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CONVERSION FACTORS, VERTICAL DATUM, AND WELL-NUMBERING SYSTEMS

Multiply By To obtain
inch (in.) 2.54 centimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
foot per day (ft/d) 30.48 centimeter per day
gallons per minute (gal/min) 0.06309 liters per second
million gallons per day (Mgal/d) 0.04381 cubic meter per second

Sea level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929--a geodetic datum derived from a general
adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.

Well-Numbering Systems: For brevity in this report, wells are assigned project or map numbers to aid in discussions involving compar-
isons of data as related to well locations and aquifers in which the wells are screened. Five wells installed in the Mississippi Alluvial Plain
are assigned numbers 1-5 preceded by the letter "A" to indicate the alluvial aquifer. Seven wells (and one existing well) installed near
Memphis Light, Gas and Water Division (MLGW) production wells are assigned well-lot numbers preceded by the letter "F" to indicate
the fluvial deposits aquifer. Fourteen production wells in the Davis well field were assigned MLGW well numbers (the same as the well-
lot number) preceded by the letter "M" to indicate the Memphis aquifer.

In tables 2 through 6 in this report, both the project or map numbers and the U.S. Geological Survey (USGS), Tennessee District, well
numbers are given for cross reference to aid in the location of water-level and water-quality data in the USGS files.

Tennessee District well-numbering system: Wells in Tennessee are identified according to the numbering system that is used by the
USGS, Water Resources Division. The well number consists of three parts:

(1) an abbreviation of the name of the county in which the well is located;

(2) aletter designating the 7 1/2-minute topographic quadrangle on which the well is plotted; quadrangles are lettered from left to right
across the county beginning in the southwest corner of the county; and

(3) a number generally indicating the numerical order in which the well was inventoried.

For example, Sh:H-17 indicates that the well is located in Shelby County on the "H" quadrangle and is identified as well 17 in the numer-
ical sequence.
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Hydrogeology, Ground-Water Quality, and Source of
Ground Water Causing Water-Quality Changes in the
Davis Well Field at Memphis, Tennessee

By William S. Parks, June E. Mirecki, and James A. Kingsbury

ABSTRACT

An investigation was conducted by the U.S.
Geological Survey from 1992 to 1994 to collect
and interpret hydrogeologic and water-quality data
to determine the source of ground water causing
water-quality changes in water from wells
screened in the Memphis aquifer in the Davis well
field at Memphis, Tennessee. Water-quality
changes in aquifers used for water supply are of
concern because these changes can indicate a
potential for contamination of the aquifers by
downward leakage from near-surface sources.

The water-quality changes at the Davis well
field were detected by Memphis Light, Gas and
Water Division, which has periodically sampled
and analyzed water from many of the 14 produc-
tion wells since the well field began operation in
1971. Memphis Light, Gas and Water Division
analyzed the water samples primarily for hardness,
alkalinity, chloride, sulfate, and iron. Results of
these analyses and results of more recent (1992)
analyses of water samples by the U.S. Geological
Survey indicate that the quality of water from
eight of the production wells has changed since the
well field began operation. For example, from
1972 to 1991, hardness of water from one well has
increased from 90 to 292 milligrams per liter
(224 percent).

The confining unit, which separates the fluvial
deposits aquifer from the Memphis aquifer in the
area of the well field, is relatively thick and con-
tains many clay layers. However, a test hole
drilled for one of five shallow wells installed in the

alluvial aquifer in the Mississippi Alluvial Plain
just west of the well field indicated that the confin-
ing unit separating the alluvial aquifer from the
Memphis aquifer locally is absent. Differences in
hydraulic head between the alluvial and fluvial
deposits aquifers and the Memphis aquifer favor
downward leakage of ground water. Thus, the
absence of the confining unit beneath the Missis-
sippi Alluvial Plain just west of the well field pro-
vides a direct pathway for water in the alluvial
aquifer to enter the Memphis aquifer.

Comparison of selected water-quality proper-
ties and major inorganic and trace element constit-
uent concentrations in samples from the alluvial,
fluvial deposits, and Mempbhis aquifers indicates
that the source of ground water causing water-
quality changes at the Davis well field is the allu-
vial aquifer west of the well field. The presence of
tritium and chlorofluorocarbons in water from
wells screened in the Memphis aquifer in the west-
ern part of the well field indicates that relatively
young (post-1940) water from the alluvial aquifer
has entered the Memphis aquifer.

NETPATH geochemical model code was used
to mix waters from the alluvial aquifer with water
from the Memphis aquifer using chloride as a con-
servative tracer. The resulting models indicated
that a mixture containing 3 percent alluvial aquifer
water mixed with 97 percent unaffected Memphis
aquifer water would produce the chloride concen-
tration measured in water from the Memphis aqui-
fer well most affected by water-quality changes.

NETPATH also was used to calculate mixing
percentages of alluvial and Memphis aquifer
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waters based on changes in the concentrations of
selected dissolved major inorganic and trace ele-
ment constituents that define the dominant reac-
tions that occur during mixing. These models
indicated that a mixture containing 18 percent
alluvial aquifer water and 82 percent unaffected
Memphis aquifer water would produce the major
constituent and trace element concentrations mea-
sured in water from the Memphis aquifer well
most affected by water-quality changes. However,
these model simulations predicted higher dis-
solved methane concentrations than were mea-
sured in water samples from the Memphis aquifer
wells.

INTRODUCTION

The quality of ground water pumped at the Mem-
phis Light, Gas and Water Division (MLGW) Davis
well field at Memphis, Tennessee, has changed since
the well field first began production in 1971. Analyses
of water samples collected from wells in the well field
in 1972, 1973, and 1982 by MLGW indicated an
increase in values for hardness and alkalinity and in
concentrations of chloride, sulfate, and iron in samples
from well M419 during this 11-year period. Hardness
increased 159 percent; alkalinity, 129 percent; chloride,
33 percent; sulfate, 300 percent; and iron, 255 percent.
Initially, water-quality changes in samples from this
well seemed anomalous when compared to analytical
results of samples from other wells in the well field.
An early explanation postulated for the water-quality
change in well M419 was leakage of ground water
from the shallower fluvial deposits aquifer to the
deeper (confined) Memphis aquifer down the annular
space outside the well casing resulting from faulty well
construction.

MLGW subsequently sampled most of the 14 pro-
duction wells in the Davis well field in 1983, 1987, and
1988. These analyses indicated a similar trend of
water-quality change between 1972 and 1988, not only
in water from well M419, but also in water from wells
M401, M414, M415, and M421. For example, analy-
ses of water samples from these five wells indicated
that hardness had increased 198 percent in samples
from well M419, 74 percent in well M401, 82 percent
in well M414, 91 percent in well M415, and 77 percent
in well M421. Increases in hardness, as well as some
other properties and constituent concentrations in sam-

ples from the five wells, indicated that downward
movement of ground water from the fluvial deposits
aquifer to the deeper Memphis aquifer was not occur-
ring as a result of faulty construction at a single well,
but probably as leakage through the confining unit.

From 1988 to 1989, a graduate student in the
Department of Geological Sciences at Memphis State
University [The University of Memphis (U of M) as of
July 1, 1994] interpreted existing data as part of an
investigation of water-quality changes in the Davis
well field (Richardson, 1989). The U.S. Geological
Survey (USGS) provided the student with information
about the hydrogeology and copies of geophysical logs
made in test holes drilled for the well field. MLGW
provided the student with historical water-quality data
from the 14 production wells.

Based on a series of contour maps showing the dis-
tributions of hardness in ground water at the well field
in 1972 and 1988, total dissolved solids concentrations
in 1987, and barium in 1988, and the presence of sev-
eral tens of feet of clay in the confining unit overlying
the Memphis aquifer in the well field, Richardson
(1989) concluded that observed water-quality changes
in the Memphis aquifer were the result of downward
leakage from the alluvial aquifer beneath the Missis-
sippi Alluvial Plain west of the well field. Richardson
postulated that a "window" (an area where the confin-
ing unit separating the shallow aquifers from the Mem-
phis aquifer is thin or absent) might exist in this area
and that downward leakage might be occurring through
this "window." Graham and Parks (1986) had inter-
preted an area of high potential for downward leakage
from the alluvial aquifer to the Memphis aquifer in a
north-south belt west of the Davis well field near the
Mississippi River.

Water-quality changes in aquifers used for public
water supply are of concem because these changes can
indicate a potential for contamination to the aquifers by
downward leakage from near-surface sources. In
response to this concern, the USGS began a 2-year
(1992 to 1994) investigation of the hydrogeology and
water quality in the Davis well field area in cooperation
with MLGW and U of M. This investigation was con-
ducted as two separate and independent efforts: (1) the
USGS investigated the hydrogeology, ground-water
quality, and source of the ground water causing water-
quality changes in the Davis well field and (2) U of M
modeled the ground-water-flow system in the Davis
well field area using the USGS computer model MOD-
FLOW (McDonald and Harbaugh, 1988) with the

2 Hydrogeology, Ground-Water Quality, and Source of Ground Water Causing Water-Quality
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particle-tracking component MODPATH (Pollock,
1989).

Purpose and Scope

This report presents the results of a USGS investi-
gation of the hydrogeology, water-quality, and source
of ground water causing water-quality changes in the
Davis well field. The report also presents construction
diagrams and gamma-ray logs for 12 wells installed in
the alluvium and fluvial deposits in the Davis well field
area and lithologic data for the test holes drilled for
these wells (Appendix 1).

Major tasks conducted during the USGS investiga-
tion included (1) studying the hydrogeology of the
Davis well field area; (2) collecting water-quality data
from wells screened in the alluvial, fluvial deposits,
and Memphis aquifers; (3) collecting data on concen-
trations of tritium, stable isotopes of carbon, and chlo-
rofluorocarbons in ground water; and (4) generating
geochemical models of ground-water mixing using the
model code NETPATH. These data were interpreted to
determine the source of ground water causing water-
quality changes in water from wells screened in the
Memphis aquifer.

The study area consisted of about 10 square miles
in southwestern Shelby County, including the Davis
well field of Memphis Light, Gas and Water Division
and adjacent areas (fig. 1). The investigation was lim-
ited to a study of the alluvial and fluvial deposits aqui-
fers and the upper and middle parts of the Memphis
aquifer.
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WELL FIELD DESCRIPTION

The Davis well field is located in an undeveloped
area of Memphis in southwestern Shelby County, Ten-
nessee (fig. 1). The well field consists of 14 production
wells (fig. 2) that were installed in 1970 and 1971;
pumping began in August 1971. Production wells are
located on MLGW lots spaced about 1,000 feet apart to
lessen areal water-level drawdown as a result of pump-
ing. The wells range from 412 to 606 feet deep and are
screened in the upper to middle parts of the Memphis
aquifer--the principal aquifer that supplies water for
domestic, agricultural, commercial, industrial, and
municipal use in the Memphis area. Screens in all
wells are 80 feet long. The tops of the screens range
from 332 to 526 feet below land surface. Well yields
range from about 1,000 to 1,500 gallons per minute.

Near the center of the Davis well field are a pump-
ing station and water-supply treatment plant (fig. 2).
The pumping station and treatment plant have a design
capacity of about 15 million gallons per day. Pumpage
at the well field from 1972 to 1992 has averaged about
12 million gallons per day.

Ground water pumped from the 14 wells is treated
by aeration and filtration. The water is passed through
coke trays to remove carbon dioxide and hydrogen sul-
fide. Iron and manganese are oxidized during the aera-
tion process and are removed by passing the water
through rapid-sand filters. Chlorine is added to inhibit
bacterial contamination; and hydrofluorosilicic acid is
added to reduce tooth decay in children (James H.
Webb, Memphis Light, Gas and Water Division, oral
commun., 1993).

PHYSIOGRAPHIC SETTING

The Davis well field is located in the Gulf Coastal
Plain physiographic province just east of the Missis-
sippi Alluvial Plain (Fenneman, 1938). The boundary
between the Gulf Coastal Plain and the Mississippi
Alluvial Plain is at the base of the Mississippi River
bluffs (fig. 1). Altitudes in the Gulf Coastal Plain in the
Davis well field area range from about 310 feet above
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sea level at the top of the bluffs to about 210 feet near
their base; thus, the bluffs have a maximum relief of
about 100 feet. The topography of the upland areas
east of the bluffs is moderately steep to gently rolling,
but the alluvial plains of streams that cross these areas
are nearly flat.

The Mississippi Alluvial Plain, just west of the
Davis well field, generally is flat. Altitudes range from
about 215 feet above sea level in high areas to about
200 feet in low areas. Thus, total relief generally is less
than 15 feet. The Mississippi Alluvial Plain west of the
Davis well field is enclosed by a 30-foot levee on the
north, west, and south. This levee provides flood pro-
tection from the Mississippi River for the Pidgeon
Industrial Park (fig. 2). The Mississippi River is about
1/2 to 3/4 mile northwest of the westernmost part of the
levee, or about 3 1/2 miles northwest of the bluffs.
Hom Lake Cutoff, which drains the Pidgeon Industrial
Park, flows north to south near the base of the bluffs
and enters Horn Lake through the levee at a pumping
station near the southeastern comer of the park (fig. 2).

HYDROGEOLOGY

The Davis well field area is located on the eastern
limb of the Mississippi embayment, a broad structural
trough or syncline that plunges southward along an
axis that approximates the Mississippi River (Cushing
and others, 1964). This syncline is filled with a few
thousand feet of unconsolidated to semiconsolidated
sediments that constitute formations of Cretaceous and
Tertiary age. These formations dip gently westward
into the embayment and southward down the axis.
Overlying the Cretaceous and Tertiary formations in
many areas are surficial deposits of Tertiary(?) and
Quaternary age. Post-Wilcox Group geologic units
underlying the Davis well field area and their hydro-
logic significance are given in table 1.

Because the Davis well field is near the axis of the
Mississippi embayment, the Tertiary formations are
essentially flat, dipping gently to the south and west
(fig. 3). The fluvial deposits overlie the Cockfield For-
mation beneath the upland areas of the Gulf Coastal
Plain, and the alluvium overlies the Cockfield Forma-
tion, Cook Mountain Formation, or Memphis Sand
beneath the Mississippi Alluvial Plain (fig. 3).

The Memphis Sand constitutes the Memphis aqui-
fer, the fluvial deposits constitute the fluvial deposits
aquifer, and the alluvium constitutes the alluvial aqui-

fer. The Cook Mountain and Cockfield Formations
serve as a confining unit separating the fluvial deposits
and alluvial aquifers from the deeper Memphis aquifer.

Alluvial Aquifer

The alluvial aquifer underlies the Mississippi Allu-
vial Plain west of the Davis well field area (fig. 1). The
alluvial aquifer generally consists of an upper clay, silt,
and sand unit and a lower sand and gravel unit. In the
test holes for five wells screened in the alluvial aquifer
(wells A1, A2, A3, A4, and AS, Appendix 1), the upper
clay, silt, and sand unit ranged from about 35 to 50 feet
in thickness. The clay, silt, and sand were complexly
interbedded and interlensed, and carbonized plant
remains and lignite fragments were relatively common
in these sediments.

In the test holes drilled during the installation of
the five wells in the alluvial aquifer (wells A1, A2, A3,
A4, and AS, Appendix 1), the lower sand and gravel
unit ranged from about 15 to 95 feet in thickness. The
sand was fine to very coarse. At various stratigraphic
horizons within the sand were lenses of sand and gravel
that ranged from less than 1 to about 30 feet in thick-
ness. The gravel consisted predominantly of chert,
quartz, and quartzite, although a few pebbles of meta-
morphic rock were identified. Some gravel was as
large as 1 inch in the longest dimension. The sand also
contained some carbonized plant remains and lignite
fragments.

Water levels measured in nine wells screened in the
alluvial aquifer in September 1993 ranged from about
14 to 19 feet below land surface (table 2). In the area
of wells A1 through A5 (fig. 4), the clay and silt in the
upper 20 to 50 feet of the alluvium serve as an upper
confining unit for the alluvial aquifer inasmuch as
water levels in wells rise above the top of the lower
sand and gravel unit.

Water levels in the alluvial aquifer fluctuate sea-
sonally, generally rising in the winter and spring and
declining in the summer and fail (fig. 5). A plot of the
stage of the Mississippi River and water levels in well
A2 (fig. 5) indicates no correlation between river stage
and water-level fluctuations. This lack of correlation
probably is the result of well A2 being about
3 1/2 miles from the Mississippi River, or the local
effects of downward leakage from the alluvial aquifer
to the Memphis aquifer as a result of pumping at the
Davis well field.

6 Hydrogeology, Ground-Water Quality, and Source of Ground Water Causing Water-Quality
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Table 1. Post-Wilcox Group geologic units underlying the Davis well field area, Memphis, Tennessee, and their hydrologic
significance

[Compiled from Parks (1973), Parks (1978), Kingsbury and Parks (1993)]

System Serles Group Stratigraphic unit Thickness Lithology and hydrologic significance
(In feet)

Quartz sand, gravel, silt, and clay. Underlies the
Mississippi Alluvial Plain and the alluvial plains of
streams draining the Gulf Coastal Plain. Upper part

Holocene consists of fine sand, silt and clay; lower part consists
and Alluvium 0-150 of sand and gravel. Thickest beneath the Mississippi
Pleistocene Alluvial Plain where it is as much as about 150 feet

thick; generally less than about 50 feet thick elsewhere.
Beneath the Mississippi Alluvial Plain, alluvium
Quaternary constitutes the Mississippi River Valley alluvial aquifer.

Silt, silty clay, and minor sand. Principal unit at the surface
in upland areas of the Gulf Coastal Plain, concealing
older Quaternary and Tertiary formations at most places.

Pleistocene Loess 0-60 Thickest on the bluffs that border the Mississippi Alluvial

Plain. Generally retards downward movement of water

that provides recharge to the fluvial deposits aquifer.

Quartz sand, gravel, and minor clay and sandstone.
Underlie the loess in upland areas. Generally consist

Quatemnary Pleistocene of sand with lenses of gravel and some clay. Locally
and and Fluvial deposits 0-65 cemented to form ferruginous sandstone. Thickness
Tertiary(?) Pliocene (?) varies greatly because of erosional surfaces at top

and base. Constitute the fluvial deposits aquifer in
the area of the Davis well field.

Quartz sand, silt, clay, and lignite. Complexly interbedded
and interlensed; lithologies vary greatly over short

Cockfield distances and depths. Only lower part of formation

Formation 0-100 preserved; upper surface is severely eroded. Serves as
part of the upper confining unit overlying the
Memphis aquifer.

Clay, silt, and sand. Generally consists of clay and silt,
but locally contains lenses of very fine sand in lower

Cook Mountain part. Locally absent beneath the Mississippi Alluvial
Formation 0-90 Plain where the formation has been removed by
Tertiary Eocene Claibome erosion. Where present, is the thickest and most

widespread clay layer in the upper confining unit
overlying the Memphis aquifer.

Quartz sand, silt, clay, and minor lignite. Consists of a
thick body of sand with clay or silt lenses at various
stratigraphic horizons. Sand is fine to very coarse.
Upper part contains lenses of very fine sand, silt,

Memphis Sand 880-900 and clay. Constitutes the Memphis aquifer--the

principal aquifer in the Memphis area. Supplies most

ground water pumped at Memphis Light, Gas and

Water Division well fields, including that pumped from

the 14 wells at the Davis well field. Underlain by the

Flour Island Formation of the Wilcox Group, which

serves as a lower confining unit.

Hydrogeology 7
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Table 2. Water levels measured in 33 wells screened in the alluvial, fluvial deposits, and Memphis aquifers in the Davis well field
area, Memphis, Tennessee

[°, degrees, ', minutes, ", seconds; water levels in hundredths of a foot are taped measurements; those in feet are air-line measurements]

Altitude of Screened Altitude of

Well numbers land surface, Interval, Water-level water level,
ProJect USGS local In feet in feet below land surface in feet

and for above sea below land Depth, Date of above sea
map Tennessee Latitude Longitude level surface in feet measurement level

Alluvial aquifer
Al Sh:H-17 35°00'54" 90°08'04" 211 38 - 48 18.05 9-15-93 193
A2 Sh:H-18 35°01'14" 90°08'00" 209 64 - 84 17.42 9-15-93 192
A3 Sh:H-19 35°01'34" 90°08'00" 210 70- 90 19.32 9-15-93 191
A4 Sh:H-20 35°01'54" 90°07'58" 211 75- 95 18.95 9-15-93 192
AS Sh:H-21 35°02113" 90°07'57" 206 56 - 76 13.57 9-15-93 192
None Sh:H-25 35°01'13" 90°08'41" 214 25- 35 15.72 9-17-93 198
None Sh:H-26 35°01'50" 90°08'54" 209 28 - 38 15.85 9-17-93 193
None Sh:H-27 35°02'01" 90°90'04" 211 26 - 36 16.18 9-17-93 195
None Sh:H-28 35°02'07" 90°09'08" 212 27 - 37 16.20 9-17-93 196
Fluvial deposits aquifer
F401 Sh:J-189 35°01'25" 90°07'29" 290 72- 82 46.93 9-15-93 243
F403 Sh:J-188 35°05'15" 90°07'29" 257 58 - 68 17.16 9-15-93 240
F414 Sh:J-191 35°02'07" 90°07'27" 295 74 - 84 72.40 9-1593 223
F415 Sh:H-23 35°01'57" 90°07'42" 305 79 - 89 78.44 9-15-93 227
F416 Sh:J-190 35°01'56" 90°07'26" 295 75- 85 65.12 9-15-93 230
F419 Sh:H-22 35°01'26" 90°07'39" 251 45 - 55 14.37 9-15-93 237
F421 Sh:H-24 35°01'15" 90°07'50" 254 35- 45 24.25 9-15-93 230
F422 Sh:J-193 35°01'14" 90°07'03" 283 81- 91 39.32 9-15-93 244
None Sh:J-172 35°01'24" 90°07'22" 292 100 - 110 48.82 9-15-93 243
Memphis aquifer

M401 Sh:J-143 35°01'25" 90°07'29" 291 370 - 450 115 9-14-93 176
M403 Sh:H-10 35°01'15" 90°07'29" 258 368 - 448 84 9-15-93 174
M414 Sh:J-145 35°02'07" 90°07'27" 295 388 - 468 114 9-17-93 181
M415 Sh:H-8 35°01'57" 90°07'42" 304 526 - 606 126 9-15-93 178
M416 Sh:J-137 35°01'56" 90°07'26" 295 415 - 495 117 9-17-93 178
M417 Sh:H-7 35°01'44" 90°07'33" 264 380 - 460 90 9-14-93 174
M418 Sh:H-6 35°01'35" 90°07'39" 257 375 - 455 89 9-15-93 168
M419 Sh:H-5 35°01'26" 90°07'39" 251 332-412 75 9-14-93 176
M420 Sh:H-11 35°01'15" 90°07'39" 273 366 - 440 88 9-14-93 185
M421 Sh:H-9 35°01'15" 90°07'50" 243 360 - 440 66 9-17-93 177
M422 Sh:J-141 35°01'14" 90°07'03" 286 400 - 480 110 9-14-93 176
M424 Sh:J-139 35°01'00" 90°07'03" 290 380 - 460 119 9-15-93 171
M425 Sh:J-144 35°00'52" 90°07'08" 284 370 - 450 102 9-15-93 182
None Sh:J-1 35°00'02" 90°05'44" 240 327-334 56.55 9-15-93 183
None Sh:J-140 35°01'24" 90°07'22" 293 543 - 553 116.98 9-15-93 176
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Water levels measured in nine wells screened in the
alluvial aquifer and in nine wells screened in the fluvial
deposits aquifer (table 2) were used to prepare a
potentiometric-surface map in the area of the Davis
well field (fig. 6). This map shows that the altitude of
the potentiometric surface in the alluvial aquifer ranges
from about 191 to 198 feet above sea level beneath the
Mississippi Alluvial Plain and that the direction of
ground-water flow in the alluvial aquifer is toward
Hom Lake Cutoff (fig. 6), or toward the area where the
confining unit is thin or absent (fig. 3).

Recharge to the alluvial aquifer primarily is from
precipitation on the Mississippi Alluvial Plain. How-
ever, the sand and gravel of the fluvial deposits and len-
ticular sands in the Cockfield Formation provide some
recharge to the alluvial aquifer where they are hydrauli-
cally connected. The fluvial deposits and Cockfield
Formation are subjacent to the alluvium beneath the
buried base of the bluffs (fig. 3), and the altitude of the
potentiometric surface in the fluvial deposits aquifer is
higher than in the alluvial aquifer (fig. 6).

Fluvial Deposits Aquifer

The fluvial deposits aquifer underlies the loess in
the Gulf Coastal Plain in the Davis well field area
(fig. 1). The fluvial deposits aquifer consists chiefly of
sand with lenses of gravel at various horizons. In the
test holes for the seven wells installed in the fluvial
deposits aquifer (wells F401, F403, F414, F415, F416,
F419, F421, Appendix 1), the fluvial deposits aquifer
ranged from about 5 to 55 feet in thickness, and gravel
lenses ranged from O to 35 feet in thickness. The sand
ranged from fine to very coarse. The gravel was chiefly
chert, quartz, and quartzite and was as large as 1 inch in
the longest dimension. Locally, the sand and gravel in
the lower part of the fluvial deposits was cemented to
form ferruginous sandstone layers as much as 4 feet
thick.

The fluvial deposits are overlain by loess, which
ranged from about 25 to 60 feet in thickness in the test
holes for the seven wells installed in the fluvial depos-
its aquifer for this investigation (wells F401, F403,
F414, F415, F416, F419, F421, Appendix 1). The
loess consisted of silt with some interbeds of clayey silt
or silty clay. The loess tends to retard downward
movement of recharge to the fluvial deposits aquifer
and locally serves as an upper confining unit.

Water levels in nine wells screened in the fluvial
deposits aquifer ranged from 14 to 78 feet below land

surface in September 1993 (table 2). In most wells in
the higher altitude areas, water levels were as much as
20 feet below the top of the fluvial deposits, indicating
that the aquifer generally is unconfined. However, in a
few wells in the lower altitude areas, water levels were
as much as 12 feet above the top of the fluvial deposits,
indicating that the ground water locally is confined by
the loess. Comparison of lithologic logs for the test
holes for the seven wells (Appendix 1) with water lev-
els measured in these wells during September 1993
(table 2) indicates that the saturated thickness of the
fluvial deposits aquifer ranges from about 5 to 55 feet.

Hydrographs of water levels in wells Sh:J-172,
F419, and F414 from October 1992 to October 1993
show seasonal water-level fluctuations in the fluvial
deposits aquifer (fig. 7). In these wells, fluctuations
ranged from about 1 to 6 feet. The small water-level
changes in well F414 could be related to a lower
hydraulic conductivity of the sand and gravel screened
in this well relative to other wells, placement of the
screen in cemented sand in the fluvial deposits or fine
sediments in the confining unit, a clogged well screen,
or a locally slow rate of recharge to the fluvial deposits
aquifer. Several attempts to develop this well did not
substantially increase its capacity to produce water.

Recharge to the fluvial deposits aquifer is from pre-
cipitation on the loess. Seasonal fluctuations of water
levels shown on the hydrographs for wells Sh:J-172
and F419 (fig. 7) indicate that recharge occurs in the
fluvial deposits aquifer during the winter and spring
and that discharge from the aquifer occurs during the
summer and fall. The potentiometric-surface map of
the alluvial and fluvial deposits aquifers (fig. 6) indi-
cates that ground water is moving through the fluvial
deposits aquifer generally westward and is discharged
to the alluvial aquifer near the base of the bluffs.

Confining Unit

In the Davis well field area, the confining unit that
separates the alluvial and fluvial deposits aquifers from
the Memphis aquifer is part of the areally extensive
Jackson Formation-upper Claiborne Group confining
unit as recognized in the Memphis area (Parks, 1990).
The Jackson Formation is present only in northwestern
Shelby County (Parks and Carmichael, 1990a; Kings-
bury and Parks, 1993), so the confining unit in the
Davis well field area is made up only of the Cockfield
and Cook Mountain Formations of the Claiborne
Group (table 1).
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The thickness of the confining unit is highly vari-
able because of an erosional surface at its top (fig. 8).
As a result of this erosional surface in the Davis well
field area, the Cockfield Formation underlies the fluvial
deposits aquifer in the Gulf Coastal Plain (figs. 1 and
3), and the Cockfield Formation, Cook Mountain For-
mation, or Memphis Sand underlies the alluvial aquifer
beneath the Mississippi Alluvial Plain (fig. 1 and 3).
The confining unit in the Davis well field area ranges
from O to about 185 feet in thickness (fig. 3).

The Cockfield Formation overlies the Cook Moun-
tain Formation throughout the Davis well field area of
the Gulf Coastal Plain, but is absent beneath most of
the Mississippi Alluvial Plain (fig. 3). The Cockfield
Formation consists of complexly interbedded and inter-
lensed fine sand, silt, and clay. The Cockfield Forma-
tion in the Memphis area is about 250 feet in thickness
where the formation is fully preserved (Kingsbury and
Parks, 1993). In the Davis well field area, the upper
part of the Cockfield Formation has been eroded, and
the unit generally is less than 100 feet thick. The for-
mation locally has been completely removed by ero-
sion. Because of the preponderance of fine sediments,
the Cockfield Formation in the Memphis area is con-
sidered to be a part of the upper confining unit to the
Memphis aquifer (Parks, 1990). The altitude of the
erosional surface at the top of the confining unit or
Memphis aquifer is lowest beneath the Mississippi
Alluvial Plain near the Davis well field (fig. 8).

The Cook Mountain Formation is the thickest and
most extensive clay layer in the confining unit overly-
ing the Memphis aquifer in the Memphis area (Parks,
1990). In the Davis well field area, the Cook Mountain
Formation consists predominantly of clay with minor
lenses of fine sand in the lower part. The formation
ranges from 0 to 90 feet in thickness and is thickest in
the Gulf Coastal Plain area of the Davis well field
(fig. 3). A test hole drilled for well A3 indicated that
the Cook Mountain Formation locally is absent beneath
the Mississippi Alluvial Plain (John Gordon, Hall,
Blake and Associates, Inc., written commun., 1992)
and that the alluvial aquifer directly overlies the Mem-
phis aquifer in that area (fig. 3).

Clays and silts in the confining unit have low
hydraulic conductivities. Because differences in
hydraulic head between the alluvial and fluvial deposits
aquifers and the Memphis aquifer in the Davis well
field area favor downward leakage, small quantities of
ground water undoubtedly move downward through
the confining unit, but at slow rates.

For an evaluation of the potential for leakage of
ground water from the fluvial deposits aquifer to the
Memphis aquifer, Richardson (1989) determined from
geophysical logs of 14 test holes drilled in the Davis
well field that aggregate thicknesses of clay lenses in
the confining unit ranged from 44 to 142 feet and
aggregate thicknesses of sand lenses ranged from 0 to
96 feet. Estimates of approximately 10 feet per day
for clay and 1 foot per day for silt and fine sands were
used to calculate an estimated average vertical hydrau-
lic conductivity of the confining unit at each well.
Using these data, head differences between the fluvial
deposits and Memphis aquifers from a map published
in Graham and Parks (1986), and thicknesses of the
confining bed penetrated by each test hole, a maximum
vertical leakage rate was calculated for each test hole
site in the well field.

Penetration time for ground water to move through
the confining unit was determined by Richardson
(1989) to range from 95 years at well M404 (where
total aggregate thickness of clay layers were least) to
390 years at well M416 (where aggregate thicknesses
were greatest). Therefore, he concluded that leakage
from the fluvial deposits could not be the source of
ground water causing the water-quality changes at the
Davis well field.

Because of the early hypothesis that water-quality
changes over time in production well M419 may have
resulted from leakage down the outside of the casing of
this well and well M414 on the same lots with shallow
wells F419 and F414 were pumped to determine if
withdrawals from the Memphis aquifer affected water
levels in the fluvial deposits. These production wells
were pumped at rates of about 1,000 and 1,500 gallons
per minute, respectively, for a week at a time for
6 weeks (July 19 to September 3, 1993). Hydrographs
for wells F419 and F414 (fig. 9) indicate no changes in
water levels in the fluvial deposits aquifer that can be
related to leakage down the outside of the casings of
wells M419 and M414 during the periods that these
production wells were pumped.

Memphis Aquifer

The Memphis aquifer underlies the northern part of
the Mississippi embayment and provides ground water
for most domestic, agricultural, commercial, industrial,
and municipal supplies in the western part of western
Tennessee (Parks and Carmichael, 1990b). Withdraw-
als from the Memphis aquifer in the Memphis area
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totaled about 196 million gallons per day in 1990
(Kingsbury, 1992).

The Memphis aquifer consists of a thick body of
sand with lenses of clay and silt at various stratigraphic
horizons. The upper part of the Memphis aquifer
locally contains much interbedded and interlensed fine
sand, silt, and clay, which interfinger with the main
body of the aquifer over short lateral distances. Sand in
the main body of the Memphis aquifer ranges from fine
to very coarse grained.

At the Davis well field, two stratigraphic test holes
have been drilled through the Memphis aquifer. In
these test holes, the Memphis aquifer ranged from
about 880 to 900 feet in thickness--the greatest thick-
ness penetrated in western Tennessee (Parks and Car-
michael, 1990b). The 14 wells in the Davis well field
are screened (fig. 3) in the upper and middle parts of
the Memphis aquifer.

Water levels in the Memphis aquifer fluctuate sea-
sonally (fig. 10) as do water levels in the alluvial and
fluvial deposits aquifers. However, in the Davis well
field area, the Memphis aquifer for the most part is con-
fined beneath the relatively thick confining unit.
Therefore, seasonal water-level fluctuations in the
Memphis aquifer in the Davis well field area are related
to variations in pumping at the well field or in the
Memphis area (or to the loading effect of the Missis-
sippi River during high stages of the river) rather than
to recharge locally to the aquifer.

Water levels measured in 13 production wells and
one observation well in the Davis well field and in one
outlying observation well in September 1993 were
used to make a map of the potentiometric surface of the
Memphis aquifer (fig. 11). This map shows that the
altitude of the potentiometric surface of the Memphis
aquifer ranges from about 168 to 185 feet above sea
level. It also shows that a cone of depression has
developed in the Davis well field area as a result of
pumping, thereby creating a potential for ground water
to flow into the well field from all directions. Irregular-
ities in the potentiometric surface within the cone of
depression (fig. 11) probably are related to variations in
pumping rates at or near the wells in which water levels
were measured. Pumps on some wells were turned off
the afternoon prior to the day of measurement while
other wells were pumped to maintain production at the
well field. All wells were measured within a 2-day
period.

Recharge to the Memphis aquifer primarily is from
precipitation on the outcrop area, which forms a broad
belt through western Tennessee (Parks and Carmichael,
1990b), extending into northem Mississippi. This out-
crop area is about 15 to 20 miles east of the Davis well
field (Parks, 1990). Recharge also occurs by down-
ward leakage of ground water from the alluvial and flu-
vial deposits aquifers through "windows" in the
confining unit that separate these aquifers from the
Memphis aquifer (Parks, 1990). A "window" was
identified just west of the Davis well field in the test
hole drilled for well A3 (Appendix 1) installed during
this investigation (fig. 3).

Comparison of water levels in the alluvial and flu-
vial deposits aquifers (fig. 6) with those in the Mem-
phis aquifer (fig. 11) in the Davis well field area
indicates a potential for downward leakage of ground
water to the Memphis aquifer. Hydraulic head differ-
ences between the alluvial aquifer and the Memphis
aquifer are about 10 feet, and head differences between
the fluvial deposits and the Memphis aquifer range
from about 20 to 80 feet.

GROUND-WATER QUALITY

Water-quality data for the alluvial and fluvial
deposits aquifers were collected from 12 wells installed
during this investigation. Wells A1, A2, A3, A4, and
AS (Appendix 1) were installed in the alluvial aquifer
west of the Davis well field along a north-south line
paralleling the bluffs (fig. 12). Wells F401, F414,
F415, F419, and F421 (Appendix 1) were installed in
the fluvial deposits aquifer adjacent to those production
wells screened in the Memphis aquifer that have shown
the greatest change in water quality since 1972
(fig. 12). Wells F403 and F416 (Appendix 1) were
installed adjacent to wells screened in the Memphis
aquifer that have shown no appreciable change in water
quality (fig. 12).

The 12 wells screened in the alluvial and fluvial
deposits aquifers and 13 of the 14 MLGW production
wells screened in the Memphis aquifer were sampled
between September 15 and October 15, 1992. The
remaining MLGW production well screened in the
Memphis aquifer (M417), which was out-of-service
during the initial sampling period, was sampled on
December 2, 1992. These water samples were ana-
lyzed for water-quality properties and major inorganic
and trace element constituents at the USGS National
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Figure 10. Water levels recorded in wells Sh:J-1 and Sh:J-140 screened in the Memphis aquifer, Memphis, Tennessee,
October 1992 to October 1993.
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Water Quality Laboratory (NWQL). In addition, water
samples from the 5 wells screened in the alluvial aqui-
fer, the 7 wells in the fluvial deposits aquifer, and 10 of
the 14 wells in the Memphis aquifer were analyzed for
tritium concentrations and stable carbon-isotope ratios
(C13/C12).

On April 14 and 15, 1993, well A3 (screened in the
alluvial aquifer), well F419 (screened in the fluvial
deposits aquifer), and wells M404, M414, M416, and
M419 (screened in the Memphis aquifer) were sampled
to determine chlorofluorocarbon (CFC) concentrations.
The samples were analyzed at a USGS National
Research Program laboratory.

Historical Water-Quality Changes

Hardness and alkalinity and concentrations of sul-
fate, chloride, and dissolved iron were measured by
MLGW in water samples collected periodically from
the 14 production wells screened in the Memphis aqui-
fer at the Davis well field from 1972 to 1991
(Appendix 2). These data, although incomplete for the
years 1974 to 1981 and 1984 to 1986, provide a 20-
year perspective of water-quality changes in the Mem-
phis aquifer at the well field.

Water-quality data provided by MLGW
(Appendix 2) indicate increasing trends of hardness
(fig. 13) and alkalinity in water samples from 8 of 14
production wells screened in the Memphis aquifer.
Hardness of water samples collected in 1991 from
wells M401, M414, M415, M417, M418, M419,
M420, and M421 were 29 to 224 percent greater than
those measured in 1972. Alkalinity in water from the
same wells were 33 to 194 percent higher in 1991 than
in 1972.

Water-quality data collected by MLGW
(Appendix 2) for concentrations of chloride and sulfate
vary considerably and do not indicate consistent tem-
poral trends. Large increases in iron concentrations
were measured in water from several wells, particularly
well M419. However, increasing trends in iron
concentration are not well defined.

The USGS sampled well M404 in the Davis well
field annually from 1980 to 1991 in conjunction with a
USGS-MLGW data-collection program to monitor
water quality in the Memphis aquifer at MLGW and
selected industrial well fields in the Memphis area.
These samples were analyzed for water-quality proper-
ties and major inorganic and trace element constituents

(table 3). Well M404 was included in the data-
collection program to monitor the water quality at the
Davis well field because it is upgradient in the general
direction of ground-water flow into the well field from
the regional recharge area of the Memphis aquifer.
Water-quality data for samples collected from well
M404 during this 11-year period (table 3) indicate
essentially no changes in water quality.

Ground-Water Quality in 1992

Water-quality data were collected by the USGS
during 1992 from 5 wells screened in the alluvial aqui-
fer, seven wells screened in the fluvial deposits aquifer,
and 14 wells screened in the Memphis aquifer (tables 4
and 5). Water-quality data for well F421 were not used
in analysis of data in this report because many constitu-
ent concentrations greatly exceeded maximum concen-
trations measured in other wells screened in the fluvial
deposits aquifer (tables 4 and 5). Data from well F421
indicate that the fluvial deposits aquifer locally is
contaminated from an unknown source.

Box plots of hardness and concentrations of dis-
solved strontium, iron, barium, and dissolved solids in
water samples from the alluvial, fluvial deposits, and
Memphis aquifers (fig. 14) show significant composi-
tional differences among waters from these aquifers.
Median values for hardness and concentrations of dis-
solved strontium, barium, and dissolved solids were
highest for water samples from the alluvial aquifer, and
lowest for water samples from the Memphis aquifer.
Median values of dissolved iron concentration also
were highest for water samples from the alluvial aqui-
fer, but were lowest for water samples from the fluvial
deposits aquifer. Reducing conditions favor the pres-
ence of dissolved ferrous iron in water in the alluvial
aquifer, whereas oxidizing conditions favor precipita-
tion of ferric iron in water in the fluvial deposits
aquifer.

The quality of water collected from some produc-
tion wells screened in the Memphis aquifer at the Davis
well field has been affected by leakage of more highly
mineralized water into the well field from another aqui-
fer. For the purposes of this report, water samples from
the Memphis aquifer were interpreted as "unaffected"”
or "affected” by comparing 1980 to 1991 water-quality
data for well M404 (table 3) with the 1992 data for the
13 other production wells in the Davis well field
(tables 4 and 5). Water-quality data from M404 prior to
1992 (table 3) was assumed to represent unaffected
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Figure 13. Hardness of water from 14 wells screened in the Memphis aquifer at the Davis well Field, Memphis, Tennessee,

1972 to 1991
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Table 3. Water-quality properties and selected major inorganic and trace element constituent concentrations analyzed by the U.S. Geological Survey in samples
from well M404 screened in the Memphis aquiter at the Davis well field, Memphis, Tennessee, 1980 to 1991

[°C, degrees Celsius; uS/cm, microsiemens per centimeter; mg/L, milligrams per liter; pg/L, micrograms per liter; --, indicates no data. Values given as < (less than) indicate that the concentration was
below the level of detection for the analytical method used and do not indicate the presence or absence of a constituent]

Field Solids, Cal- Magne- So- Potas-  Chlo- Manga- Bar-

Fleld Field specific  residue Fleld Hard- cium, slum, dium, sium, ride, Sulfate, Silica, Iron, nese, lum,

temper- pH conduct- at180°C  alka- ness, dis- dis- dis- dis- dis- dis- dis- dis- dis- dis-
ature  (stand- ance dis- linity total solved solved solved solved solved solved solved solved solved solved

Date water ard (uSlem  solved (mg/Las (mg/las (mglL (mgh (mgL (mgL (mglL (mglL (mg/Las (ug/l  (ng/l  (pg/L
sampled (°c) units) at25°C) (mgh) CaCO;) (CaCOg) asCa) asMg) asNa) as K) asCl) asSO4) SIiOy) asFe) asMn) asBa)

09-03-80 18.0 6.4 155 -- - 65 14 1.2 8.0 0.8 33 24 17 350 10 -
09-23-81 17.5 6.1 170 95 - 63 14 6.7 78 7 34 23 13 340 <10 100
08-25-82 18.0 6.3 153 90 74 63 14 6.7 74 6 32 3.0 15 360 5 48
08-22-84 18.0 6.3 142 85 70 56 12 6.3 78 7 35 33 13 180 4 77
09-10-85 18.0 6.3 150 86 72 60 13 6.6 7 9 3.6 31 14 300 3 52
08-26-86 18.0 6.3 145 87 72 59 13 6.5 84 1.0 3.0 33 14 290 5 48
08-24-87 17.5 6.4 150 87 3 60 13 6.6 8.1 5 3. 33 15 310 6 38
08-08-88 18.0 6.3 160 91 68 60 13 6.7 8.2 8 3.1 34 14 280 9 40
08-22-89 18.0 6.4 158 93 84 59 13 6.5 83 9 32 3.0 15 300 4 50
08-13-90 17.5 6.4 137 82 74 59 13 6.5 8.2 8 39 2.9 14 250 6 43
08-08-91 174 6.3 155 87 73 63 14 6.7 83 1.0 3.8 2.7 15 290 4 41
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Table 4. Water-quality properties and major inorganic constituent concentrations in samples from 26 wells screened in the alluvial, fluvial deposits, and Memphis

aquifers in the Davis well field area, Memphis, Tennessee, 1992

[°C, degrees Celsius; \S/cm, microsiemens per centimeter; mg/L, milligrams per liter. Values given as < (less than) indicate that the concentration was below the level of detection for the analytical

method used and do not indicate the presence or absence of a constituent]

Fleld Sollds, Cal- Magne- So- Potas- Chlo Fluo-

Field Field specific residue Fleld Hard- clum, sium, dium, sium, ride, Sulfate, ride, Silica,

—Wellnumbers temper- pH conduct- at180°C alka- ness, dis- dis- dis- dis- dis- dis- dis- dis-
Project  USGS local ature (stand- ance dis- linity total solved solved solved solved solved solved solved solved
and for Date water ard  (uS/cm  solved (mg/Las (mg/lLas (mgL (mgL (mgh (mgL (mgL (mglL (mgl (mglL

map  Tennessee  sampled °c) units) at25°C) (mgl) CaCOj) CaCO,;) asCa) asMg) asNa) asK) asCl) asSO4) asF) asSiOp)
Alluvial aquifer
Al Sh:H-17 09-17-92 18.3 6.9 865 505 462 460 110 46 10 1.9 6.8 40 03 27
A2 Sh:H-18 09-17-92 16.8 7.0 760 407 440 370 91 34 19 2.8 9.6 19 0.2 20
A3 Sh:E-19 09-16-92 173 7.0 910 507 532 460 110 45 2 2.7 10 1.8 0.3 27
A4 Sh:H-20 09-16-92 17.1 7:1 784 440 444 380 89 38 16 33 4.2 0.3 0.3 27
AS Sh:H-21 09-15-92 17.3 6.9 715 399 406 370 81 40 13 1.5 8.5 0.7 03 24
Fluvial deposits aquifer
F401 Sh:J-189 09-28-92 17.5 7.4 587 322 332 290 63 32 13 3.2 2.9 6.5 0.5 18
F403 Sh:J-188 09-28-92 17.8 7.5 815 451 432 400 83 46 25 0.3 12 13 0.3 18
F414 Sh:J-191 09-24-92 18.1 7.0 522 296 250 210 46 23 31 1.3 4.4 23 03 23
F415 Sh:H-23 10-06-92 27.9 7.0 627 347 306 280 61 32 16 0.8 8.4 9 03 24
F416 Sh:J-190 09-22-92 17§ 72 551 343 296 300 64 33 13 0.7 9.6 20 0.2 23
F419 Sh:H-22 09-24-92 16.1 74 638 342 344 330 71 36 9.5 0.7 4 6.3 0.1 17
F421 Sh:H-24 10-15-92 28.4 7.1 1,615 1,040 604 700 140 84 91 1.6 93 200 0.3 19
Memphis aquifer

M401 Sh:J-143 10-01-92 17.1 6.6 308 169 158 140 31 16 8.7 1.0 3.8 6.0 0.2 17
M403 Sh:H-10 09-30-92 17.6 6.2 167 92 78 65 15 6.7 8.4 1.0 43 3.8 0.1 12
M404 Sh:J-146 09-30-92 173 6.7 159 92 79 63 14 6.8 8.0 0.9 4.0 2.8 0.1 14
M414 Sh:J-145 10-02-92 17.0 6.8 374 214 190 170 38 19 9 13 4.4 9.5 0.2 13
M415 Sh:H-8 10-01-92 17.9 6.6 291 157 147 130 30 13 9.5 1.3 33 2.7 0.1 10
M416 Sh:J-137 10-08-92 17.4 6.7 191 110 98 74 17 T 8.5 1.1 2.8 23 0.1 12
M417 Sh:H-7 12-02-92 16.5 6.8 388 205 208 190 42 20 10 1.6 33 2:1 0.2 13
M418 Sh:H-6 10-01-92 17:7 6.7 291 156 150 130 30 14 9.6 1.1 3.5 247 0.1 12
M419 Sh:H-5 10-02-92 17.0 6.9 555 307 300 270 58 30 11 1.2 42 73 03 15
M420 Sh:H-11 10-07-92 17.4 6.6 310 165 158 132 30 14 9.5 1.3 49 5.1 0.1 12
M421 Sh:H-9 10-07-92 17.6 6.8 291 152 145 120 28 12 10 1.4 4.0 4.5 0.1 11
M422 Sh:J-141 09-30-92 17.0 6.7 193 113 94 83 18 9.2 8.1 0.7 43 2.6 0.1 19
M424 Sh:J-139 09-29-92 16.8 6.3 158 96 74 61 14 6.2 8.4 10 32 2.8 0.1 13
M425 Sh:J-144 09-29-92 17.2 6.1 149 89 71 56 13 5:7 8.5 1.0 32 3.0 0.1 12
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Table 5. Trace inorganic constituent concentrations in water from 26 wells screened in the alluvial, fluvial deposits, and Memphis aquifers in the Davis well field

area, Memphis, Tennessee, 1992

[ng/L, micrograms per liter. Values given as < (less than) indicate that the concentration was below the level of detection for the analytical method used and do not indicate the presence or absence of

a constituent]

Bar- Manga- Molyb- Stron- Vana- Alu- Lith- Sele-

fum, Cobalt, Iron, nese, denum, Nickel, Sliver, tium, dium, minum, lum, nium,

dis- dis- dis- dis- dis- dis- dis- dis- dis- dis- dis- dis-
Project USGS local solved solved solved solved solved solved solved solved solved solved solved solved

and for Date (ng/L (ng/L (ng/L (ng/L (ng/L (ng/L (ng/L (ng/L (ng/L (ng/L (ng/L (ng/L
map Tennessee sampled as Ba) as Co) as Fe) as Mn) as Mo) as Ni) as Ag) as Sr) asV) as Al) as Li) as Se)
Aluvial aquifer
Al Sh:H-17 09-17-92 230 <3 1,600 360 <10 2 <1 180 <6 <10 13 <1
A2 Sh:H-18 09-17-92 460 <3 3,800 480 10 <1 <1 490 <6 <10 10 <1
A3 Sh:H-19 09-16-92 340 <3 4,400 290 <10 <1 <1 360 <6 <10 10 <1
A4 Sh:H-20 09-16-92 330 <3 8,000 350 <10 <1 <1 490 <6 <10 9 <1
AS Sh:H-21 09-15-92 330 <3 6,600 420 <10 <1 <1 230 <6 <10 4 <1
Fluvial deposits aquifer
F401 Sh:J-189 09-28-92 31 <3 4 1 <10 <1 <1 12 <6 <10 <4 2
F403 Sh:J-188 09-28-92 94 <3 33 2 <10 <1 <1 140 <6 10 <4 5
F414 Sh:J-191 09-24-92 58 <3 <3 9 <10 2 <1 110 <6 10 <4 <1
F415 Sh:H-23 10-06-92 89 <3 9 8 <10 3 <1 160 <6 <10 <4 <1
F416 Sh:J-190 09-22-92 95 <3 31 17 <10 1 <1 130 <6 <10 <4 1
F419 Sh:H-22 09-24-92 130 <3 33 120 <10 1 <1 170 <6 <10 <4 <1
F421 Sh:H-24 10-15-92 160 4 470 870 <10 48 <1 370 <6 20 9 <1
Memphis aquifer

M401 Sh:J-143 10-01-92 74 <3 490 7/ 10 <1 <1 71 <6 <10 <4 <1
M403 Sh:H-10 09-30-92 52 <3 370 {/; 10 <1 <1 51 <6 <10 <4 <1
M404 Sh:J-146 09-30-92 42 <3 270 5 <10 <1 <1 35 <6 <10 <4 <1
M414 Sh:J-145 10-02-92 140 <3 1,200 19 <10 <1 <1 130 <6 <10 <4 <1
M415 Sh:H-8 10-01-92 110 <3 1,200 19 <10 <1 <1 100 <6 <10 <4 <1
M416 Sh:J-137 10-08-92 80 <3 800 10 <10 <1 <1 62 <6 10 <4 <1
M417 Sh:H-7 12-02-92 200 <3 2,400 38 <10 <1 <1 190 <6 10 <4 <1
M418 Sh:H-6 10-01-92 110 <3 1,100 15 <10 <1 <1 96 <6 <10 <4 <1
M419 Sh:H-5 10-02-92 130 <3 5,300 33 <10 <1 <1 150 <6 <10 <4 <1
M420 Sh:H-11 10-07-92 95 <3 720 12 <10 1.9 <1 106 <6 <10 <4 <1
M421 Sh:H-9 10-07-92 89 <3 780 11 <10 <1 <1 80 <6 <10 <4 <1
M422 Sh:J-141 09-30-92 39 <3 120 2 <10 <1 <1 37 <6 <10 <4 <1
M424 Sh:J-139 09-29-92 68 <3 590 10 <10 1 <1 64 <6 <10 <4 <1
M425 Sh:J-144 09-29-92 62 <3 600 9 <10 <1 <1 52 <6 <10 <4 <1
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Figure 14. Selected water-quality properties and major inorganic and trace element constituent concentrations measured in
samples from wells screened in the alluvial, fluvial deposits, and Memphis aquifers in the Davis well field area, Memphis,
Tennessee, 1992.
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ground water inasmuch as values for hardness and
concentrations of dissolved solids, sulfate, barium,
and iron did not increase in samples collected from
1980 to 1991. In addition, water-quality properties
and constituent concentrations in samples from well
M404 in 1992 were among the lowest in samples
from the Memphis aquifer at the Davis well field
(tables 4 and 5). Water samples from wells M403,
M416, M422, M424, and M425 were interpreted as
unaffected because mean concentrations and stan-
dard deviations of hardness, dissolved solids, sulfate,
barium, and iron are similar to those measured in
samples from well M404 (table 6). These wells are
located in the eastern part of the well field and are the
farthest production wells east from the Mississippi
Alluvial Plain (fig. 1).

Water samples from production wells in the
Davis well field were interpreted as affected by leak-
age of ground water into the Memphis aquifer from
another aquifer based on two criteria. First, median
values of selected water-quality properties and con-
stituent concentrations of dissolved major inorganic
and trace element constituents were greater in
affected water samples than those in samples from
unaffected Memphis aquifer wells (fig. 15). Second,

mean values of selected water-quality properties and
constituent concentrations were significantly higher in
affected Memphis aquifer samples than those in sam-
ples from unaffected Memphis aquifer wells (table 6).
The definition of significance used was that the ranges
of plus or minus one standard deviation about the
means of water samples from affected and unaffected
wells did not overlap.

Water samples from wells M401, M414, M415,
M417, M418, M419, M420, and M421 were inter-
preted as affected by leakage of water into the Mem-
phis aquifer from another aquifer. These wells are
located in the western part of the Davis well field near
the Mississippi Alluvial Plain. Concentrations of dis-
solved solids increase from east to west (fig. 16), indi-
cating that the source of the more highly mineralized
water entering the Memphis aquifer is west of the well
field.

SOURCE OF GROUND WATER CAUSING
WATER-QUALITY CHANGES

Major inorganic constituent concentrations in
water from the alluvial and fluvial deposits aquifers
did not provide unequivocal evidence as to which of

Table 6. Selected water-quality properties and major inorganic and trace element constituent concentrations used to determine
unaffected and affected wells screened in the Memphis aquifer at the Davis well field, Memphis, Tennessee, 1992

[mg/L, milligrams per liter; pg/L, micrograms per liter; -- indicates that this constituent was not measured]

Solids,
Well number Hardness, residue Sulfate, Barlum, Strontium, Iron,
and total at 180°C dissolved dissolved dissolved dissolved
statistical (mg/L as dissolved (mg/L as (ng/L as (ng/L as (hg/L as
parameter CaCOj3) (mg/L) SOy) Ba) Sr) Fe)
Unaffected Memphis aquifer wells
M404
Mean 61 88 3.0 54 -- 295
Standard deviation about mean 24 4 04 20 - 50
M403, M416, M422, M424, M425
Mean 67 9 29 50 50 251
Standard deviation about mean 9.8 10 0.5 12 11 296
Affected Memphis aquifer wells

M401, M414, M415, M417, M418,
M419, M420, M421
Mean 160 191 50 120 116 860
Standard deviation about mean 50 54 2.6 40 36 1,150
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the water-table aquifers is contributing water to the
Memphis aquifer. However, differences in some trace
element concentrations between the alluvial and fluvial
deposits aquifers can be used to identify the source of
ground water causing the water-quality changes at the
well field. Tritium concentrations, stable carbon-
isotope ratios (C13/C12), and chlorofluorocarbon con-
centrations in water from selected wells provided addi-
tional information to support interpretations of the
source of water entering the Memphis aquifer.

Dissolved iron concentrations in water from the
fluvial deposits aquifer were too low to account for the
increases in these constituents in water from affected
Memphis aquifer wells. Iron concentrations in water
from the fluvial deposits aquifer were 1 to 2 orders of
magnitude lower than concentrations in water from
unaffected Memphis aquifer wells. However, the dis-
tribution and concentrations of dissolved iron are con-
trolled predominantly by redox conditions, and
therefore, concentrations of iron in water from affected
wells likely represented the effects of several pro-
cesses, not just mixing.

Concentrations of dissolved barium and strontium
in water samples from affected wells generally were
between average concentrations of these constituents in
samples from the alluvial aquifer and concentrations in
unaffected samples from the Memphis aquifer
(fig. 17). Assuming no reactions involving dissolved
barium and strontium in the mixed water in the Mem-
phis aquifer, the proportion of alluvial aquifer water in
most samples from the affected Memphis aquifer wells
ranged from about 10 to 30 percent (fig. 17). The bar-
ium and strontium concentrations in the water sample
from well M417 indicated that water from this well
contained about 50 percent alluvial water (fig. 17);
however, other water-quality data for this well did not
indicate such a large percentage of alluvial aquifer
water (tables 5 and 6). Dissolved barium and strontium
concentrations vary considerably in water samples
from the alluvial aquifer (table 6). The relatively high
concentrations of dissolved barium and strontium in
samples from well M417 probably result from water in
the alluvial aquifer with concentrations of these con-
stituents similar to those in water from well A2
(table 6) mixing with unaffected water in the Memphis
aquifer in the same range of proportions as in water
from the other affected wells.

Although barium and strontium can be reactive in
dilute solutions, dissolved barium and strontium con-
centrations in water samples from the fluvial deposits

aquifer were insufficient to account for the increases in
these constituents in samples from the affected Mem-
phis aquifer wells (fig. 17, table 6). In order to reach
the measured concentrations of barium and strontium
in affected Memphis aquifer wells, a very large propor-
tion (50 to 100 percent, fig. 17) of the fluvial deposits
aquifer water would be required to mix with unaffected
Memphis aquifer water and barium would have to dis-
solve from mineral phases. The hydrogeology of the
fluvial deposits aquifer is such that it is unrealistic for
such a large amount of water to be entering the Mem-
phis aquifer from this aquifer.

Tritium and Carbon Isotopes Analysis

Tritium concentrations and stable carbon-isotope
ratios (C13/C12) were determined for water samples
collected from all of the shallow wells and 10 Memphis
aquifer production wells. Because the isotopic compo-
sition of water in the alluvial aquifer was not signifi-
cantly different from that in the fluvial deposits aquifer,
the tritium and C13/C12 data did not indicate which
aquifer is the source of the water causing water-quality
changes in the Memphis aquifer. However, the isotopic
data did indicate that relatively young water is entering
the Memphis aquifer and affecting the quality of water
in that aquifer. Tritium concentrations in ground water
between 1 and 50 tritium units (TU) indicate a compo-
nent of post-1952 water in an aquifer (Fontes, 1980).
Ground water that has a concentration of less than
1 TU is relatively old water (pre-1952).

Tritium concentrations in samples collected during
this investigation range from 3.1 to 16.2 TU in water
from wells screened in the alluvial aquifer and 1.6 and
10.6 TU in water from wells screened in the fluvial
deposits aquifer (table 7). These data indicate a com-
ponent of post-1952 water in both the alluvial and flu-
vial deposits aquifers. Water samples from wells
M401, M403, M414, M415, M419, and M421 screened
in the Memphis aquifer had tritium concentrations that
ranged from 1.2 to 13.8 TU, indicating that relatively
young water has entered the Memphis aquifer from
either the alluvial or fluvial deposits aquifers. Of these
six wells, well M403 was the only well interpreted as
unaffected based on the physical and chemical water-
quality data. The tritium concentration of 1.2 TU for
well M403 indicates that any component of alluvial
water in the sample from this well probably was small.
Therefore, it is likely that leakage of water from the
alluvial aquifer has not yet had an appreciable effect on
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and Memphis aquifers in the Davis well field area, Memphis, Tennessee, 1992.
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the concentrations of most constituents in the water aquifer ranged from -15.8 to -19.8 per mil. C13/C12

from the Memphis aquifer near this well. Samples values of -19 per mil or less in samples from Mem-
from production wells M404, M416, M424, and phis aquifer wells M404, M416, M424, and M425
M425 screened in the Memphls aquifer (table 7), had could represen[ water that had not been affected by
teitinny concenitrations less than 1 TU, supporting the leakage from either the alluvial or fluvial deposits

conclusion that these wells were unaffected by leak-
age of water from the alluvial or fluvial deposits

aquifers, assuming that mixing is the primary process
affecting C13/C12 ratios in the Memphis aquifer at

aguien the well field and that other sources of carbon do not
Ratios of the stable isotopes of carbon (C13/C12) significantly affect the isotopic composition of Mem-

in water from both the alluvial and the fluvial deposits phis aquifer water. Such an interpretation is sup-

aquifers ranged from -11.3 to -15.4 per mil (table 7). ported by data showing that water from these

Ratios measured in water samples from the Memphis unaffected wells with C13/C12 values of -19 per mil

Table 7. Tritium concentrations and stable carbon-isotope ratios (C13/C12) in water from 22 wells screened in the alluvial, fluvial
deposits, and Memphis aquifers in the Davis well field area, Memphis, Tennesses, 1992-93

[pCi/L, picocuries per liter; TU, tritium units; [ degrees; ', minutes; ", seconds; <, less than]

Altitude of Screened Carbon,
land surface Interval, Hydrogen C-13/C-12
Project USGS local datum, in in feet tritium, H-3 stable-isotope
and for feet above below land Date concentration ratio
map Tennessee Latitude Longitude sea level surface sampled (pClL) (TU) (per mil)
Alluvial aquifer
Al Sh:H-17 35°00'54" 90°08'04" 211 38 - 48 09-17-92 26 8.1 -14.2
A2 Sh:H-18 35°01'14" 90°08'00" 209 64 - 84 09-17-92 27 84 -15.2
A3 Sh:H-19 35°01'34" 90°08'00" 210 70 - 90 09-16-92 52 16.2 -14.6
A4 Sh:H-20 35°01'54" 90°07'58" 211 75 - 95 09-16-92 24 T -11.8
A5 Sh:H-21 35°02'13" 90°07'57" 206 56 - 76 09-15-92 10 3.1 -12.4
Fluvial deposits aquifer
F401 Sh:J-189 35%0125" 90°07'29" 290 72 - 82 09-28-92 29 94l -14.6
F403 Sh:J-188 35°01'15" 90°07'29" 257 58 - 68 09-28-92 27 84 -11.3
F414 Sh:J-191 35°02'07" 90°07'27" 295 74 - 84 09-24-92 13 4.1 -14.4
F415 Sh:H-23 35°01'57" 90°07'42" 305 79 - 89 10-06-92 20 6.2 -15.1
F416 Sh:J-190 35°01'56" 90°07'26" 295 75- 85 09-24-92 34 10.6 -154
F419 Sh:H-22 35°01'26" 90°07'39" 251 45 - 55 09-24-92 24 7S -14.7
F421 Sh:H-24 85201%15! 90°07'50" 254 35- 45 10-15-92 5 1.6 -14.7
Memphis aquifer
M401 Sh:J-143 35°01'25" 90°07'29" 291 370 - 450 10-01-92 6 19 -17.7
M403 Sh:H-10 35°01'15" 90°07'29" 258 368 - 448 09-30-92 4 12 -18.4
M404 Sh:J-146 35°01'14" 90°07'17" 247 360 - 440 04-01-93 <1 <1 -194
M414 Sh:J-145 35°02'07" 90°07'27" 295 385 - 465 10-02-92 11 34 -16.9
M415 Sh:H-8 35°01'57" 90°07'42" 304 536 -616 10-01-92 10 3.1 -17.6
M416 Sh:J-137 35°01'56" 90°07'26" 295 415 - 495 10-08-92 <1 <1 -19.5
M419 Sh:H-5 35°01'26" 90°07'39" 251 331 -411 10-02-92 44 13.8 -15.8
M421 Sh:H-9 35°01'14" 90°07'50" 243 360 - 440 10-07-92 28 8.8 -16.2
M424 Sh:J-139 35°01'00" 90°07'03" 292 380 - 460 04-01-93 <1 <1 -19.0
M425 Sh:J-144 35°00'52" 90°07'08" 284 370 - 450 04-01-93 <1 <1 -19.8
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or less had tritium concentrations of less than 1 TU
(table 7) and that other water-quality properties and
constituent concentrations had not increased over time
(table 3 and Appendix 2). Values greater than -19 per
mil could indicate water that has resulted from mixing
of isotopically "heavier" water from the alluvial or flu-
vial deposits aquifers with unaffected water in the
Memphis aquifer. Because C13/C12 values in water
samples from the alluvial and fluvial deposits were
similar, identification of which of these aquifers is con-
tributing water to the Memphis aquifer is impossible
using carbon-isotope values.

Chlorofluorocarbon Analysis

Chlorofluorocarbons (CFC's) are stable man-made
volatile organic compounds that have been used since
the 1930's as refrigerants, aerosol propellants, blowing
agents in foam rubber and plastic production, and sol-
vents. Atmospheric concentrations of CFC's have
steadily increased since their initial production. CFC
concentrations have been measured in the atmosphere
since the mid-1970's and, prior to that, concentrations
were estimated from production data (Busenberg and
Plummer, 1992). These data and the aqueous solubil-
ity of CFC's form the basis for the use of CFC's as
hydrologic tracers and age-dating tools (Busenberg and
Plummer, 1992).

For this investigation, CFC's were used as tracers
to indicate the presence or absence of post-1940 water
in the aquifers in the Davis well field area (table 8).
Recharge dates given in table 8 were calculated assum-
ing a recharge water temperature of 12 °C and no mod-
ification of CFC concentrations by biological,
geochemical, or hydrological processes. These dates
are given only to indicate the presence of young (post-
1945, CFC-11 or post-1940, CFC-12) water in the
wells sampled.

Water samples were collected from one well
screened in the alluvial aquifer and one well screened
in the fluvial deposits aquifer for CFC analysis. CFC
concentrations measured in samples from well A3
screened in the alluvial aquifer indicated post-1945
recharge to the aquifer (table 8). Samples from well
F419 screened in the fluvial deposits aquifer contained
CFC concentrations in excess of air-water equilibrium
concentrations, indicating post-1940 recharge from a
source contaminated with CFC's (Niel Plummer, U.S.
Geological Survey, written commun., 1993). Results
from these analyses support conclusions based on the

tritium data for water from the alluvial and fluvial
deposits aquifers (table 7), in that the CFC data indicate
the presence of relatively young water in these
aquifers.

Water samples were collected from four production
wells screened in the Memphis aquifer for CFC analy-
sis (table 8). Major and trace inorganic constituents in
water from wells M414 and M419 were interpreted as
having been affected by leakage of water from another
aquifer, and these constituents in water from wells
M404 and M416 were interpreted as not affected
(tables 4 and 5). Analyses of water samples from wells
M404 and M416 contained no measurable concentra-
tions of CFC's (table 8) indicating no post-1940 water
in these wells, which is consistent with conclusions
based on the tritium data (table 7).

Although tritium data for wells M414 and M419
indicated a component of relatively young water in
samples from these wells, samples from well M419
contained no measurable concentrations of CFC's
(table 8), and samples from well M414 contained mea-
surable concentrations of CFC-12 only. Environmental
factors could account for the absence of both CFC's in
water from well M419 and CFC-11 in well M414.
CFC's are susceptible to degradation in certain subsur-
face environments. Microbial degradation of both
CFC-11 and CFC-12 has been documented in anaero-
bic methanogenic soils and sediments, but no degrada-
tion has been observed in aerobic aquifer systems
(Lovely and Woodward, 1992). The rate of microbial
degradation of CFC's has been shown to decrease with
increasing fluorine content (Busenberg and Plummer,
1992); therefore, CFC-11 (CCI3F) would be degraded
more rapidly than CFC-12 (CCl,F;). CFC analyses of
samples from well M414 could indicate degradation of
CFC-11 and persistence of CFC-12, and data from well
M419 could indicate degradation of both CFC's in an
anaerobic aquifer. A methane concentration of
1.3 mg/L analyzed in a water sample from well M419
was above concentrations expected from normal
atmospheric recharge, indicating that methanogenesis
is occurring in the Memphis aquifer (Ray Van Hoven,
U.S. Geological Survey, written commun., 1994).
CFC's in samples from well M414 confirm the presence
of young water in the Memphis aquifer, as indicated by
tritium data (table 7).

CFC data indicate that it is unlikely that the fluvial
deposits aquifer is the source of water causing water-
quality changes in the Memphis aquifer. Concentra-
tions of both CFC's measured in water from the fluvial
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deposits aquifer are high relative to concentrations in
water from the alluvial and Memphis aquifers

(table 8). If leakage from the fluvial deposits aquifer
to the Memphis aquifer was occurring, the resultant
mix of water probably would contain CFC-11 and
CFC-12 as a result of the large concentrations of both
of these CFC's in water from the fluvial deposits
aquifer.

CFC concentrations in water samples from
affected Memphis aquifer wells are more likely the
result of water from this aquifer mixing with water
from the alluvial aquifer than with water from the

fluvial deposits aquifer. CFC concentrations in water
samples from the alluvial aquifer are two to three
orders of magnitude lower than those measured in the
fluvial deposits aquifer (table 8). Although the
concentration of CFC-12 in water samples from well
M414 is greater than that measured in water from
alluvial aquifer well A3 (table 8), CFC
concentrations in the alluvial aquifer may vary
spatially such that ground water with higher CFC
concentrations than those measured in well A3 may
be moving to the area of well M414. Variations in
CFC concentrations in water from the alluvial aquifer
could result from microbial degradation of CFC's,

Table 8. Chlorofluorocarbon concentrations in water from six wells screened in the alluvial, fluvial deposits, and Memphis

aquifers in the Davis well field area, Memphis, Tennessee, 1993

[pg/kg, picograms per kilogram; chlorofluorocarbon (CFC) date for CFC-11 of <1945 means older than 1945 and date for CFC-12 of <1940 means older than
1940; contam. (contaminated) means that CFC concentrations were in excess of present atmospheric air-water equilibrium; dates were calculated using a

recharge temperature of 12 °C and an atmospheric pressure of 760 millimeters]

Model Model
Chloro- Chloro- chloro- chloro-
fluoro- fluoro- fluoro- fluoro-
Project USGS local carbon carbon carbon 11 carbon 12
and for Date Time 11 12 recharge recharge
map Tennessee sampled sampled (pg/kg) (pg/kg) date date
Alluvial aquifer
A3 Sh:H-19 04-15-93 1040 03 10.5 1947 1955
1100 2.6 8.5 1951 1954
1120 23 75 1951 1953
Fluvial deposits aquifer
F419 Sh:H-22 04-15-93 1400 1,463.6 1,248.7 contam. contam.
1435 1,267.8 1,620.1 contam. contam.
1450 1,209.6 1,742.3 contam. contam.
Memphis aquifer
M404 Sh:J-146 04-16-93 1030 0.0 0.0 <1945 <1940
1040 0 0 <1945 <1940
1110 0 0 <1945 <1940
M414 Sh:J-145 04-16-93 840 0 126.6 <1945 1974
905 0 122.2 <1945 1974
920 0 120.8 <1945 1974
M416 Sh:J-137 04-15-93 1805 0 0 <1945 <1940
1835 0 0 <1945 <1940
1850 0 .0 <1945 <1940
M419 Sh:H-5 04-15-93 1605 0 .0 <1945 <1940
1625 0 0 <1945 <1940
1640 0 0 <1945 <1940
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variable unsaturated zone thicknesses or permeabilities
(through which recharge moves), or sorption of CFC's
onto organic material within the aquifer.

Interpretation of the limited CFC data collected at
the Davis well field is somewhat problematic. How-
ever, these data confirm the presence of relatively
young water in the Mempbhis aquifer and, combined
with other water-quality and isotope data, indicate that
the source of the ground water causing water-quality
changes at the Davis well field is leakage from the
alluvial aquifer.

NETPATH Geochemical-Model Analysis

NETPATH geochemical model code (modeling
NET geochemical reactions along a flow PATH) can be
applied two ways. One application is to model mass-
balance geochemical reactions along a flow path, in
which dissolved constituents are measured in ground-
water samples at the beginning and end of the flow
path. Another application is as a mixing model, in
which percentages of two initial (source) waters and a
final water representing a possible mixture of these
source waters are specified (Plummer and others,
1991).

NETPATH can be used in two ways to calculate
the percentage of initial waters that combine to form a
final water. Percentages can be calculated from
changes in the concentration of a conservative tracer
(such as dissolved chloride) that occur during mixing.
Percentages also can be calculated from changes in the
concentrations of several dissolved major inorganic
and trace element constituents that define the dominant
geochemical reactions that occur during mixing.

NETPATH was used during this investigation to
calculate the percentage of water from an alluvial aqui-
fer well mixed with water from an unaffected Mem-
phis aquifer well to approximate the composition of
water from two affected Memphis aquifer wells.
Water-quality data from individual wells were used
rather than mean concentration values calculated from
multiple wells because mean concentration values can
obscure the effects of mixing. However, constituent
concentrations in waters from the individual wells are
representative of the alluvial aquifer, and unaffected
and affected Memphis aquifer samples (table 9).

To approximate redox conditions in ground water
at the beginning of the flow path for use in the NET-
PATH geochemical analysis, dissolved oxygen (DO)

and hydrogen sulfide concentrations were measured in
water samples from several wells screened in the allu-
vial and Memphis aquifers (table 9). Dissolved-oxygen
concentrations were measured in the field using a cali-
brated DO meter. Hydrogen sulfide concentrations
were measured in the field using a portable colorimeter.
Methane concentrations were measured at a USGS
National Research Program laboratory. Calcium, sul-
fate, chloride, and iron concentrations listed in table 10
were measured at the USGS National Water Quality
Laboratory (tables 4 and 5).

In the first set of models, dissolved chloride was
used as a conservative tracer to calculate mixing per-
centages in NETPATH. Water-quality data measured in
samples from wells A3 (alluvial aquifer) and M404
(unaffected Memphis aquifer) were input to represent
the composition of the two initial (source) waters at the
beginning of the flow path (tables 4 and 5). Water-
quality data in samples from wells M419 or M421
(affected Memphis aquifer) were input to represent the
composition of water at the end of the flow path.
Major inorganic constituent and trace element concen-
trations were greater in water samples from M419 com-
pared to M421 (tables 4 and 5); therefore, water from
M419 probably contained a larger percentage of allu-
vial aquifer.

The mixing models using dissolved chloride as a
conservative tracer indicated that water from M419
was a mixture of 3 percent alluvial aquifer water and
97 percent unaffected Memphis aquifer water
(table 10). Similarly, water from M421 was a mixture
of less than 1 percent alluvial aquifer water and greater
than 99 percent unaffected Memphis aquifer water.

Dissolved chloride is considered a conservative
tracer. As an anion, its concentration is not reduced
significantly by adsorption onto sediments as water
moves along the flow path. The mean dissolved-
chloride concentration value from alluvial aquifer
water samples was higher than that of the Memphis
aquifer water samples (table 9). However, there was no
statistically significant difference in mean dissolved-
chloride concentration when water-quality data col-
lected during 1992 from affected and unaffected Mem-
phis aquifer samples were compared (table 9; statistical
significance is indicated by non-overlapping standard
deviations about mean concentration values). Because
all Memphis aquifer water samples showed similar dis-
solved-chloride concentrations (table 4), dissolved-
chloride, when used as a conservative tracer, underesti-
mated the percentage of alluvial aquifer water.
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Table 9. Selected major inorganic and trace element constituent concentrations used for NETPATH geochemical analysis at the

Davis well field, Memphis, Tennessee

[mg/L: milligrams per liter; pg/L, micrograms per liter; values given as < (less than) indicate that the concentration was below the level of detection for the
analytical method used and do not indicate the presence or absence of a constituent; --, indicates that mean values were not calculated because concentrations
of dissolved oxygen, hydrogen sulfide, and methane were not measured for all wells]

Hydrogen
Well number Calclum, Sulfate, Oxygen, sulfide, Chloride, Methane, Iron,
and dissolved dissolved dissolved dissolved dissolved dissolved dissolved
statistical (mg/L as (mg/L as (mg/L as (mg/L as (mg/L as (mg/L as (ng/L as
parameter Ca) S04) 0,y) HaS) Cl) CHy) Fe)
Alluvial aquifer
Well A3 110 1.8 <0.1 0.04 10 253 4,400
All alluvial aquifer wells
Mean 96 12 -- -- 7.8 -- 4,880
Standard deviation 13 17 -- -- 23 -- 2,490
Unaffected Memphis aquifer
Well M404 14 3.0 <.1 < .01 4.0 006 295
All unaffected Memphis aquifer wells
Mean 15 2.9 -- -- 3.6 -- 251
Standard deviation 19 0.5 -- - 0.6 -- 296
Affected Memphis aquifer
Well M419 58 73 <.1 07 42 1.30 5,300
Well M421 28 45 01 4.0 173 780
All affected Memphis aquifer wells
Mean affected wells 36 5.0 - -- 39 -- 860
Standard deviation 10 2.6 - -- .6 - 1,150

In the second set of NETPATH models, no conser-
vative tracer was used (table 11). Instead, mixing per-
centages were based on reactions of major inorganic
constituents, trace elements, and dissolved gases during
mixing of initial waters A3 (alluvial aquifer) and M404
(unaffected Memphis aquifer). Ground-water composi-
tion at the end of the flow path was represented again
by affected Memphis aquifer samples from M419 or
M421.

NETPATH models in table 11 show mixing per-
centages based on major inorganic constituent, trace
element, and dissolved gas concentrations in the
ground-water samples. These models suggest that
water from M419 was a mixture of 18 percent alluvial
aquifer water (from well A3) and 82 percent unaffected
Memphis aquifer water (from well M404). The model
predicts a dissolved methane concentration of
33.4 mg/L in the final water, which exceeds the mea-
sured concentration of 1.30 mg/L (table 9).

Similarly, model simulations suggest that the
water from M421 was a mixture of 1 percent alluvial
aquifer water (from well A3) and 99 percent unaf-
fected Memphis aquifer water (from well M404). The
model predicts a dissolved methane concentration of
16.5 mg/L in the final water, which exceeds the mea-
sured concentration of 0.173 mg/L (table 9).

Differences in concentrations of dissolved meth-
ane measured and those calculated in the model likely
are the result of methane loss from degassing of the
water as the wells were pumped. Or, the NETPATH
models overestimated methane concentrations
because additional geochemical and mineralogic data
were needed to further constrain the models.

Dominant geochemical reactions inferred along
the flow path were dissolution of mineral phases, ion
exchange of calcium and magnesium for sodium in
clay minerals, and methanogenesis (bacteria-mediated
anaerobic degradation of organic matter to form
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Table 10. NETPATH geochemical model constraints and phases used to simulate mixing of alluvial aquifer water (well A3)
with unaffected Memphis aquifer water (well M404) to obtain affected Memphis aquifer water (wells M419 and M421), using
dissolved chloride as a conservative tracer to determine mixing percentages

[Phases that are forced to dissolve or enter solution are designated as +. Phases that are forced to precipitate or leave solution are designated as -. Positive
values for the exchange phase indicate that calcium and magnesium are adsorbed or lost from solution, and sodium is desorbed or enters solution. "CH,0"

phase represents organic matter]

Model Input
Initial Well 1: A3  Initial Well 2: M404
Final Well: M419 or M421
Constraints: 8 Phases: 7
carbon calcium "CH,O"+ calcite
sulfur magnesium methane- dolomite
sodium iron pyrite goethite
redox chloride exchange
Mixing percentages determined by chloride
Model Output
Final Well M419
Percent A3 Percent M404 Reactions along the flow path
water water
3 97 Organic matter oxidizes, methane evolves; calcite, dolomite, pyrite, and
goethite dissolve; calcium or magnesium are adsorbed, sodium is desorbed
from sediments
Final Well M421
Percent A3 Percent M404 Reactions along the flow path
water water
less than 1 greater than 99 Organic matter oxidizes, methane evolves; calcite, dolomite, pyrite, and

goethite dissolve; calcium or magnesium are adsorbed, sodium is desorbed
from sediments

dissolved methane and carbon dioxide). These models
were constrained by measurements of dissolved meth-
ane in alluvial aquifer and Memphis aquifer samples
(table 9). Methane most likely is generated in both aqui-
fers; however, dissolved methane concentrations were
higher in water samples from the alluvial aquifer and
affected Memphis aquifer wells than in the unaffected
Memphis aquifer (table 9). It is likely that dissolved
methane travels with alluvial aquifer water into the
Memphis aquifer.

In all models, calcite and dolomite were undersatu-
rated or near equilibrium in ground water from the allu-
vial and Memphis aquifers. Under equilibrium
conditions, pyrite, goethite, and other iron mineral
phases will precipitate in the alluvial and Memphis aqui-

fers. Iron mineral phases have been observed in clay,
silt, and sand in the alluvial aquifer in the Memphis
area (Parks and Mirecki, 1992). Iron mineral phases
generally have not been observed in well cuttings of
sand and clay in the Memphis aquifer. Because iron
oxide and sulfide mineral phases have not been
observed as precipitates in the Memphis aquifer, mod-
els that resulted in the precipitation of these mineral
phases were not considered realistic.

Redox conditions along the flow path were diffi-
cult to assess, particularly for iron and sulfur species.
Iron oxide and sulfide mineralogic data from subsur-
face aquifer materials, and dissolved ferric (Fe**) and
ferrous (Fe?*) iron concentrations in the ground-water
samples were not determined. However, the redox
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Table 11. NETPATH geochemical model constraints and phases used to simulate mixing of alluvial aquifer water (well A3) with
una_\ffef:ted MeynphlS aquifer water (well M404) to obtain affected Memphis aquifer water (wells M419 and M421), using selected
major inorganic and trace element constituents to determine mixing percentages

[Phases that are forced ‘f’ dissolve or enter solution are designated as +. Phases that are forced to precipitate or leave solution are designated as -. Positive values
for the exchange phase indicate that calcium and magnesium are adsorbed or lost from solution, and sodium is desorbed or enters solution. "CH,0" phase

represents organic matter]

Model Input

Initial Well 1: A3 Initial Well 2: M404

Final Well: M419 or M421

Constraints: 7 Phases: 7

carbon calcium "CH,O"+ calcite

sulfur magnesium methane- dolomite

sodium iron pyrite goethite

redox exchange

Model Output
Final Well M419
Percent A3 Percent M404 Reactions along the flow path
water water
18 82 Organic matter oxidizes, methane evolves (final concentration

33.4 mg/L dissolved methane); dolomite, pyrite, and goethite dissolve;
calcium or magnesium are adsorbed, sodium is desorbed from
sediments

Final Well M421

Percent A3 Percent M404 Reactions along the flow path

water water
2 98 Organic matter oxidizes, methane evolves (final concentration

16.5 mg/L dissolved methane); calcite, dolomite, and pyrite dissolve;
calcium or magnesium are adsorbed, sodium is desorbed from
sediments

potential (Eh) was calculated in NETPATH using dis-
solved sulfate (SO,-; table 4) and hydrogen sulfide
(H,S; table 9) concentrations measured in water sam-
ples from A3, M404, M419, and M421. Calculated Eh
values ranged between -0.19 and 0 millivolts. Subse-
quently, goethite (FeO(OH)) and pyrite (FeS,) were
inferred as likely iron mineral phases.

SUMMARY AND CONCLUSIONS

An investigation was conducted at the Memphis
Light, Gas and Water Division (MLGW) Davis well
field to collect and interpret hydrogeologic and water-
quality data to determine the source of ground water
causing water-quality changes in the Memphis aquifer.
Since 1972, MLGW periodically has collected and
analyzed water samples from most of the 14 wells in

this well field for hardness and alkalinity and concentra-
tions of sulfate, chloride, and iron. Results of these analy-
ses indicated that physical propeities and chemical
constituent concentrations in water from several wells
increased over time. For example, water from 8 of the 14
production wells sampled in 1991 had hardness values
from 29 to 224 percent greater than those in samples col-
lected in 1972.

During this investigation, 12 shallow wells were
installed in the alluvial and fluvial deposits aquifers,
which overlie the upper confining unit of the Memphis
aquifer in the Davis well field area. A test hole drilled for
one of five wells installed in the alluvial aquifer indicated
that the confining unit locally is absent beneath the Mis-
sissippi Alluvial Plain. Water-level data indicated a
hydraulic head difference between the alluvial aquifer and
the Memphis aquifer of about 10 feet. The local absence
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of the confining unit and the 10-foot head difference
indicate a potential for downward leakage of ground
water from the alluvial aquifer to the Memphis aquifer.

Alkalinity and hardness and concentrations of dis-
solved iron and barium in water samples from the allu-
vial, fluvial deposits, and Memphis aquifers indicated
substantial differences in the quality of water from
these aquifers. Median values for alkalinity and hard-
ness and concentrations of dissolved strontium and
barium were highest in water samples from the alluvial
aquifer and lowest in samples from the Memphis aqui-
fer. Median values of dissolved iron concentrations
were highest in water samples from the alluvial aquifer
and lowest in samples from the fluvial deposits aquifer.

For this investigation, water samples from produc-
tion wells screened in the Memphis aquifer were inter-
preted as affected or unaffected by leakage of more
highly mineralized water into the Memphis aquifer
from another aquifer on the basis of changes in water
quality over time. Water samples from affected wells
had greater values for most water-quality properties
and constituent concentrations than those from unaf-
fected wells. In general, unaffected wells are located
in the eastern part of the Davis well field away from
the Mississippi Alluvial Plain and affected wells are
located in the western part of the Davis well field near
the Mississippi Alluvial Plain. Concentrations of dis-
solved solids in water samples from wells screened in
the Memphis aquifer increased from east to west, indi-
cating that the source of water entering the Memphis
aquifer was west of the well field.

Most major inorganic constituent concentrations
did not differ significantly between water samples from
the alluvial and fluvial deposits aquifers, so the source
of water contributing to the Memphis aquifer could not
be identified using these constituents. However, sig-
nificant differences in some trace-element concentra-
tions in water from the alluvial and fluvial deposits
aquifers indicated that the alluvial aquifer was the
source of water causing water-quality changes at the
well field. Dissolved barium, strontium, and iron con-
centrations measured in water samples from the fluvial
deposits aquifer were too low to account for the
increases in the concentration of these constituents in
samples from the affected Memphis aquifer wells.

Tritium analyses of water samples from the allu-
vial and fluvial deposits aquifers indicated that a com-
ponent of post-1952 water was present in both
aquifers. Tritium analyses of water samples from the
Memphis aquifer indicated that production wells inter-

preted as affected by leakage of water from another
aquifer contained a component of relatively young
water, and with one exception those interpreted as
unaffected did not. Water samples from one Memphis
aquifer well that had been interpreted as unaffected by
leakage of water from another aquifer on the basis of
major inorganic and trace-element concentrations con-
tained a small amount of tritium, indicating that a small
component of relatively young water had entered the
Memphis aquifer near this well.

Concentrations of chlorofluorocarbons (CFC's) in
ground water were used in an attempt to determine the
presence or absence of post-1940 and post-1945
recharge water in the Memphis aquifer. This approach
was not totally successful because CFC's were absent
in most water samples from two wells interpreted as
affected by leakage from another aquifer. The absence
of CFC's from the affected Memphis aquifer wells
probably is the result of microbial degradation of CFC's
in an anaerobic aquifer. The presence of CFC-12 in
water from one of the affected wells sampled, indicated
that a component of post-1940 water was present in the
Memphis aquifer at this well.

Water-quality data collected for this investigation
were used in the geochemical model code NETPATH to
estimate the percentage of alluvial aquifer water enter-
ing the Memphis aquifer and causing water-quality
changes. Percentages of mixed waters were calculated
two ways. First, dissolved chloride was used as a con-
servative tracer to calculate mixing percentages. Sec-
ond, changes in the concentration of selected dissolved
major inorganic and trace-element constituents were
used. Reactions that might occur when alluvial aquifer
and unaffected Memphis aquifer waters are mixed
include dissolution of mineral phases, ion exchange on
clay mineral surfaces, and methanogenesis.

Chloride used as a conservative tracer in NET-
PATH indicated that a mixture of 3 percent alluvial and
97 percent unaffected Memphis aquifer water would
produce the chloride concentration measured in water
from the Memphis aquifer well most affected by water-
quality changes. The small percentage of alluvial aqui-
fer water mixed with unaffected Memphis aquifer
water to produce affected Memphis aquifer water were
the result of the small differences in concentrations of
dissolved chloride in waters from the unaffected and
affected Memphis aquifer wells used in this model.

Changes in selected dissolved major inorganic and
trace-element constituent concentrations used in NET-
PATH indicated that a mixture containing 18 percent
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alluvial aquifer water and 82 percent Memphis aquifer
water would produce measured concentrations in water
from the Memphis aquifer well most affected by water-
quality changes. However, this model predicted higher
dissolved methane concentrations than were measured

in samples from affected Memphis aquifer wells.
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APPENDIX 1

Construction diagrams, gamma-ray logs, and lithology from test holes for 12 wells installed in the
alluvium and fluvial deposits in the Davis well field area, Memphis, Tennessee
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Appendix 1

Construction diagrams, gamma-ray logs, and lithology from test holes from 12 wells installed in the alluvium and fluvial deposits
in the Davis well field area, Memphis, Tennessee

EXPLANATION

Project and map number for this report
_. USGS local well number for Tennessee
A1l (Sh:H-17)

Land surface altitude in feet above sea level NATURAL GAMMA-RAY LOG
Well protector RADIODACTIVITY INCREASES ——
207 N\ Cement grout
Land surface LITHOLOGIC SYMBOLS

Bentonite grout

Clay

Clay and silty clay

Bentonite Silt
seal
> Silty sand
[ 4
o %
& <7 Gravel pack Sand
Qo' 85
o P Sand with clay
o El interbeds
oL H
;-Sctreeneld il L% §:§ Sand and gravel
el oo ol = Bentonite pellets

1./ added to back-fill -| Ferruginous
hole = concretions

Lithology is from driller’s logs,
geophysical logs, and 10-foot-

Observstion wells are constructed interiat aamples, Colers are

with 4-inch-diameter, polyvinyl from the “Rock Color Chart~ of
chloride (PYC) casings and screens. the Geological Society of America.
Wells were developed at least 1 hour Sand sizes are from a visual

by pumping with air compressor. comparison card based on the

Wentworth grade scale of
particle size.
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Depth below land surface, in feet

Depth below land surface, in feet

A1l (Sh:H-17)

Land surface altitude,

in feet
211
e
10 —
20 — =2 Fe.
v 05
2 a
d ke
L B 5
=[S
al . °
40 — Q"{ :::0
SRS
50 - Qnoo ® ":
oP o;;n A
“5; ::o a‘,‘
°¢
s e
oS00 0y
70 —
A2 (Sh:H-18)
Land surface altitude,
in feet
209
)
10 = ;:o oog >
pie. B 7
20 —| =3 Fe.
o O
d ke
30 — s &
<4 Pod
N 4
40 £
= %
Qﬁ ';Q:
o b
50 o—r uo .'0
ol [
Do AST™
6 Y
— °¢:. °a°°
02 19
70 — sol i
o l )
%
"°o°§ ;"50
29 <
80 o B:’QE E:o
90 —

ook Hountain‘

i C

Formation

nl

Cockfield
Formatio

Alluvium

Alluvium

LITHOLOGY

[ — —

Clay and silty clay, moderate
brown to light grey

Sand, quartz, yellowish
grey to light grey, fine
to very coarse grained

Sand and gravel, yellowish
grey to light grey

Epeshetem—_——c

67—

Clay and silty clay, pale
olive to light grey

LITHOLOGY

Silty clay and silt,
moderate brown to
light grey

Sand, quartz, yellowish
grey to light grey, fine
to coarse grained; pieces
of lignite present

Sand and gravel, yellowish
grey to light grey;
contains clasts as large as
1 inch in longest
dimension; pieces of
lignite present and some
clay interbeds

Clay and silt, moderate grey
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Depth below land surface, in feet

A3 (Sh:H-19)

Land surface altitude,
in feet

210 LITHOLOGY
0 — R 5 R — 0 —
% o
S Clay and silty clay,
b Wi 7 o 77 (NS SRR - SR B moderate brown
] to medium grey
20 — e
Qa | e —22— .
\ \ Silt and some clay,
. N N < BE=== moderate brown
7" 2 to medium grey
% B } "
S o Sand, quartz, light olive
40 — =g [%° grey to light grey, fine
< {‘ R to very coarse grained
50 — ::, %o, Sand and gravel, light
& 3:0 grey to yellowish grey
\% bd % E
) 2
60 — ;Q ':0 -E
RO 0 g >
X e 2
70 — k< ” oq < Sand , quartz, yellowish
grey to light grey ,
fine to very coarse
80 — grained ; some lignite,
clay and silt
90 —

100 — Sand, quartz, medium grey,
fine to coarse grained;
contains some gravel and

110 — carbonized plant remains
Sand, quartz, light brown

120 = to light grey, fine to

medium grained
R
130 — 5
\\ & Sand, quartz, very light
2'3 grey, fine to medium
140 — N a grained; finely lignitic
E with some silt in the
L
R ;‘\\.:\\ = upper part
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Depth below land surface, in feet

A4 (Sh:H-20)

Land surface altitude,
in feet
211

30 —

40 —

50 —

60 —

0,
2R G4 5

==

80 —

00 Vp T Oy
%8 %,
-
<

P pepp—
Vg0 O
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T00'—
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E
e 3
£ 4—70—
<
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- 4—147
@ —150—

Memphis

LITHOLOGY

b — —— ]

F——— ]

Clay and silty clay,
moderate brown
to medium grey

““““ — 20—

_____ s

Silt and some clay,
moderate brown
to medium grey

Clay and silty clay,
moderate brown

_____ —45— ~~_to medium grey

e \Silt, moderate brown to

medium grey

Sand and gravel, yellowish
grey to light grey;
some clay interbeds

Sand, quartz, yellowish
grey to light grey,
fine to coarse grained;
some lenses or thin
beds of clay

Sand and gravel, yellowish
grey to light grey

Sand, quartz, very light
grey, fine grained

/
Clay, medium grey

o
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Depth below land surface, in feet

Depth below land surface, in feet

AS (Sh:H-21)
Land surface sltitude,
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— 80 —

Silty clay and silt,
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Sand, quartz, yellowish
grey to light grey; fine
to very coarse, some
lignite and silty clay
interbeds

/Sand, quartz, light olive
grey, very fine to fine

Clay and silt, moderate grey

LITHOLOGY

Silt, light brown

Fluvial deposits

=l——47 —

Silt and silty clay,
moderate brown

/Sandu clay, moderate

brown

— g7

Cockfield

i

For matien

Sand and gravel, dark
yellowish orange;
some clay interbeds

| A1ay and silty clay, medium

grey

—100—
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Depth below land surface, in feet

Depth below land surface, in feet

F403 (Sh:J-188)
Land surface altitude,
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Cockfiel
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LITHOLOGY

Silt, light brown to
moderate brown, with
some clay

Sand and gravel with clay,
moderate brown

Sand and gravel, dark
yellowish orange;

ferruginous concretions
at about 70 feet

Py ﬂiiltq clay, medium grey

LITHOLOGY

Silt, light brown to
moderate brown, with
some clay

Cockfield

| Fluvial deposits
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Silty and sandy clay, light
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brown

Sand, quartz, grayish pink,
N fine to medium grained

Sand and gravel, dark
yellowish orange, some
layers of iron cemented
sand and gravel

Silt and sand, pale orange
to very light grey, very

—100—

fine grained
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Depth below land surface, in feet

Depth below land surface, in feet
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some clay

Qnd, quartz, grayish pink,
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Sand and gravel, dark
yellowish orange

|—Sand, quartz, grayish

orange, very fine grained

Clay and silty clay, medium

grey

Loess

Fluvial deposits

b e i ]

LITHOLOGY

Silt, light brown

Silt and silty clay,
moderate brown

/Sand, quartz, yellowish
grey, fine to medium
\__ grained

Sand, dark yeliowish orange,
fine to very coarse, some
gravel
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Clay and silty clay, medium
grey
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Depth below land surface, in feet

Depth below land surface, in feet
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Silty clay, light brown to
moderate brown
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Sand and gravel, grayish
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APPENDIX 2

Selected water-quality properties and constituent concentrations analyzed by Memphis Light, Gas
and Water Division in samples from production wells screened in the Memphis
aquifer at the Davis well field, Memphis, Tennessee







APPENDIX 2

Selected water-quality properties and constituent concentrations analyzed by Memphis Light, Gas and Water Division in samples
from production wells screened in the Memphis aquifer at the Davis well field, Memphis, Tennessee, 1972 to 1991

[mg/L., milligrams per liter; g/, micrograms per liter; --, indicates no data]

Hardness, Alkalinity
Year total (mg/L (mg/L as Sulfate Chioride Iron Barium
sampled as CaCO;) CaCO3) (mg/L) (mg/L) (ng/L) (ng/L)
Well M401
1972 78 88 1.5 4.0 310 -
1973 86 92 2.0 4.0 310
1982 114 116 6.0 3.0 190
1983 116 117 6.5 5.0 220 --
1987 132 136 7.0 3.8 540 57
1988 136 134 13.5 8.0 540 78
1989 120 138 79 4.1 330 62
1990 140 143 5.0 28 480 82
1991 148 160 43 2.8 2,140 80
Well M403
1972 70 78 25 4.0 420 --
1987 50 64 3.8 25 320 40
1988 66 66 11.0 L1 320 42
1989 64 62 42 4.5 370 48
1990 62 60 2.0 3.0 390 68
1991 76 72 35 32 40 35
Well M404
1972 72 80 2.0 35 470 --
1973 70 76 2.0 45 480 --
1982 70 70 3.2 3.0 180 --
1987 66 72 2.8 3.0 330 36
1988 76 74 6.8 59 360 44
1989 60 76 5.0 38 390 40
1990 66 70 2.0 23 330 D9
1991 70 74 3.5 28 130 25
Well M414
1972 88 94 3.0 35 510 -
1973 86 95 2.0 4.0 910 --
1982 115 112 5.6 3.0 600 -
1983 112 119 59 4.0 1,000 --
1987 138 150 7.0 33 1,440 79
1988 160 158 4.0 6.5 1,060 134
1989 154 144 -- 29 1,080 126
1990 184 182 8.5 3.0 1,530 136
1991 172 176 5.0 35 110 79
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Selected water-quality properties and constituent concentrations analyzed by Memphis Light, Gas and Water Division in samples
from production wells screened in the Memphis aquifer at the Davis well field, Memphis, Tennessee, 1972 to 1991--Continued

Hardness, Alkalinity
Year total (mg/L (mg/L as Sulfate Chloride Iron Barium
sampled as CaCOj) CaCO3) (mg/L) (mg/L) (nglL) (ng/L)
Well M415
1972 68 78 20 3.0 220 -
1983 127 110 1.5 4.0 800 --
1987 126 114 7.0 34 1,070 67
1988 130 144 8.3 53 1,540 94
1989 120 140 3.6 38 1,010 110
1990 116 126 5.0 25 1,230 131
1991 114 128 1k 28 590 59
Well M416
1972 88 94 25 40 860 -
1973 -- - -- - 500 -
1982 78 81 2.6 3.0 910 -
1983 74 82 2.1 3.0 730 -
1987 76 86 2.8 3.1 940 56
1988 80 92 55 6.2 560 71
1989 80 86 52 35 840 76
1990 82 92 2.0 23 1,040 122
1991 84 92 15/ 1.8 490 55
Well M417
1972 104 116 25 20 850 -
1973 -- -- - -- 550 -
1982 110 109 3.2 3.0 650 -
1983 106 113 2.2 3.0 990 -
1987 94 128 3.8 3.0 1,600 116
1988 132 146 4.8 75 770 103
1989 134 150 3.9 3.6 1,350 151
1990 142 152 3.5 2.5 1,860 186
1991 160 164 1.7 43 790 101
Well M418
1972 98 102 20 30 530 -
1973 87 96 2.0 4.0 380 -
1982 115 101 5.0 3.0 320 -
1983 113 114 5:7 6.0 670 -
1987 120 126 2.8 3.9 1,030 86
1988 122 130 6.8 6.4 690 76
1989 116 124 3.6 3.9 840 101
1990 122 132 23 2:5 1,170 141
1991 126 136 3.5 28 190 48
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Selected watgr~qua|ity properties and constituent concentrations analyzed by Memphis Light, Gas and Water Division in samples
from production wells screened in the Memphis aquifer at the Davis well field, Memphis, Tennessee, 1972 to 1991--Continued

Hardness, Alkalinity
Year total (mg/L (mg/L as Sulfate Chloride Iron Barium
sampled as CaCOj3) CaCO,) (mg/L) (mg/L) (no/L) (ng/L)
Well M419
1972 90 96 2.0 3.0 200
1973 -- - = - 230 -
1982 233 220 8.0 4.0 710 -
1983 228 224 10.0 8.0 2,000 -
1987 242 242 6.5 3.1 4,380 97
1988 268 256 9.0 - 4,500 93
1989 260 258 10.6 42 3,080 114
1990 268 276 18.0 25 4410 120
1991 292 282 43 0.8 6,020 54
Well M420
1972 70 76 2.5 4.0 330 -
1982 66 74 = = - =
1987 64 70 2.0 4.0 480 58
1988 102 106 e 8.2 450 62
1989 80 90 5:3 4.8 610 80
1990 66 76 5.1 25 730 71
1991 98 102 2.6 3.8 890 65
Well M421
1972 62 68 2.0 3.0 310 -
1973 58 64 2.0 - - -
1982 74 74 32 3.0 210 -
1983 79 85 5.0 50 450 -
1987 118 108 2.8 315 540 74
1988 110 114 6.3 10.0 920 83
1989 110 122 43 43 510 159
1990 122 130 5.0 30 1,050 92
1991 134 134 3.5 4.0 1,050 68
Well M422
1972 78 76 1.5 4.0 120 -
1973 80 88 2.0 4.0 220 -
1982 85 91 - = = o
1983 121 88 3.0 50 60 --
1987 86 90 6.0 2.8 240 45
1988 80 88 .S 75 280 41
1989 80 80 49 43 100 41
1990 82 88 2.0 2:5 270 48
1991 82 86 1.7 33 30 26
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Selected water-quality properties and constituent concentrations analyzed by Memphis Light, Gas and Water Division in samples
from production wells screened in the Memphis aquifer at the Davis well field, Memphis, Tennessee, 1972 to 1991--Continued

Hardness, Alkalinity
Year total (mg/L (mg/L as Sulfate Chloride Iron Barium
sampled as CaCOj) CaCOg) (mg/L) (mg/L) (ng/L) (ng/L)
Well M424
1972 50 60 2.0 45 680 -
1973 52 60 6.0 5.0 1,250 --
1982 64 65 3.2 3.0 350 -
1987 62 76 5.0 35 680 75
1988 62 68 10.8 7> 600 78
1989 66 74 4.2 42 530 76
1990 78 68 4.5 28 320 61
1991 66 78 3.5 33 650 44
Well M425
1972 56 66 2.0 4.0 790 -
1982 65 66 3.8 3.0 350 -
1983 59 67 4.0 7.0 570 -
1987 68 68 6.5 27 670 70
1988 62 68 11.0 85 310 70
1989 58 72 5.7 40 640 57
1990 58 70 5.0 28 740 68
1991 76 74 17 3.8 80 36
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