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CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

GEOLOGY AND HYDROLOGY OF THE CLAIBORNE GROUP
IN WESTERN TENNESSEE

By Gerarp K. Moore

ABSTRACT

The area of western Tennessee underlain by the Claiborne Group is about
7,200 square miles and lies on the east flank of the syncline that forms the
Mississippi embayment. It includes the Mississippi Alluvial Plain and part
of a dissected upland plateau. The Claiborne Group dips to the northwest at
10-25 feet per mile and ranges in altitude from 600 feet above mean sea level
in the outcrop area to 900 feet below mean sea level near the embayment axis.

The Claiborne Group is tentatively subdivided into flve units including, in
ascending order, the Meridian Sand Member of the Tallahatta Formation, the
Basic City Shale Member of the Tallahatta Formation, the Sparta Sand, an
unnamed clay unit, and an unnamed sand unit. The two major aquifers in
the Claiborne Group are the “500-foot” sand and the unnamed sand unit. The
top of the “500-foot” sand is correlated with the top of the Sparta Sand; and
the base, with the base of the Claiborne Group. The “500-foot” sand ranges in
thickness from 200 to 750 feet and consists mainly of very fine to coarse sand
or gravel. It also contains layers of white to blue, pink, gray, or brown clay,
which constitute only a small percentage of the total thickness. The unnamed
sand unit ranges from 0 to 210 feet in thickness and consists mostly of white,
gray, or brown flne-grained lignitic sand. An estimated 75 percent of the
ground water withdrawn in western Tennessee (west of the northward-flow-
ing segment of the Tennessee River) is taken from the “500-foot” sand and
the unnamed sand unit.

The quantities of water available to wells from the “500-foot” sand are cur-
rently adequate for all municipal and industrial needs. The permeability of
this aquifer is about 570 gallons per day per square foot. An estimated 155
mgd (million gallons per day) is pumped from the “500-foot” sand, about 140
mgd is discharged from the aquifer as the base flow of surface streams, and
about 40 mgd is discharged from the report area as underflow. Water from
the “500-foot” sand contains objectionable quantities of iron in the western
half of the report area. Otherwise the quality of the water is suitable for
most needs.

Quantities of water adequate for domestic use and for small municipal sys-
tems can be obtained from the unnamed sand unit in most of the report area.
The field permeability of this aquifer is probably about 270 gallons per day per
square foot. About 8 mgd is discharged into adjacent formations, and about
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2 mgd is withdrawn by pumping. Water from the unnamed sand unit con-
tains objectionable quantities of iron in the western half of the report area.
Otherwise the water from this aquifer is of good quality.

Ground-water supplies in both the “500-foot” sand and the unnamed sand
unit will be adequate for the predicted rate of municipal growth and economic
development for many years to come. If the hydraulic gradient in the “500-
foot” sand were increased to 19 feet per mile, the average dip of the top of
the aquifer, about 578 mgd would be transmitted downdip.

Similarly, the unnamed sand unit would transmit about 34 mgd downdip
under a hydraulic gradient of 10 feet per mile. Furthermore, additional
amounts of water could be induced into the report area as underflow from
adjacent States.

The anticipated effects of additional large scale development are (1) a drop
in local and regional water levels in proportion to the increase in pumpage,
(2) an increase in the net inflow of ground water from adjacent States, and
(3) an increase of recharge to the aquifers at the expense of streamflow.

INTRODUCTION

Owing to its broad distribution and water-bearing characteristics,
the Claiborne Group supplies an estimated 75 percent of the ground
water withdrawn in western Tennessee (west of the northward flow-
ing segment of the Tennessee River). To provide adequate infor-
mation regarding the occurrence, availability, quality, and use of
ground water from the Claiborne Group, an intensive investigation
was undertaken in 1958 by the U.S. Geological Survey in coopera-
tion with the Tennessee Division of Water Resources as part of a
study of all the principal aquifers (water-bearing units) in western
Tennessee. The order in which each aquifer was to be studied was
based primarily on the aquifer’s economic importance and on the
need for information. Because of its importance the Claiborne
Group was selected for early study, and the results of the study are
presented in this report.

LOCATION OF AREA

The area of this report coincides with the part of western Ten-
nessee that is underlain by geologic formations of the Claiborne
Group (fig. 1). It is bounded on the north by Kentucky, on the
south by Mississippi, and on the west by the Mississippi River.
The east boundary is formed by the easternmost extent of the
Claiborne Group in western Tennessee. As thus defined, the area
covers about 7,200 square miles, or 65 percent of western Tennessee.

PURPOSE AND SCOPE

The purpose of this report is: (1) to define the limits of the
water-bearing zones in the Claiborne Group, (2) to explain the
hydrologic functions of these aquifers, (3) to describe the chemical
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quality of the water contained in them, and (4) to determine the
effects of past and future development on the overall adequacy of
the water supply. Many effects are superimposed on the natural
system by surface-water impoundment and ground-water pumping
for domestic, municipal, agricultural, and industrial use. Discussed
in this report are the effects of pumping on surface runoff, the
effects of pumping on water levels, and the amount of water avail-
able for future development.

An effective appraisal of the ground-water resources of an aquifer
system can be accomplished only through comprehensive studies of
the aquifers’ physical properties and surroundings. Brief, pertinent
descriptions of the geography and geology of the area underlain by
the Claiborne Group, therefore, constitute a part of this report.

PREVIOUS INVESTIGATIONS

The first systematic investigation of ground water in Tennessee
was made by Glenn (1906). Later, Wells (1933) described in some
detail the character and extent of the aquifers underlying western
Tennessee. Several recent reports have discussed the geology or
occurrence and chemical quality of ground water in part or all of
the report area. Lanphere (1955) described the chemical quality
of water in the aquifers and discussed the methods of treatment
used to render the water suitable for municipal supplies. Stearns
and Armstrong (1955) revised the Cretaceous and Tertiary geologic
terminology for Tennessee. Schreurs and Marcher (1959) dis-
cussed the aquifer characteristics and water use in the Dyersburg
quadrangle, a part of the present report area. A fairly comprehen-
sive report on the hydrology of the Memphis area by Criner, Sun,
and Nyman (1963) discussed some of the effects of municipal and
industrial pumping on the aquifers in Shelby County.

ACENOWLEDGMENTS

The author is grateful to those who aided in the collection of data
for this study. Citizens, city officials, well drillers, and representa-
tives of industries throughout the report area cooperated in supply-
ing information on wells and made wells available for water-level
observations, electric and gamma-ray logging, pumping tests, and
the collection of water samples for chemical analysis.

In particular, the author wishes to thank the Layne-Central Co.
and the Watson Co. of Memphis for supplying data on wells from
their files.

Much of the data on the Memphis area was obtained from ground-
water studies made in cooperation with the Light, Gas, and Water
Division of the city of Memphis.
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GEOGRAPHY
SURFACE FEATURES

The area underlain by the Claiborne Group in Tennessee is en-
tirely within the east flank of the upper Mississippi embayment re-
gion of the Gulf Coastal Plain (Fenneman, 1938, p. 84) and in-
cludes part of the Plateau Slope (Safford, 1869, p. 110) and the
Mississippi Alluvial Plain (Fenneman, 1938, p. 83). The land sur-
face forms a broad plateau that slopes southwestward and ends
abruptly at the Chickasaw bluffs (Safford, 1869, p. 110), which
overlook the flood plain of the Mississippi River. From a high of
about 700 feet above sea level along the Tennessee-Mississippi drain-
age divide east of the report area, the plateau descends toward the
Mississippi River to an altitude along the crest of the Chickasaw
bluffs of 390 feet in the northwest and 300 feet in the southwest.
The plateau is partly dissected and consists of broad stream valleys
and rolling uplands. Other common surface features of the plateau
are hills produced by erosion.

The Mississippi Alluvial Plain lies at the foot of the Chickasaw
bluffs and consists of a low, flat area that is about 10 miles wide in
the northwestern part of the report area and gradually narrows
toward the southwest corner of the area. It finally disappears
where the Mississippi River impinges on the Chickasaw bluffs a short
distance north of Memphis.

DRAINAGE

The report area is drained by six major streams, which have low
gradients and flow into the Mississippi River. From north to south,
these streams are the Obion, Forked Deer, Hatchie, Loosahatchie,
and Wolf Rivers and Nonconnah Creek. Except for Nonconnah
Creek, all these streams are perennial. The longest stream is the
Hatchie River, which is 120 miles long. Although the Obion River
flows southwestward, the other five streams flow west-northwest-
ward to within a few miles of the Mississippi River, where their
channels swing to the southwest.

The major part of the low flows of these streams is maintained
by discharge from the aquifers of the Claiborne Group.

PRECIPITATION

Records of the U.S. Weather Bureau show that the average an-
nual precipitation in western Tennessee is 5042 inches. This
amount provides excess recharge to the aquifers and thus insures
the perennial flow of most rivers and creeks. Moreover, about 58
percent of the precipitation falls between November of one year
and April of the following year, which is the period of active re-
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charge to the ground-water aquifers. The wettest month is Janu-
ary, having an average rainfall of 5.96 inches; and the driest is
October, having an average of 2.85 inches. The annual snowfall is
generally 4-6 inches. Droughts lasting 15-30 days are not uncom-
mon in late summer and fall, and heavy downpours of 3-3.5 inches
of rain in 24 hours occur on an average of once each year (Hersh-
field, 1961, chart 43). The average monthly precipitation in west-
ern Tennessee is shown in the following table.

Average monthly precipitation, in tnches, in western Tennessee

Precipi- Precipi-

Month tation Month tation

January - _ . _______._____ 5.96 July e 4.04
February .. _ . ________ 4.65 August. - ool 3.05
March____________________ 5.28 September_ - ___ . _________ 3.30
April . _ . _ 4. 42 October__— . ____ 2.85
May - o o e 4.16 November_ . . ______ 4.27
June. . ... 3.96 December_ .o _______.__ 4. 47

GEOLOGY OF THE CLAIBORNE GROUP
NAME AND DEFINITION

The name Claiborne Group was applied by Conrad (1856, p. 257-
258) to beds constituting the “Lower or older Eocene” and under-
lying the Jackson Group in the vicinity of Vicksburg, Miss. For
many years the lower boundary of the Claiborne Group was in dis-
pute. As used in Tennessee and in this report, the Claiborne Group
overlies the Wilcox Group, underlies the Jackson(?) Formation,
and is middle Eocene in age.

SUBDIVISION

Prior to this investigation, divisions of the Claiborne Group were
not determined in Tennessee, and the group was not correlated with
formations in adjacent parts of Mississippi and Arkansas. Study of
33 geophysical logs and 25 lithologic logs shows that the Claiborne
can be partly subdivided on a tentative basis and that the geologic
units can be correlated with equivalent units in adjacent areas (pl. 1).
As considered in this report, the Claiborne Group in Tennessee con-
sists of five units, which include, in ascending order, the Meridian
Sand Member of the Tallahatta Formation (Brown, 1947, pl. 4),
the Basic City Shale Member of the Tallahatta Formation (Brown,
1947, pl. 4), the Sparta Sand, an “unnamed clay unit,” and an “un-
named sand unit.” The character and stratigraphy of these units,
as shown on electrical and gamma-ray logs, are shown on plate 1.
The older units thicken toward the south and west and are thickest
in southwestern Shelby County near the axis of the Mississippi em-
bayment (pl. 1). The unnamed clay and sand units, however, are
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thickest in southeastern Lake County, but they decrease in thickness
in all directions from this locale. The faults shown on plate 1 were
determined from the structure-contour maps (pls. 3, 4).

A comparison of the stratigraphic section used in some previous
reports with that used in this report is shown in table 1. The geo-
logic and hydrologic properties of the various formations are sum-
marized in table 2.

The Meridian Sand Member of the Tallahatta Formation is the
basal unit in the Claiborne Group of Tennessee. This unit is equiva-
lent to the Meridian Sand Member of the Tallahatta Formation of
Mississippi as shown by Brown (1947, pl. 4) and correlates with the
Carrizo Sand (Hosman, 1962, p. 389) of Arkansas. Like the Car-
rizo Sand of Arkansas, the sand facies of the Meridian in Tennessee
is distinctively micaceous.

The Basic City Shale Member of the Tallahatta Formation
(Brown, 1947, pl. 4) is probably equivalent to the Cane River For-
mation of Arkansas.

In 1947 Brown (1947, p. 37 and pl. 4) described the Tallahatta
Formation as consisting of the Meridian Sand Member and the
Basic City Shale Member and as underlying the Kosciusko Sand
(of former usage) in the northernmost part of Mississippi. In the
present report, the contact between the Basic City Shale Member
and the Sparta Sand (pl. 1) is considered to be about 120 feet
higher in the section than the equivalent contact between the Talla-
hatta Formation and the Kosciusko Sand shown by Brown (1947,
pl. 4). This revision of Brown’s section is based on the author’s
interpretation of the electric logs of several wells that have been
drilled in northern Mississippi since Brown published his findings.

The upper contact of the Sparta Sand in western Tennessee (pl.
1) correlates with the upper contact of the Kosciusko Sand in Mis-
sissippi, as shown by Brown (1947, pl. 4). In Tennessee the Sparta
Sand underlies two unnamed units.

A clay unit directly overlies the Sparta and is overlain in turn
by a unit composed predominantly of sand. These units may be
equivalent to the Cook Mountain and Cockfield Formations of Mis-
sissippi and Arkansas, but no definite correlation can be made at
this time. As the stratigraphy of these unnamed units resembles
that of the underlying formations of the Claiborne Group, the un-
named units are considered to be part of the Claiborne Group for
the purposes of this report. The unnamed sand unit, for example,
is a continuous body of sand in nearly all the report area; whereas
sand lenses in the overlying Jackson(?) Formation are thin and
discontinuous, even over short distances.
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TaBLE 1.—@Geologic column for the Eocene of western Tennessee

Wells (1933) Stearns and Cushing, Boswell, This report
Armstrong (1955) and Hosman (1964)
Jackson(?) Formation Jackson(?) Formation
Jackson
formation Unnamed sand unit
Unnamed clay unit
o
‘ Sparta Sand )
Grenada I g
formation 1 Basic City -
2 Shale Member g 2
Jackson and ] Claiborne of the 3 5
Claiborne =z Group, Tallahatta H =]
—_————— groups 2 undifferentiated Formation 2 ]
& g 2|0
) = 5
& § Meridian §
o 3 Sand fl‘ggmber *
S of the
g | Holly Springs Tallahatta
ormation
Wilcox Wilcox Group, Wilcox Group,
group undifferentiated undifferentiated
Ackerman
formation 1

1 Term no longer used by the U.S. Géol. Survey.

TaBLE 2.—Generalized geologic section of the Eocene formations of western Tennessee
and their water-beartng characteristics

Blg)| 8 Thick-
2 5 2 Formation ness Lithologic character ‘Water-bearing properties
@ | ® | O (feet)
g Jackson(?) 0-400 | Predominantly a gray or | Generally impervious.
Z Formation greenish-gray clay. A Sand 1a ?rers yield small
S fow layers of fine-grained quantities of water to a
2 gray sand. Partly lig- few domestic wells.,
nitie.
Yields as much as 400 gpm
Unnamed sand 0-210 | White to gray or brown to municipal wells,
unit. fine-grain Downdip the water con-
sand and 1nterbedded tains sufficient iron to
clays. require aeration for most
uses.
Unnamed clay 25-1650 | White to red or tan partly | Does not yield water to
° unit. lignitic clay. wells.
P
21 8 | E |spartasand 100-260 | Massive lignitic argilla-
£ § 2 Kosciusko ceous sands and a few
Pt = @ and). interbedded clay layers.
o A prolific a(’;uifer—-the
Basic City Shale 50-295 | Beds of white to gray lig- “g00-foot’” sand, Yields
Member of nitic sand and typically as much as 2,000 gpm to
the Tallahatta micaceous clay. municipal and industrial
Formation, wells. Downdip, the
water contains sufficient
Meridian Sand 85-195 | Beds of typically mica- iron to require aeration
Member of the ceous lignitic sand and a for most uses.
Tallahatta fow interbedded clay
Formation. layers.
0-700 | Massive beds of gray to The clay beds do not yield
4 tan mieaceous clay and water to wells. Con-
= sand and a few beds of tains a major aquifer—
B lignitic clay. the ‘“1400-foot”’ sand of
the Memphis area.
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LOWER PART OF THE CLAIBORNE GROUP (*¥500-FOOT” SAND)

For some time the term “500-foot sand” (Klaer, 1940, p. 92) has
been used to designate the principal aquifer from which Memphis
obtained its water supply. The base of this unit was defined and
correlated with the base of the Claiborne Group by Stearns and
Armstrong (1955, p. 4). The top of the “500-foot” sand has never
been defined geologically but has been considered to be the hydro-
logic top of the aquifer in the Memphis area. For the purposes of
this report, the top of the “500-foot” sand is correlated with the top
of the Sparta Sand. As such, the “500-foot” sand includes two for-
mations (table 1) but constitutes a single areally extensive aquifer
that ranges in thickness from 750 feet in southwestern Shelby
County to 200 feet in northeastern Weakley County.

The outcrop area of the “500-foot” sand in western Tennessee is a
" broad belt extending northeastward across the State (pl. 4). The
east boundary of this belt corresponds with the east edge of the
report area. The west edge of the belt extends from the northeast
corner of Weakley County to the southeast corner of Shelby County
and is marked by the intersection of the top of the Sparta Sand
with the land surface. The area of outcrop covers about 2,100 square
miles. The upper and lower contacts of the “500-foot” sand were
projected from the subsurface by means of the structure-contour
lines on plates 3 and 4. '

Sand composes most of all three units in the “500-foot” sand.
Beds of white to blue, pink, gray, or brown clay constitute only a
small percentage of the total thickness. In the subsurface, the sand
is thick bedded, white to brown or gray, very fine grained to grav-
elly, and partly argillaceous, micaceous, and lignitic. The sand
grains range from clear to white and from well rounded to sub-
angular. Mechanical analyses of samples from the Memphis area
indicate that the grain size varies both vertically and laterally but
that the sands are generally well sorted. As much as 85-95 per-
cent of the drill samples obtained from 5- to 10-foot intervals in
the “500-foot” sand is retained on adjacent sieves (Criner and
Armstrong, 1958, p. 8). The thin indurated “rock” layers pene-
trated in many places by drilling are probably iron-cemented sand-
stones. The “500-foot” sand lacks marine fossils but contains an
abundant flora, which was described by Berry (1916). In 1916,
however, the Claiborne Group was thought to be absent in Ten-
nessee, and both Claiborne and Wilcox floras are listed by Berry as
being Wilcox in age.

The relations between the various lithologies in the “500-foot”
sand as well as the changes in thickness are shown by means of a
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fence diagram and isopach map (pl. 2). Wells on the fence dia-
gram were projected at right angles into the lines of section. The
location of the faults shown was determined on the structure-contour
maps (pls. 8, 4). Control points for the isopach map were estab-
lished by overlaying the structure-contour maps of the top and of
the bottom of the “500-foot” sand.

UPPER PART OF THE CLAIBORNE GROUP

The upper part of the Claiborne Group is divided in this report
into the unnamed clay and unnamed sand units. The outcrop areas
of the unnamed clay and unnamed sand have not been determined,
but both units probably crop out in narrow belts west of and adja-
cent to the outcrop area of the “500-foot” sand. These belts should
be broadest near the Tennessee-Kentucky line and should diminish
in width progressively southward owing to a gradual decrease in
the thickness of both units.

UNNAMED CLAY UNIT

The unnamed clay unit overlies the Sparta Sand (pl. 1) and
consists predominantly of white to red or tan partly lignitic clay.
In the southern and eastern parts of the report area, the unit is
partly silty and sandy. Siderite concretions and kaolin were re-
ported from this interval in one well. The unnamed clay unit aver-
ages about 80 feet in thickness, but it ranges in thickness from 110
feet in southeast Lake County to 25 feet in the southernmost part
of the report area.

The unnamed clay unit is overlain by the unnamed sand unit.
The contact is generally well defined in the subsurface. Where the
Jackson(?) Formation and the unnamed sand unit have been eroded,
as in the southernmost part of the report area (pl. 1), the unnamed
clay unit is overlain by terrace deposits.

UNNAMED SAND UNIT

The unnamed sand unit comprises the youngest beds in the Clai-
borne Group. It is an aquifer in the area of study because it con-
sists mainly of permeable white to gray or brown fine-grained argil-
laceous lignitic sand. In Lake County and western Dyer County,
the unit is clayey but contains a fairly persistent basal sand. The
unnamed sand unit has an average thickness in the report area of
100 feet and a maximum thickness of 210 feet in southeastern Lake
County. It is completely overlapped by terrace deposits in the
southernmost part of the report area.

In the rest of the area, the unnamed sand is overlain by the
Jackson(?) Formation, the lower part of which is predominantly
clay.
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STRUCTURE

The report area lies on the east flank of the syncline that forms
the upper Mississippi embayment. Structurally the embayment is a
downwarped, partly downfaulted, trough in Paleozoic rocks. The
axis of the embayment has migrated in past geologic time but now
approximates the course of the Mississippi River (pls. 3, 4). Sub-
sidence and deposition near the present embayment axis began in
Late Cretaceous time but were most active during Focene time
(Stearns and Armstrong, 1955, p. 8). A slight shift in the Mis-
sissippi-embayment axis occurred during deposition of the “500-
foot” sand; evidence for this shift can be seen by comparing the
location of the axis shown on the structure-contour map on the
base of the “500-foot” sand (pl. 8) with the location of the axis
shown on the structure-contour map on the top of the “500-foot”
sand (pl. 4). The approximate depth to either contact at any par-
ticular site can be computed by finding the difference between the
altitude of the land surface at the site and the altitude of the con-
tact as shown on the maps (pls. 3, 4).

The strike of the “500-foot” sand is northeast except in the
northern part of the report area, near the Mississippi-embayment
axis. The unit dips to the northwest on the east side of the embay-
ment axis and to the southeast on the west side of the axis. The
base of the “500-foot” sand dips approximately 25 feet per mile,
whereas the top of the “500-foot” sand dips only 19 feet per mile.
The difference in the rates of dip indicates a westward thickening
of the unit, which was probably caused by regional subsidence con-
current with deposition.

The top of the unnamed sand unit strikes northeast and dips
northwest at approximately 10 feet per mile. The base of this unit
ranges in altitude from about 500 feet above to 300 feet below mean
sea level. Data were inadequate to construct structure-contour maps
of the top and bottom of the unnamed sand unit.

Two faults are indicated within the report area by the structure-
contour maps of the top and bottom of the “500-foot” sand (pls. 8,
4). The largest of the two faults trends northwest from the north-
west corner of Dyer County across southeastern Lake County and
northwestern Obion County and into Kentucky. The average dis-
placement along this fault is 100-150 feet. Some preliminary move-
ment along the fault plane during deposition of the “500-foot”
sand seems to be indicated by the relatively thick section of the unit
on the east side of the fault (pl. 2). At some time after deposition,
however, further movement along the fault tilted the eastern block
to the south and produced the structure indicated on the contour

768-379—65——3
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maps. The New Madrid earthquake of 1811-12, which created Reel-
foot Lake in Lake County (Fuller, 1912, p. 75), may have been
caused by recent movement along this fault. The second major
fault in the report area trends west-northwest frooa -west-central
Crockett County to north-central Lauderdale County. The average
displacement is 60 feet.

The structure in southern Shelby County (pls. 3, 4) suggests the
possible presence of minor faults in this area. No faults are shown
on the maps, however, as their existence is uncertain.

SUMMARY OF GEOLOGIC HISTORY

The presence of lignite and varicolored clays in the Claiborne
Group indicates continental or brackish-water deposition. Although
the Wilcox clays underlying the Claiborne Group are also non-
marine, the Claiborne overlaps these sediments in the outcrop area.
Hence, the contact may represent a major stratigraphic unconform-
ity (Stearns, 1957, p. 1092). Minor oscillations of sea level (and
the resulting stream grading) probably accounted for the four ma-
jor lithologic breaks that have been used to subdivide the Claiborne
Group. Differential subsidence of the embayment area during depo-
sition probably accounts for variations in formation thickness. Be-
cause the lithology of the Claiborne Group changes to that of a
shallow-water marine facies in De Soto and northern Tunica Coun-
ties, Miss., the shoreline during Claiborne time was probably ap-
proximately along the present Tennessee-Mississippi line. This po-
sition of the shoreline is partly confirmed by the presence of heavy
minerals (commonly indicative of seashores) in the Sparta Sand
and Basic City Shale Member in Shelby County.

At some time after deposition of the Jackson(?) Formation and
before deposition of the terrace deposits, the Jackson(?) Forma-
tion and the unnamed sand unit were removed by erosion in the
southernmost part of the report area (pl. 1).

GROUND-WATER RESOURCES OF THE CLAIBORNE
GROUP

SOURCE OF GROUND WATER

Ground water is the water beneath the land surface that issues,
or may be pumped, from wells or springs. The primary source of
ground water is precipitation. Nearly all the water that falls as
precipitation runs off as streamflow, evaporates from wetted sur-
faces, is transpired by plants, or is held in the soil by molecular
forces, which counteract the downward force of gravity. Nonethe-
less, some of the water that falls as precipitation seeps through the
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soil zone until it reaches the water table and then enters the zone
of saturation, a zone beneath the land surface in which all open-
ings are filled with water.

OCCURRENCE AND MOVEMENT OF GROUND WATER

Ground water occurs in the zone of saturation under water-table
(unconfined) conditions and under artesian (confined) conditions.
Water-table conditions exist where the upper surface of an aquifer
is exposed to atmospheric pressure. The water level in a well that
taps a water-table aquifer coincides with the upper surface of the
zone of saturation. Artesian conditions exist where water in an
aquifer is confined under pressure greater than atmospheric pres-
sure between relatively impermeable beds. The pressure in an arte-
sian aquifer causes the water level in a well that taps the aquifer to
rise above the base of the upper confining bed.

In the outcrop area of the Claiborne Group, ground water occurs
partly under water-table conditions and partly under artesian con-
ditions owing to the presence of impermeable beds or other fine-
grained material below, within, and above the aquifers. Elsewhere
in the report area, artesian conditions exist in the Claiborne aquifers.

Ground water in the Claiborne Group moves slowly (probably not
more than a few feet per day) from areas of recharge to areas of
discharge. The rate of movement is controlled by the permeability
and hydraulic gradient of the aquifer through which the water
moves. In a water-table aquifer the hydraulic gradient is deter-
mined by the slope of the water table, but in an artesian aquifer
the gradient is determined by the slope of the “piezometric surface,”
a term used to denote the surface to which the water from a given
aquifer will rise under its full head.

The water table or piezometric surface of an aquifer slopes down-
ward from areas of ground-water recharge or inflow to areas of
ground-water discharge or outflow. Irregularities in the shape and
slope of the surface, however, result from influences such as topog-
raphy, lithology and structure of the aquifer, areas and rates of
ground-water withdrawal, and areas of surface-water impoundment.
The contour lines for the piezometric surface of the “500-foot” sand
and the unnamed sand unit (pls. 5, 6) were constructed from water-
level measurements made on January 27-29, 1960. As the direction
of ground-water movement is from areas of high hydraulic head
to areas of low head, movement is generally at right angles to the
contour lines of the piezometric surface. The water moves relatively
slowly where the surface slopes gently and faster where the slope
is steeper, if the permeability of the aquifers is constant or nearly
constant.
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As shown by plates 5 and 6, ground water in the “500-foot” sand
and the unnamed sand unit generally flows west-northwestward or
northwestward until it approaches the axis of the Mississippi em-
bayment. Along the embayment axis, water flows south-southwest-
ward or southwestward and leaves the report area as underflow.

In the outcrop area of the “500-foot” sand, the water-level con-
tour lines curve to the east or southeast and approximately parallel
the major streams. In these areas, ground water is discharging into
the surface streams.

The depression of the piezometric surface of the “500-foot” sand
in Shelby County (pl. 5) is caused by pumping, which is centered
in the northwest corner of Memphis. The area influenced by this
pumping is delineated by the dotted line (pl. 5) just north of Shelby
and Fayette Counties. Ground water south of this line is suscepti-
ble to capture by pumping in the Memphis area.

The configuration of the piezometric surface of the unnamed sand
unit, as shown by the contour lines on plate 6, indicates that part of
the ground water in this aquifer is discharged in northern Shelby
County.

On the basis of the contour of the piezometric surface, the areas
where flowing wells could be completed in the “500-foot” sand and
the unnamed sand unit are considered to be where shown in plates 5
and 6, respectively. These areas are confined in general to the flood
plains of streams and to the Mississippi Alluvial Plain. At pres-
ent, very few flowing wells are completed in the Claiborne aquifers
because (1) most of the areas of potential flow are subject to pe-
riodic flooding by streams and (2) shallower aquifers yield water
suitable for domestic, stock, and irrigation use.

SIGNIFICANT WATER-LEVEL FLUCTUATIONS

Neither the water table nor the piezometric surfaces of the arte-
sian aquifers in the report area are stationary; they fluctuate in
response to many different factors such as precipitation, pumping
of wells, changes in barometric pressure, earth tides, earthquakes,
and loading of the land surface. These factors vary in magnitude
and time and produce an irregular and sometimes complicated rec-
ord of water levels. The only fluctuations that are considered in
this report, however, are those due to precipitation and pumping
because these factors have the largest and longest lasting effects
upon water levels.

In areas not affected by pumping, water levels in the Claiborne
aquifers generally fluctuate less than 2 feet between yearly highs
and lows. These changes are caused mainly by variations in the
amount of precipitation. The seasonal fluctuations in a few wells
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in and near the outcrop belt of the Claiborne Group and near sur-
face streams, however, have a considerably greater amplitude.
Hydrographs (water-level records) of selected wells tapping the
aquifers in the Claiborne Group are shown in figures 2 and 8. The
location of these wells is shown in figure 4. The hydrograph for
well Fa:W-2 (fig. 3) shows that water levels generally declined
from 1951-57, rose slightly in 1958, declined slightly from 1959-61,
and rose again in the early part of 1962. These fluctuations are
probably a direct result of above or below average precipitation
during the 6-month period of recharge ending in April of each
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Figure 2.—Relationship between water levels in wells completed in the “500-
foot” sand and average precipitation in western Tennessee.



F16 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

1949 1 1950 | 1951 | 1952 | 1953 | 1954 | 1955 | 1956 | 1657 | 1958 | 1959 | 1960 | 1961 | 1962

280
279 A M

N e \ \ Well Fa:w-2

278

277 Ny A
NANA S~

276 it
275

iN FEET

ABOVE SEA LEVEL,

SURFACE,

ALTITUDE OF WATER

265 1A A
\ I[ VV\ \ \/ Well Dy:H-7

365

\/.L_\ L R Well Gb:H-1
M “\’\-v\/-ﬂ V ¥V \wWwWN—

1954 | 1955.1 1956 | 1957 | 1958 | 1959 | 1960 | 1961 | 1962

ALTITUDE OF WATER SURFACE,
IN FEET ABOVE SEA LEVEL

360

Fiaure 3.—Fluctuation of water levels in wells completed in the “500-foot’” sand.

(\._
\
EXPLANATION )
R/’l’—l- T T
oDy:H-7 . { /J l' ‘)\
Observation well (letters ». 4 P .r\ ! -3
and numeral indicate C ) 25 000/ e Hy:G-1 r
well number) —_ S=0.0007 ¢ i‘ | }
P AN —————— N !
Pumpi:g test by \\ j— _____ .1;/
T=19,000 ~ P N T !
Coefficient of transmissibility ; oDy:H-7 ®T-28,0007" I
{in gallons per day per foot) ’—"—( . #Gb:G-5 " i 2 36°
S=0.0007 Syt TR ! :
Coefficient of storage ,'\\%";9 OOZ.\'PJ ‘\ Gb:H-l. l i
=19, - i —
/" $=0.0003, \"7._-_1_- '''''' v
O N |
\—’\ N [ T‘ l i )
N T U , ] §o
~Y N | /
I '\ j —L ,/l \”“". f A
AL B ——— IR
{ T Rawe2 | N —
e i \ / i
\«.' ,' Fa:0-30e l! )__/ I
| . i
(\) i I' oHriK-16 ! 10 o0 | 10 MILES
Ceannl
» ' i I :
- J. ' i ! ] cw——o 350
[=]o}d 89° 88

Figure 4.—Selected observation wells, pumping-test sites, and coefficients of
transmissibility and storage in the unnamed sand unit.



GEOLOGY AND HYDROLOGY OF THE CLAIBORNE GROUP, TENN. F'17

year. Several years of above average precipitation during the sea-
sonal recharge period might raise water levels to near the 1951 levels.

All four wells indicated in figure 2 and well Fa: W-2, in figure 3,
are completed in the “500-foot” sand. The total seasonal fluctua-
tion of water levels in these wells ranges from 0.5 to 2.2 feet. Wells
Hr:KX-16, Fa: 0-30, and Hy: G-1 tap the sand in its outcrop area,
whereas wells Fa: W-2 and Gb: G-5 tap the sand in the subsurface,
farther downdip.

Wells Dy: H-7 and Gb:H-1 (fig. 3) are completed in the “500-
foot” sand near centers of municipal-pumping areas at Dyersburg
and Milan, respectively. The effect of pumping on water levels in
nearby wells depends on several factors, including the amount of
pumpage, the permeability and storage characteristics of the aquifer,
and the distance of the observation well from the center of pump-
ing. The seasonal fluctuations of water level caused by precipita-
tion are partly obscured in the hydrographs for wells Dy: H-7 and
Gb:H-1 (fig. 3) by larger fluctuations caused by variations in the
rate of pumping. In the period 1954-57, daily pumpage at Dyers-
burg ranged between 1.5 and 7 mgd (million gallons per day), and
the maximum seasonal fluctuation in water level in well Dy: H-7
during this period was 14.5 feet. In the interval 1958-61, daily
pumpage ranged between 1 and 2.5 mgd, and the maximum seasonal
fluctuation was 4.6 feet.

AQUIFER LIMITS
¢500-FOOT”’ SAND

The “500-foot” sand is present over about 7,200 square miles in
western Tennessee and averages about 450 feet in thickness. The
volume of this aquifer is about 600 cubic miles. If the average
porosity is 25 percent of its volume, the “500-foot” sand contains 150
cubic miles, or 170 trillion gallons, of water in storage.

The altitudes of the bottom and top of the “500-foot” sand are
shown on plates 3 and 4, respectively. The approximate depth to
either contact can be calculated from these maps by finding the
difference between the contact altitude and the land-surface alti-
tude at any desired point.

Clay layers locally separate the “500-foot” sand into several aqui-
fers. Layers 20 feet thick or more are generally extensive enough
laterally to effect an initial hydrologic separation over the area
occupied by the average well field. The clay in the basal part of
the Basic City Shale Member of the Tallahatta Formation is found
throughout the western part of the report area, but few of the other
clays have more than local distribution.
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UNNAMED SAND UNIT

In western Tennessee the unnamed sand unit is distributed over
about 6,500 square miles and averages about 100 feet thick. If the
porosity is 25 percent of its volume, the aquifer contains 81 cubic
miles, or 34 trillion gallons, of water in storage.

In Lake and western Dyer Counties the unnamed sand unit proba-
bly yields only enough water for domestic supplies, but elsewhere it
is generally sufficiently thick to yield enough water for small muni-
cipal and industrial supplies. The aquifer occurs at a depth of 350
feet or less nearly everywhere that it is present in the subsurface.

At Union City, layers of clay separate the unnamed sand into two
aquifers. Elsewhere the effect of interbedded clays upon the hydrol-
ogy of the unit is unknown.

AQUIFER HYDRAULICS
HYDRAULIC PRINCIPLES

Under natural conditions, the water level in a well corresponds to
the water table or piezometric surface of the aquifer. When the well
is pumped, the water level in the well drops, a hydraulic gradient
toward the well is produced, and a depression is created in the water
table or piezometric surface. This depression is nearly in the form
of an inverted cone having its apex at the well. The greater the
rate of pumping from the well, the greater is the depth of the cone
of depression. As pumping continues, the water level in the well
continues to decline and the depth of the cone of depression in-
creases, but at a continually decreasing rate, until the cone captures
or diverts enough water to balance the discharge from the well.
When this balance occurs, the water level in the pumping well ceases
to decline and equilibrium conditions exist. If equilibrium condi-
tions are not reached after several days or weeks of pumping, the
water level in the well generally reaches a state of virtual equili-
brium, wherein additional decline in the water level is insignificant
except over long periods of time.

The quantity of water that the Claiborne aquifers will yield to
wells over a long period of time depends principally upon the dimen-
sions, permeability, and storage capacity of the aquifers. The dimen-
sions of the aquifers have been determined by geologic studies. The
last two properties constitute the hydraulic function of the aquifers
and are determinable by aquifer tests. Once determined, the values
of these hydraulic properties can be used to predict the effects of
pumping and the theoretical yield of wells.

The permeability of an aquifer determines its capacity to transmit
water. This function is generally expressed as the coeflicient of
transmissibility, which is defined as the number of gallons of water
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per day (gpd) that flows through a strip of the aquifer 1 foot wide,
measured at right angles to the direction of flow, under a hydraulic
gradient of 1 foot per foot. It is expressed in dimensions of gallons
per day per foot (gpd per ft). The field coefficient of permeability
is defined as the flow of water, in gallons per day, through a cross-
sectional area of 1 square foot under a hydraulic gradient of 1 foot
per foot at the prevailing temperature in the aquifer; it is expressed
in dimensions of gallons per day per square foot (gpd per sq ft).
Hence, the field coeflicient of permeability can be calculated for a
given aquifer by dividing the coefficient of transmissibility of the
aquifer by the saturated thickness of the aquifer.

The storage capacity of an aquifer is computed and expressed as
the coeflicient of storage. This unit is the volume of water that the
aquifer releases or takes into storage per unit surface area of the
aquifer per unit change in the component of head normal to that
surface. It has no dimensions, because it is a ratio. The coefficient
of storage is commonly 0.1-0.3 for a water-table aquifer, compared
with 0.001 or less for an artesian aquifer; the difference is due to
the fact that water-table and artesian aquifers differ in the relative
amounts of water released or taken into storage with changes in
water level. For example, as the water table is depressed near a
pumping well, a relatively large quantity of water is drained from
the water-bearing material through which the water table falls. In
an artesian aquifer, however, the interstices remain filled, and only a
small amount of water is released from storage as the hydrostatic
pressure declines; this apparent accretion of water from storage is
mainly a result of elastic compaction of the aquifer and the confining
beds. The practical effect of the difference between the storage
capacities of water table and artesian aquifers is that pumping at a
given rate from an artesian aquifer lowers the water level faster
than does pumping at the same rate from an equivalent aquifer
under water-table conditions.

When aquifer tests are made to determine the hydraulic properties
of aquifers, the rate of withdrawal of water from the pumped well
is controlled and measured carefully, and the effects of pumping on
the water level are measured in one or more observation wells that
are screened in the same aquifer. The coeflicients of transmissibility
and storage can then by computed by analyzing the pumping-test
data in the manner described by Wenzel (1942), Brown (1953), or
Walton (1962).

$500-FOOT” SAND

During the hydrologic investigation of the “500-foot” sand, 11
aquifer tests lasting from less than 1 hour to as much as 16 hours
were conducted at towns outside the Memphis area. The coefficients
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of transmissibility and storage were obtained from semilog plots of
drawdown or of recovery of water levels in the manner described by
Brown (1953, p. 858).

The results of the aquifer tests were evaluated by comparing them
with the results from much longer tests in the Memphis area, where
pumping tests that lasted 2-17 days were made at five well fields. In
addition, 10 other tests lasting 2-48 hours were made in the Memphis
area. The coefficients of transmissibility computed from all the
Memphis-area tests ranged from 50,000 to 400,000 gpd per ft, al-
though most values were between 150,000 and 320,000 gpd per ft.
For the same group of tests the coefficients of storage ranged from
0.0001 to 0.003. In comparison, the coefficients of transmissibility
determined from the short pumping tests that were made outside the
Memphis area ranged from 20,000 to 220,000 gpd per ft, and the
coefficients of storage ranged from 0.0001 to 0.0006. The results of
the short pumping tests are very consistent with those obtained from
much longer tests in Memphis, considering that the “500-foot” sand
is thickest in the Memphis area.

Al wells tested were partially penetrating and most were screened
near the top of the “500-foot” sand aquifer. Nearly all the values of
transmissibility and storage, therefore, indicate the hydraulic char-
acter of only the upper part of the aquifer. The coefficient of trans-
missibility of 400,000 gpd per ft is probably representative, however,
of the entire thickness (700 ft) of the “500-foot” sand in the
Memphis area. The field coefficient of permeability is therefore 570
gpd per sq ft. Lines of theoretically equal transmissibility in the
“500-foot” sand throughout the report area (pl. 7) are based on
this value and on the known range in aquifer thickness. Plate 7 also
shows the range in transmissibility as computed from pumping tests
that were made in the wells that partly penetrate the “500-foot”
aquifer. Wells constructed similarly to those used for the pumping
tests and located in an area in which the aquifer has the same trans-
missibility would probably yield about the same amount of water.

Both apparent and potential coefficients of transmissibility are
highest in Shelby County, where the aquifer is thickest, and decrease
in value to the northeast (pl. 7). Transmissibilities of at least
50,000 gpd per ft are indicated for the “500-foot” sand nearly every-
where in the report area.

Transmissibility values can be used to estimate the relative yield
of a well in terms of its specific capacity, which is defined as the
number of gallons per minute a well will yield for each foot of
drawdown of the water level. The specific capacity of a well de-
pends primarily on the hydraulic characteristics of the aquifer, the
period of pumping, and the construction and degree of development
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Fi1gure 5.—Relationship of specific capacity of wells after 1 day of pumping to
the transmissibility of the ““500-foot’’ sand.

of the well. The maximum specific capacities that can be obtained
for the range of transmissibilities in the “500-foot” sand are shown
in figure 5. Wells having diameters between 6 inches and 2 feet
would have theoretical specific capacities that plot between the two
curves. In practice, the specific capacity of most wells ranges from
60 to 80 percent of the values indicated in figure 5, because the well
only partly penetrates the aquifer and because of well and screen
loss. The coefficients of storage used in computing the curves in
figure 5 are average values.

Another significant use of the coeflicients of transmissibility and
storage is the determination of the effects of pumping at specified
rates of discharge upon water levels at various times and at various
distances .from the pumped wells (the amount of interference).
Drawdowns of water level were computed and plotted to show
theoretical time and distance-drawdown relationships. The theoreti-
cal drawdown that would result at given times and distances in an
aquifer having the range in coefficients of transmissibility and
storage determined for the “500-foot” sand is shown in figure 6.
As the water-level drawdown in the aquifer is directly related to the
_ discharge, pumping rates of 1000, 1500, or 2,000 gpm (gallons per
minute) would result in drawdown of two, three, and four times,
respectively, those shown in figure 6 at the same time and distance
and for the same values of transmissibility and storage. The coeffi-
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Fiaure 6.—Theoretical drawdowns at given times and distances in an ideal
aquifer having the range in transmissibility and storage determined for the
“500-foot” sand.

cients of storage used in computing the curves in figure 6 are
average values.
UNNAMED SAND UNIT

Three aquifer tests were made using wells screened in the unnamed
sand unit to determine the hydraulic characteristics of this aquifer.
The location of the wells and the calculated coefficients of trans-
missibility and storage are shown in figure 4. The maximum
transmissibility was determined to be 45,000 gpd per ft at Troy.
Whether this value represents the transmissibility for the entire 170-
foot thickness of the aquifer at Troy or indicates local anomalous
conditions is not known. The unnamed sand unit is finer grained
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than the “500-foot” sand, however, and the foregoing value is reason-
able for the entire thickness. If so, the average field coefficient of
permeability for the unnamed sand aquifer is about 265 gpd per sq
ft. In general, the results of pumping tests in the unnamed sand
suggest higher transmissibilities in the northern and eastern parts of
the area underlain by this unit.

The maximum specific capacities that can be determined for the
known range in transmissibilities in the unnamed sand aguifer are
shown in figure 7. In practice, most wells have specific capacities
20-40 percent less than these values, the difference depending on the
design and the degree of development of individual wells.

The theoretical drawdown that would result at given times and
distances for the range in coefficients of transmissibility and storage
determined for the unnamed sand unit is shown in figure 8. Other
conditions remaining the same, pumping rates of 200, 800, or 400
gpm would result in drawdowns of water levels two, three, and
four times those shown in figure 8.
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Ficure 7.—Relationship of specific capacity of wells after 1 day of pumping to
the transmissibility of the unnamed sand unit.
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OPERATION OF THE AQUIFER SYSTEMS
RECHARGE AND DISCHARGE

On an annual basis, recharge balances discharge plus or minus
any change in storage. The aquifers in western Tennessee, however,
receive an excess of potential recharge from precipitation. Because
depletion of storage is very small, the amount of recharge to the
aquifers of the Claiborne Group can be calculated approximately by
totaling the amounts of water annually pumped or discharged from
the aquifers. Most recharge to the Claiborne Group occurs by
infiltration of precipitation in the outcrop areas of the aquifers.
Some additional recharge is also received by seepage from adjacent
formations and by underflow from adjacent States. The various
amounts of recharge and discharge to and from the aquifers are
summarized in table 3.

TaBLE 3.—Water budgets, in million gallons per day, in 1960 for the aquifers of th
Claiborne Group

[Amounts that are discharged to the streams are neglected]

“500-foot”” sand

Recharge:
Recharge from precipitation on the outerop area in Tennessee_._____ 133
Underflow from the north_ _ ___ . ... 3
Underflow from the south. - . . __ 25
Underflow from the west_ - - . _____ 20
Accretion from adjacent formations. .. oo ..._.. 10
Total average recharge._ . .- oo 191

Discharge:
Estimated pumpage. .. i 155
Underflow along the Mississippi-embayment axis_ .___ . . __..______ 37
Total average discharge._ - . o 192
Depletion of StOrage .- - - - - oo e 1

Unnamed sand unit

Recharge:
Recharge from precipitation on the outcrop area in Tennessee...____ 8
Underflow from the north__ __ . ____ . ______. 1
Accretion from adjacent formations- - ..o oo 1
Total average reCharge. - - - oo 10

Discharge:
Estimated pumpage.._ e eameaaaeea 2
Discharge to adjacent formations_ _ .. oo oo 8

Total average discharge. - - - . o 10
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Practically all recharge from precipitation to the Claiborne Group
occurs from November 1st of one year through April 30th of the
following year. In the intervening months, May-October, evapo-
transpiration exceeds rainfall, and nearly all rain that seeps into the
ground is absorbed by the soil. Little, if any, reaches-the water
table.

In the 750 square miles of the outcrop belt of the “500-foot” sand
that is influenced by pumping in Shelby County, the average re-
charge from precipitation in 1960 was 80 mgd. In the remaining
1,350 square miles of the outcrop belt of the “500-foot” sand, the
average recharge from precipitation was about 53 mgd in 1960.
Thus, the total recharge to the “500-foot” sand from precipitation
averaged 133 mgd in 1960. In the unnamed sand unit the average
withdrawal and discharge of 8 mgd of water in 1960 was replaced
by recharge from precipitation on the outcrop area.

A considerable amount of water in the aquifers of the Claiborne
Group in Tennessee enters the State as underflow from the north,
south, and west. Under natural conditions, about 3 mgd flowed
into the State from Kentucky through the “500-foot” sand in 1960,
and about 1 mgd flowed into the State through the unnamed sand
unit. An undetermined amount of water flowed toward the Missis-
sippi-embayment axis from Arkansas and Missouri in the northern
part of the report area, but most, if not all, of this water left
Tennessee as underflow along the axis of the embayment in the
southern part of the area. Additional amounts of water were in-
duced into Tennessee from the south and west because of pumping;
this movement of water is discussed on page F28 as an effect of
pumping.

Some of the water that flows downdip through the “500-foot” sand
leaves Tennessee as underflow along the axis of the Mississippi em-
bayment (pl. 5). This volume of water was calculated from the
hydraulic gradient (pl. 5) and from the transmissibility (pl. 7) of
the “500-foot” sand and was about 87 mgd in 1960. Most of this
water was captured by pumping at Memphis, however.

EFFECTS OF PUMPING AND INTERAQUIFER MOVEMENT OF GROUND
WATER

Prior to the development of water supplies from the “500-foot”
sand, the amount of ground water that entered Shelby County from
the east through the “500-foot” sand was estimated by Criner, Sun,
and Nyman (1963, p. 50) to have been about 30 mgd. In 1960, under
conditions of heavy pumping, the amount of ground water moving
eastward into Shelby County through the “500-foot” sand was esti-
mated at 60 mgd (Criner, Sun, and Nyman, 1963, p. 51). The addi-
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tional water probably resulted chiefly from a reduction in surface
runoff. No significant effect upon the flow of the major rivers in the
outcrop area of the “500-foot” sand, however, has been observed.
Wolf River, for example, has one of the largest base flows per square
mile of drainage area of any river in the State. Any reduction
in the base flow of the streams east of Shelby County has been
obscured by the variations in base flow caused by factors other than
the increased flow through the “500-foot” sand.

A factor that also might account for the lack of an observable
effect of pumping from the “500-foot” sand on surface runoff is the
apparent time lag between peak seasonal pumping and annual low
water levels in the outcrop area of the “500-foot” sand. At a dis-
tance of 15-30 miles from the center of pumping in Memphis, the
time lag between peak pumping and low water level is 14 months
(Criner, Sun, and Nyman, 1963, p. 40). Consequently, the effect
of peak pumping from July through September might not affect
water levels in the recharge area of the “500-foot” sand until the
interval November-January. The practical result of this time lag
would be a reduction in the amount of direct surface runoff in the
November-January period rather than a reduction in base flow
during the period of peak pumping from July through September.

The major streams in the report area probably do not discharge
any water into the Claiborne aquifers except possibly within the
area influenced by pumping at Memphis.

Seepage from adjacent geologic formations accounts for a small
amount of recharge in the report area. This process is significant
in the Memphis area, where the “500-foot” sand is overlain and
confined by thin partly silty or sandy clays. Possible sources for
this recharge are water in the unnamed sand unit, the alluvial and
terrace deposits, and the “1,400-foot” sand of the Wilcox Group.
In the report area about 8 mgd moves through the unnamed sand
toward the axis of the Mississippi embayment. This water then
flows south along the axis and is discharged into the Mississippi
River alluvium, terrace deposits, and probably the “500-foot” sand
in or just west of Shelby County.

Additional amounts of water are apparently discharged from terrace
deposits. into the ‘“500-foot” sand in the southern part of Shelby
County. Pumping in Shelby County has lowered water levels in
the “500-foot” sand below those in the terrace deposits, and a hy-
draulic gradient between the two aquifers has been established.
As a result of this downward seepage, the water table in the terrace
deposits has dropped to some extent, and Nonconnah Creek is now
dry part of the year, whereas it was formerly a perennial stream.

768-379—85——5
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Criner, Sun,and Nyman (1963, p. 54) gave the following ground-water
budget for the ‘“500-foot” sand in Shelby County:

Million

gallons

Inflow per day
Across east boundary . . . ... 60
Across north boundary. ... 20
Across south boundary . - . 25
Across west boundary; leakage from above and other sources._ 29
Depletion of storage _ _ e 1
Total oo e 135
Average pumping rate for 1960.. .- 135

The information available on water levels west of the Mississippi
River is inadequate to determine directly the inflow into Shelby
County across the west boundary. Probably no more water is mov-
ing across the west boundary than across the north boundary, how-
ever. Although hydraulic gradients have been established from the
north and west by pumping, the inflow from both directions is mov-
ing updip in the “500-foot” sand. If Shelby County receives 20
mgd across the west boundary, then, from the foregoing water
budget, 9 mgd is recharged to the aquifer from adjacent geologic
formations.

The hydraulic head in the “500-foot” sand is higher than that in
the underlying “1,400-foot” sand of the Wilcox Group, except in
Shelby County, where the reverse is true. Moreover, the “500-foot”
sand partly overlaps the Wilcox Group where they crop out, as dis-
cussed on page F12, and occupies the higher position topographically.
A net discharge of water into the older unit probably occurs, but the
amount of this discharge cannot be estimated at present.

Outside Shelby County, seepage from overlying formations into
the Claiborne aquifers is apparently confined to isolated local areas.
In some of these areas, pumping lowers the water level in the Clai-
borne aquifers enough to induce water into them from the overly-
ing formations, such as alluvial deposits. The total amount of
water added to the Claiborne aquifers in these areas is probably
about 1 mgd for the “500-foot” sand and 1 mgd for the unnamed
sand unit.

The total accretion from adjacent formations is probably about
10 mgd for the “500-foot” sand and about 1 mgd for the unnamed
sand unit.

Under conditions of heavy pumping in Memphis, 25 mgd has
been diverted into Shelby County as underflow through the “500-
foot” sand from Mississippi, and probably an additional 20 mgd
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enters the county as underflow through the “500-foot” sand from
Arkansas.

Discharge from the “500-foot” sand that is not balanced by re-
charge results in a depletion of water in storage and a lowering of
water levels. These changes occur chiefly in Shelby County, where
the amount of pumpage is continuing to increase year after year.
Criner, Sun, and Nyman (1963, p. 54) estimated that an average 1
mgd of the total pumpage in the Memphis area is derived from
storage.

GROUND~-WATER STORAGE AND BASE FLOW OF STREAMS

A large amount of water is temporarily stored in the Claiborne
aquifers during the winter months, and much of this water is then
discharged to streams in the outcrop areas during the following
seasons. 'This water constitutes the base flow of the perennial
streams in the outcrop area of the Claiborne Group. The aquifers
discharge water for two reasons: (1) there is a hydraulic gradient
between the uplands and the stream bed and (2) the aquifers are
essentially full of water, and additional water cannot be transmit-
ted downdip under existing hydraulic gradients.

The relationships between the changes in ground-water levels,
the changes in the depth and discharge of streams, and the varia-
tions in precipitation and evapotranspiration are complex. The
seasonal trends of these factors can generally be isolated from the
shorter term complexities, however. During the period from April
through November, as discussed on page F26, practically no water
recharges the Claiborne aquifers. Because the aquifers continue to
discharge water from April through November, although at a de-
creasing rate, the amount of water in storage in the aquifers recedes.
Therefore, a curve drawn through the lowest points on the stream
hydrographs during this period approximately defines the reces-
sion of discharge to the streams from the upland areas of outcrop
of the aquifers (neglecting bank storage and evapotranspiration).
The area under this curve approximately represents the total
amount of water discharged from the various aquifers in the basins.

The recession of ground-water discharge for the basins of Wolf
River at Rossville and of South Fork Obion River near Greenfield
is shown in figure 9. The base-flow data obtained at these stations
are probably representative of ground-water discharges from the

“500-foot” sand. On the basis of the stream hydrographs and of
well hydrographs, the period selected for analysis was April 15—

October 31, 1960. Because of a series of rains in the fall, the total
discharge of the streams during this season exceeded the ground-
water discharge; therefore, parts of both curves are projected.
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Wolf River at Rossville (dashed-line curve): location, lat, 35°03’15’/, long

 89°32'30"'; period of plot, March 21-July 19, 1960; drainage area, 503
square miles.

South Fork Obion River near Greenfield (solid-line curve): location, lat
36°07'05"", long 88°48'39’’; period of plot, March 19-September 7, 1960;
drainage area, 431 square miles.

Ficure 9.—Recession of ground-water discharge in two basins during April 15-
October 31, 1960.

The volumes of ground water discharged from the “500-foot”
sand during the 1960 period of recession were calculated from the
recession curves in figure 9. The volume of water represented by
the area beneath the curves was calculated in five or ten day seg-
ments (depending on the slope of the curve) and then totaled.

In the Wolf River basin above Rossville, 21.7 billion gallons of
water was discharged from the outcrop area of the “500-foot’” sand in
1960. In the South Fork Obion River basin above Greenfield, 12.5
billion gallons was discharged. If the mean of these values represents
the average volume of discharge from the ““500-foot’”” sand, about 76
billion gallons of water was discharged to streams crossing the outcrop
area during the 1960 period of recession. This volume of discharge is
equivalent to a depth of 2.1 inches of water over the 1,350 square
miles of the outcrop area. These calculations can be checked by
comparing the amount of aquifer discharge with the total seasonal
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fluctuation of ground-water levels. The following table lists the
various declines of water level that would result in the *500-foot”
sand for four different porosities if 76 billion gallons of water were
discharged from the aquifer:

Porosity Water-level decline
(percent) (inches)

20 e 10. 5

2B e 8.4

30 - e 7

B8 e 6

The actual seasonal fluctuation of water level in the outcrop area of
the ““500-foot” sand ranged from about 6 to 12 inches in 1960.

WATER QUALITY

The quality of the ground water in the report area is primarily a
result of the solvent power of the water. This power is greatly
increased by the presence of dissolved carbon dioxide. Some car-
bon dioxide is dissolved from the air by rainwater, but organic soils
generally contain much more of this gas than does the atmosphere.
Therefore, as rainwater percolates into and through an organic soil
zone, it dissolves additional amounts of carbon dioxide and thus
forms a weak acid solution that can dissolve certain minerals in
the earth’s crust. In general, the farther the water travels and the
longer the water remains underground, the more mineral matter it
dissolves.

The chemical suitability of water for domestic and municipal use
is commonly judged by comparison with standards of the U.S.
Public Health Service (1962) for water used on common carriers in
interstate commerce. Individuals can become adjusted to drinking
water containing larger amounts of chemical constituents than those
recommended by the Health Service, but water of inferior quality
should be aveided wherever possible. The chemical quality of water
in the Claiborne aquifers is within the limits established in the
Public Health Service standards for all constituents except iron.
The iron content of water in the Claiborne aquifers within the
report area ranges from O to 16 ppm (parts per million), whereas
the recommended limit is 0.3 ppm. Individual chemical analyses of
water from most municipal water supplies from the Claiborne aqui-
fers in western Tennessee were reported by Lanphere (1955).

In general, the chemical quality of water from the Claiborne
Group at a given locale may be expected to show little or no change
with time. For example, analyses of water from selected wells in
the report area showed no significant change in quality between
1929 and 1961 (J. H. Hubble, U.S. Geol. Survey, written commun.,
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1962). Some changes in water quality might occur, however, where
significant quantities of water are withdrawn from a new well or
well field owing to the induction of water of better or poorer qual-
ity into the aquifer.

¢500-FOOT* SAND

Wells near the outcrop area of the “500-foot” sand yield water
that is generally low in all chemical constituents and somewhat aci-
dic, as evidenced by a relatively low pH (the negative logarithm of
hydrogen ion activity). Because of the low pH and probably be-
cause of the presence of dissolved oxygen (Moore, 1962, p. 134),
water pumped from wells near the outcrop area generally corrodes
iron piping.

Downdip in the aquifer, contents of calcium, magnesium, iron,
and bicarbonate in the water progressively increase (pl. 8), and
acidity correspondingly decreases. The increase in calcium, mag-
nesium, and bicarbonate probably results from the slow solution of
available calcium and magnesium minerals as the ground water
moves downdip. The solution of these materials reduces the amount
of carbonic acid in the water and thereby probably accounts for
the downdip decrease in acidity, if no carbon dioxide is added to
the system.

The increase in the iron content (pl. 8) of the water downdip in
the “500-foot” sand is presumably the result of a shift from an
oxidizing environment near the outcrop area to a reducing environ-
ment near the axis of the Mississippi embayment (Moore, 1962,
p. 134).

Nearly all municipal supplies taken from the *“500-foot” sand
near the embayment axis must be aerated, and most supplies must
also be filtered. These processes precipitate the dissolved iron in
the form of an oxide and then remove the iron oxide from suspen-
sion. Aeration also liberates excess carbon dioxide and hydrogen
sulfide gas, thereby making the water less corrosive and more palat-
able.

The distribution of iron, hardness, pH, and temperature in water
from the “500-foot” sand is shown in figure 10. The range and
median values of most chemical constituents are listed in table 4.

UNNAMED SAND UNIT

The data currently available are inadequate to show graphically
the downdip changes in chemical quality of water in the unnamed
sand unit. There is, however, an apparent downdip increase in
mineral constituents and temperature. The range and median val-
ues of most chemical constituents in water from the unnamed sand
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unit are shown in table 4. The temperature of the water in this
aquifer ranges from 59°F to 63°F.

Aeration and filtration are used to remove iron from the water
for municipal supplies in the northwestern part of the report area.
No other treatment is used for the chemical content of the water.

TaBLE 4.—Summary of chemical analyses of water from selected wells developed in
the “500-foot” sand and unnamed sand unit in western Tennessee

[Results in parts per million, except a3 otherwise indicated. Analyses made by the Quality of Water
Branch, U.S. Geol. Survey]

“500-foot”” sand (33 analyses) Unnamed sand unit (11 analyses)
Chemical constituent or
property

Minimum | Median | Maximum | Minimum | Median | Maximum

3.3 12 21 u 18 33

.0 .5 14 .1 .7 16

1.3 5.8 31 3.5 12 31

.4 L9 15 1.2 4.6 14

19 5.6 17 2.4 9.6 29
.2 .9 7.5 .5 1.2 6.6

0 0 4 0 0 0

8.0 29 170 21 82 190

.0 2.2 9.7 1.1 2.6 17

.6 3.0 19 1.5 3.4 26
.0 o1 .6 .0 .0 " |

.0 .6 10 .0 .4 20

19 57 150 33 120 180

6.0 22 140 14 49 140

Specific conductance (micro-

mhos af 25° C)occeeeeo e 23 84 270 39 170 300

pH 5.6 6.2 8.0 6.0 6.1 7.7
WATER USE

The availability of large quantities of ground water from the
Claiborne aquifers has been an important factor in the economic
development of the report area. All known municipal, industrial,
and domestic water users and most irrigation water users rely on
ground water for their source of supply. In 1960 the average
pumpage from the “500-foot” sand was about 155 mgd, and the
average pumpage from the unnamed sand unit was about 2 mgd.

Detailed surveys of water use have been made in three localities
in the report area. Use of pumpage from the “500-foot” sand in
Shelby County was found to be 45 percent municipal and 55 per-
cent industrial and other. In the Dyersburg quadrangle (Schreurs
and Marcher, 1959, p. 40), use of pumpage was 51 percent municipal,
20 percent industrial, and 28 percent other. A survey of Madison
County found pumpage use to be 44 percent municipal, 35 percent
industrial, and 21 percent other. On the basis of these results, use
of pumpage from the aquifers of the Claiborne Group is estimated
to be 46 percent municipal, 44 percent industrial, and 10 percent
other.
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Ficure 10.—Distribution of iron, hardness, pH, and temperature in water
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EXPLANATION

Contour interval 60 ppm
0-60 ppm, soft
60-120 ppm, moderately hard

120-180 ppm, hard

Outerop area of the
“500-foot” sand
28
Control point

90° e 89°
CONTOURS OF EQUAL HARDNESS IN THE “500-FOOT" SAND

EXPLANATION

Contour interval 2°F

Outerop area of the
“500-foot” sand

65
Control point

—— e e 2

S0° - 257
CONTOURS OF EQUAL TEMPERATURES IN THE "500-FOOT" SAND

from the ¢‘500-foot’”’ sand. Data collected during the period 1951-61.
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The average municipal pumpage from the “500-foot” sand in
Shelby County during 1960 was about 61.5 mgd. This total may be
broken down by utility district as follows:

Average daily pumpage Average daily pumpage
from the “500-foot”’ sand from the ““600-foct” sand
Utility district (thousands of galions) Utility district (thousands of gallons)

Memphis Light, Gas, and Millington - - oo 490
Water Division . v cevevun.. 58, 540 Raleigh oo 330
Arlington . ... ______ 10 Whitehaven. . oo 1,450
Collierville .. . _..____. 240 WoodstoeK oo mmeeeeee L 150
Ellendale. o oo 1300 _—
GermantoOwn .. e e 110 01 7:) P 61,520

1 Estimated.

Outside Shelby County, 29 towns pumped an average of about 9.7
mgd from the “500-foot” sand in 1960. The approximate pumpage
at each town is as follows:

Average daily pumpage Average daily pumpage
Jrom the “500-foct’’ sand Jfrom the “500-foot” sand
Town (thousands of gallons) Town (thousands of gallons)

Bells . e 75 Maury City o eccccceeeeeee e 110
Bradford. ... 80 MedinQ. oo 100
Brighton. . .. . __. 120 Milan - e 500
Brownsville. . ... _.________. 475 MOSCOW o m e e 115
Cottage Grove. ... _._._.. 6 Ridgely. . oo 175
Covington _ ... _____..._. 400 RIPIEY. oo 380
Dresden . oo ... 250 Somerville . _ . . __________ 180
Dyersburg. « oo 1, 400 South Fulton_ -« e ceeeeeme 250
GibSOR .« e 10 Stanton_ e 60
Gleason.. o cwwe oo 100 Tiptonville. o e e v e e 300
Greenfield. .. oo __ 150 Trenton . v e e 1, 000
Henning ... ________________ 15 Union City. .. oceeemcmaceaaa- 1,200
Humboldt. oo 2, 000 Whiteville. oo v oo 75
Kenton ... .. 100
Martin . ceo . 375 Total. e eeeceeee 9, 716
Mason. .o e e 15

1 Estimated.

Towns that use water from the unnamed sand unit pumped an
average of about 0.9 mgd in 1960. These towns and the average
daily pumpage are listed as follows:

Average daily pumpage Average daily pumpege
from the unnamed sand Jfrom the unnamed sand
Town (thousands of gallons) Town (thousands of gallons)
Alamo. ... 200 Sharon . ..o 100
Dyer. . 220 TI0Y e e e e e 60
Gates. oo ... 110
Halls. . 175 Total o g15
Rutherford o ..o ____ 150

1 Estimated.

The highest monthly pumpage for municipal use generally occurs
in July or August; the minimum monthly pumpage is generally in
February.
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Industrial pumping from the Claiborne aquifers is concentrated
in the larger population centers. No complete survey of industrial
water use has been made, but pumpage is estimated at an average of
70 mgd.

Withdrawal for domestic and stock use is concentrated in and
near the outcrop areas of the Claiborne aquifers. The unnamed
sand unit is also used for domestic supplies in the downdip areas,
where shallower aquifers are missing or yield water of poor quality.

Irrigation is used on a supplemental basis in western Tennessee.
Crops are normally irrigated one time in each growing season. Irri-
gation wells withdraw water from the Claiborne aquifers in Crock-
ett, Fayette, Gibson, Haywood, Madison, Shelby, and Weakley
Counties. The total capacity of all pumps is about 25,000 gpm.
About 34 percent of the total capacity can be pumped in Shelby
County, and 33 percent can be pumped in Gibson and Weakley
Counties (McLemore, 1958, p. 15, 16). The quantity of water with-
drawn, however, depends largely on the distribution of areas of de-
ficient rainfall and, therefore, varies considerably from year to year.
Average annual withdrawal of ground water for irrigation is about
150 million gallons.

: WELL CONSTRUCTION

A well is an engineering device to divert ground water from its
natural flow path for use by man. Where relatively small quanti-
ties of water are desired, well-design criteria may be of minor im-
portance. It is often the objective, however, to construct a well
capable of producing 500-2,000 gpm. In the construction of such
high yielding wells, proper methods of well design, construction,
and development should be used to insure maximum efficiency.

The two major factors of well construction that determine the
yield of a well at a particular site are the amount of penetration of
the aquifer by the well and the effective diameter of the well. The
amount of penetration of the aquifer is defined as the ratio of the
length of a screen in a saturated aquifer to the total thickmess of
the aquifer, usually expressed as a decimal. If this ratio is one,
the penetration is said to be complete; but if the ratio is less than
one, the penetration is called partial. The amount of penetration
is generally more important than effective diameter in determining
well yields. Increasing the penetration of an isotropic artesian
aquifer will generally increase the yield of the well. According to
Ahrens (1958, fig. 3), an increase in penetration from 0.2 to 0.4
will increase the ultimate yield of a well in an ideal aquifer by as
much as 85 percent.

The effective diameter of a well is determined by the amount of
development that the well has undergone, the thickness and relative
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permeability of a gravel pack (if used), the type and amount of
perforation in the screen or casing, and the actual diameter of the
well. The degree of well development has a considerable influence
in determining the effective diameter of a well. Various methods
of pumping, surging, and backwashing a newly completed well
remove the finer grained materials surrounding the screen and
greatly increase the permeability of the aquifer in this zone. Theis,
Brown, and Meyer (1954, p. 6) stated that the effect of well devel-
opment in many instances may be “the same as if a well 10 feet
in diameter were placed in an undeveloped aquifer.”

The use of a gravel pack—a sand or gravel wall placed between
the well screen and the aquifer surrounding the well—can increase
the effective diameter of a well by increasing the permeability of
the materials outside the well screen in a manner similar to well
development. The cost of installing a gravel pack should be bal-
anced, however, against the results that could be obtained by spend-
ing the same amount of money on additional well development.

The inside diameter of a well screened in sand or gravel has only
a small effect on its productivity relative to other wells in the same
locality and in the same aquifer. If a pumping well has a radius
of influence of at least 1,000 feet under equilibrium conditions,
doubling the diameter of the pumped well would result in a sus-
tained yield increase of less than 10 percent (Ahrens, 1958, p. 28,
30). This relation should be considered in deciding whether or not
to construct a well having a diameter substantially larger than re-
quired for the installation of the necessary pumping equipment to
deliver the desired yield.

WELL INTERFERENCE

In municipal and industrial well fields, interference between
closely spaced wells in some places causes excessive drawdown of
water levels. In effect, well interference or the decline of water-
level in a well caused by pumping nearby wells results in a decrease
in the available drawdown and, hence, in the ultimate capacity of
the well. Thus, interference is a form of mutual pirating. The
problem is chiefly one of economics—namely, whether the cost of
pumping water from lower levels is less than the cost of longer pipe-
lines that would be required to transport water from wells spaced
farther apart.

A satisfactory method of reducing interference, which has not
been extensively used in western Tennessee, is the placing of wells
in a given field in groups that include as many wells as there are
aquifers and the screening of each well in a different aquifer. In
this way, little or no interference would be evident between wells
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in the same group and, therefore, the length of pipeline that would
be needed to collect a given amount of water could be considerably
reduced.

The group method would be particularly adaptable in the area
underlain by the aquifers in the Claiborne Group; because within
these units, clay layers locally separate the water-bearing sands and
create virtually separate aquifers. Moreover, the Claiborne is un-
derlain by the Wilcox Group and the Ripley Formation through-
out the report area and, in places, is overlain by alluvium and ter-
race deposits. Each of these units contains one or more aquifers;
thus, the number of wells in a given group could be increased.

In the development of wells in the same aquifer, the most favor-
able arrangement is in a straight line at right angles to the direc-
tion of ground-water flow. This arrangement provides the maxi-
mum amount of available drawdown in the wells as a group by min-
imizing interference between wells and, thus, permits the wells to
be closer together. As a result, the cost of both pumping and pip-
ing the water from a given number of wells is minimized.

AQUIFER POTENTIAL AND FUTURE DEVELOPMENT

The maximum quantity of water that can be pumped from the
“500-foot” sand on a sustained basis is limited only by the capacity
of the aquifer to store and transmit water. If the hydraulic gradi-
ent of the “500-foot” sand were increased to the average dip of the
top of aquifer (19 ft per mile), the “500-foot” sand would transmit
downdip from the outcrop area about 578 mgd, or the equivalent of
5.8 inches of precipitation per year. Infiltration in the outcrop area
could greatly exceed the 5.8 inches that the aquifer would be able
to transmit downdip under the assumed gradient of 19 feet per mile,
owing to the abundance of rainfall in the outcrop area.

Total pumpage from the “500-foot” sand in Shelby County has
not increased at a constant rate through the years. For the period
1958-62, however, the average increase was more than 5 mgd each
year (J. H. Criner, U.S. Geol. Survey, oral commun., 1963). If
the average increase in pumpage were more than 5 mgd each year
from 1960 to 1980, total pumpage at the end of this period would
exceed 230 mgd.

Increased future pumping at Memphis will have significant effects
upon the system of aquifers in the Claiborne Group. The area of
influence of pumping (pl. 5) will increase with the rate of pumping,
and recharge will increase in turn; but the absolute expansion of
these factors cannot be determined at present. For example, the
expansion of the area of influence would not be a straight-line func-
tion of the increase in pumping because additional recharge from
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surface streams, precipitation, and adjacent geologic formations
would result from increased hydraulic gradients. The problem of
estimating the future effects of increased pumping in the Memphis
area can be simplified, however, by assuming that the percentage of
water entering Shelby County as underflow through the “500-foot”
sand from all directions will be proportional to that of 1960. As
mentioned previously, total pumpage in the Memphis area was 135
mgd in 1960. Fifty-nine percent of the total water pumped entered
Shelby County as underflow from the north and west. This amount
of water was probably replaced in the “500-foot” sand by infiltration
of 2.2 inches of the precipitation that fell on the southern 35 percent of
the outcrop belt of the “500-foot” sand in Tennessee. If the per-
centage of the outcrop belt of the “500-foot” sand that is within the
area of influence expands as the area influenced by Memphis pump-
ing expands, table 5 shows approximately the rates of annual infil-
tration and the resulting average hydraulic gradients as pumpage in
Memphis increases to 200 mgd and 300 mgd.

TaBLE 5.—Predicted possible pumping conditions in the Memphis area when pump-
age reaches 200 mgd and 300 mgd

[Transmissibility across the north and west boundaries of Shelby County is 350,000 gpd per ft]

A hydrauli
Percenft‘})gocax-lftcrgy Rate of annual Zggig:nt%crogs ¢
Case R thin ot | infiltration re- north and west
LR, | STt | it
200 mgd
Ao e 40 5.0 o2
B 50 4,0 |
C e e 60 3.3 11
Do 70 2.9 |
E oo 80 20D | eeimeaeaa
300 mgd
Ao e 40 A T I,
B 50 6.0 |oo e
C o e 60 5.0 17
Do 70 4.8 |
O S 80 b T T,

The effects of future increases in pumping at Memphis will be (1)
a reduction and possible seasonal loss of base flow in streams within
the area-of-influence of pumping, (2) a drop in water levels that
will be directly proportional to the increase in pumpage and in-
versely proportional to the distance from the center of pumping and,
therefore, a reduction in the amount of water in storage, (3) a
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capture of some of the water being discharged from the State as
underflow and an increase in the inflow of water from adjacent
States, (4) an increase in leakage from other aquifers through the
confining beds, and (5) a change from artesian to water-table condi-
tions in the eastern part of the county.

Outside Shelby County, municipal pumpage from the “500-foot”
sand was probably about 4.8 mgd in 1929 (Wells, 1933), 8.1 mgd in
1951 (Lanphere, 1955), and 9.7 mgd in 1960. On the basis of these
three values, municipal pumpage will probably reach 13 mgd by the
year 1980 and 16 mgd by the year 2000. If other pumpage in-
creased proportionally, the total pumpage by the year 1980 would be
28 mgd, and by the year 2000, 35 mgd.

Pumpage from the “500-foot” sand outside Shelby County was
very small (9.7 mgd) in 1960 compared with the amount of water
potentially available. The “500-foot” sand has the capacity to trans-
mit at least 872 mgd from the outcrop area to centers of pumping
outside Shelby County. Additional amounts of water might also
be induced into the area north of Shelby County as underflow from
Kentucky, Arkansas, and Missouri.

If the hydraulic gradient of the unnamed sand unit were increased
to the average dip of the top of that unit (about 10 ft per mile),
about 34 mgd, or the equivalent of 1.4 inches of precipitation per
year, would be transmitted downdip from the outcrop area and
would be available for use. This amount is about 17 times the
present pumpage.

Municipal pumpage from the unnamed sand unit was about 0.25
mgd in 1929 (Wells, 1933), 0.64 mgd in 1951 (Lanphere, 1955), and
0.92 mgd in 1960. Hence, the average annual increase in municipal
pumpage from 1929-60 is assumed to have been about 21,000 gpd.
At this rate of increase, municipal pumpage would be about 1.1 mgd
by the year 1980 and 1.5 mgd by the year 2000. If other pumpage
increased proportionally, total pumpage by the year 1980 would be
2.3 mgd, and by the year 2000 it would be 3.3 mgd. The latter figure
of 3.3 mgd is far below the 34 mgd that is probably available from
the unnamed sand unit.

Thus, ground-water supplies in both the “500-foot” sand and the
unnamed sand unit will be adequate for the predicted rate of muni-
cipal growth and economic development for many years to come.
Future development should be undertaken with the full knowledge
that the net increase in pumpage will be offset by an increase in the
inflow of ground water from other States, a decrease in the base
flow of streams crossing the outerop areas of the Claiborne aquifers,
or both.
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SUMMARY AND CONCLUSIONS

There are two major aquifers in the Claiborne Group: the “500-
foot” sand and an unnamed sand unit. The “500-foot” sand is
present beneath about 7,200 square miles in western Tennessee and
has an average thickness of about 450 feet in the subsurface. The
unnamed sand unit underlies about 6,500 square miles and has an
average thickness of about 100 feet.

Water in both aquifers of the Claiborne Group is under artesian
pressure except in some parts of the outcrop area. Wells developed
in the aquifers flow where the piezometric surface is higher in
altitude than the land surface. Flowing wells may be developed
in the Claiborne aquifers on the flood plains of most major rivers
that drain the region underlain by the Claiborne deposits and in
part of the Mississippi Alluvial Plain. Elsewhere the water level
ranges from just below land surface to as much as 150 feet below
land surface.

Wells in the Claiborne aquifers yield moderate to large amounts of
water of good chemical quality. The coefficients of transmissibility
in the “500-foot” sand, determined from 26 aquifer tests, ranged
from 20,000 to 400,000 gpd per ft, and the coefficients of storage
ranged from 0.0001 to 0.003. The theoretical specific capacities of
most wells in the “500-foot” sand range from 22 gpm per ft of draw-
down for a transmissibility of 50,000 gpd per ft and a 6-inch-
diameter well to 141 gpm per ft of drawdown for a transmissibility
of 300,000 gpd per ft and a 24-inch-diameter well. The coefficients
of transmissibility in the unnamed sand unit, determined from three
aquifer tests, ranged from 19,000 to 45,000 gpd per ft, and the
coefficients of storage were 0.0003 and 0.0007. The theoretical spe-
cific capacities of most wells in this aquifer range from 8 gpm per ft
of drawdown for a 4-inch well and a transmissibility of 20,000 gpd
per ft to 19 gpm per ft of drawdown for a 12-inch well and a trans-
missibility of 40,000 gpd per ft.

The chemical quality of water in the Claiborne aquifers is well
within the limits of Public Health Service standards in all con-
stituents except iron. Iron content in the report area ranges from
0.0 to 16 ppm, whereas the recommended limit is 0.8 ppm. Aeration
and filtration are necessary to remove iron from the water that is
used for many municipal supplies.

Although new wells are continually being developed in western
Tennessee, the ground-water supply from the aquifers in the Clai-
borne Group will be adequate to supply the needs of the water users
within the report area for many years to come. In 1962 the total
withdrawal from the Claiborne aquifers was about 157 mgd, whereas
these aquifers are probably potentially capable of delivering at least
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600 mgd. The anticipated effects of additional large scale develop-
ment from the Claiborne aquifers are (1) a drop in local and re-
gional water levels in proportion to the increase in pumping, (2) an
increase in the net inflow of ground water from adjacent States, and
(3) an increase of recharge to the Claiborne aquifers in the areas of
outcrop at the expense of surface runoff.
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STRUCTURE-CONTOUR MAP SHOWING CONFIGURATION OF THE TOP OF THE “500-FOOT” SAND IN WESTERN TENNESSEE
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CONTOUR MAP OF THE PIEZOMETRIC SURFACE OF THE “500-FOOT” SAND IN WESTERN TENNESSEE, JANUARY 27-29, 1960

SCALE 1:500 000

50 MILES

10 0 10 20 30 40

. e . — T -— = T —
10 0 10 20 30 40 50 KILOMETERS
[Es=SmEmCE—E—————— _———————— |

768-379 O - 65 (In pocket)

LAUDERDALE CO =

35°

80



UNITED STATES DEPARTMENT OF THE INTERIOR WATER-SUPPLY PAPER 1809-F
GEOLOGICAL SURVEY PLATE 6
\

gTRI_GG co
\
-
-
()]

~——____GRAVES CO _ __, ____ ____ . CALLOWAY CO
WEAKLEY Co | " THENRY CO

EXPLANATION
280 !
300 s
Piezometric contours ,_éo
Show the altitude to which water will rise é.)
in wells. Contour interval is 20 feet; }_ -____HENRY CO__ j
datum is mean sea level | CARROLL C_O S 1/ /
P——
r |
~ ! I
Area of flowing or potential flowing J I
wells \r =
o312 ; I
i |
Control point 267 _ MISSOURI ’
ARKANSAS (i : ,
/ , |
: I N
’ 1
8 |
z ' !
%
?g i [ _BENTON ©Q by
___ CARROLL co | DECATURVco |
' (’ HENDERSON Co “, )
I
i
1
|
I
PO\
N
Q‘P 4
/ 5%
/
~ e
P
MADISON CO P |
! HARDEMAN COL._ [~
- l — HAYWOOD CO_ |
P iad FAYETTE CO ——_I \ NS ;P
g (- ] \ p T
| | \ G
Q:
\ /A
1 ] 4?&/3;
> \ ) ’é"
ez 7 \ ($) /45’ |
557 | i ]
F J -
: 9258 I , \_ _J !
| i ! l
l l l |
I ] | l
| l | .
[ | ! . ,
| | | .
i ! | ,
| | | .
I I . ,
1 | | |
| l ! (\{_HARDIN CO
P —"——————— — | . [N . SRS - . 3 N——— _!_TE_NNP_SSE_E_EC_I&IEZ_Q________J_,_____- LAUDERDALE CO
MARSHALL CO ! BENTON CO Tago TIPPAH CO MISSISSIPPI ALCORN CO TISHOMINGO CO °\ ALABAMA

Base adapted from Army Map Service 1:250,000 quadrangles

CONTOUR MAP OF THE PIEZOMETRIC SURFACE OF THE UNNAMED SAND UNIT IN WESTERN TENNESSEE, JANUARY 27-29, 1960
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MAP SHOWING APPARENT AND POTENTIAL COEFFICIENTS OF TRANSMISSIBILITY IN THE “500-FOOT” SAND IN WESTERN TENNESSEE
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