pack sand in the
borehole. The casing string, consisting of a bottom plug, 10-foot screen, and a predetermined
length of riser pipe, was then lowered into the borehole. A tremie pipe, inserted along the outside
of the casing string, emplaced the filter pack sand to approximately 2 feet above the top of the
screen. A bentonite seal, at least 2 feet thick, was emplaced above the sand pack through the
tremie pipe. A cement-bentonite slurry was then tremied from the bentonite seal to between 2 and
4 feet of land surface. Locking expansion caps were installed in each monitoring well. The
monitoring wells were completed with stickup outer protective casings and surrounded by
four outer protective guard posts set in a 4' x 4' x 6" concrete pad, or with a steel, flush-mount
protective cover. All monitoring wells were tagged with the designated well name, date of
completion, and depth of screened interval. Monitoring well completion data are provided in

Table 2.2 (shown previously). Well construction logs are provided in Appendix C of this report.

3.4.2.2 Monitoring Well Development

Monitoring wells were developed using electric submersible pumps to improve flow to the well
by removing fine sediments that may have accumulated from the sand pack during the drilling
process. Well development was considered complete after conductivity, turbidity, temperature,
and pH stabilized, as described in the Assembly E Site Investigation Plans (E/A&H, 1995a).
Shallow (loess) monitoring wells typically bailed dry several times during development.
Development water was containerized in 55-gallon drums and handled with other IDW as
described in Section 3.11 and the Investigation—Derived Waste Management Plan
(E/A&H, 1995b).
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3.4.2.3 Monitoring Well Sampling

The new and existing Assembly E monitoring wells were sampled between April 9 and
May 16, 1997 (designated “initial sampling event,” or Event 1). Groundwater samples collected
during this initial sampling event were analyzed for FSA, with the following exceptions: No
samples were analyzed for chemical design parameters or TPH-GRO, as shown on Table 3.1.
Chemical design parameters were excluded so that E/A&H could thoroughly review the
groundwater data to keep from collecting unnecessary groundwater samples. TPH-GRO was not
requested in the initial sampling event analyses, since VOC analysis (and associated TICs) would
identify important gasoline-range hydrocarbons. A supplementary sampling event (designated
“Event 2") was conducted for SWMU 2 monitoring wells only between September 3 and 12, 1996.
Groundwater samples were submitted for VOC and Appendix IX analyses only, as shown on
Table 3.1.

After reviewing the analytical data from the initial sampling event and Event 2, two additional
sampling events were scheduled for all Assembly E monitoring wells — Event 3 was completed
in May 1997, and Event 4 will be conducted one year later. During Event 3, select Assembly E
monitoring wells were sampled for various parameters, including TPH-GRO and chemical design
parameters, as outlined on Table 3.3. Ten percent of the samples were split for duplicate analysis
as outlined in the Comprehensive RFI Work Plan (E/A&H, 1994a). The primary and duplicate
Event 3 groundwater samples were submitted to Savannah Laboratories in Savannah, Georgia.
At the current time, the analytical results have not been received from the laboratory. Therefore,
they are not discussed in the SWMU-specific tabbed sections (Section 8). Once the Event 3
analytical results are received and validated, they will be incorporated in subsequent revisions of
this RFI report.
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Table 3.3
Analyses of Assembly E Groundwater Samples — Event 3 (April and May 1997)

SWMU Parameter Monitoring Wells Sampled

9 VOCs, TPH-GRO, TPH-DRO All monitoring wells
Chemical design parameters Deep alluvium monitoring wells 009G01DA, 009G02DA, and 009G03DA

59 VOCs, pesticides/PCBs,
chemical design parameters

All monitoring wells

a - FSA = Full scan analysis, consisting of the following SW-846 analyses: VOCs (Method 8240), SVOCs (Method 8270), chlorinated
pesticides/PCBs (Method 8080), organophosphorus pesticides (Method 8140), herbicides (Method 8150), Appendix IX metals (Method
6010/7000 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 352.1/9056), chloride and sulfate (Methods 300/9056), heterotrophic plate count (Standard Method 9215B), 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
micropurging, removing three well volumes, or purging the well dry and allowing recharge prior
to sampling. All wells were purged and sampled using dedicated Teflon tubing and submersible
electric pumps. Groundwater was considered stable and ready for sampling after three consecutive
pH, specific conductance, and temperature readings within + 0.5 units, + 10%, and + 1° C,
respectively, as outlined in the Comprehensive RFI Work Plan and the Assembly E Site
Investigation Plans. In certain instances, the well did not recharge at a rate equivalent to the
lowest purge rate allowed by the submersible pump, and the well purged dry. When this

occurred, the well was allowed to recharge prior to sampling.
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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.
Purge water was containerized in 55-gallon drums and handled with other IDW as described in
Section 3.11 and the Investigation-Derived Waste Management Plan (E/A&H, 1995b). Table 3.4
lists the purge method used for Events 1and 2, and the final water-quality data measured before

each well was sampled. The purge methods are described in the following paragraphs.

Low-Flow Micropurging

Where possible, Assembly E monitoring wells were purged and sampled using micropurging
techniques. In general, only the ﬂuvial deposits and deep alluvium wells could be sampled by this
method. Micropurging is based on the premise that stagnant water in the well casing does not
completely mix with groundwater flowing through the screen when pumping at relatively low flow
rates. Studies have suggested that flow in the well screen is horizontal and laminar, and that
gréundwater moving through the screened portion of a well interacts minimally with stagnant
water in the overlying well casing (Robin and Gillham, 1987). Purging several well volumes prior
to sample collection has been shown to be unnecessary and recent studies have demonstrated that
water-chemistry results from micropurging methods are comparable to traditional sampling
methods (Kearl et al., 1994). Micropurging also reduces purge-water volume and takes less time
than conventional sampling. Micropurging consisted of using an electric submersible pump to
remove groundwater from the wells at a rate roughly equivalent to their recharge rate.
Drawdown, monitored during purging to ensure that the pumping rate did not significantly exceed
the well's recharge rate, ranged from 0.0 to 0.80 feet during Event 1 groundwater sampling.
Adequate volume was removed from each well to ensure that at least two sampling tube volumes
were removed before pH, temperature, specific conductance, and turbidity were measured.

Purging was considered complete after three consecutive readings stabilized.
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Table 3.4
Summary of Assembly E Monitoring Well Purging Data — Event 1 (April 1996)
Specific '
Monitoring pH Conductance Temperature  Turbidity Gallons
Well ID Date ‘mS/cm® @ 25° °C s ed Purge Method

0GMGO2DA 4/23/96 6.99 1.70 16.5 NA 26 3 well volumes removed
9/12/96 Low-flow micropurgin;

8 6 3 well volumes removed
0.9 Purged dry

O0GMGO4UA 5/16/96 8.27 0.279
9/12/96

002G01UA 4/10/96 7.0 0.95 15.2 76.1 8 Purged dry
9/11/96 6.82 0.956 19.59 350 6 Purged dry

002GO2UA 4/10/96 6.77 0.80 16.0 > 200
9/3/96 6.41 0.747 18.83 318

Purged dry
Purged dry

[V RV

002GO3UA 4/10/96

0.61 14.9 > 200 4.5 Purged dry
9/10/96 Purged

002G04UA 4/10/96 6.78 0.79 15.0 524 8 3 well volumes removed
9/6/96 6.68 1.850 17.71 327.1 7 Purged dry

002GOSDA 4/10/96 6.94 0.75 16.5 96 5 Low-flow micropurging
9/10/96 7.44 0.711 19.29 709.4 3 Low-flow micropurging

002GO6DA 4/9/96
9/11/96

1.28 124.6 4.5 Low-flow micropurging
) 1.475 micropurging

9/5/96 6.79 1.342 24.72 165.3 2 Purged dry
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Table 3.4
Summary of Assembly E Monitoring Well Purging Data — Event 1 (April 1996)
Specific
Monitoring pH Conductance Temperature  Turbidity Gallons
Well ID Date ‘mS/em® @ 25° °C Purged Purge Method

002G10UA 4/11/96 6.87 1.93 17.6 > 200 NA Purged dry
9/11/96 6.74 1.022 18.28 4.8 6.5 Purged dry

002G11UVA 4/11/96 6.89 0.73 14.1 > 200

002G12UA 4/11/96 6.84 0.97 15.3 > 200 8 3 well volumes removed
9/12/96 6.72 0.546 16.19 27 8 3 well volumes removed

002G13UA 4/12/96
9/11/96

15.9 11.0 12 Purged dry
Pur;

002G13DA  4/12/96  6.71 3.02 16.3 520 3.5 Low-flow micropurging
9/10/9%  6.56 0.347 18.51 3,744 2.5 Low-flow micropurging

002G14DA 4/11/96 6.72 0.56 15.6 NA 1.5 Low-flow micropurging
9/6/96 6.25 0.524 18.14 696.9 4 Low-flow micropurging
9/6/96 6.21 0.489 17.18 272 18 3 well volumes removed

SWMU 9 Monitoring Wells
009G02DA 4/12/96 7.06 1.03 18.5 194 35 Low-flow micropurging

009GO4DA 4/12/96 6.90 6.10 18.7 > 200 NA Low-flow micropurging
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Table 3.4
Summary of Assembly E Monitoring Well Purging Data — Event 1 (April 1996)
Specific
Monitoring pH Conductance Temperature Turbidity Gallons
Well ID Date 'mS/cm® @ 25°C ° A Purged Purge Method

SWMU 14 Monitorin! Wells

014GO1ILF 4/16/96 6.91 0.55 18.1 > 200 Low-flow micropurging

014GO3LS 4/16/96 7.06 0.70 15.6 > 200 5 Purged dry

014GOSLS 4/16/96 6.96 0.82 15.9 48.6 6 Purged dry

014GO7LF 4/17/96 6.82 2.20 19.1 > 200 NA Low-flow micropurging

059G02LS 4/18/96 6.39 19.3 NA 5

059G0O3UF 4/18/96 6.21 1.60 21.3 NA 5 Low-flow micropurging

065GOTUA 4/18/96 6.86 1.75 18.1 = 200 3 Low-flow microgur_g_ing

Notes:

su* —  Standard Units

mS/em®” — milli-:Siemens per centimeter

°C - Degrees Celsius

NTUs' —  Nephelometric Turbidity Units

> 200° — - Turbidity reading greater than maximum instrument detection of 200 NTUs.
NA! - Information not available due to instrument malfunction

NR —  Not Recorded

Purge Three Well Volumes
In most cases, the loess and upper alluvium wells would not sustain a recharge rate equivalent to
the pumping rate. If the well did not purge dry, three well volumes of groundwater were

removed, as shown on Table 3.4. The well was allowed to recharge to near-static levels prior to
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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 (002G03DA, 002G09DA, and 002G14DA)
were purged and sampled using both low-flow micropurging and three well volume removal
techniques, so that the analytical results from both methods could be compared. The results of
these samples will be presented in the SWMU 2 site-specific section (to be included in subsequent
revisions of this RFI report).

Purge Well Dry and Allow Recharge

In all loess monitoring wells and many upper alluvium monitoring wells, the recharge rate was less
than the lowest possible purge rate allowed by the submersible pump, resulting in the well purging
dry. Wells were allowed to recharge to near static groundwater levels prior to sampling. The

length of required recharge time ranged from a few hours to overnight.

‘Groundwater Sampling Methods

As previously outlined, groundwater samples were collected using submersible electric pumps and
dedicated Teflon tubing. For wells requiring recharge after removing three well volumes or
purging dry, the pump was gently lowered into the well to approximately the middle of the
screened interval and turned on. For micropurged wells, the pump was already operating in the
middle of the screened interval. Sampling was conducted over a 5-gallon bucket to collect excess
water flowing from the tubing. The excess water was containerized along with purge water in
55-gallon drums and handled with other IDW as described in Section 3.11 and the Investigation-
Derived Waste Management Plan (E/A&H, 1995b).

Prior to sampling, clean nitrile gloves were donned and the sample container cap was removed.
Personnel filled VOC containers first, being careful to reduce water disturbanée, then SVOC
containers and the remaining sample containers. Samples requiring chemical preservation were

either collected in pre-preserved sample containers provided by the analytical laboratory or
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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
on a sample label and affixed to each sample container. The samples were then immediately
placed on ice in a cooler chilled to 4°C (+2°C) and transported to the field trailer to be prepared
for shipment to the analytical laboratory.

3.5 Sediment Sampling

For the purposes of this RFI report, the samples collected from drainage pathways or sewage
lagoons are designated as “sediment samples”. Those sediment samples collected from the 0- to
6-inch interval are termed “surface sediment”, and those collected from the 18- to 24-inch interval
are termed “subsurface sediment”. As shown in Table 3.1, 50 surface sediment samples and
41 subsurface sediment samples from the same locations were collected during the Assembly E
RFI. All Assembly E SWMU sediment sampling locations were in areas of very shallow water
or in dry areas along the water’s edge. Specifically, sediment samples were collected from
Big Creek Drainage Canal near SWMUs 2 and 9, from the SWMU 9 sewage lagoons, from the
7th Avenue drainage ditch west of SWMU 14, from the SWMU 38 primary and secondary
drainage ditches on the Southside, and from the drainage depressions at SWMU 65. The sediment
samples were collected with a stainless steel hand auger using the procedures for hand-auger soil

sampling described in Section 3.3.3.

3.6 Surface Water Sampling

Four surface water samples were collected from Big Creek Drainage Canal at locations upgradient
and downgradient of SWMUs 2 and 9, as summarized in Table 3.1. Surface water samples were
collected using the submerged laboratory bottle method. Prior to sample collection, personnel
donned clean nitrile gloves and removed the sample container cap. The container was gently
submerged with the container opening pointing upstream. VOC samples were collected in

unpreserved vials completely submerged and recapped underwater to ensure there was no
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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,
placed in an ice chest, and chilled to 4°C (+2°C). The samples remained in the ice chest until
the sampling team returned to the field trailer. Samples requiring chemical preservation (VOCs,
TPH, Appendix IX metals, and cyanide) were preserved prior to shipment to the laboratory.

3.7 Fish Tissue Samples

To determine the potential risk of bioaccumulation of sediment contaminants by demersal (bottom-
dwelling) species in the sewage lagoons, E/A&H conducted a fish study at SWMU 9, which
included the collection of three composite fish samples, two from the larger lagoon and one from
the smaller lagoon. For cost-effectiveness, trotlines were the chosen sampling device. A trotline
is a cord stretched horizontally across the surface of the lagoon, from which baited fishing hooks
are suspended vertically from equally spaced fishing lines along the cord. One trotline with
approximately 50 baited hooks was set in the smaller lagoon (designated “Pond 1” during the
study), while two trotlines with approximately 100 baited hooks each were set in the larger lagoon
(designated “Pond 2” during the study).

Only one species of potentially edible game fish, the black bullhead catfish Ictalurus melas, was
caught during the study. Clean nitrile gloves were worn during sample collection and preparation
for shipment. Seven small to medium (0.25 to 1.5 pound) catfish were collected from the smaller
lagoon and submitted as a composite sample designated 009J010001. Four small to medium
catfish were collected from the larger lagoon and submitted as two composite samples designated
009J020001 and 009J020002. The whole fish were wrapped in aluminum foil, frozen alive, and

shipped to Ceimic Corporation for analysis.
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3.8 Sampling Protocol

All sampling activities adhered to the approved Comprehensive RFI Work Plan and the Assembly E
Site Investigation Plans. Where warranted by field conditions, personnel deviated from the
approved procedures and appropriately documented these deviations in the site logbook. These

deviations are discussed in Section 8's SWMU-specific sections.

Samples were transferred from the sampling device to containers expediently, in as clean an
environment as possible. Plastic sheeting was placed over the sample area (around the well or
sampling table), and personnel donned a new pair of disposable nitrile gloves before collecting
each sample. Empty containers were kept packaged until used, at which time they were placed
on ice and isolated in coolers. Soil samples for VOC analysis were containerized first from
unhomogenized material to lessen the loss of volatile constituents. - All other soil samples were
homogenized in a stainless-steel mixing bowl in accordance with the Comprehensive RFI Work
Plan, the Assembly E Site Investigation Plans, and the USEPA Standard Operating Procedures
Quality Assurance/Quality Control Manual (USEPA, 1991a) and then placed in the appropriate

containers.

QA/QC samples were collected during the RFI to test the level of reproducibility attainable in the
sampling and analytical process, quality of equipment decontamination, quality of source waters
and materials, sample exposure to ambient contamination during handling, and the level of
laboratory precision and accuracy. QA/QC samples were analyzed for the same contaminant
assessment constituent parameters as the associated environmental samples. All field QA/QC

samples were collected in accordance with the work plans and consisted of the following:
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QA/QC Sample Type and Frequency

Confirmation Samples: 25% of DPT soil and groundwater samples to be analyzed by the
onsite laboratory were split and submitted to the offsite laboratory for VOC confirmation

analysis.

Duplicate Samples: 10% of soil, groundwater, sediment, and surface water samples were

split as duplicates and analyzed along with the primary samples by the offsite laboratory.
Equipment Rinsates: One per week during sampling. During rotasonic drilling, rinsates
were collected from both the inner core barrels and from the stainless-steel sampling
implements used for sample collection and soil homogenization. During groundwater
sampling, equipment rinsates were obtained from the submersible electric pump.

Field Blanks: One per sampling event (week) per source of water.

Matrix Spikes/Matrix Spike Duplicates: 5% of the samples collected.

Trip blanks: One per cooler containing VOC samples.

During the DPT screening investigation, unpreserved sample containers were shipped to E/A&H

in sealed packages for use in onsite laboratory analysis. Since the DPT samples submitted to the

onsite laboratory would be analyzed within seven days, no chemical preservation was required

according to the Contract Laboratory Program National Functional Guidelines for Organic Data

Review (USEPA, 1994a). Sample containers requiring chemical preservation during the DPT

investigation (i.e., groundwater VOC confirmation samples submitted to the offsite laboratory)

were pre-preserved with hydrochloric acid by the testing laboratory and shipped to E/A&H in

sealed packages. During the RFI, samples were preserved in the field with preservatives provided

3-35

10

11

12

13

14

15

16

17

18

19

20

21



RCRA Facility Investigation Report

Assembly E —SWMUs 2, 9, 14, 38, 59, and 65
NSA Memphis — Millington, Tennessee
Revision 1: February 2, 1998

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,
the containers were labeled with the sample identification number, date, sampler's name, and
requested analytical parameter. Samples were individually bubble-wrapped, bagged in resealable

plastic bags, and packed on sealed ice inside sturdy coolers.

Samples for onsite laboratory analysis were transported by the USGS or E/A&H geologist directly
to the laboratory. The Hydrologic chemist recorded each sample in a sample logbook immediately
upon receipt. Samples for offsite laboratory analysis were transported to the field trailer where
they were prepared for shipment on the day when they were collected. Preparation involved
logging the sample information into the E/A&H analytical database and arranging the samples in
iced coolers with sufficient volume to maintain uniform and appropriate preservation temperatures
during shipment. Temperature blanks were placed in all coolers for laboratory verification of their
temperature upon arrival. Trip blanks were placed in coolers containing samples for VOC
analysis. Cooler lids were secured with packing tape and sealed with signed custody seals.
Packaged samples were shipped overnight via FedEx priority service for next morning delivery.
The laboratory was notified the day of shipment of the number of samples to be submitted, and
E/A&H personnel were contacted by the laboratory the following day to acknowledge receipt of
the samples and their condition. When samples were collected on Fridays, E/A&H arranged for
the laboratory to receive the samples on Saturday. When samples were collected on Saturday or
Sunday, they were shipped the following Monday. All sample shipments were reported to have

arrived at the testing laboratories in good condition and at appropriate temperatures.

To ensure the integrity of the sample transfer process, a strict chain-of-custody procedure was
implemented. This procedure was initiated in the field for each sampling event and conducted
through custody transfer to the analytical laboratory. A chain-of-custody form was completed for

each sample batch. The following were listed on each form: sample numbers, containerization,
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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
custody. A copy of each chain of custody is provided in the Data Validation Report — Assembly E
(E/A&H, 1997a).

Sample Labeling '

All samples collected in the field were labeled with a 10-digit alphanumeric code that identified
the site, sample type, sample location, sample depth, and QA sample type (as appropriate). The
first three digits identify the site location (SWMU 9 = 009). The fourth digit identifies the sample
type (for instance, soil = S, soil duplicate = C, groundwater = G, groundwater duplicate = H).
The matrix codes are listed with the analytical data in the Data Validation Report — Assembly E.
The fifth through eighth digits represent the station location (location 12 = 0012, upper fluvial
well 3 = 03UF). The final two digits represent the deepest point of the sample interval for soil
(15 to17 feet = 17), screened interval for DPT groundwater samples (39 to 40 feet = 40), or the
sampling event for groundwater monitoring wells (01 = first sampling event). Examples of

sample labels are:

DPT Samples
0145000507 SWMU 14 soil sample from location 5, 5- to 7-foot interval
002G001327 SWMU 2 groundwater sample from location 13, 26 to 27-foot screened interval

All Other Samples
059S02LS02  SWMU 59 soil sample from loess soil boring location 2, 0 to 2-foot interval
065G06UAO01 SWMU 65 groundwater sample from upper alluvium monitoring well 6, first

sampling event
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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

Environmental Services, Inc., of St. Charles, Missouri, or Validata Chemical Services of
Norcross, Georgia. Ninety-five percent of the data were validated at DQO Level Ill-equivalent
while 5% were validated at DQO Level IV-equivalent. Data validation was performed in

accordance with the following documents (as appropriate):

. USEPA Contract Laboratory Program National Functional Guidelines for Organic Data
Review (OLMO3.1), OSWER, February 1994 (EPA-540/R-94/012). (Organic Functional

Guidelines).

J USEPA Contract Laboratory Program National Functional Guidelines for Inorganic Data
Review (ILM0O3.0), OSWER, February 1994 (EPA-540/R-94/013). (Inorganic Functional

Guidelines).

The data validation findings for Assembly E SWMUs are presented under separate cover within
Data Validation Report — Assembly E (E/A&H, 1997a).

3.10 Decontamination Procedures
Field equipment was decontaminated in accordance with guidelines set forth in the Assembly E Site

Investigation Plans and the Comprehensive RFI Work Plan. All downhole and sampling .

equipment for the Assembly E investigations were decontaminated before and after each use at the
Southside decontamination pad set up at Wash Rack 1638 on C Street. Rinse water generated
during the Assembly E investigation was stored in a 2,000-gallon holding tank at the wash rack.
Following a VOC scan and approval from the City of Millington's wastewater consultant,
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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:

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.

Aluminum foil or plastic wrap.

@ N A h R W=

- Donning of a new pair of disposable nitrile gloves before handling decontaminated

sampling equipment.

3.11 Investigation-Derived Waste

During the DPT screening investigations, soil samples were collected directly from the split-spoon
samplers and groundwater samples directly from the hydrocone or screened sample chamber;
therefore, these sampling activities generated no IDW. During the soil boring advancement and
monitoring well installation, soil cuttings, water generated during drilling, and well

development/purge fluids were stored in labeled 55-gallon drums.

The following was recorded in the Assembly E IDW logbook: drum contents, date filled,
boring/well identification, and a tracking code. Soil and water drums were loaded on pallets and
staged in a fenced and paved area at the former Aircraft Intermediate Maintenance Department van
storage area (Facility N-1665). ‘
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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 ndt meet the criteria for a hazardous waste
(Technical Memorandum — Characterization of Investigation-Derived Waste from Assembly E
SWMUs (E/A&H, 1996b). However, TPH was considered a potential disposal problem. TDEC
requested that E/A&H screen the drums with a PID. Detectable levels of organic vapors were
detected in some drums (Technical Memorandum — Assembly E IDW Drum Screening Results
(E/A&H, 1997b). The drums with detectable levels were sampled for TPH analysis. Results for
these were presented to TDEC and USEPA in Technical Memorandum — Assembly E IDW TPH
Sampling Results (E/A&H, 1997c). The memorandums referenced above are included in
Appendix E of this document. As a result of the data review and supplemental sampling, E/A&H
segregated six drums for disposal as a special waste (petroleum-contaminated soil). The remainder
was spread near SWMU 41 (Salvage Yard #1) in accordance with the Investigation-Derived Waste
Management Plan (E/A&H, 1995b).

3.12 Ancillary Data Collection
Supplemental information collected during the Assembly E RFI consisted of aquifer
characterization, borehole geophysics, geophysical surveys, and global positioning system (GPS)

surveys, as outlined in the following sections.

3.12.1 Aquifer Characterization

The rate of groundwater movement and possible contaminant migration was evaluated through a
limited aquifer characterization at Assembly E. Characterization involved testing the specific
capacity of the monitoring wells listed on Table 3.5 and constructing potentiometric maps for
Assembly E wells screened in the upper alluvium, upper fluvial deposits, and lower fluvial
deposits/deep alluvium (shown previously as Figures 2.11, 2.12, and 2.13). Groundwater
migration rates in the loess were not evaluated during the RFI due to the abundant historical

information from previous investigations across NSA Memphis.
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Table 3.5
Specific Capacity Testing of Select Assembly E Monitoring Wells

Upper Fluvial Deposits SWMU 59 059GO3UF

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
an electric submersible or peristaltic pump to withdraw water from the well at a known discharge
rate for a designated time. Drawdowns were measured with an electronic water level indicator
until relative stabilization occurred at that pumping rate. Specific capacity is a function of the

following variables:

U Well efficiency.

. Transmissivity of the zone supplying water to the well, which may be less than the

transmissivity of the aquifer, depending on the length of the screen.

. Storage coefficient of the aquifer.

. Length of the pumping period.

e Effective radius of the well.

. Pumping rate.
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The relationship between specific capacity and transmissivity is based on the Theis equation:

LN
4n s

where T is the transmissivity, Q/s is the specific capacity, Q is the pumping rate, s is the
drawdown, and W(u) is the well function of . This equation requires use of consistent units. The
Wi(u) is defined as:

=

H
N
5%

where T is defined as above, r is the effective radius of the well, S is the storage coefficient, and

t is the duration of pumping. Once again, this equation requires use of consistent units.

Bradbury and Rothschild (1985) have developed a computer program to facilitate the parameter
estimation process using the Theis solution modified for partial penetration of a well using a
method adopted from Brons and Marting, and the Csallany-Walton correction for well logs. The
data from the Bradbury and Rothschild program is in Appendix D to this report. Two assumed
variables entered into the specific capacity program were the storage coefficient and well loss
coefficient. Storage coefficients were calculated by multiplying the aquifer’s specific storage by
the thickness of the aquifer at each tested well. A specific storage value for the fluvial aquifer of
1.2E-6 per foot was used to calculate the storage coefficient for all tested wells except 002GO3UA.
A specific storage for the loess of S8E-6 per foot was used for this well because it is screened
entirely in silt. These specific storage values were obtained during aquifer characterization of the
fluvial deposits at the USGS well WL-2F (USGS, 1996). Aquifer thickness was obtained from
the individual Assembly E boring logs. A well loss coefficient of 0.1 was selected from

Todd (1980) for well screens and sand packs that are properly designed and developed. The
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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

The stratigraphy at SWMUs 2, 9, 14, 59, and 65 was characterized through physical description
of the soil cores recovered while the soil borings and monitoring wells were being completed.
Supplemental lithologic information was gathered through geophysically logging at least one of
each SWMU’s deepest monitoring wells. A combination probe consisting of natural-gamma ray
and electrical induction was used to measure the natural gamma-ray emission and electrical
conductivity of the adjacent strata penetrated by the monitoring well. Table 3.6 lists the
monitoring wells which were geophysically logged. Selection of these wells was based on their
areal coverage on the Southside. Appendix C of this document contains a copy of each

geophysical log.

Table 3.6
Geophysical Logging of Select Assembly E Monitoring Wells
‘NSA Memphis — Millington, Tennessee

SWMU Monitorﬁ' Well ID Degt_h__i of Well gfeet bls) Litholog;‘c Unit

SWMU 9 009G04DA 72 Deep Alluvium

SWMU 59 059GO3UF 54 Upper Fluvial Deposits
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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
attached to a winch. The cable contained electronic wiring connecting the probe to a computer
inside the logging truck. The operator positioned the logging truck close to the hole and began
entering well information into the computer, while the second operator attached the
decontaminated probe to the cable and positioned the probe in the monitoring well for temperature
equilibration. The probe was zeroed to ground surface before being lowered to the bottom of the
well. At the bottom, the probe’s temperature was allowed to equilibrate. Data were recorded at
0.1-foot intervals by digital computer as the probe ascended. When the probe reached the surface,
it was detached from the cable and stored for transport to the decontamination pad. Before the
logging unit left the monitoring well, a paper copy of the data was generated to check instrument

function. QC was obtained daily by repeating 20-foot sections of various monitoring wells.

3.12.3 Geophysical Surveying

Prior to the DPT screening investigations, geophysical surveys were performed at SWMUs 2, 14,
and 65 to identify former site features and structures, and to clear zones for subsequent soil and
groundwater sampling. E/A&H conducted the geophysical surveys using frequency-domain
electromagnetic instrumentation (EM-31). Each EM-31 survey included a conductivity survey and
an in-phase (metal detection) survey. Geophysical anomalies due to disturbed soil or metal objects
were plotted on a map and compared with the as-built engineering drawings (where available).
Proposed sample locations were chosen after results were reviewed. The following sections

summarize the geophysical surveys conducted at SWMUs 2, 14, and 65.

SWMU 2
The SWMU 2 geophysical survey was intended to identify landfill boundaries and clear zones for

landfill soil sampling. Data were collected on four traverses; two across the northern section of

the SWMU, and two along the southern boundary following the perimeter road. The traverses
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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.

SWMU 14

On July 19, 1995, E/A&H performed a geophysical survey at SWMU 14 in an attempt to verify
the approximate location of the former building and subsurface structures. The geophysical survey
identified one moderate anomaly at SWMU 14 near the former location of an outdoor washbasin.
The rest of the surveyed area was anomaly-free, indicating the sumps and separators may have
been removed during building 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. The geophysical survey results for SWMU 14 were presented in
Geophysical Survey Report — SWMUs 14, 36, and 65 (E/A&H, 1995c).

SWMU 65

On July 18, 1995, E/A&H performed a geophysical survey at SWMU 65 in an attempt to verify
the former location of the two USTs used to fuel the test cell in Building S-346.  The geophysical
survey identified a significant anomaly corresponding to the former location of the USTs. A
strong, localized anomaly was identified along the southeastern boundary of the surveyed area,
but its source is undetermined. Two additional linear anomalies may represent buried utility lines
bisecting the survey area and along the eastern side of the site. The geophysical survey results for
SWMU 65 were presented in Geophysical Survey Report — SWMUs 14, 36, and 65 (E/A&H,
1995c).

3.12.4 GPS Surveying

E/A&H performed a GPS survey of the Assembly E sampling locations. The GPS survey
established the horizontal position (latitude and longitude) of each DPT, soil boring, monitoring
well, sediment, and surface water sample location. The survey also established the vertical
position in feet above mean sea level to the nearest 0.01 foot of the ground surface and top of
casing clevation for each Assembly E monitoring well. The GPS data were input into the
Geographical Information System (GIS) database for display on maps shown in this report.
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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
Assembly E RFI sample. The nature and extent of contamination evaluations for individual

Assembly E SWMUs are provided as tabbed sections in Section 8 of this report.

Detected concentrations of organic compounds and inorganics in each Assembly E sample were
compared to published USEPA risk-based screening values and other criteria to determine if
additional evaluation might be warranted. The screening values for each media are discussed in
Sections 4.1 through 4.5. In addition, detected concentrations of inorganics in soil and
groundwater were compared to their established NSA Memphis background reference
concentrations (RCs, or two times the mean background concentration) to provide an indication
whether the detected inorganic is naturally occurring or might be related to SWMU operations.
RC:s for soil and groundwater are summarized in Section 4.2. The calculations for the background
RCs were provided in the Technical Memorandum — Reference Concentrations (E/A&H, 1996a).
No background RCs have been established for sediment or surface water for NSA Memphis
Southside.

4.1 General Procedures for Constituent Evaluation

4.1.1 Soil Samples

USEPA risk-based concentrations (RBCs) for residential and industrial soil, along with USEPA
soil screening levels (SSLs) for evaluating the potential transfer from soil to groundwater, were
used to assess individual concentrations of organic compounds and inorganics detected in surface
soil samples collected from SWMUs 9, 14, 59, and 65. RBC and SSL criteria are outlined in the
Risk-Based Concentration Table, January to June 1996 (USEPA, 1996a). Since soil RBCs apply
only to surface soil samples, SSLs were used to assess contaminants in subsurface soil samples.
SSLs, as outlined in the USEPA Soil Screening Guidance: Users Guide (USEPA, 1996b), should

be compared to the contaminant average in each borehole, beginning at 6 inches bls and ending
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at the borehole’s termination. The maximum concentration of each constituent was compared to
the SSL value, rather than the borehole average, to simplify the comparison of SSLs to
contaminants and because not all soil data collected during the RFI began at 6 inches bls. Using
the maximum concentration provided a more conservative comparison. Individual contaminants
exceeding SSL values are evaluated in the Section 8 SWMU-specific fate and transport

evaluations.

In certain instances, RBCs or SSLs are not available. Therefore, values for similar compounds
or other published risk values were substituted for residential and industrial soil RBCs to evaluate
detected constituents in Assembly E surface soil samples. Benzo(g,h,i)perylene and phenanthrene
do not have published RBCs. Therefore, the RBCs for a chemically similar compound,
fluoranthene, were substituted for these analytes. No RBC is available for lead. Therefore,
guidance concentrations of 400 and 1,300 mg/kg for lead in residential and industrial soil were
substituted for the RBCs. These concentrations are from the Revised Interim Soil Lead Guidance
Jor CERCLA Sites and RCRA Corrective Action Facilities (USEPA, 1994c). TPH-GRO and
TPH-DRO have no published RBC or SSL. Therefore, the TDEC soil cleanup level of
500,000 pg/kg total TPH for nondrinking water aquifers with a soil permeability of 10* to 10
centimeters per second (cm/sec) was substituted for the SSL and compared to the sum of detected
TPH-GRO and TPH-DRO concentrations in each soil sample. The TDEC soil cleanup standards

are from the memorandum Policy Statement for Petroleum Contaminated Sites (TDEC, 1997).

Inorganics in surface and subsurface soil were compared to their RCs to determine if they may be

naturally occurring or a result of SWMU operations. Section 4.2 discusses this issue.

4.1.2 Groundwater Samples
RBCs for tap water and maximum contaminant levels (MCLs) for drinking water were used to

evaluate concentrations of organic compounds and inorganics in groundwater samples. Tap water
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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
lead does not have an MCL, its Treatment Technique Action Level (TTAL) from Drinking Water
Regulations and Health Advisories (USEPA, 1996¢c) was used for comparison.

TPH, TPH-GRO, and TPH-DRO have no published RBC or MCL. Therefore, the TDEC cleanup
standard of 100 ug/L for drinking water aquifers for petroleum-contaminated sites was substituted
for the tap water RBC and compared with the TPH concentration or the sum of detected TPH-
GRO and TPH-DRO concentrations in each groundwater sample. The TDEC groundwater
cleanup standard is from the memorandum Policy Statement for Petroleum Contaminated Sites
(TDEC, 1997). The water quality classification of the alluvial aquifer has not yet been established
at NSA Memphis. Although groundwater wells completed in the fluvial deposits are present off
of NSA Memphis property, USGS representatives have stated that they are not aware of any
drinking water wells completed in the alluvial aquifer in the vicinity of NSA Memphis. EnSafe
is currently conducting a water use survey to establish the absence or presence of alluvial water
wells in the vicinity of NSA Memphis. The results of this survey will be included in subsequent
revisions to this RFI report.

Detected inorganics in groundwater samples are also compared to their established RCs to
determine if they may be naturally occurring or a result of SWMU operations. Section 4.2

discusses this issue.

4.1.3 Sediment Samples
For the purposes of this RFI report, the samples collected from drainage pathways or lagoons are
defined as sediment samples. Samples collected from the O- to 6-inch interval are termed surface

sediment, and samples collected from the 18- to 24-inch interval are termed subsurface sediment.
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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
Big Creek Drainage Canal (SWMUs 2 and 9) and the SWMU 9 sewage lagoons. Sediment
samples collected from locations that are intermittently submerged are those from the SWMU 38
Southside drainage ditches (including the Seventh Avenue drainage ditch) and the drainage
depressions at SWMU 65. Ecological risk was evaluated by comparing USEPA Sediment
Screening Values (SSVs) to detected concentrations of organic and inorganic constituents in
Assembly E surface sediment samples. SSVs were obtained from Supplemental Guidance to
RAGS: Region IV, Bulletin 2, Ecological Risk Assessment (USEPA, 1995a).

At locations that are intermittently submerged, sediments have many of the exposure
characteristics of soil. Human health risk was evaluated by comparing USEPA residential and
industrial soil RBCs to contaminant concentrations in surface sediment from intermittently
submerged locations. The potential for contaminants to leach from intermittently submerged
sediment to underlying groundwater was evaluated by comparing contaminant concentrations in
surface and subsurface sediment to USEPA SSLs for soil-to-groundwater transfer. No inorganic
sediment RCs have been established for the NSA Memphis Southside. However, sediment

samples from locations that are intermittently submerged are compared to soil RCs.

4.1.4 Surface Water Samples

Freshwater Quality Standards (FWQS) were used to evaluate detected concentrations of organic
compounds and inorganics in surface water samples collected from Big Creek Drainage Canal.
FWQSs were obtained from the water quality criteria specified in 40 CFR Part 131.36. No
inorganic surface water background RCs have been established for the NSA Memphis Southside.
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4.1.5 Fish Tissue Samples

USEPA RBC:s for fish tissue consumption, based on adult exposure, were used to evaluate the
detected concentrations of organic compounds and inorganics in fish tissue samples from the
SWMU 9 sewage lagoons. Fish tissue RBCs were obtained from the Risk-Based Concentration
Table, January to June 1996 (USEPA, 1996a).

4.2 Background Reference Concentrations for Soil and Groundwater Samples
Background sample stations (shown on Figure 4.1) were established at 13 NSA Memphis locations
to determine ambient soil and groundwater quality conditions. Table 4.1 summarizes the RCs
used to compare inorganics detected in Assembly E samples. The RCs, and the methodologies
used to calculate them, are further described in Technical Memorandum - Reference
Concentrations (E/A&H, 1996a).

If a detected soil or groundwater analyte did not exceed its established RC, the analyte was not
evaluated as a contaminant of concern in the human health and ecological risk assessment, even
if the analyte exceeded its residential RBC or SSL. However, if an analyte’s chemical
characteristics and the physical characteristics of the SWMU affected the analyte’s migration
potential, it was discussed in the fate and transport evaluation, even if the RC was not exceeded.
The following sections describe the background samples used for each media.

4.2.1 Background RCs for Inorganics in Surface and Subsurface Soil ,
Background data for surface soil (0 to 1 foot bls) were collected from 13 soil boring locations
(0BGS0001 through 0BGS1301), shown on Figure 4.1. Surface soil RCs were used for later
health risk evaluation. Background data for subsurface soil (9 to 10 feet or 10 to 11 feet bls) were
collected from five soil boring locations (0BGS0001 through 0BGS0005). As discussed in the
Comprehensive RFI Work Plan (E/A&H, 1994a), NSA Memphis has 13 soil types. Eleven are
silty loams, and two are fill containing silt. NSA Memphis soil was assumed to be homogeneous,
and the RCs were assumed to represent conditions throughout NSA Memphis. RCs do not
account for different soil types.
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Table 4.1
Background Reference Concentrations
Loess Fluvial Deposits Alluvial
Groundwater Groundwater Groundwater Surface Subsurface

)» il (mg/kg)® Soil (mg/ke

Arsenic 7.32 35 4.2 14.58 20.32

Nickel 173.5 334 57.6 20.62 ND

Silver 4.5 ND ND 2.05 ND

Zinc 154.6 39.8 ND 98 109

Notes:

a — pg/L denotes background concentration is reported in micrograms per liter, or parts per billion.

b - mg/kg denotes background concentration is reported in milligrams per kilogram, or parts per million.

¢ = ND 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

A RC for dieldrin in surface soil at NSA Memphis has been established as outlined in the
Technical Memorandum — Surface Soil (0 to 1 foot) Background Dieldrin Concentrations at
NSA Memphis (E/A&H, 1997d). As outlined in the technical memorandum, dieldrin is ubiquitous
at NSA Memphis as a result of aerial applications during the 1950s and 1960s during a
U.S. Department of Agriculture white-fringed beetle quarantine. Dieldrin was also used

in the pest-control trade along with chlordane for general subterranean termite control. Samples
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collected from the O- to 1-foot interval from five NSA Memphis background locations (0BGS0001,
0BGS0002, 0BGS0003, 0BGS0004, and 0BGS0005) were analyzed for dieldrin, resulting in an
RC of 262 ug/kg. Figure 4.1 shows the background soil sample locations. The maximum dieldrin
concentration reported in surface soil at each SWMU is compared to the RC and exceedances are
discussed in the nature and extent of contamination summaries within the SWMU-specific portions

of Section 8.

4.2.3 Background RCs for Inorganics in Groundwater

Background data for groundwater consist of samples collected from 12 of the 13 NSA Memphis
background locations. Background monitoring wells were not installed at soil boring
location O0BGS0003, near the horse stables on the NSA Northside, because the loess did not
provide sufficient groundwater and the fluvial deposits are thin (less than 5 feet thick) in this area.
The background samples for each groundwater interval evaluated .during the Assembly E

investigation are summarized in the following paragraphs.

Loess Groundwater

Background data for loess groundwater are from two sampling events of four loess background
monitoring wells: two on the Northside and two on the Southside (0BGGO1LS, 0BGGO2LS,
OBGGO4LS, and 0BGGO5LS).

Fluvial Deposits Groundwater

Background data for fluvial deposits groundwater are from two sampling events of four upper
fluvial deposits wells (0BGGO1UF, 0BGGO2UF, 0BGG04UF, and 0BGGO5UF), two sampling
events of four lower fluvial deposits monitoring wells (OBGGO1LF, 0BGGO2LF, 0BGGO4LF, and
OBGGO5LF), and one sampling event of five upper fluvial deposits monitoring wells (OBGGOSUF,
0BGGOSMF, 0BGG10UF, 0BGG12UF, and 0BGG13UF).
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Alluvial Groundwater ‘ 1
Background data for alluvial groundwziter are from one sampling event of middle alluvium 2
monitoring well 0BGG11MA, on the southwest corner of the NSA Memphis Southside near 3
Big Creek Drainage Canal. 4
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5.0 HUMAN HEALTH RISK ASSESSMENTS

A baseline risk assessment (BRA) establishes a baseline of risk to facilitate risk management
decisions. Risk is the estimated potential for toxic effects on actual or hypothetical human or
ecological receptors, while baseline risk refers to risk arising from exposures to chemicals
assuming site conditions remain unchanged. BRAs are used by risk managers to decide if remedial
actions are necessary and to determine the extent of remediation necessary to reduce the risk to
acceptable levels. Generally, a BRA is divided into two sections, one assessing human health risk,

and a second addressing ecological risk.

The Technical Memorandum — General Human Health Risk Assessment (HHRA) Approach for
NSA Memphis (E/A&H, 1997¢), which is provided as Appendix F of this report, details the
HHRA methodology applied to this RFI. Individual HHRAs for Assembly E SWMUs are in the

Section 8 site-specific tabbed sections.
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6.0 ECOLOGICAL RISK ASSESSMENTS
An ecological risk assessment (ERA) has been prepared for each Assembly E SWMU. Individual
ERAs for Assembly E SWMUs are in the Section 8 site-specific tabbed sections. (

Each ERA focuses on the terrestrial ecosystem of each SWMU, and assesses the actual or potential
risk to ecological receptors due to SWMU contamination. Each assessment evaluates the surface
soil contaminant concentrations and distributions, media-specific 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 USEPA's Risk Assessment
Guidance for Superfund Vol. Il — Environmental Evaluation Manual (USEPA, 1989a), Framework
Jor Ecological Risk Assessment (USEPA, 1992a), and Ecological Risk Guidance for Superfund:
Process for Designing and Conducting Ecological Risk (USEPA, 1994d).
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7.0 FATE AND TRANSPORT

This section provides guidance for evaluating contaminants’ environmental transport,
transformation, and fate. Specifically, fate and transport assessment seeks to evaluate a
constituent’s ability to become mobile or change in the environment. To accomplish this, the
assessor must understand the chemical and physical properties that govern the constituent’s
interaction with environmental media. Site characteristics, e.g., topography, geology, and
hydrogeology, and characteristics of site soil, sediment, and water, as well as the contaminant’s
chemical and physical properties, play roles in evaluating the processes of fate and transport. To
streamline the fate and transport discussion, this section focuses on providing an understanding
of the properties which affect fate and transport. The SWMU-specific tabbed sections (Section 8)
focus only on the primary contaminants detected in the various media at each SWMU.

The primary contaminants are defined as:

. Contaminants of concern (COCs) per the human health risk assessment (HHRA).
J Any organic contaminant which exceeds its soil to groundwater SSL.
J Any inorganic contaminant which exceeds both its soil to groundwater SSL and RC.

Also, all contaminants will be evaluated if they exceed the SSL for soil-to-air transport.

Based on the characteristics above, an evaluation of Assembly E SWMUs identified four potential

routes of constituent migration:

J Air emissions from VOCs released from surface soil;
. Constituents leaching from soil to groundwater;
J Surface soil eroding and contaminating runoff; and

. Constituents migrating from shallow groundwater into surface water bodies.

7-1

12

14

15

17

18

19

20

21

22



RCRA Facility Investigation Report

Assembly E — SWMUs 2, 9, 14, 38, 59, and 65
NSA Memphis — Millington, Tennessee
Revision 1: February 2, 1998

7.1  Properties Which Affect Fate and Transport

The persistence, transport, and fate of chemicals in the environment depend on individual chemical
and physical properties as well as properties of the media in which the chemicals reside. The
following paragraphs briefly describe these properties, along with their significance to

volatilization, sorption, diffusion, dispersion, biodegradation, and other attenuation processes.

7.1.1 Chemical and Physical Properties

The following chemical and physical properties are relevant to the evaluation of transport and fate
of organic contaminants: water solubility, vapor pressure, Henry’s law constant, specific gravity,
organic carbon partition coefficient, distribution coefficient, and half life. For inorganic
contaminants, water solubility and adsorption coefficients are the properties of interest. This
subsection introduces the properties, then discusses their impact on each of the relevant compound

classes. Table 7.1 provides an overview of chemical property behavior based on these properties.

Table 7.1
Chemical and Physical Properties
Critical Value® A chemical with a higher value ma A chemical with a lower value may...

Chemical Prope

Density® water: 1.0 glem?® sink in water or fall in the atmosphere.  float on water or rise in the atmosphere.
air: 1.20 kg/m*® :

Henry’s Law Constant  10? to 10 atm- volatilize easily from water. not volatilize easﬂy from water.
m’*/mole®

Organic Carbon 10 to 10,000 L,,../kg,.*  be more apt to remain in soil. be more mobile and diffuse easily in

Partition Coefficient water

Notes:

Critical values are based on literature review and professional judgement.
Hg = mercury

g/em® = grams per cubic centimeter

Approximate density of air at standard temperature and pressure.

kg/m® = kilograms per cubic meter

mg/L = milligrams per liter

atm-m*/mole = atmospheres-cubic meter per mole

Loue/k8..= kilograms of organic carbon per liter of water

T o oo
L T O |
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Water Solubility

A chemical’s solubility in water is the maximum amount of the chemical that will dissolve in pure
water at a specified temperature. Chemicals with high solubility are relatively mobile in water and
are likely to leach from wastes and soils. These chemicals tend to have low volatilization
potential, but do tend to be biodegradable. Conversely, chemicals with low solubility tend to sorb
on soils and sediments and are not readily biodegraded. They also have a greater tendency to

volatilize.

Vapor Pressure

Vapor pressure is a measure of the tendency of a substance to pass from a solid or a liquid to a
vapor state. It is measured as the pressure of the gas in equilibrium with the liquid or solid at a
given temperature. From dry soils, vapor pressure determines a given chemical’s volatilization
to the atmosphere. From surface waters and moist soils, volatilization depends on vapor pressure
and the Henry’s law constant (discussed below). A chemical with a vapor pressure less than
10 millimeters of mercury (mm Hg) tends to associate with particulate matter; a chemical with
a higher vapor pressure tends to associate with the vapor phase. Highly water-soluble compounds
generally show little volatilization from water or moist soils, unless they also have a high vapor

pressure.

Henry’s Law Constant

The Henry’s law constant describes a linear relation between vapor pressure and water solubility,
providing a measure of a chemical’s ability to move from water or moist soils to air. Compounds
with Henry’s law constants greater than 10° atmospheres-cubic meter per mole (atm-m’/mole) can
be expected to readily volatilize from water. Compounds with values ranging from 10° to
10 atm-m*/mole exhibit moderate volatilization. Compounds with values less than 10° atm-

m*/mole show limited ability to volatilize from water or moist soils.
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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

water’s weight. The water weight is usually measured at 4°C; the other substance is often
measured at some other temperature, typically 20°C. If the SG of a substance is less than 1.0, that
substance will float on water; if the SG is greater than 1.0, the substance will sink in water. The
SG can sometimes be used to predict the vertical distribution of a chemical’s immiscible or

insoluble portion within an aquifer or other water body.

Organic Carbon Partition Coefficient

The organic carbon partition coefficient (K,) is a measure of an organic substance’s tendency to
sorb to organic carbon. Chemicals moving through the subsurface will alternately adsorb or
desorb from available organic matter in the soil matrix. The higher the K values, the more a

chemical tends to be attracted to soil’s organic fraction and lower its mobility in the subsurface.

Half-Life
A half-life is the time required for a substance’s concentration to decrease from its initial level to
one-half its initial level. The apparent decrease may be caused by various processes, including

biodegradation, reactions with other substances, or mass removal from the media in question.

VOCs can be expected to be mobile in the environment based on their physical and chemical
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