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Hydrogeology and Ground-Water Quality at Naval
Support Activity Memphis, Millington, Tennessee

By John K. Carmichael, William S. Parks, James A. Kingsbury, and David E. Ladd

Abstract

Naval Support Activity (NSA) Memphis is
a Department of the Navy facility located at the
city of Millington in northwestern Shelby County,
Tennessee, about 5 miles north of Memphis. As a
result of past waste-management practices, 68
sites have been identified for investigation at NSA
Memphis as part of the Resource Conservation
and Recovery Act Corrective Action Program
being conducted under the Department of the
Navy’s Installation Restoration Program. The
U.S. Geological Survey, in cooperation with
Southern Division, Naval Facilities Engineering
Command, is providing technical assistance in an
investigation of the hydrogeology at NSA Mem-
phis under the Corrective Action Program.

Post-Midway Group stratigraphic units
beneath NSA Memphis include, from youngest to
oldest, the alluvium and loess of Quaternary age;
the fluvial deposits of Quaternary and Tertiary(?)
age; and the Cockfield and Cook Mountain For-
mations, Memphis Sand, Flour Island Formation,
Fort Pillow Sand, and Old Breastworks Formation
of Tertiary age. These units generally can be sepa-
rated into two groups based on their hydrogeo-
logic importance to assessing the potential for
contamination of the shallow aquifers from sur-
face sources, or to determining present or future
ground-water supplies from the deeper aquifers.

The lower part of the alluvium, the fluvial
deposits, and locally the Cockfield Formation are
shallow, minor aquifers; the upper part of the allu-
vium, the loess, locally the Cockfield Formation,
and the Cook Mountain Formation are confining
units for these aquifers. In general, these aquifers

and confining units are composed of clay, silt,
sand, and gravel. The five units have an aggregate
thickness ranging from about 150 to 290 feet in
the NSA Memphis area. Ground water in the units
typically is under artesian pressure with water
levels at, or several tens of feet below, land sur-
face. The confining units have vertical hydraulic
conductivities that are highly variable and range
from about 5 x 10 t0 2 x 1072 feet per day. The
aquifers have vertical hydraulic conductivities
ranging from about 1 x 1073 to 2.5 feet per day,
and the fluvial deposits aquifer has a horizontal
hydraulic conductivity of about 5 feet per day.

The Memphis Sand and Fort Pillow Sand
constitute the deeper, principal aquifers in the
Memphis area and western Tennessee, and the
Flour Island Formation and Old Breastworks For-
mation are confining units for these aquifers. In
general, these aquifers and confining units are com-
posed of clay and fine- to medium-grained sand.
The four units have an aggregate thickness ranging
from about 1,500 to 1,700 feet in the NSA Mem-
phis area. Ground water is under artesian pressure,
with water levels about 65 to 90 feet below land
surface. Horizontal hydraulic conductivities for the
Memphis and Fort Pillow aquifers are estimated to
be about 68 and 13 feet per day, respectively.

Ground water from the loess, fluvial depos-
its aquifer, Cockfield Formation, and the Mem-
phis aquifer is a calcium bicarbonate type; ground
water from the Fort Pillow aquifer is a sodium
bicarbonate type. Ground water in the loess is
very hard and has dissolved-solids concentrations
ranging from 320 to 506 milligrams per liter. Gen-
erally, dissolved solids, hardness, and concentra-
tions of most major inorganic constituents
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decrease with depth. Water in the Fort Pillow
aquifer is soft and has dissolved-solids concentra-
tions ranging from 94 to 108 milligrams per liter.
Concentrations of most trace inorganic constitu-
ents in samples collected from wells screened in
the five units were less than method reporting lim-
its, and those constituents detected in concentra-
tions exceeding their reporting limits were less
than applicable maximum contaminant levels.

Tritium concentrations in samples collected
from the fluvial deposits aquifer near two Mem-
phis aquifer production wells at NSA Memphis
were 12 and 16 tritium units, indicating a signifi-
cant component of post-1952 recharge in the aqui-
fer. Tritium concentrations for samples collected
from three wells screened in the Cockfield Forma-
tion and the two Memphis aquifer production
wells were less than 1 tritium unit, indicating that
significant leakage of post-1952 water from the
fluvial deposits aquifer to the Cockfield Forma-
tion and Memphis aquifer is not occurring in the
area of these wells.

INTRODUCTION

Naval Support Activity (NSA) Memphis is a
Department of the Navy (Navy) facility located at the
city of Millington in northern Shelby County, Tennes-
see (fig. 1). From 1942 until 1995, NSA Memphis was
Naval Air Station (NAS) Memphis, the site of the
Naval Aviation Technical Training Center (NATTC)
and other support commands. In June 1993, the Base
Closure and Realignment (BRAC) Commission
decided that NAS Memphis would be partially closed
and realigned as part of the BRAC Act of 1990. Under
this decision, the NATTC would be moved to NAS
Pensacola in Florida and the Navy’s Bureau of Person-
nel (BUPERS) in Arlington, Virginia, would be relo-
cated to NAS Memphis. In October 1995, NAS
Memphis was partially closed and realigned, becom-
ing NSA Memphis. The northern part of the base
(informally referred to as the “Northside™), consisting
mainly of an airfield and former training facilities
north of Navy Road (fig. 2), is undergoing transfer to
the city of Millington, and the southern part of the
base (referred to as the “Southside™), consisting
mainly of housing and training facilities south of Navy
Road, is being realigned to become the site of the
BUPERS beginning in 1997.

2  Hydrogeology and Ground-Water Quality at Naval Support
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As aresult of the type of operations conducted
while the facility was NAS Memphis, soil, ground-
water, and surface-water contamination from past
waste-management practices is being investigated and
addressed. Sixty-seven Solid Waste Management
Units (SWMU'’s) and one Area of Concern (AOC)
have been identified at the facility pursuant to the
Navy Installation Restoration Program (IRP) and the
Hazardous and Solid Waste Amendments (HSWA)
section of the Resource Conservation and Recovery
Act (RCRA) permit originally issued to NAS Mem-
phis in 1986 by the U.S. Environmental Protection
Agency (U.S. EPA) and renewed for NSA Memphis in
1996. Investigations of environmental conditions at
these SWMU'’s and the AOC presently are underway
or have been completed as part of the RCRA Correc-
tive Action Program being conducted at the NSA
Memphis Northside and Southside. The objective of
the Corrective Action Program at NSA Memphis is to
obtain information to fully characterize the nature,
extent, and rate of migration of contaminants from
identified sites and to interpret these data to determine
appropriate corrective measures.

One of the Navy’s engineering field divisions,
Southern Division, Naval Facilities Engineering Com-
mand (SOUTHDIV), is providing engineering and
contract services to NSA Memphis to support compli-
ance with the HSWA permit and the associated Cor-
rective Action Program. The U.S. Geological Survey
(USGS), in cooperation with SOUTHDIY, is provid-
ing technical assistance in an investigation of the
hydrogeology at NSA Mempbhis and the surrounding
area under the Corrective Action Program.

The cooperative SOUTHDIV/USGS program at
NSA Memphis began in 1990. As the main part of the
study objective, the USGS initially was charged with
conducting RCRA Facility Investigations (RFI’s) of
environmental conditions at 13 SWMU’s (fig. 2) of the
61 SWMU’s then identified at NSA Mempbhis. These
SWMU’s consist of inactive sites including the Fire
Department Drill Area (SWMU 1), Southside Landfill
(SWMU 2), Building N-121 Plating Shop Dry Well
(SWMU 3), Building N-121 Plating Shop Storm
Sewer and Drainage Ditch (SWMU 4), Building
N-126 Battery Shop Storm Sewer and Ditch
(SWMU 6), Building N-126 Plating Shop Dry Well
(SWMU 7), Cemetery Disposal Area (SWMU 8),
Sewage Lagoons (SWMU 9), Building S-140 Site and
7th Avenue Ditch (SWMU 14), Salvage Yard No. 1
(SWMU 40), and Northside Landfill (Western Portion)
(SWMU 60); and active sites including the Aircraft









Fire Fighting Training Area (SWMU 5—closed in
September 1996), and Miscellaneous Drainage
Ditches (SWMU 38) located throughout the NSA
Memphis Northside and Southside. Since 1990, seven
additional sites have been identified at NSA Memphis,
bringing the total number of sites to 68.

In 1990, the Navy developed a Comprehensive,
Long-term, Environmental Action Navy (CLEAN)
contract with EnSafe/Allen & Hoshall (E/A&H),
Memphis, Tennessee. This contract specified tasks for
E/A&H to perform, including preparing a comprehen-
sive work plan for all site investigations under the
Corrective Action Program at NSA Memphis, prepar-
ing site-specific work plans and final reports for these
investigations, and conducting field work for site
investigations in conjunction with the USGS.

In 1993, the main study objective of the USGS
changed from focusing on site-specific investigations
to assessing the overall hydrogeologic framework at
NSA Memphis and the surrounding area. In 1995, the
role of the USGS was expanded to include calibration
of a numerical ground-water-flow model for the NSA
Memphis area, which currently (1997) is under devel-
opment. Through collaborative work with SOUTH-
DIV and E/A&H, large- and small-scale investigation
results have complemented each other by providing a
regional and local hydrogeological framework for the
Corrective Action Program at NSA Memphis.

In 1994, prior to initiating investigations at
SWMU’s within the NSA Memphis Northside, the
USGS conducted a test-drilling program to determine
the hydrogeology of the post-Wilcox Group strati-
graphic units beneath this part of the base. Strati-
graphic test holes were drilled to depths between about
200 and 220 feet at five locations (fig. 2, test holes
Sh:U-98, Sh:U-99, Sh:V-74, Sh:V-75, and Sh:V-76;
Appendix 1) to obtain subsurface information in the
proximity of selected Northside SWMU’s prior to
detailed investigations at these sites. Lithologic and
geophysical logs of the test holes were made and core
samples were collected at various stratigraphic hori-
zons for laboratory analysis of physical characteristics.
The results of the study are presented in a report by
Kingsbury and Carmichael (1995).

Purpose and Scope

As part of the USGS study objective to assess
the overall hydrogeology of the NSA Memphis area,
this report was prepared to present descriptions of
(1) the hydrogeologic framework, (2) the occurrence

and movement of water within this framework, (3) the

hydraulic properties of the materials within the frame-

work, and (4) the water quality of the primary water-
bearing units in the area. The report summarizes
hydrogeologic information and water-quality data col-
lected by the USGS in the NSA Memphis area, and
briefly presents selected data collected by various con-
sultants to the Navy during past and present environ-
mental investigations at the facility.

The report also extends information presented in
Kingsbury and Carmichael (1995) by including inter-
pretations based on updated information and data for
the NSA Memphis Southside that have been collected
since 1995. Lithologic information and selected geo-
physical logs for the five test holes drilled for strati-
graphic information by the USGS in 1995 and an
additional four test holes (fig. 2, test holes Sh:V-78,
Sh:V-79, Sh: V80, and test hole for well Sh:U-102;
Appendix 1) drilled by the USGS at NSA Memphis in
1996, and well-construction diagrams for four obser-
vation wells installed for the collection of water-level
data (fig. 2, wells Sh:U-100, Sh:U-101, Sh:U-102, and
Sh:U-103) are included (Appendix 1). The report also
includes correlations of geophysical or boring logs for
78 test holes and wells in the NSA Memphis area
(Appendixes 2 and 3).

Major tasks conducted by the USGS during this
investigation include:

1. describing lithologic samples from and making of
geophysical logs in nine test holes drilled for
stratigraphic information;

2. collecting piezocone lithologic and Hydrocone
water-quality information with Direct Push Tech-
nology (DPT);

3. describing lithologic samples from continuous
cores collected by Rotasonic drilling techniques;

4. monitoring water levels continuously in observa-
tion wells screened in the loess, fluvial deposits,
and Cockfield Formation;

5. collecting ground-water samples from 18 wells
screened in the loess, fluvial deposits aquifer,
Cockfield Formation, Mempbhis aquifer, and Fort
Pillow aquifer and analyzing these samples for
properties of water and major and trace inorganic
constituents;

6. collecting ground-water samples with a Hydro-
cone tool from the fluvial deposits aquifer at two
locations and ground-water samples from three
wells screened in the Cockfield Formation and
two production wells screened in the Memphis
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aquifer and analyzing the samples for tritium
concentrations;

7. conducting a 24-hour, multiple-well aquifer test to
determine the hydraulic properties of the fluvial
deposits aquifer;

8. providing hydrogeologic data for a numerical
ground-water-flow model of the shallow aquifer
and confining units system;

9. reviewing planning documents and final reports
prepared by Navy contractors for investigations
at individual and groups of SWMU's for techni-
cal accuracy as the work progressed; and

10. analyzing and interpreting the hydrogeologic and
water-quality data for the study area.

As defined for this investigation, the NSA Mem-
phis study area consists of approximately 20 square
miles (mi?). This study area (fig. 2) is centered on NSA
Memphis and extends no further than about 1 mile
beyond the base boundary in any of the four principal
compass directions. Hydrogeologic units summarized
(table 1) include the aquifers and confining units from
land surface to about 1,700 feet in depth.

Previous Investigations

Previous investigations pertinent to the NSA
Memphis study area include results from site-specific
studies conducted by various consultants to the Navy,
and base-wide or regional reports prepared by the
USGS for NSA Memphis, the Memphis area, and
western Tennessee.

Investigations of environmental conditions at
NSA Memphis began in 1983. From 1983 until 1987,
site-specific environmental investigations at the facil-
ity were conducted under the Navy Assessment and
Control of Industrial Pollutants (NACIP) program. In
1987, the NACIP program was renamed the Navy IRP
to conform with U.S. EPA and other Department of
Defense agency terminology. Subsequent to issuance
of the HSWA permit in 1986, all investigations at
NSA Memphis also have been conducted as part of the
RCRA Corrective Action Program. These studies con-
sist of work conducted at individual sites within NSA
Memphis. The results are presented in reports pre-
pared by individual consultants to the Navy and are
available at local repositories developed for NSA
Memphis by the Restoration Advisory Board (RAB).
In addition to results of these site-specific environ-
mental investigations, other hydrogeological informa-
tion is available for the base that summarizes the
results of drilling and aquifer-testing activities per-
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formed as part of improvements to the NSA Memphis
public water system (Layne Geosciences, written com-
mun., 1983).

In addition to Kingsbury and Carmichael
(1995), other reports that provide information relevant
to NSA Memphis include publications by the USGS
describing the hydrogeology of the Memphis area and
western Tennessee. The most recent comprehensive
report for the Memphis area presents refinements to
the hydrogeology in terms of stratigraphic and struc-
tural relations of the key geologic units with emphasis
on the locations of faults based on correlations of 227
geophysical logs made in test holes or wells in the area
(Kingsbury and Parks, 1993). Graham and Parks
(1986) and Parks (1990) present the results of an ini-
tial and a follow-up investigation to determine the
potential for contamination of the Memphis aquifer in
the Memphis area. McMaster and Parks (1988)
describe the results of an investigation of selected
trace inorganic constituents and synthetic organic
compounds in the water-table (shallow) aquifers in the
Memphis area. Brahana and others (1987) summarize
the chemical quality of ground water from the fresh-
water aquifers and principal well fields in the Mem-
phis area.

Graham (1979) and Kingsbury (1992, 1996)
present potentiometric maps of the Memphis aquifer
in 1978 and 1990, and the Memphis and Fort Pillow
aquifers in 1995, respectively, in the Memphis area.
Reports published as part of the West Gulf Coast
Regional Aquifer-System Analysis program of the
USGS include those by Parks and Carmichael (1989,
1990a, b) that describe the geology and ground-water
resources of the Fort Pillow Sand, Memphis Sand, and
Cockfield Formation, respectively, in western Tennes-
see; and Parks and Carmichael (1990c, d) that present
maps and information describing the potentiometric
surfaces in the Fort Pillow and Memphis aquifers,
respectively, in western Tennessee in 1985.
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Table 1. Post-Midway Group geologic units underlying Naval Support Activity (NSA) Memphis, Millington, Tennessee, and their

hydrologic significance
[Modified from Parks and Carmichael, 1989, 1990c, d; Kingsbury and Parks, 1993; Kingsbury and Carmichael, 1995]

System

Series

Group

Stratigraphic unit
(and local name)

Thickness
(in feet)

Lithology and hydrologic significance

Quaternary

Holocene
and
Pleistocene

Alluvium
(alluvial deposits)

0-70

Silt, clay, sand, and gravel. Underlies the alluvial plains of Big

Creek and tributary streams. A lower sand and gravel is con-
nected to the fluvial deposits and constitutes part of the
alluvial-fluvial deposits aquifer.

Pleistocene

Loess

15-45

Silt, clay, and sand. Predominantly silt with silty clay and silty,
fine sand at various horizons. Principal unit at the surface in
upland areas. Thinnest on the tops of hills and ridges; thickest
on the valley slopes. Generally serves as the upper confining
unit for the alluvial-fluvial deposits aquifer. Locaily contains
perched water tables in the upper part.

Quaternary
and
Tertiary(?)

Pleistocene
and
Pliocene(?)

Fluvial deposits
(terrace deposits)

5-70

Sand and gravel; minor clay and ferruginous sandstone. Under-
lies the loess in upland areas. Thickness varies greatly
because of erosional surfaces at top and base. Constitutes part
of the alluvial-fluvial deposits aquifer. Provides water to
some domestic and farm wells in the NSA Memphis area.

Tertiary

Eocene

Paleocene

Claiborne

Cockfield Formation

0-185

Sand, silt, clay, and lignite. Complexly interbedded and inter-
lensed. Thickness of formation is highly variable because of
erosional surfaces at top and base. Locally contains sand lenses
in which domestic and farm wells are made. Sand lenses are
more prevalent in northern and eastern NSA Memphis. Com-
monly consists predominantly of fine sediments and serves as
part of the upper confining unit for the Memphis aquifer.

Cook Mountain
Formation

10-60

Clay, silt, and sand. Generally consists of clay and silt, but
locally contains some very fine sand. Locally serves as part
of the lower confining unit for the Cockfield aquifer and is
the principal upper confining unit for the Memphis aquifer.

Memphis Sand

865-880

Sand, silt, clay, and minor lignite. Consists of a thick body of
sand with clay lenses at various horizons. Sand is fine to
medium or medium to coarse. Upper part contains lenses of
fine sand and clay. Constitutes the Memphis aquifer—the
principal aquifer providing water for most domestic, com-
mercial, industrial, and municipal supplies in the Memphis
area. Provides water to two wells at NSA Memphis and three
wells at Millington.

Wilcox

Flour Island
Formation

225-290

Clay, silt, sand, and lignite. Consists predominantly of clay and

silt with lenses of fine sand. Serves as the lower confining
unit for the Memphis aquifer and the upper confining unit for
the Fort Pillow aquifer.

Fort Pillow Sand

125-180

Sand, with minor clay. Sand is fine or fine to medium; clay is
present as lenses. Constitutes the Fort Pillow aquifer—the
second principal aquifer in the Memphis area. Provides water
to three wells at NSA Memphis and two wells at Millington.

Old Breastworks
Formation!

245-310

Clay, silt, sand, and lignite. Only uppermost part penetrated by
test holes at NS A Memphis; thickness range is from two deep
test holes drilled in northern Shelby County. Serves as the
lower confining unit for the Fort Pillow aquifer, along with
the Porters Creek Clay and the Clayton Formation of the
underlying Midway Group of Tertiary age and the Owl Creek
Formation of Cretaceous age.

IFrederiksen and others (1982) tentatively placed the Old Breastworks Formation in the Midway Group, but for the purposes of this report, the
Old Breastworks Formation of the Wilcox Group is used as defined by Moore and Brown (1969).

introduction
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were obtained; and Jim Morrison, Tennessee Depart-
ment of Environment and Conservation (TDEC),
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SITE DESCRIPTION

Prior to 1995, NSA Mempbhis consisted of the
Northside (2,233 acres) and Southside (1,257 acres),
divided east to west by Navy Road (fig. 2). In 1995,
NSA Memphis began to lease parcels of property
within the Northside to the city of Millington under
BRAC. Because the investigation described in this
report covers the entire facility, prior and subsequent
reference to the “base” or “facility” in this report
includes both the NSA Memphis Northside and South-
side. NSA Memphis is bounded on the west by the city
of Millington; on the north by rural and agricultural
land; on the east by urban and suburban development
both inside and outside the Millington city limits; and
on the south by undeveloped agricultural land in the
flood plain of Big Creek Drainage Canal (fig. 2).

The NSA Memphis Southside lies within the
flood plain of Big Creek Drainage Canal, the major
stream draining the study area (fig. 1). However, this
part of the base was filled and graded in most areas
during construction of base facilities. Most of the NSA
Memphis Southside is drained by a series of storm
sewers and open ditches that empty into Big Creek
Drainage Canal at the southwestern corner of the base
(fig. 2). Big Creek Drainage Canal is a tributary to the
Loosahatchie River (fig. 1) and is the present course of
the former Big Creek which has been straightened and
channelized for flood control. Big Creek Drainage
Canal flows from east to west, marking the southern
extent of NSA Memphis along most of this boundary.
At its mouth, Big Creek Drainage Canal has a total
contributing area of 154 miZ. Tributaries to Big Creek
Drainage Canal in the study area, from east to west,
are Casper Creek, which drains an area east of the
base, an unnamed tributary that drains some of the
northern and eastern parts of the base, and North Fork
Creek and its unnamed tributary that flow along the
northwestern boundary of NSA Memphis and drain
the area west and northwest of the base (fig. 2). These
streams flow north to south and also have been chan-
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nelized along their lower to middle reaches to assist
with flood control within NSA Memphis and the city
of Millington.

The NSA Memphis Northside is situated ir. the
upland (off-stream) area between Casper and North
Fork Creeks. Much of the NSA Memphis Northside is
drained by an underground storm-sewer system that
was constructed during development of the airfield.
This system empties into an open ditch near the south
end of the main (northeast-southwest) runway (fig. 2)
that flows into North Fork Creek near the southwest
corner of the NSA Memphis Northside.

Topography in the study area ranges from rela-
tively flat to gently rolling terrain in the valley of Big
Creek in the south, to the steep-sloping headward val-
leys of streams draining the dissected uplands in the
northern part of the area. Land-surface altitudes in the
area range from about 250 feet along the channel of
Big Creek Drainage Canal in the southwestern part of
the area to about 370 feet at a few hilltop locations in
the northern part of the study area.

HYDROGEOLOGY

The NSA Memphis study area is located in the
north-central part of the Mississippi embayment, a
broad syncline that plunges southward along an axis
that approximates the Mississippi River (Cushing and
others, 1964). In the NSA Memphis area, the embay-
ment contains more than 2,500 feet of unconsolidated
to semi-consolidated sediments of Cretaceous, Ter-
tiary, and Quaternary age that overlie “bedrock” of
Paleozoic age. Post-Midway Group stratigraphic units
described in this report include, from youngest to old-
est, the alluvium and loess of Quaternary age; the flu-
vial deposits of Quaternary and Tertiary(?) age; and
the Cockfield and Cook Mountain Formations, Mem-
phis Sand, Flour Island Formation, Fort Pillow Sand,
and Old Breastworks Formation of Tertiary age
(table 1). For this report, descriptions of the post-
Midway units are based on information and data from
nine stratigraphic test holes (fig. 2; Appendix 1) and
from the correlations of geophysical and boring logs
of other test holes and wells (Appendixes 2 and 3) at
locations within the NSA Memphis study area (fig. 3).
The description of the Old Breastworks Formation is
based on geophysical logs of three deep wells (wells
Fa:R-2, Sh:T-18, and Sh:U-12) drilled outside the
NSA Memphis area (fig. 1).

The alluvium, loess, fluvial deposits, and Cock-
field and Cook Mountain Formations (table 1; figs. 4a
and 4b) are post-Midway Group stratigraphic units



























ground water generally is first encountered in the
upper finer grained part of the alluvium. Water levels
measured in wells screened in the upper alluvium at
various locations within the NSA Memphis Southside
ranged from about 1.5 to about 22 feet below land sur-
face during April (relative high-water levels) and Sep-
tember (relative low-water levels) 1996 conditions
(E/A&H, written commun., 1997). Among all wells
screened in the upper alluvium, minimum and maxi-
mum water-level fluctuations between these two peri-
ods ranged from about 3 to 12 feet.

Ground water in the alluvial aquifer generally is
semi-confined to confined by the overlying finer
grained deposits in the upper alluvium, especially
along Big Creek Drainage Canal and the lower reaches
of its major tributaries where sand and gravel in the
lower alluvium are a part of the alluvial-fluvial depos-
its aquifer. Water levels measured in 19 wells screened
in the alluvial aquifer at NSA Memphis near Big
Creek Drainage Canal (table 2; fig. 9) ranged from
about 2.5 to about 21 feet below land surface during
April and October 1996 conditions. Among all wells
screened in the alluvial aquifer, minimum and maxi-
mum water-level fluctuations between these two peri-
ods ranged from about 3 to 8 feet. Water-level
measurements made in monitoring well pairs at
SWMU 2 (fig. 2) indicate that head differences
between the upper alluvium and the alluvial aquifer
generally vary by only a few feet, with no consistent
upward or downward gradient between the two zones
from well site to well site or from time to time at a sin-
gle site.

Potentiometric-surface maps were constructed
for the alluvial-fluvial deposits aquifer for April and
October 1996 conditions (figs. 10 and 11). Water-level
data for three additional wells screened in the Cock-
field Formation (wells Sh:V-108, Sh:V-110, and
Sh:V-111; table 2) were included in the maps for sup-
plemental control. The maps show ground water in the
alluvial-fluvial deposits aquifer beneath NSA Mem-
phis generally moves toward Big Creek Drainage
Canal and the larger tributaries in the study area.
Based on altitudes estimated from 7.5-minute topo-
graphic maps, however, the potentiometric surface in
the alluvial parts of the aquifer is lower than the beds
of many stream reaches in the study area, with the
exceptions being some reaches of Big Creek Drainage
Canal along the NSA Memphis Southside and possi-
bly the lower-most reaches of its larger tributaries.

As described in a previous section, Big Creek
Drainage Canal and the lower reaches of its major trib-
utaries in the study area have been straightened and
channelized for flood control; therefore, their present
and former courses do not necessarily coincide. Where
streambeds are at higher altitudes than the potentiomet-
ric surface in the alluvial-fluvial deposits aquifer,
ground water in the aquifer moves beneath the streams
without discharging to them. Water in the aquifer may
be moving toward and down the stream valleys through
thicker, more permeable alluvial deposits beneath the
locations of Big Creek and its larger tributaries that
coincide with the former positions of these streams
before channelization. If this is the case, baseflow to the
perennial parts of these streams (the upper reaches of
many of the tributaries to Big Creek Drainage Canal are
dry during the summer and fall) probably is supplied by
ground-water discharge from the loess or upper, finer
grained part of the alluvium in the vicinity of the
streams. However, as noted as an exception above,
along some reaches of the re-routed Big Creek Drain-
age Canal, the stream may be incised deeply enough to
be in hydraulic connection with and receive discharge
of ground water from the alluvial aquifer during part or
all of the year. The potentiometric-surface maps for
April and October were prepared assuming down-
valley movement of ground water along the axis of an
inferred area of thicker alluvium south of the present
location of Big Creek Drainage Canal.

Samples of the upper alluvium silt collected by
the USGS from two of the nine stratigraphic test holes
drilled at NSA Memphis (fig. 2) had laboratory-
determined total porosities of 38 and about 48 percent
and vertical hydraulic conductivities of 1.5 x 10°3 feet
per day (ft/d) and 6.8 x 1073 fwd (table 3). Laboratory
analyses of cores collected from borings for monitor-
ing wells installed by various consultants to the Navy
at selected SWMU locations near Big Creek Drainage
Canal indicate total porosities ranging from 40 to
44 percent and vertical hydraulic conductivities rang-
ing from 1.9 x 1073 t0 2.4 x 1072 ft/d for the upper part
of the alluvium (Geraghty & Miller, written commun.,
1985; E/A&H, written commun., 1997), and 22 to
34 percent and 5.1 x 10°! to 2.4 ft/d for the lower part
of the unit (E/A&H, written commun., 1997).

Loess

Loess is the surficial unit in upland parts of the
NSA Memphis area (table 1). The loess consists pre-
dominantly of silt, clayey silt, and silty clay, but locally
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Table 2. Water levels measured in 62 wells screened in the alluvial-fluvial deposits aquifer, and Cockfield Formation at
Naval Support Activity Memphis, Millington, Tennessee, April 8-26 and October 22-24, 1996

[USGS, U.S. Geological Survey; °, degrees; *, minutes; “, seconds; ~, approximate measured total depth, screened interval unknown]

Water level, in feet

USGS Altitude of Screened below land surface
local Project well land interval, in
. Latitude Longltude  surface,in  feet below Depth on Depth on
well number or location :
number feet above land April 8-26, October
sea level surface 1996 22-24,
1996
Alluvial aquifer
Sh:U-122 BGIIMA 35°19°54 89953703~ 262 38-48 14.39 17.15
Sh:V-27 GM-01 35°197307 89951735~ 267 44-49 3.40 7.95
Sh:v-116 02MWOIDA 35°1924 89951738~ 267 48-58 3.84 10.96
Sh:v-117 02MWO02DA 35°19720” 89°51°40° 267 41-51 727 13.51
Sh:v-119 02MWO3DA 35°19°17° 89°51°41~ 267 38-48 8.45 14.37
Sh:v-121 02MWOSDA 35°19719° 89951749~ 267 40-50 10.82 14.48
Sh:V-122 02MWO6DA 35°1920° 89°52°00" 268 44-54 14.69 18.02
Sh:V-124 02MWOSDA 3519723~ 89952708~ 267 35-45 15.31 20.62
Sh:V-126 02MWO09DA 35°19247 89°52°10” 266 36-46 14.70 18.67
Sh:V-127 02MW10DA 3519728~ 89952708~ 270 40-50 9.55 17.12
Sh:V-129 02MWI11DA 351929 89952704 265 32-42 257 10.46
Sh:v-130 02MWI12DA 35°19728~ 89°51°52~ 267 38-48 395 10.96
Sh:V-133 02MWI13DA 3519277 89951738~ 267 55-65 329 9.51
Sh:v-134 02MW14DA 35°1937° 89°51°35~ 269 40-50 490 10.28
Sh:v-173 09MWO1DA 351924~ 89952716~ 270 46-56 17.94 21.26
Sh:v-174 09MWO02DA 35°19°18~ 89952720~ 269 36-46 9.70 13.72
Sh:V-175 09MWO3DA 35°1921 89952729~ 267 45-55 13.92 17.50
Sh:V-176 09MWO4DA 35°1928~ 89°52725° 268 62-72 17.95 20.84
Sh:V-187 65MWO6DA 35°1929” 89952713~ 264 32-42 7.68 12.50
Fluvial deposits aquifer
Sh:U-101 USGS well WL-1F 35%20°42° 89952734~ 275 59-69 217.64 21.20
Sh:U-105 BG4UF 359207017 89952748~ 262 40-50 b11.69 14.41
Sh:U-107 BG5UF 35920729 89953704 266 43-53 €12.90 16.18
Sh:U-109 O0SMWO1IUF 35920297 89952751~ 269 42-52 11.86 15.12
Sh;U-110 05SMWQ2UF 35°20°30” 899527557 268 40-50 11.55 14.96
Sh:U-111 05SMWO3UF 35920733 89952°51° 265 40-50 8.81 12.10
Sh:U-112 05SMWO4UF 35920730 89952748~ 267 40-50 9.73 12.95
Sh:U-115 60MWQ2LF 35920743 89953705 269 84-94 17.96 21.43
Sh:U-117 60MWO4LF 359207427 899537017 270 8797 18.75 21.32
Sh:U-119 McNamara well 35°21°49° 89952745~ 282 ~95 353.08 54.35
Sh:U-121 BG10UF 35°21°117 89952753~ 274 56-66 28.66 30.46
Sh:U-125 07MW18LF 35°2052 89952735~ 278 90-100 23.72 26.12
Sh:U-129 1SMWO2LF 35%20°46~ 89952730~ 283 75-85 26.97 29.51
Sh:U-133 1SMWO4LF 35920748 8995235~ 278 86-96 23.17 25.64
Sh:U-135 SO9MWO3UF 35°1957° 89952755~ 264 44-54 14.82 17.69
Sh:U-138 Jones well 35°18750” 89052753 291 ~70 246.18 46.73
Sh:v-32 GM-06 35920°40° 89952709~ 286 46-51 ©26.92 29.95
Sh:V-81 Runway well 35%21726” 8995220 294 ~79 248.20 49.43
Sh:V-83 BGLUF 359207327 89951714~ 284 36-46 928.31 31.20
Sh: V-85 BG2UF 359207017 89951730 272 35-45 b9.06 13.18
Sh:V-89 03MWOSMF 35920738~ 89952709 284 55-65 24.90 27.81
Sh:V-107 Officer’s Club well 359207107 899517377 296 ~70 34,34 38.36
Sh:V-112 BG8UF 35°20°52° 8995107 300 50-60 46.02 48.24
Sh:V-113 BGOMF 35207377 89°51°41~ 313 62-72 53.48 56.08
Sh:V-114 BG12UF 352021 89°52°10” 269 36-46 9.28 12.03
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Table 2. Water levels measured in 62 wells screened in the alluvial-fluvial deposits aquifer, and Cockfield Formation at
Naval Support Activity Memphis, Millington, Tennessee, April 8-26 and October 22-24, 1996—Continued

Aititude of Screened

Water level, in feet
below iand surface

li'f cqa'ls Project weli iand intervai, in
Latitude Longitude surface,in  feet beiow Depth on Depth on
weli number or jocation
number feet above iand Aprii 8-26, October
sea level surface 1996 22-24,
1996
— Fluvial deposits aquifer—Continued
Sh:V-115 BG13UF 35920733~ 89950740 290 45-55 34.33 36.48
Sh:V-146 0TMWO4LF 359207527 899527237 284 60-70 25.64 28.04
Sh:V-148 07MWOS5LF 35°20°51 8995228~ 283 66-76 26.22 28.66
Sh:V-151 07MWO6LF 35920745~ 8995222~ 284 67-77 26.00 28.58
Sh:V-158 07TMWOBLF 35920746 89952728~ 281 66-76 23.63 26.17
Sh:V-164 0TMWI10LF 35921017 8995224~ 282 68-78 33.68 35.07
Sh:V-165 07TMWI11LF 35°20°59° 89952722 283 60-70 30.97 32.36
Sh:V-166 07TMWI12LF 35921017 89°52°11° 289 80-90 36.00 37.23
Sh:V-167 07MW13LF 35920754~ 89952703~ 293 66-76 35.09 37.54
Sh:V-168 07MWI14LF 35920750 89920704 297 84-94 38.21 40.81
Sh:V-170 07MWI15LF 35920753 89952708~ 294 90-100 35.95 38.29
Sh:V-171 07TMW 16LF 35920749 89°52°18~ 285 70-80 26.94 29.45
Sh:V-172 07TMWI17LF 35920742~ 890527277 281 62-72 22.88 25.53
Sh:V-180 14MWO6LF 3519750 8995204 269 39-49 8.37 9.87
Sh:V-182 2IMWOILF 35920749~ 89°52°09" 294 80-90 35.27 37.83
Cockfield Formation
Sh:V-108 Longmire well 35019744~ 89°50729” 289 ~120 €23.46 28.68
Sh:V-110 BG6UC 35°21726 89951748~ 320 52-62 36.69 38.63
Sh:V-111 BG7UC 35°21°09 89°5126~ 321 50-60 34.90 35.80

All April 1996 measurements made 4-08 through 4-10-96 except :
2 Depth to water measured on 4-25-96.
b Depth to water measured on 4-18-96.
€ Depth to water measured on 4-19-96.
9 Depth to water measured on 4-23-96.

€ Depth to water measured on 4-26-96.

contains some lenses of fine sand, small iron-manganese
nodules, rare calcareous concretions, and “smuts” of
carbonaceous material. The loess ranges from 15 to
45 feet in thickness at NSA Memphis (table 1). In gen-
eral, it is thinnest on the hilltops and thickest on the val-
ley slopes. The silt and clay on the valley slopes locally
may include loess reworked and redeposited as collu-
vial or alluvial deposits. In many areas of NSA Mem-
phis, the lithologic similarity and subtle transition
laterally from undisturbed loess to reworked loess or
alluvium makes differentiation between these deposits
difficult based solely on general lithologic descriptions.
As many as four layers of loess of different ages
have been identified in the Mississippi River bluff areas
of western Tennessee (Buntley and others, 1977; Parks,
1993; Mirecki and Miller, 1994; Rodbell, 1996). These
layers, from youngest to oldest, are (1) the Peoria Loess,

(2) the Roxanna Silt, (3) the “Loveland/Sicily Island
loess” (Parks, 1993), and (4) the Crowleys Ridge Loess
(Parks, 1993). Descriptions of outcrops along the bluffs
and correlations of the loess layers on natural gamma-
ray logs of water-level-observation wells indicate that
the loess layers have geosols (ancient soil zones) devel-
oped in their upper parts (Parks, 1993).

Point-stress logs made while conducting DPT
piezocone soundings at some locations at NSA Mem-
phis, particularly at SWMU’s 5 and 7 (fig. 2), indicate
the existence of at least two layers of loess based on
relative differences in formation density. In addition,
continuous cores collected by Rotasonic drilling meth-
ods indicate that locally the two layers of loess have
recognizable differences in color and texture. The
upper layer, equivalent to the Peoria Loess, is a light-
brown to yellowish-brown silt that is more homoge-
neous and contains less clay than the lower layer. This
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Figure 9. Locations of wells in which water levels were measured at Naval Support Activity Memphis, April and October

1996, and locations of wells Sh:U-100, Sh:U-101, and Sh:U-102 equipped with continuous water-level recorders
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upper unit generally ranges from about 15 to 25 feet in
thickness. The lower unit, equivalent to the Roxanna
Silt and perhaps older loesses, is a medium-gray,
olive-gray, light-gray, yellowish-gray, or pinkish-gray
silt that may change vertically and laterally from silt to
clayey silt to silty clay over short intervals or dis-
tances. This lower unit also generally ranges from
about to 15 to 25 feet in thickness.

A transitional zone is present between silt in the
loess and sand and gravel in the fluvial deposits. This
transitional zone changes downward from sandy silt at
the top to silty sand at the base. This sandy silt or silty
sand locally contains scattered chert or quartz pebbles
similar to those in the underlying fluvial deposits. The
transitional zone ranges from about 3 to 7 feet in thick-
ness at NSA Memphis.

Because of the relatively low permeability of
the silt, the loess generally retards downward move-
ment of recharge water to the underlying fluvial
deposits. Geosols within the loess sequence consist of
clayey silt or silty clay intervals that further retard
downward movement of ground water and may result
in locally perched water tables. Many shallow borings
for monitoring wells installed at underground storage
tank locations and SWMU’s at NSA Mempbhis
encountered ground water at depths of 10 to 15 feet
below land surface, and this water commonly rose to
within 3 to 7 feet of land surface once wells were com-
pleted in the borings. This shallow, perched water
table may form at the base of the modern weathering
and root zone in the loess or at the base of reworked
loess in colluvial deposits or alluvium. Unsuccessful
attempts to collect ground-water samples using a DPT
Hydrocone tool at many locations at NSA Memphis
indicated that the loess is dry or less than saturated
below this upper saturated zone to a depth within a
few feet of the top of the fluvial deposits. Ground
water in the fluvial deposits commonly is confined and
water levels rise in tightly cased wells to levels above
the base of the loess. Where this occurs, the loess
serves as an upper confining unit for the fluvial depos-
its aquifer. Similar conditions also exist locally at
NSA Memphis where ground water in the alluvial
aquifer is confined by the overlying finer grained
upper alluvium.

Three observation wells (Sh:U-100, Sh:U-101,
and Sh:U-102) were installed in April 1995 by the
USGS southwest of the airfield area on the NSA Mem-
phis Northside (fig. 2) to collect continuous water-
level data for the loess, fluvial deposits, and Cockfield
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Formation. Saturated conditions were first encoun-
tered in the loess at about 12 feet below land surface in
the boring for well Sh:U-100, and water levels rose to
within about 6 feet below land surface in the well less
than 24 hours after its completion. Well Sh:U-100 is
screened in this perched zone in silt and clay in the loess
from 8 to 18 feet below land surface (Appendix 1). A
water-level recorder was installed on this well in May
1995. The hydrograph for well Sh:U-100 shows that
water levels have ranged from about 11 feet below
land surface in December 1995 to about 3.5 feet below
land surface in June 1996, for a range of about 7.5 feet
for the period of record (fig. 12). Comparison of the
hydrograph to precipitation data for the NSA Mem-
phis area (fig. 12) indicates a pattern of short-term
water-level rises and declines in response to recharge
events superimposed on seasonal fluctuations.

An additional fluvial deposits observation well
was installed by the USGS in August 1995 at the site
of the three existing observation wells for use in an
aquifer test to determine the hydraulic characteristics
of the fluvial deposits aquifer. The new well, Sh:U-103
(fig. 2), was pumped for 24 hours and water levels
were monitored. Water levels also were monitored in
the three existing wells, and a nearby monitoring-well
cluster located about 550 feet northeast of the site.
From the aquifer test, a vertical hydraulic conductivity
of 3.5 x 102 ft/d and a specific storage of 5.8 x 107 per
foot were estimated for the loess (K. Halford, USGS,
written commun., 1995).

Samples of the loess silt and clay collected by
the USGS from five of the nine stratigraphic test holes
drilled at NSA Memphis (fig. 2) had laboratory-
determined total porosities ranging from about 39 to
about 45 percent and vertical hydraulic conductivities
ranging from 3.4 x 10" to 1.6 x 10”2 ft/d (table 3).
Laboratory analyses of cores collected from the loess
in borings for monitoring wells installed by various
consultants to the Navy at selected SWMU locations
indicate total porosities ranging from 35 to 44 percent
and vertical hydraulic conductivities ranging from
8.5x10°t03.7x 1072 fud (Geraghty & Miller, writ-
ten commun., 1985; E/A&H, written commun., 1997).

Fluvial Deposits

The fluvial deposits underlie the loess in upland
parts of the NSA Memphis area and consist of sand
and gravel with minor amounts of clay (table 1). The
sand ranges from fine to very coarse and generally is
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poorly sorted. Some sand, however, is clean and mod-
erately well sorted. Locally, sand in the upper part of
the fluvial deposits is very fine to fine and silty or
clayey. Gravel is present as lenses at various horizons
in the fluvial deposits but it is more common in the
lower part. The gravel is predominantly chert with
some pebbles as large as 3 to 4 inches in the longest
dimension. Quartz and quartzite are common in the
smaller-size fraction. Locally, the sand and gravel may
be cemented to form thin layers of ferruginous sand-
stone or conglomerate, particularly in the lower part of
the fluvial deposits. Clay is present in the sand and
gravel as interstitial material, balls, or lenses.

Two levels of fluvial deposits have been identi-
fied at NSA Memphis. The bases of these two levels of
fluvial deposits are relatively flat or low rolling, except
where they have been incised by modern streams. Most
of the NSA Memphis area is underlain by fluvial depos-
its with a basal altitude of about 220 feet above sea level
(figs. 4b and 7). The fluvial deposits making up this
lower level range from 5 to about 70 feet in thickness
(fig. 8). The northeastern part of the NSA Mempbhis area
is underlain by fluvial deposits with a basal altitude of
about 300 feet above sea level (figs. 4b and 7). The flu-
vial deposits making up this upper level range from less
than 10 to about 20 feet in thickness (fig. 8).

The fluvial deposits constitute the fluvial depos-
its aquifer. The lower level fluvial deposits generally
are saturated, and ground water commonly is under
artesian pressure. The upper level fluvial deposits gen-
erally are dry or have no significant saturated thick-
ness (NSST; figs. 10 and 11). The two levels of fluvial
deposits locally may be hydraulically connected along
their boundary (fig. 4b). In these places, the two levels
of fluvial deposits may be a single aquifer.

A water-level recorder was installed on well
Sh:U-101 (fig. 2) in May 1995. This well is screened
in sand and gravel in the fluvial deposits from 59 to
69 feet below land surface (table 2 and Appendix 1).
The hydrograph for well Sh:U-101 shows water levels
have ranged from about 22 feet below land surface in
late October, early November, and in mid-December
1995 to about 17 feet below land surface in June 1996,
for a range of about 5 feet during the period of record
(fig. 12). The contact between the base of the loess or
top of the fluvial deposits was encountered at 36 feet
below land surface in well Sh:U-102 which is adjacent
to well Sh:U-101. Therefore, artesian conditions are
present in the fluvial deposits aquifer at this location.
Comparison of the hydrograph for well Sh:U-101 to
precipitation data for the NSA Memphis area (fig. 12)
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indicates that short-term water-level responses to
recharge occur in the fluvial deposits aquifer in addi-
tion to seasonal fluctuations. Because the fluvial
deposits are confined at this location, these short-term
changes in response to recharge events are smaller
than those in the loess and may be the result of loading
effects from recharge to the loess as well as recharge
to the fluvial deposits aquifer in areas where it is
unconfined or semi-confined. The hydrographs for the
loess and fluvial deposits wells also indicate that
between about 11 and 14 feet of downward head dif-
ference existed between the two zones during the
period of lowest and highest water levels, respectively.

The potentiometric-surface maps (figs. 10and 11)
show water levels measured in 59 wells (table 2;
fig. 9) screened in the alluvial-fluvial deposits aquifer
and three supplemental wells screened in the Cock-
field Formation in the NSA Memphis area for April
and October 1996 conditions. Water-level measure-
ments made at locations where well pairs are screened
in the upper and lower parts of the fluvial deposits
show little head difference, indicating a small compo-
nent of vertical flow in the aquifer. Water levels in the
fluvial deposits generally fluctuated about 2 to 4 feet
between relative high and low water-level periods dur-
ing 1996 (table 2). Depths to water measured in wells
installed in this unit ranged from about 8.5 to 56 feet
below land surface. Among all wells screened in the
fluvial deposits aquifer, minimum and maximum water-
level fluctuations between these two periods ranged
from about 0.5 to 5 feet. Based on these measurements,
wells screened in the fluvial deposits showed less fluc-
tuation than wells screened in parts of the alluvial-
fluvial deposits aquifer consisting of alluvium.

A high in the potentiometric surface in the
alluvial-fluvial deposits aquifer was present beneath
the southeastern part of NSA Memphis during both
measurement periods (figs. 10 and 11). This high is
interpreted to result from several possible factors
including the relatively high basal altitude (fig. 7) and
thinning (fig. 8) of the lower alluvium-fluvial deposits
in this area, the influence of additional recharge to the
aquifer from leaks in the NSA Memphis water-
distribution system or watering of lawns in the north-
ern part of the mound, and increased recharge through
the former main landfill (SWMU 2; fig. 2) in the
southern part of the mound. Water in the fluvial depos-
its moves away from this potentiometric high toward
alluvial sections of the aquifer in the interpreted buried
stream valleys along North Fork Creek, Casper Creek,
and Big Creek Drainage Canal to the west, east, and
south, respectively, and toward a potentiometric low



coincident with an interpreted fault (figs. 4a and 4b) to
the north.

From results of the aquifer test at the location of
the water-level observation well cluster (fig. 2), a hori-
zontal hydraulic conductivity of 5.3 ft/d and a specific
storage of 1.2 x 106 per foot were estimated for the flu-
vial deposits aquifer (K.J. Halford, USGS, written com-
mun., 1995). Laboratory analyses of cores collected
from the fluvial deposits in borings for monitoring wells
installed by consultants to the Navy at selected SWMU
locations indicate total porosities ranging from 26 to
about 39 percent and vertical hydraulic conductivities
ranging from 1.1 x 1023 to 7.4 x 10" fd (E/A&H, writ-
ten commun., 1997).

Cockfield Formation

The Cockfield Formation (Vaughn, 1895,
p. 220) is the uppermost unit in the Claiborne Group in
the NSA Memphis area (table 1). The Cockfield For-
mation consists of sand, silt, clay, and lignite. Individ-
ual beds in the Cockfield Formation are lenticular and
locally can be discontinuous over short distances
(Parks and Carmichael, 1990b).

A gentle dip of about 10 to 15 feet per mile (ft/mi)
to the west-northwest would be expected for the Cock-
field Formation and the underlying Cook Mountain
Formation in the area of NSA Memphis based on
regional control (Parks and Carmichael, 1990b). How-
ever, a map (fig. 13) of the altitude of the base of the
Cockfield Formation (top of the Cook Mountain For-
mation), prepared from correlations of geophysical
logs of test holes and lithologic data from boring logs,
indicates a relatively complex geologic structure
beneath NSA Memphis. This map, although highly
interpretative, shows an anticline cut in the central part
by a northwest-trending graben and on the southeast
by a northeast-trending fault. The location of the
southwest fault bounding the graben (fig. 13) is con-
strained by control data to several hundred feet later-
ally, and the map indicates that this fault displaces the
base of the Cockfield Formation about 40 to 70 feet
vertically. The location of the northeast fault bounding
the graben (fig. 13) is constrained by control data to
several thousand feet laterally, and the map indicates
that the fault displaces the base of the Cockfield For-
mation about 45 to 55 feet vertically. Except for the
convergence of dip from two directions, the northeast-
trending fault (fig. 13) probably would be impercepti-
ble because displacement of the Cockfield Formation

is only about 5 to 20 feet vertically. The direction of
dip of the Cockfield Formation southeast of this fault
is consistent with what would be expected based on
regional control (Parks and Carmichael, 1990b), but
the rate of dip at about 50 ft/mi is steeper than would
be expected.

Hydrogeologic sections (figs. 4a and 4b) and a
map of the thickness of the Cockfield Formation
(fig. 14) indicate the existence of the faults in the NSA
Memphis area. However, maps (figs. 6 and 7) of the
base of the loess or silt and clay in the upper alluvium
(top of sand and gravel in the fluvial deposits or lower
alluvium) and of the base of the sand and gravel in the
fluvial deposits or lower part of the alluvium (top of
the Cockfield Formation) provide no evidence that the
faults displace the fluvial deposits, loess, or alluvium
of Quaternary age (table 1). Consequently, the last
movement on the faults in the NSA Memphis area
may have taken place during the Tertiary, which also is
suspected to be the likely time of last movement along
other faults identified in the Memphis area (Kingsbury
and Parks, 1993).

Thickness of the Cockfield Formation is vari-
able as a result of erosional surfaces at both the top
and base. The thickness generally ranges from about
25 to 185 feet in the NSA Memphis area, but locally
the Cockfield Formation may be absent (fig. 14;
Appendix 2). The thickest preserved section of the
Cockfield Formation is in the northern part of the area
beneath the upper level fluvial deposits (figs. 4b and 14).

Throughout much of the Memphis area, the
Cockfield Formation consists of clay, silt, and very
fine sand and, along with the underlying Cook Moun-
tain Formation, serves as a lower confining unit for the
overlying fluvial deposits aquifer or upper confining
unit for the Mempbhis aquifer (Parks, 1990). Locally,
however, the Cockfield Formation contains relatively
thick lenses (as much as 50 to 60 feet) of fine sand or
fine to medium sand in which small capacity [as much
as 10 gallons per minute (gal/min)] domestic wells are
completed. These sand lenses in the Cockfield Forma-
tion make up the Cockfield aquifer (Parks and Car-
michael, 1990b).

At NSA Memphis, the Cockfield Formation
generally consists of clay, silt, and very fine sand of
low hydraulic conductivity, although lenses of fine or
fine to medium sand as much as 53 feet thick were
encountered in stratigraphic test holes Sh:V-74,
Sh:V-75, Sh:V-76, and Sh:V-78 (Appendix 1). These
test holes were located in the eastern, central, and
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northern parts of the base (fig. 2). In addition, well
Sh:V-77 once supplied water for the “Lake house” at
Navy Lake in the northern part of the NSA Memphis
Northside (fig. 3). Where sand lenses in the Cockfield
Formation underlie the fluvial deposits, the two units
probably are hydraulically connected. However, clay
lenses in the upper part of the Cockfield Formation in
the NSA Mempbhis area (Appendix 1) retard the down-
ward movement of ground water.

A water-level recorder was installed on well
Sh:U-102 (fig. 2) in May 1995. This well is screened in
an interval of clay with interbedded fine sand beneath a
fine sand with clay in the upper part of the Cockfield
Formation from 105 to 115 feet below land surface
(Appendix 1). The hydrograph for well Sh:U-102
shows water levels fluctuated from about 21 feet below
land surface in December 1995 to about 17 feet below
land surface in June 1996, for a range of about 4 feet
during the period of record (fig. 12). The zone in
which this well is screened is artesian. Water levels
ranged from essentially equal (January through May
1996) to as much as 1 foot higher (late October and
early November 1995) than those measured in well
Sh:U-101, which is screened in the fluvial deposits
(fig. 12). The intervals screened in these wells appear
to be in poor hydraulic connection based on the
response of water levels in the Cockfield Formation to
pumping in the fluvial deposits during the aquifer test
conducted in August 1995 (K.J. Halford, USGS, writ-
ten commun., 1995). Unlike the hydrograph for wells
Sh:U-100 and Sh:U-101, the hydrograph for well
Sh:U-102 is relatively smooth, showing little short-
term fluctuation during the seasonal low to high water-
level cycle (fig. 12).

The April and October 1996 potentiometric-
surface maps (figs. 10 and 11) for the alluvial-fluvial
deposits aquifer contain water-level data for three
wells screened in the Cockfield Formation. These
wells were used as supplemental control points in the
northern part of NSA Memphis where the upper level
fluvial deposits are either dry or not significantly satu-
rated (wells Sh:V-110 and Sh:V-111), and in an off-
base area east of the NSA Memphis Southside (well
Sh:V-108) where no sand and gravel in the alluvial-
fluvial deposits aquifer were reported to exist by a
local well driller (G.H. Mize, Mize Drilling, oral com-
mun., 1995). Other than the water-level observation
well Sh:U-102 (fig. 2), only a few monitoring wells
have been installed in the Cockfield Formation as part
of the Corrective Action Program at NSA Memphis.
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These wells are located near SWMU 7 in the airfield
area (fig. 2) and are screened in sandy clay or clayey
sand in the upper to middle part of the formation at
depths equivalent to well Sh:U-102. Water-level mea-
surements made in these wells and fluvial deposits
wells with which they are paired also indicate that lit-
tle vertical gradient exists between the two zones, as
was observed in wells Sh:U-101 and Sh:U-102.

From the results of the aquifer test conducted at
the location of the water-level observation-well cluster
(fig. 2), a specific storage of 1.2 x 10°6 per foot was
estimated for the Cockfield Formation (K.J. Halford,
USGS, written commun., 1995). During the test, the
water level in well Sh:U-102, which is screened in the
Cockfield Formation, rose in response to pumping in
well Sh:U-103, which is screened through the full
thickness of the fluvial deposits from 40 to 70 feet
below land surface. The observed water-level response
in well Sh:U-102 indicates that the change in pore
pressure observed in this well was dominated by
deformation of the Cockfield Formation instead of
leakage, and that a high degree of confinement exists
between the upper part of the Cockfield Formation and
the overlying fluvial deposits (K.J. Halford, USGS,
written commun., 1995).

Samples of the Cockfield Formation clay col-
lected by the USGS from two of the nine stratigraphic
test holes drilled at NSA Memphis (fig. 2), including the
test hole for well Sh:U-102, had laboratory-determined
total porosities of 41 and 44 percent and vertical
hydraulic conductivities of 2.9 x 10 and 2.2 x 1073 ft/d
(table 3). Laboratory analyses of cores collected from
the Cockfield Formation in borings for monitoring
wells installed by consultants to the Navy at SWMU 7
(fig. 2) indicate total porosities ranging from about 50
to about 55 percent and vertical hydraulic conductivi-
ties ranging from 4.5 x 10 t0 2.5 x 10 fvd (E/A&H,
written commun., 1997).

Cook Mountain Formation

The Cook Mountain Formation (Kennedy, 1892,
p- 54-57) of the Claiborne Group consists predomi-
nantly of clay and silt (table 1); minor lenses of silty
fine sand or lignite may be present locally. The Cook
Mountain Formation contains the most areally exten-
sive clay in the upper part of the Claiborne Group in
Shelby County (Parks, 1990). Most of the test holes
drilled for this investigation did not penetrate the full
thickness of the Cook Mountain Formation. However,



geophysical logs of other test holes or wells in the area
that penetrated the entire formation indicate that the
thickness ranges from about 10 to 60 feet (fig. 4b;
Appendixes 2 and 3).

The Cook Mountain Formation, along with the
clay, silt, and fine sand in the overlying Cockfield For-
mation, serves as the upper confining unit for the
Memphis aquifer in the Memphis area. Beneath much
of NSA Memphis also, the two units serve as a
hydraulic barrier that provides confinement between
water in the alluvial-fluvial deposits aquifer and the
Memphis aquifer. This confinement is indicated pri-
marily by heads that are higher in the alluvial-fluvial
deposits aquifer (and upper Cockfield Formation) than
heads in the Memphis aquifer, and by differences in
water quality between the two zones. However, inter-
pretation of geologic data from stratigraphic test holes
drilled at the NSA Memphis Northside suggests that
vertical displacement of the Cockfield and Cook
Mountain confining unit along the northeast fault may
provide hydraulic connection between the fluvial
deposits and Memphis aquifers in this area (fig. 4b,
section B-B”). The potentiometric low in the fluvial
deposits that is oriented along this fault (figs. 10 and 11)
also suggests that downward leakage of water from the
fluvial deposits is occurring along this feature.

Clay samples from the Cook Mountain Forma-
tion were collected by the USGS in six of the nine test
holes for mineralogical and geotechnical analysis
(table 3). Results from X-ray diffraction analysis of
the <1-micron clay particles separated from each of
the samples indicate interstratified smectite, well-
crystallized kaolinite, and minor amounts of illite (B.F.
Jones and D.M. Webster, USGS, written commun.,
1994). Total porosities of the clay samples from the
Cook Mountain Formation ranged from about 30 to
42 percent and vertical hydraulic conductivities
ranged from 5.0 x 10%t0 9.9 x 10 fvd (table 3).

Memphis Sand

The Memphis Sand (Moore and Brown, 1969)
of the Claiborne Group consists of a thick body of fine
to medium or medium to coarse sand with lenses of
clay, silt, and lignite at various stratigraphic horizons
(table 1). Lenses of clay, silt, and fine sand commonly
are present in the upper part of the Memphis Sand
(fig. 5), sometimes causing difficulty in distinguishing
between the Memphis Sand and Cook Mountain For-
mation on geophysical logs of stratigraphic test holes

(Kingsbury and Parks, 1993). The Memphis Sand
ranges from about 865 to 880 feet in thickness in the
NSA Memphis area, based on the geophysical logs of six
deep test holes drilled in the area (fig. 5; Appendix 3).
The Memphis Sand makes up the Memphis aquifer,
which is the principal aquifer in the Memphis area and
western Tennessee that provides water for public,
industrial, and commercial supplies (Parks and Car-
michael, 1990a).

Part of the ground water used for public supply
at NSA Memphis is withdrawn from the Memphis
aquifer (Parks and Carmichael, 1990a). Wells Sh:V-4
(NSA Memphis well 2) and Sh:V-20 (NSA Memphis
well 1) located within the NSA Memphis Northside
(fig. 2) are screened in the Memphis aquifer at total
depths of 466 and 523 feet, respectively. Both of these
wells have capacities of about 700 gal/min. In 1993,
about 0.8 million gallons per day (Mgal/d) was with-
drawn from the Memphis aquifer wells at NSA Mem-
phis (R.E. Harris, NSA Memphis water plant, oral
commun., 1994). To assure public safety, pumping
from well Sh:V-4 was discontinued in January 1995
after ground-water contamination was detected in the
fluvial deposits aquifer near this well. The well is now
on standby for use in the event of an emergency short-
age of water supply at NSA Memphis.

A potentiometric-surface map of the Memphis
aquifer in the Memphis area was prepared by the
USGS for September 1995 conditions (Kingsbury,
1996). The map includes the NSA Memphis area and
shows that the altitude of the potentiometric surface in
the Memphis aquifer in this area is about 215 feet
above sea level (water level of about 65 feet below
land surface). Comparison of this value with an aver-
age altitude of about 255 feet above sea level for the
potentiometric surface of the alluvial-fluvial deposits
aquifer at NSA Memphis (figs. 10 and 11) indicates a
vertical head difference of about 40 feet and a down-
ward hydraulic gradient from the alluvial-fluvial
deposits aquifer to the Memphis aquifer through the
Cockfield and Cook Mountain confining unit. These
data, along with results of selected water-quality analy-
ses and the apparent lack of observed effects on the
water level in well Sh:U-101 (fig. 12) screened in the
fluvial deposits aquifer from intermittent withdrawal
of water from the Memphis aquifer at the facility, indi-
cate that the two zones are isolated hydraulically by
the Cockfield and Cook Mountain confining unit
beneath the central part of NSA Mempbhis. The poten-
tiometric map for the Mempbhis aquifer also shows that
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water in the aquifer moves to the southwest at a gradi-
ent of about 5.5 ft/mi [0.001 foot per foot (ft/ft)]
toward the large cone of depression that results from
withdrawals from the Memphis aquifer by the city of
Memphis (Kingsbury, 1996).

In 1983, as part of an investigation of water
quality and quantity in the lower part of the Memphis
aquifer and the underlying Fort Pillow aquifer, a test
well was drilled to a depth of 1,608 feet below land
surface in the northwest corner of the NSA Memphis
Southside near well Sh:U-58 (fig. 2). After reaching
the total depth, a temporary well was screened in the
lower part of the Memphis aquifer, reportedly from
about 900 to 1,020 feet below land surface. From
results of an aquifer test conducted in this well, a trans-
missivity of about 11,400 feet squared per day (ft%/d)
and storativity of 1 x 10™* were estimated for this inter-
val of the Memphis aquifer (Layne Geosciences Div.,
written commun., 1983). Using this value of transmis-
sivity and a reported thickness of 167 feet for a lower
sand interval of the Memphis aquifer in this well, a
horizontal hydraulic conductivity of about 68 ft/d is
estimated for this interval of the aquifer.

Flour Island Formation

The Flour Island Formation (Moore and Brown,
1969) consists of clay, silt, sand, and lignite (table 1).
Geophysical logs of six deep test holes drilled in the
NSA Memphis area show that the formation ranges
from about 225 to 290 feet in thickness (fig. 5; Appen-
dix 3). The Flour Island Formation serves as a confin-
ing unit separating the Memphis aquifer from the Fort
Pillow aquifer. On September 25, 1995, water levels
were measured by the USGS in well Sh:V-20 (NSA
Memphis well 1), screened in the Memphis aquifer,
and well Sh:U-60 (NSA Memphis well 3), screened in
the Fort Pillow aquifer, after these wells had not been
pumped for a few days. These measured water levels
indicate a vertical head difference of 32 feet and a
downward hydraulic gradient from the Memphis aqui-
fer to the Fort Pillow aquifer through the Flour Island
confining unit.

Based on analysis of data from a water-
temperature geophysical log made by the USGS in
water-level observation well Fa:R-1 located in north-
western Fayette County, Tennessee, about 19 miles east
of NSA Memphis (Graham and Parks, 1986), the verti-
cal velocity of ground water moving through the Flour
Island confining unit was estimated to be 6.6 x 10™# ft/d.
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Using this value for ground-water velocity, a vertical
hydraulic conductivity of the Flour Island confining
unit was calculated to be about 1.1 x 102 f/d.

Fort Pillow Sand

The Fort Pillow Sand (Moore and Brown, 1969)
consists primarily of sand with some thin lenses of
clay (table 1). The sand is very fine to fine or fine to
medium grained. Thickness ranges from about 125 to
180 feet based on the geophysical logs of six test holes
drilled at NSA Memphis and the city of Millington
(fig. 5; Appendix 3) to determine the suitability of the
Fort Pillow aquifer as a source of additional ground-
water supply. As a result of this drilling program, NSA
Memphis installed three supply wells to the Fort Pil-
low aquifer and the city of Millington installed two
wells. The wells at NSA Memphis range from 1,435 to
1,450 feet in depth and pump at rates ranging from
900 to 1,400 gal/min. In 1993, about 1.2 Mgal/d was
withdrawn from the Fort Pillow aquifer for water sup-
ply at NSA Memphis (R.E. Harris, NSA Memphis
water plant, oral commun., 1994).

A potentiometric-surface map of the Fort Pillow
aquifer in the Memphis area was prepared by the
USGS for September 1995 conditions (Kingsbury,
1996). The map includes the NSA Memphis area and
shows that a cone of depression centered beneath the
city of Millington and NSA Memphis has developed
in the aquifer from withdrawals of water for public
supply. The depth to water measured in a well
screened in the Fort Pillow aquifer at NSA Memphis
was about 90 feet below land surface in September
1995, indicating a water-level altitude in the center of
the cone of about 170 feet above sea level. Based on
the area outside the influence of pumping at Milling-
ton and NSA Memphis, the potentiometric surface of
the Fort Pillow aquifer should be about 185 feet above
sea level in this area (Kingsbury, 1996). The map also
indicates that water in the aquifer moves to the south-
west at a gradient of about 5 ft/mi (0.001 ft/ft) toward
the relatively large cone of depression that results
from withdrawals from the Fort Pillow aquifer by the
cities of Memphis, Tennessee, and West Memphis,
Arkansas (Kingsbury, 1996).

Following the aquifer test of the lower part of
the Memphis aquifer in 1983, the test well in the north-
west part of the NSA Memphis Southside near well
Sh:U-58 (fig. 2) was drilled deeper and screened from
1,360 to 1,440 feet below land surface in the Fort Pil-
low aquifer. From results of an aquifer test conducted



in this deepened well, a transmissivity of about
2,300 ft%/d and a storativity of 1 x 10™ were estimated
for this interval of the Fort Pillow aquifer (Layne Geo-
sciences Div., written commun., 1983). Using this
value of transmissivity and a thickness of 180 feet for
the Fort Pillow aquifer in well Sh:U-58 (Appendix 3),
a horizontal hydraulic conductivity of about 13 ft/d is
estimated for the aquifer.

Old Breastworks Formation

The Old Breastworks Formation (Moore and
Brown, 1969) consists primarily of clay, silt, fine sand,
and lignite (table 1). The six deep test holes drilled in
the NSA Memphis area penetrated only the uppermost
part of this formation. Therefore, a thickness range of
about 245 to 310 feet for the Old Breastworks Forma-
tion (table 1) was determined from the geophysical
logs of the oil and gas test well Sh:U-12 (Lion Oil Co.,
Bateman No. 1) drilled near the Loosahatchie River,
about 2 miles south-southwest of NSA Memphis, and
stratigraphic test hole Sh:T-18 drilled in Meeman-
Shelby Forest, about 8 miles west of the facility (fig. 1).

Because the Old Breastworks Formation con-
sists primarily of fine sediments, it is included with the
underlying Porters Creek Clay and Clayton Formation
of Tertiary age and the Owl Creek Formation of Creta-
ceous age in the confining unit that separates the Fort
Pillow aquifer from the deeper McNairy aquifer
(Parks and Carmichael, 1989). The Porters Creek
Clay, Clayton Formation, and Owl Creek Formation
form a thick, widespread clay of low permeability.
Based on the geophysical logs of test holes Sh:U-12
and Sh:T-18, the total aggregate thickness of the con-
fining unit ranges from 690 to 765 feet in these test
holes. From these data, the thickness of the lower con-
fining unit for the Fort Pillow aquifer beneath NSA
Memphis is estimated to be about 700 feet.

GROUND-WATER QUALITY

As a result of the investigations at some of the
67 SWMU'’s and the one AOC at NSA Memphis, a
large amount of data has been collected by consultants
to the Navy on contaminant concentrations in the shal-
low ground-water system (primarily the alluvial-
fluvial deposits aquifer). The contaminants most often
detected in ground-water samples have been volatile
organic compounds (VOC’s)—primarily fuel-related
constituents in the loess and chlorinated solvents in the

alluvial-fluvial deposits aquifer (L.A. Anderson,
E/A&H, written commun., 1996). Generally, these
contaminants only have been identified at a few sites,
and concentrations detected were less than applicable
maximum contaminant levels (MCL’s). However,
locally elevated concentrations of several contami-
nants have been detected. Contaminants detected
exceeding their MCL’s and the maximum concentra-
tion detected include: tetrachloroethene, 230 micro-
grams per liter (ug/L); trichloroethene, 1,300 pg/L;
1,2 dichloroethene, 770 ug/L; 1,1 dicholorethene,
290 pg/L; chloroform, 180 pg/L; vinyl chloride,

24 ug/L; benzene, 4,600 pg/L; carbon tetrachloride,
199 pg/L; chromium, 680 pg/L; nickel, 470 pg/L; and
lead, 39 pg/L (L.A. Anderson, E/A&H, written com-
mun., 1997).

Although a large number of samples have been
collected to determine the nature and extent of ground-
water contamination, samples for analysis of common
water-quality characteristics at NSA Memphis were
not collected as part of the SWMU investigations.
Consequently, ground-water samples were collected
by the USGS from 18 wells screened in five water-
bearing hydrogeologic units during July 1995
(table 4). The five units sampled are the loess, fluvial
deposits aquifer, Cockfield Formation, Memphis aqui-
fer, and Fort Pillow aquifer. Sampling sites were
selected and the samples were collected to provide
data on the physical properties and major and trace
inorganic constituent concentrations at background
locations in wells screened in the loess, fluvial depos-
its aquifer, and Cockfield Formation, and from produc-
tion wells screened in the Memphis and Fort Pillow
aquifers at NSA Mempbhis (fig. 15). Where possible,
samples from the shallow units were collected at well
clusters. Tritium samples also were collected from the
fluvial deposits aquifer, the Cockfield Formation, and
the Memphis aquifer to demonstrate that recent
recharge to the fluvial deposits aquifer is occurring
and to determine whether significant leakage from this
unit to the Cockfield Formation and Memphis aquifer
is occurring.

Major Inorganic Constituents

Ground-water samples were collected and pro-
cessed according to standard USGS methods (Wood,
1976). Specific conductance, pH, temperature, and
alkalinity were measured in the field at the time of
sample collection (table 5). Analyses of ground-water
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Table 4. Eighteen wells sampled for analysis of major and trace inorganic constituent concentrations in ground water at
Naval Support Activity Memphis, Millington, Tennessee, July 17-24, 1995

[USGS, U.S. Geological Survey; NSA, Naval Support Activity; °, degrees; *, minutes; ~ seconds; A, aquifer; C, confining unit; GW, ground water;
WL, water level; WQ, water quality; wells Sh:U-58, Sh:U-59, and Sh:U-60 include various lengths of blank pipe near the middle of screened
intervals; ~, approximate measured total depth, screened interval unknown]

Screened
interval Stratigraphic
USG"Sumiwell numPJ: ":::t l‘:::tlon Latitude Longitude  below land uni_t in which Type of well
surface, well is screened
in feet
Sh:U-58 NSA Memphis well 4 35°20724" 89952°55~ 1,346-1,449 Fort Pillow (A) GW production
Sh:U-59 NSA Memphis well 5 35°20°09° 899527527 1,272-1,434 Fort Pillow (A) GW production
Sh:U-60 NSA Memphis well 3 35%20727° 89°52°327 1,335-1,450  Fort Pillow (A) GW production
Sh:U-100 USGS well WL-1L 35%20°42° 89952734 8-18 Loess (C) WL observation
Sh:U-101 USGS well WL-1F 359207427 8995234 59-69 Fluvial deposits (A) WL observation
Sh:U-102 USGS well WL-1C 359207427 89952734 105-115 Cockfield (C-A) WL observation
Sh:U-104 BG4L 359207017 89952748~ 10-20 Loess (C) WQ monitoring
Sh:U-105 BG4UF 3592001 89952748~ 40-50 Fluvial deposits (A) WQ monitoring
Sh:U-106 BG4LF 3592001 89952748~ 60-70 Fluvial deposits (A) WQ monitoring
Sh:v-4 NSA Memphis well 2 35%20°44” 89°52°18~ 412-452 Memphis (A) GW production
Sh:V-20 NSA Memphis well 1 35920747 89°5227~ 463-518 Memphis (A) GW production
Sh:V-57 Golf course well 35°2027" 89°51726~ 428-468 Memphis (A) GW production
Sh:v-77 Lake house well 35922017 89°51°18~ 195-215 Cockfield (C-A) WL observation
Sh:V-81 Runway well 35%21726" 899527207 ~79 Fluvial deposits (A) WL observation
Sh:V-82 BGIL 3592032 899517147 8-18 Loess (C) WQ monitoring
Sh: V-84 BGILF 359207327 89951714~ 55-65 Fluvial deposits (A) WQ monitoring
Sh:V-95 0TMW04MC 35920°52° 89952723 128-138 Cockfield (C-A) WQ monitoring
Sh:V-100 08MWO2F 35921749~ 899517577 29-34 Fluvial deposits (A) WQ monitoring

samples collected from the five hydrogeologic units
indicate that water from the loess, fluvial deposits
aquifer, Cockfield Formation, and the Memphis aqui-
fer is a calcium bicarbonate type. Samples collected
from the Fort Pillow aquifer indicate ground water is a
sodium bicarbonate type. Generally, dissolved solids,
hardness, and concentrations of most major inorganic
constituents decrease with depth (fig. 16). Samples
collected from the loess indicate that the water is very
hard and has dissolved-solids concentrations ranging
from 320 to 506 milligrams per liter (mg/L) (table 5).
Ground water collected from the Fort Pillow aquifer is
soft with dissolved-solids concentrations ranging from
94 to 108 mg/L (table 5). At NSA Memphis, water
from wells screened in the Fort Pillow aquifer is
mixed with water from one of the wells screened in the
Memphis aquifer (Sh:V-4) to reduce hardness in the
finished water.

Trace Inorganic Constituents

Of the trace inorganic constituents analyzed for,
only iron, manganese, barium, and strontium were
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present at concentrations significantly greater than the
method reporting limits (table 6). Barium has an MCL
of 1,000 pg/L and is the only one of these constituents
that has been assigned an MCL (Tennessee Depart-
ment of Environment and Conservation, 1994). The
maximum concentration of barium detected at NSA
Memphis was 190 pg/L (table 6) in a well screened in
the fluvial deposits aquifer. Strontium concentrations
generally were less than 200 pg/L for all of the units
sampled (table 6). The highest concentrations of stron-
tium in the fluvial deposits aquifer (250 pg/L) and
Cockfield Formation (620 pg/L) occurred in the only
wells installed by hydraulic (mud) rotary drilling
methods for this study. These higher concentrations, as
well as elevated concentrations of a few major inor-
ganic constituents and physical properties, may be an
artifact of remnant drilling mud in the formations
around the screened intervals in these wells.

Iron and manganese concentrations varied con-
siderably, particularly in samples collected from the
fluvial deposits aquifer and the Cockfield Formation
(table 6). Maximum concentrations detected for iron
and manganese were in the Cockfield Formation. The
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Figure 16. Median concentrations of dissolved solids and values of hardness measured in water samples from wells
screened in the loess, fluvial deposits aquifer, Cockfield Formation, Memphis aquifer, and Fort Pillow aquifer.
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maximum concentration for iron was 4,300 pg/L and
for manganese was 1,300 ug/L. Iron and manganese
concentrations in ground water are affected by the
redox conditions in the aquifers. The range in concen-
trations in these two units may reflect varying redox
conditions as well as heterogeneity in the composition
of sediments that make up the aquifers. However, the
two highest concentrations of manganese detected
were in samples collected from the two wells installed
by hydraulic (mud) rotary drilling methods.

Tritium Concentrations

Tritium is a naturally occurring unstable iso-
tope of hydrogen that is used in hydrogeologic stud-
ies to determine the relative age of ground water.
Atmospheric testing of thermonuclear weapons
between 1952 and 1963 increased tritium concentra-
tions in precipitation by several orders of magnitude
above naturally occurring levels. As a result of trit-
ium’s short half-life (12.43 years) and concentrations
in precipitation prior to 1952, tritium is not detect-
able in ground water that was recharged before 1952.
A concentration of tritium greater than 1 tritium unit
(TU) in ground water generally indicates a compo-

nent of recent (post-1952) recharge to a ground-
water system.

Ground-water samples were collected by the
USGS from the fluvial deposits aquifer adjacent to
the two Memphis aquifer production wells (fig. 15)
using a Hydrocone tool during the DPT phase of the
investigation. These two samples were collected to
confirm that the fluvial deposits aquifer contains trit-
ium, which would indicate a component of post-1952
recharge. Tritium concentrations in samples from the
fluvial deposits aquifer were 12 TU or greater
(table 7), indicating a significant component of post-
1952 recharge to the aquifer. Samples also were col-
lected from three observation wells screened in the
Cockfield Formation and from the two production
wells screened in the Memphis aquifer (table 7;
fig. 15). Tritium concentrations in samples collected
from the Cockfield Formation and the Memphis
aquifer were less than 1 TU, indicating that signifi-
cant downward leakage of post-1952 water from the
fluvial deposits aquifer to and through the Cockfield
and Cook Mountain confining unit and into the
Memphis aquifer is not occurring in the areas of
these wells.
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Table 7. Tritium concentrations in water samples from the fluvial deposits aquifer, the Cockfield Formation, and the Memphis

aquifer at Naval Support Activity Memphis, Millington, Tennessee

[TU, tritium units; °, degrees; *, minutes; *, seconds; USGS, U.S. Geological Survey; NSA, Naval Support Activity; values given as < (less than) indicate that
the concentration was below the reporting limit of the analytical method used and do not indicate the presence or absence of a constituent]

Screened .
logasl(\iwsell Proje;t 'v;:;lt;t:‘mber Latitude Longitude ";t:;:: ';:r sa?:;f ed con.z?r::":tion
number sample, in feet )
Fluvial deposits aquifer
None SWMU 7 35920°47" 8995227~ 42-43 12-10-94 16
None 7GH23 35920744 89°52°18~ 42-43 12-10-94 12
Cockfield Formation
Sh:V-95 07MW4aMC 35920°52" 89952723~ 128-138 07-19-95 <1
Sh:U-102 WL-1C 35020742 89050734~ 105-115 07-21-95 <1
Sh:V-77 Lake House 35922701 89°51°18" 195-215 07-24-95 <1
Memphis aquifer
Sh:V-4 NSA PW-2 3592044 8995218~ 412-452 07-07-94 <1
Sh:V-20 NSA PW-1 3592047 8995227~ 463-518 07-07-94 <1
SUMMARY Drainage Canal, the major stream draining the study

Naval Support Activity (NSA) Memphis, for-
merly Naval Air Station (NAS) Memphis, is a Depart-
ment of the Navy (Navy) facility located at the city of
Millington in northern Shelby County, Tennessee,
about 5 miles north of Memphis. As a result of opera-
tions conducted while the facility was NAS Memphis,
soil, ground-water, and surface-water contamination
from past waste-management practices is being inves-
tigated and addressed. Sixty-eight sites with the poten-
tial for contamination have been identified at the
facility and presently are under investigation as part of
the Resource Conservation and Recovery Act Correc-
tive Action Program being conducted at NSA Mem-
phis under the Navy’s Installation Restoration
Program. The U.S. Geological Survey, in cooperation
with Southern Division, Naval Facilities Engineering
Command, is providing technical assistance in an
investigation of the hydrogeology at NSA Memphis
under the Corrective Action Program.

NS A Memphis consists of a Northside and
Southside that comprise 3,490 acres. The NSA Mem-
phis Southside lies within the flood plain of Big Creek

area. The NSA Memphis Northside is situated in the
upland area between Casper and North Fork Creeks,
which are tributaries to Big Creek Drainage Canal.
NSA Memphis is bounded on the west by the city of
Millington, on the north by rural and agricultural land,
on the east by urban and suburban development both
inside and outside the Millington city limits, and on
the south by undeveloped agricultural land in the flood
plain of Big Creek Drainage Canal.

For this investigation, the NSA Mempbhis study
area consists of approximately 20 square miles that are
centered on NSA Memphis and extends no further
than about 1 mile beyond the base boundary in any of
the four principal compass directions. Topography in
the area ranges from relatively flat to gently rolling
terrain in the valley of Big Creek in the south, to the
steep-sloping headward valleys of streams draining
the dissected uplands in the northern part of the area.
Land-surface altitudes range from about 250 feet
along the channel of Big Creek Drainage Canal in the
southwestern part of the area to about 370 feet at a few
hilltop locations in the northern part of the study area.
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Post-Midway Group stratigraphic units beneath
NSA Memphis include, from youngest to oldest, the
alluvium and loess of Quaternary age; the fluvial
deposits of Quaternary and Tertiary(?) age; and the
Cockfield and Cook Mountain Formations, Memphis
Sand, Flour Island Formation, Fort Pillow Sand, and
Old Breastworks Formation of Tertiary age. The allu-
vium, loess, fluvial deposits, and Cockfield and Cook
Mountain Formations are post-Midway Group strati-
graphic units investigated at NSA Memphis because
of their importance to assessing the potential for con-
tamination of the shallow aquifers from surface
sources. The lower part of the alluvium, the fluvial
deposits, and locally the Cockfield Formation are
minor aquifers; and the upper part of the alluvium, the
loess, locally the Cockfield Formation, and the Cook
Mountain Formation are confining units. The Mem-
phis Sand, Flour Island Formation, Fort Pillow Sand,
and Old Breastworks Formation are stratigraphic units
described in this report because of their importance for
present or future ground-water supplies in the NSA
Memphis area. The Memphis Sand and Fort Pillow
Sand are the principal water-supply aquifers in the
Memphis area and western Tennessee, and the Flour
Island and Old Breastworks Formations are confining
units for these aquifers.

Alluvium is present beneath the alluvial plains
of streams that cross the NSA Memphis area. The allu-
vium generally consists of silt, clay, and minor
amounts of sand in the upper part, and sand and gravel
in the lower part (alluvial aquifer). The thickness of
the alluvium ranges from 0 to 70 feet in the area.
Where sand and gravel in the lower part of the allu-
vium is in hydraulic connection with the fluvial depos-
its, the two units constitute the alluvial-fluvial deposits
aquifer. Ground water in the alluvial aquifer is semi-
confined to confined by the overlying finer grained
deposits of the upper alluvium. Water levels in wells
screened in the alluvial aquifer ranged from about 2.5
to 21 feet below land surface between April (relative
high) and October (relative low) 1996. Potentiometric-
surface maps show that ground water in the alluvial-
fluvial deposits aquifer generally moves toward Big
Creek Drainage Canal and the larger tributaries in the
study area. Locally, ground water in the aquifer may
move beneath these streams without discharging to
them where bed altitudes are higher than the potentio-
metric surface. Samples of silt and clay collected from
the upper alluvium at NSA Memphis had laboratory-
determined total porosities ranging from 38 to about
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48 percent and vertical hydraulic conductivities of
1.5x 107 to 2.4 x 107 fyd. Samples of sand and gravel
collected from the lower alluvium had total porosities
ranging from 22 to 34 percent and vertical hydraulic
conductivities from 5.1 x 10! to 2.4 fr/d.

Loess, the surficial unit in upland parts of the
NSA Memphis area, consists predominantly of silt,
clayey silt, and silty clay, but locally may contain
some fine sand. The loess ranges from 15 to 45 feet in
thickness in the area. Subsurface data collected at
NSA Memphis indicate at least two layers of loess
based on relative differences in formation density,
color, and texture. A transitional zone is present
between silt in the lower part of the loess and sand and
gravel in the underlying fluvial deposits. Because of
its relatively low permeability, the loess generally
retards downward movement of recharge water to the
underlying fluvial deposits. However, a perched water
table is present in the loess at about 10 to 15 feet
below land surface throughout much of the area. Water
levels in an observation well screened in this zone
ranged from about 3.5 to 11 feet below land surface
between December 1995 and June 1996. Information
collected using Direct Push Technology indicates that
the loess is dry or less than saturated below the
perched zone to a depth within a few feet of the top of
the fluvial deposits. From an aquifer test conducted at
NSA Memphis, a vertical hydraulic conductivity of
3.5 x 102 f/d and a specific storage of 5.8 x 10 per
foot were estimated for the loess. Samples of silt and
clay collected from the loess at NSA Memphis had
laboratory-determined total porosities ranging from 35
to about 45 percent and vertical hydraulic conductivi-
ties from 8.5 x 10” t0 3.7 x 102 ft/d.

The fluvial deposits underlie the loess in upland
parts of the NSA Memphis area and consist of poorly
sorted fine to coarse sand and gravel with minor
amounts of clay. Gravel and local ferruginous sand-
stone or conglomerate layers may be present through-
out the unit, but are more common in the lower part.
The fluvial deposits range from 5 to about 70 feet in
thickness in the area. Two levels of fluvial deposits
have been identified at NSA Memphis, a lower level
and upper level unit with basal altitudes of about 220
and about 300 feet above sea level, respectively. The
fluvial deposits constitute the fluvial deposits aquifer
and ground water in this aquifer commonly is under
artesian pressure. Water levels in wells screened in the
aquifer ranged from about 8.5 to 56 feet below land
surface between April and October 1996. From results



of the aquifer test conducted at NSA Memphis, a hori-
zontal hydraulic conductivity of 5.3 ft/d and a specific
storage of 1.2 x 10 per foot were estimated for the
fluvial deposits aquifer. Samples of sand and gravel
collected from the fluvial deposits at NSA Memphis
had laboratory-determined total porosities ranging
from 26 to about 39 percent and vertical h%'draulic
conductivities from 1.1 x 1073 t0 7.4 x 10" fvd.

The Cockfield Formation, the uppermost unit in
the Claiborne Group in the NSA Memphis area, con-
sists of sand, silt, clay, and lignite. Individual beds in
the Cockfield Formation are lenticular and locally can
be discontinuous over short distances. Thickness of
the Cockfield Formation is variable as a result of ero-
sional surfaces at both the top and base. The thickness
generally ranges from about 25 to 185 feet in the area,
but locally the Cockfield Formation may be absent.
Correlations of geophysical logs from test holes
drilled for this study and from test holes for production
wells at NSA Memphis indicate the presence of faults
that displace the base of the Cockfield Formation by as
much as 70 feet. Offsets are not apparent at the base of
the fluvial deposits or lower part of the alluvium, indi-
cating movement along the faults ceased before depo-
sition of these units. Sand lenses in the Cockfield
Formation make up the Cockfield aquifer. Where these
sand lenses underlie the fluvial deposits, the two units
probably are hydraulically connected. However, clay
lenses in the upper part of the Cockfield Formation in
parts of the NSA Memphis area retard the downward
movement of ground water and serve as the lower con-
fining unit for the alluvial-fluvial deposits aquifer.
Water levels in an observation well screened in the
Cockfield Formation ranged from about 17 to 21 feet
below land surface between December 1995 and June
1996. From results of the aquifer test, a specific stor-
ageof 1.2 x 10 per foot was estimated for the Cock-
field Formation. Samples of clay and silt collected
from the Cockfield Formation at NSA Memphis had
laboratory-determined total porosities ranging from
about 41 to about 55 percent and vertical hydraulic
conductivities from 4.5 x 107 to 2.5 x 1073 fu/d.

The Cook Mountain Formation of the Claiborne
Group consists predominantly of clay and silt; minor
lenses of silty fine sand or lignite may be present
locally. The Cook Mountain Formation ranges from
about 10 to 60 feet in thickness in the NSA Memphis
area. The Cook Mountain Formation, along with clay,
silt, and fine sand in the overlying Cockfield Forma-
tion, serves as the upper confining unit for the Mem-

phis aquifer in the Memphis area, including much of
the NSA Memphis area. However, geologic and poten-
tiometric data suggest that hydraulic connection
between the fluvial deposits and Memphis aquifers
may exist along an interpreted fault beneath the north-
ern part of NSA Memphis. Samples of clay collected
from the Cook Mountain Formation at NSA Memphis
had laboratory-determined total porosities ranging
from about 30 to 42 percent and vertical hydraulic
conductivities from 5.0 x 10 t0 9.9 x 10™* fv/d.

The Memphis Sand of the Claiborne Group con-
sists of fine to medium or medium to coarse sand with
lenses of clay, silt, and lignite at various stratigraphic
horizons. The Memphis Sand ranges from about 865 to
880 feet in thickness in the NSA Memphis area. The
Memphis Sand constitutes the Memphis aquifer, which
is the principal water-supply aquifer in the Memphis
area and western Tennessee. In 1993, about 0.8 million
gallons per day was withdrawn from the Memphis
aquifer at NSA Memphis. Potentiometric data for the
alluvial-fluvial deposits and Memphis aquifers at NSA
Memphis indicate a vertical head difference of about
40 feet and a downward hydraulic gradient between
the two units through the Cockfield and Cook Moun-
tain confining unit. Water-quality data and the apparent
lack of observed effects on water levels in observation
well Sh:U-101 screened in the fluvial deposits aquifer
from intermittent withdrawals from the Memphis aqui-
fer at the facility indicate that the two zones are iso-
lated hydraulically beneath the central part of NSA
Memphis. From the results of an aquifer test, a hori-
zontal hydraulic conductivity of about 68 ft/d, a trans-
missivity of about 11,400 ft“/d, and a storativity of
about 1 x 10" have been estimated for the lower part
of the Memphis aquifer at NSA Memphis.

The Flour Island Formation consists of clay, silt,
sand, and lignite, and ranges from about 225 to 290 feet
in thickness in the NSA Memphis area. The Flour
Island Formation serves as a confining unit separating
the Memphis aquifer from the Fort Pillow aquifer.
Water-level measurements made in production wells
Sh:V-20 and Sh:U-60 at NSA Memphis in 1995
indicate a vertical head difference of 32 feet and a
downward hydraulic gradient between the Memphis
and Fort Pillow aquifers through the Flour Island con-
fining unit,

The Fort Pillow Sand consists primarily of sand
with some thin lenses of clay. The sand is very fine to
fine or fine to medium grained. The Fort Pillow Sand
ranges from about 125 to 180 feet in thickness in the
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NSA Memphis area. The Fort Pillow Sand constitutes
the Fort Pillow aquifer. In 1993, about 1.2 million gal-
lons per day was withdrawn from the Fort Pillow aqui-
fer at NSA Memphis. From results of an aquifer test, a
horizontal hydraulic conductivity of about 13 ft/d, a
transmissivity of about 2,300 ft?/d, and a storativity of
1 x 10" have been estimated for the Fort Pillow aqui-
fer at NSA Memphis.

The Old Breastworks Formation consists prima-
rily of clay, silt, fine sand, and lignite. The unit has an
estimated thickness range of about 245 to 310 feet in
the northern part of Shelby County, including the NSA
Memphis area. It is included with the underlying Por-
ters Creek Clay and Clayton Formation of Tertiary age
and the Owl Creek Formation of Cretaceous age as the
confining unit that separates the Fort Pillow aquifer
from the deeper McNairy aquifer. This confining unit
is estimated to be about 700 feet thick beneath NSA
Memphis.

As a result of the investigations at potential con-
tamination sites at NSA Memphis, a large amount of
data has been collected on contaminant concentrations
in the shallow ground-water system. Contaminants
most often detected in ground-water samples have been
volatile organic compounds—primarily fuel-related
constituents in the loess and chlorinated solvents in the
alluvial-fluvial deposits aquifer. Generally, concentra-
tions detected were less than applicable maximum
contaminant levels. However, locally elevated concen-
trations of several contaminants have been detected.
Contaminants detected exceeding their respective
maximum contaminant levels and the maximum con-
centration detected include: tetrachloroethene,

230 micrograms per liter (ug/L); trichloroethene,
1,300 pg/L; 1,2 dichloroethene, 770 pug/L;

1,1 dicholorethene, 290 pg/L; vinyl chloride, 24 ug/L;
benzene, 4,600 pg/L; carbon tetrachloride, 199 pg/L;
chromium, 680 pg/L; nickel, 470 ug/L; and lead,

39 ug/L.

Ground-water samples were collected from 18
monitoring and production wells and analyzed for
physical properties and major and trace inorganic con-
stituents. Results of the analyses indicate that water
from the loess, fluvial deposits aquifer, Cockfield For-
mation, and the Memphis aquifer is a calcium bicar-
bonate type. Ground water from the Fort Pillow
aquifer is a sodium bicarbonate type. Samples col-
lected from the loess indicate that the water is very
hard and has dissolved-solids concentrations ranging
from 320 to 506 milligrams per liter. Generally, dis-
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solved solids, hardness, and concentrations of most
major inorganic constituents decrease with depth.
Water in the Fort Pillow aquifer is soft and has dis-
solved-solids concentrations ranging from 94 to

108 mg/L. Concentrations of most trace inorganic
constituents were less than method reporting limits,
and those constituents exceeding these limits were less
than applicable maximum contaminant levels.

Tritium concentrations for two ground-water
samples collected from the fluvial deposits aquifer
near two Memphis aquifer production wells at NSA
Memphis were 12 and 16 tritium units, indicating a
significant component of post-1952 recharge to the
aquifer. Tritium concentrations for samples collected
from three wells screened in the Cockfield Formation
and the two Mempbhis aquifer production wells were
less than 1 tritium unit, indicating that significant leak-
age of post-1952 water from the fluvial deposits aqui-
fer to the Cockfield Formation and Memphis aquifer is
not occurring in the area of these wells.
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APPENDIX 1

Lithologic 1ogs and selected geophysical logs for nine stratiraphic test holes drilled and
well-construction diagrams for four water-level observation wells installed at Naval

Support Activity Memphis, Millington, Tennessee

EXPLANATION

USGS local well number for Tennessee
/ {Project well number)~_
SH:¥-74 (STRATIGRAPHIC TEST HOLE 1)

GEOPHYSICAL LOGS
Yy -ray R

Y -ray NATURAL GAMMA-RAY LOG,
RADIODACTIYITY INCREASES ——

R SHORT-NORMAL RESISTIYITY TRACE
OF ELECTRIC LOG

LITHOLOGIC SYMBOLS Well protector

Concrete pad
- Lignite R e Land surface

ety Cement-bentonite
—————-{ Clay grout
plegtngduged [
Silt
Sand Bentonite
seal
Sand and gravel
k¥ / Sand pack
Lithology is from drillers’
logs, geophysical logs, and

geologists® descriptions of interval ~ J b

10~-foot-interval samples. | S5rd TR LEA

Colors are after the "Rock 4-inch well

Color Chart” of the

Geological Society of The observation wells were installed by hydraulic
America. Sand sizes are rotary methods. Well casings and screens are

from a visual comparison polyvinyl chloride {PYC). The wells were developed
card based on the Wentworth with a submersible pump until the water was clear
grade scale of particle size. of drilling mud.
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100 —

120—

IN FEET BELOW LAND SURFACE

3
I

DEPTH

180—

160—

200—

SH:U-98 (STRATIGRAPHIC TEST HOLE 2)

Latitude: 35°21° 147 Longitude: 8§9°52°33°
Altitude of 1and surface: 284 feet

Date completed: April 16, 1994

Total depth: 199 feet below land surface

Y -ray

—— — — ]

o — I 0 Pr—
f—ee —

b o — i ——]

b e e — —

Loess ll-‘ill

LITHOLOGY

Clay and silt, light olive-
™, brown

Sit, yellowish-qray te
pale yellowish-brown;
locally contained small
manganiferous concretionsi

Fluvial
deposits

Sand and gravel: Sand, light-
gray to very light-brown;
gravel, primarily chert,
concentrated in a dense
layer from 93 to 96 feet;
may be cemented to ferm
ferruginous conglomerate

Cook Mountain

Cockfield For mation

Sand and clay: Sand, light
olive-grag, fine, silty;
clay, olive-gray, silty,
sandy; some lignite

Clay, olive-gray, silty,
sandy; lignitic clay from
. about 134 to 136 feet

Sand and clay: Sand, light
olive-gray to olive-gray,
very fine to fine, silty;
finely lignitic; clay,
olive-gray, silty

Formation

Clay, light olive-gray to
greenish-gray, hard
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DEPTH, IN FEET BELOW LAND SURFACE

SH:U-99 (STRATIGRAPHIC TEST HOLE 4)

Latitude: 35°20°44° Longitude: 89° 52" 48~
Altitude of 1and surface: 268 feet

Date completed: April 25, 1994

Total depth: 220 feet below land surface

Y -ray R
LITHOLOGY

5ilt, moderate-brown te
light-gray, clayey

Silt, light-brown te
moderate yellowish-
brown; clayey in part

Sand and gravel: Sand, light-
gray to light-brown;
gravel concentrated in
basal few feet and may be

cemented to form ferrugi-
N\, hous conglomerate

Fluvial
deposits | Loess [Alluvium

Clay, olive—gray to i
brownish-gray, lignitic

Sand, light elive-gray;
some clay interbeds

Formation

Clay, brownish-gray to
olive-gray, hard;
contains some thin
interbeds of lignite

u —————
20 —
__‘

40 — -";.:‘:-' el

60— e

— #

100 — R
120—

140— 1

Cook Mountain| Cockfield
Formation

Sand and clay: Sand, light
olive-gray, fine; clay,
olive-gray; clay beds
from about 163 to 166
and 188 to 191 feet

Memphis Sand

Sand, light olive-gray,
fine, finely lignitic

160— Y
180—
200—

220—
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DEPTH, IN FEET BELOW LAND SURFACE

20 —

40 —

60

100—

120

140

SH:U-102 {STRATIGRAPHIC TEST HOLE 9 FOR
WATER-LEVEL OBSERVATION WELL WL-1C)

Latitude: 35° 20" 427 Longitude: 89° 52" 34~
Altitude of land surface: 275 feet

Date completed: April 13,1995

Total depth: 120 feet below land surface

¥ -ray R

LITHOLOGY

Fluvial .
Ideposits | Loess |Flll

Clay, moderate-yellowish
\ brown, very s1ity

S5ilt, pale yellowish-brown
to olive-gray mottled
dark yellowish- orange,
clayey in part; contains

\ small manganiferous
concretions

Sand and gravel: Sand,
grayish-orange to
moderate yellowish-
orange, fine to coarse;

N, gravel, mostly chert

Sand and clay: Sand, very
fine; clay, brownish-
\. 9ray to dusky brown

Clay, grayish-brown to
dusky brown, silty,
sandy; Tess sandy in

lower part

Cockfield Formation
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DEPTH, IN FEET BELOW LAND SURFACE

SH:V-74 (STRATIGRAPHIC TEST HOLE 1)

Latitude: 35°20" 32~ Longitude: 89°51° 14"
Altitude of land surface: 285 feet

Date completed: April 12, 1994

Total depth: 212 feet below land surface

- R
¥ -ray LITHOLOGY

Silt, pale yellowish-brown
to moderate-brown,
clayey in part; contained
some sand at about 18 to
19 feet, indicating upper

.___part may be alluvium

N
=
l Loess

Sand and gravel: Sand, Yery
light-gray to light-
brown, fine to coarse;
gravel, chert, cemented
to form ferruginous
sandstone in lower foot

Fluvial
deposits

Clay, brownish-gray to
olive—gray, sandy, silty

Sand, light-brown te light
olive-gray, fine to

100 — N, medium, finely lignitic

Clay and sand: Clay, medium
N, 11ght-gray; sand, fine

120— Sand,light-gray, fine to

medium ; some lignite

Clay, light-gray, sandy;
contained small
marcasite concretion

140—

Cockfield Formation

160— Sand, light olive-gray,

very fine to fine;
contained some fine

180— particles of lignite

Clay, light olive-gray to
brownish-gray, hard

200—

220—

Cook Mountain
For mation
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DEPTH, IN FEET BELOW LAND SURFACE

20

40 —

60—

100 —

120—

140

160

200—

220

SH:¥-75 (STRATIGRAPHIC TEST HOLE 3)

Latitude: 35°21°48 " Longitude: 89°31° 55~
Altitude of land surface: 326 feet

Date completed: April 20, 1994

Total depth: 218 feet below land surface

Y -ray

LITHOLOGY

I Loess

5ilt, yellowish-brown to
moderate brown, clayey

Tuvial
osits

Sand and gravel: Sand, dark
yellowish-orange to
moderate reddish-brown,
fine to coarse ; gravel,
predominantly chert

Sand and clay: Sand, light
olive-gray to medium-
gray, fine; clay, olive-
gray to medium-gray,
silty, sandy; some lignite
at about 70 feet

Clay, olive-gray, silty,
sandy; some lignite at
about 96 feet

Sand, light olive-gray,
fine

Cockfield Formation

Clay, olive-gray, silty,
sandy in upper part;
. ctontains some lignite

Sand and clay: Sand, light
olive-gray, fine, finely
lignitic; clay, olive-
gray, sandy

Clay, light olive-gray,
hard

Cook Mountain
Formation
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DEPTH, IN FEET BELOW LAND SURFACE

SH:¥-76 (STRATIGRAPHIC TEST HOLE 95)

Latitude: 35°20° 48~ Longitude: 89°52713~

Altitude of land surface: 290 feet
Date completed: April 28, 1994

Total depth: 220 feet below land surface

Y -ray

100 —

120—

140—

160—

200—

220—

52 Hydrogeology and Ground-Water Quality at Naval Support
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LITHOLOGY

Silt, light-brown to dark
yellowish-brown; clayey
in part; some sandy clay
at ahout 15 feet

Fluvial deposits| Loess

Sand and gravel: Sand,
yellowish-gray, fine;
contains some thin
interbeds of clay; gravel,
predominantly chert,
concentrated in lower
part

[,

Clay, olive-gray te
brownish-gray, silty in
part; some lignite

Sand, light olive-gray,
fine to medium; contains
some thin interbeds of
clay and lignite

Cockfield Formation

Sand and clay: Sand, light
olive-gray, fine; clay,
brownish-gray, silty;
contains some lignite

Clay, light olive-gray to
greenish-gray, hard

Cook Mountain
For mation




DEPTH, IN FEET BELOW LAND SURFACE

SH:¥-78 (S5TRATIGRAPHIC TEST HOLE 6)

Latitude: 35°21° 15" Longitude: 89°51° 29~
Altitude of land surface: 331 feet

Date completed: April 3, 1995

Total depth: 252 feet below land surface

Y -ray

-
=
Q

220—

240

260

LITHOLOGY

1
Iil lLoess

Fluvia
ldepnsit

Silt, moderate yellowish-
brown to moderate hrown;
locally contains small

._manganiferous concretions

Gravel and sand, dark
yellowish-orange; gravel,
chert and quartz; contains
pebbles as much as 1 inch
in lengest dimension

Sand, grayish-yellow to
dark yellowish-orange,
very fine to fine; contains

N\ Seme pinkish-gray clay

Clay, light brownish-gray

to olive gray; contains
some lignite particles

Sand, light elive-gray to
brownish-gray, very
fine, silty; some lignite

Cockfield For mation

Clay, light olive-gray to
olive-gray, silty, sandy

Sand, pale yellowish-
brown to pale brown,
very fine to fine;
contains some lignite
particles

ok Mountain
Formation

|Bo

Clay, light elive-gray to
~_. pinkish-gray , soft

Sand, pale yellowish-
brown, very fine to fine;
contains some lignite

particles

Memphis Sand
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DEPTH, IN FEET BELOW LAND SURFACE

SH:¥-79 (STRATIGRAPHIC TEST HOLE 7)

Latitude: 35°19° 53~ Longitude: 89°52° 05~
Altitude of 1and surface: 266 feet

Date completed: April 8, 1995

Total depth: 200 feet below land surface

Y -ray

54 Hydrogeology and Ground-Water Quality at Naval Support
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LITHOLOGY

ial
’gl Loess |l-'ill

Fluvia
deposit

N 311t, elive-gray

Silt, yellowish-gray to
pale yellowish-brown,
clayey in part: locally
contains small mangani-

N\, ferous concretions

Sand, gravel, and silt:
medium yellowish-brown
to dark yellowish-orange

Clay, browmsh-gray to
N\, 9rayish-brown, silty

Sand, elive-gray to
brownish-gray, very
fine, silty, clayey

Cockfield Formation

Clay, olive-gray to
brownish-black, silty,
sandy; some lignite

Sand and clay: Sand, light
olive-gray, very fine;
clay, olive-gray; some
ligmite

Clay, light elive-gray to
.. brownish-gray

Clay, light-gray to olive-
gray, silty; sandy in
™. part; some lignite

Clay,light elive-gray te
greemish-gray, slightly
silty, hard

Cook Mountain
For mation




DEPTH, IN FEET BELOW LAND SURFACE

SH:¥-80 (STRATIGRAPHIC TEST HOLE 8)

Latitude: 35°19° 16" Longitude: 89° 52" 20"
Altitude of land surface: 267 feet

Date completed: April 12,1995

Total depth: 180 feet below l1and surface

¥ —ray R = LITHOLOGY
0 == L\Silt, moderate-brown
] g| Silt, light olive-gray te
20 S moderate-brown, clayey;
- some manganiferous
] = concretions - changed at
- about 15 feet to olive-
40 — < gray to medium dark-
— grag , some disseminated
— carbonaceous particles
60 Gravel and sand: Gravel,
chert and quartz; sand,
-] H olive-gray, silty
80 'ﬁ Sand and clay: Sand, light
E olive-gray, very fine to
— e fine; clay, brownish-
= gray, silty; basal sand
100 — = brownish gray, very
— & lignitic
‘20| E Clay and sand: Clay,olive-
e gray te brownish-qray,
—] e silty; sand, light elive-
140 gray, very fine
Sand, brownish-gray te
— o g olive-gray, very fine-
160 =] £ to fine, silty
ity -E | Clay, light olive-gray to
-] p — —— — —| —f greenish-gray, silty,
180 - —— £E hard
[
— E"E
200 Q
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DEPTH, IN FEET BELOW LAND SURFACE

WELL CONSTRUCTION DIAGRAMS FOR WATER-LEVEL OBSERVATION WELLS

Sh:Uu-100 Sh:Uu-101 Sh:U-102 Sh:U-103
{wWL-1L) {WL-1F) {WL-1C) { WL-2F)
0 — F‘* r—~ T e
10 — G R %
FE we
\/ %
20— KA o
inte rw.ﬂ %
30 — 8-18 /j
N
Well WL- 1L was KR
40 —|  installed in a hole S0 I
made with box auger. PRI
No drilling fluids 5 E :

50 —| were used.

60 —j
RO o
AL L
oy R
70 — SN "L—l 25
‘Screened Sctr ee '"’]d
interval hiervs
80 — 59-69° 40-70°
ap —
‘00 — o N
S
.;,'s i1 I
110 — All wells were S
constructed with HoL
4-inch casings and \/
120 —1 screens. RPN
Screened
interval
105-115%°

56 Hydrogeology and Ground-Water Quality at Naval Support
Activity Memphis, Millington, Tennessee



APPENDIX 2

Depth to bases and calculated thicknesses of the loess or silt and clay in

upper alluvium, sand and gravel in lower alluvium or fluvial deposits, the

Cockfield Formation, and the Cook Mountain Formation from correlations

of geophysical and boring logs of 78 selected test holes at Naval Support
Activity Memphis, Millington, Tennessee
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APPENDIX 3

Depth to bases and calculated thicknesses of the Cook Mountain
Formation, Memphis Sand, Flour Island Formation, and Fort Pillow Sand
from correlations of geophysical logs of six deep test holes in the area of

Naval Support Activity Memphis, Millington, Tennessee
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