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ABSTRACT

The entire municipal water supply of
Memphis, Tennessee, comes from sandy beds
in the Claiborne and Wilcox groups (Eocene).
Sirce 192/ a number of weclls have obtained
water from a sand in the lower part of the
Wilecox group. It is about 1,200 to 1,400
feet below the land surface and is known
locally as the "1,400=-foot" semd,

The -aquifer is composed of unconsolidated
fine- to medium~grained quertz sand inter-
bedded with thin layers of clay. It is
apparently about 210 feet thick and the upper
surface dips westward about 30 feet a mile.
It is believed that the sand can be identi-
fied as a hydrologic unit as far as 45 miles
west, 78 miles north, 48 miles east, and 80
miles south of Memphis,

Water from the "1,400-foot" sand is very
. soft but it contains iron, In the Memphis

area its temperature ranges from 70° to 72° F,

Pumping tests were made and the values for
transmissibility and the coefficient of stor-
age were found to vary somewhat in different
parts of the eity, /

About 49 billion gallons of water was
pumped from the "1,,00~-foot" sand in Shelby
County, Tennessee, from 1924 through 1946.

In 1946 an aversge of about 8,7 million gal-
lons of water was 'pumped daily from the sand
in Memphis. It is estimated that about 1
million gallons of water is pumped daily from
the 1,400-foot" sand in De Soto County,
Mis-iseippi, and Crittenden County, Arkansas,

A study of the available water-level and
pumpage date indicates that nearly all the
water pumped up to and including 1945 came
from storage within the sand, There 1s, as
yet, no indication that recharge has been
affected by the pumping.
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INTRCDUCTION

History of the development
of the "1,400=foot" sand

The entire municipal water supply of
Memphis, Tennessee, comes from water=bearing
sands of Focene age. Most of the municipal
supply is obtalned from sandy beds about 400
to 500 feet below the land surface in the
Claiborne group that are known locally as the
1500~-foot" sand. A supplementary source of
water is obtained from a sand about 1,200 to
1,400 feet below the land surface in the
lower part of the Wilecox group, known locally
as the "1,400-foot" sand.

In 1924 a well tepping the "1,400-foot"
sand was drilled under the supervision of
W, G.Lanham, of the Memphis Light, Gas and
Water Division. According to Mr. Lanham, 1/
an exploratory well that reached this aquifer
(water-bearing formstion) had been drilled in
1902,

By 1928 the City had nine wells in the
"1,400-foot" sand. At the present time the
city uses 19 wells in this stratum and the
Buckeye Cotton 0il Company uses one, (See
pl, 1 for location of wells in use.) From
1940 to 1945 a well (No. 148-JD) screened in
this sand was pumped at the Chickasaw Ord-
nance Works near Millington, Tennessee, about
15 miles north of Memphis,

A partial inventory of wells in the vicinity
.of Memphis has disclosed that the city of West
Memphis, Arkanses, about 7 miles west of
Memphis, has two wells in this sand and that
Marion, Arkansas, about 5 miles north of West
Memphis, has one. Several 2= and 3-inch wells
probably in the seme sand have been reported
south of Memphis in De Soto County, Mississippi,

Previous investigations

The earliest report on ground-water condi-
tions in this region was written by L. C.
Glenn 2/ in 1906, In 1931 F. G. Wells 3/

i; Personal communication from W. G, Lanham
to Rc Go Kmm, fomerly with the U. S.
Geological Survey.

2/ Glemn, L. C., Underground waters of
Tennessee and Kentucky west of Tennessee
River and of an adjacent areas in Illinois:
U 502 . Geol, Survey Water-Supply Paper 164,
1906,

3/ Wells, F. G., A preliminary revort on the
artesian water supply of Memphis, Tennessee:
U. S. Geol, Survey Water-Supply Paper

wrote a preliminary report on the artesian
water supply of Memphis. In 1933 Wells 4/
wrote a fairly comprehensive report on the
ground-water resources of western Tennessee,

The Memphis Light, Gas and Water Division
conducted a series of pumping tests on the
"1 ,400-foot" aquifer from 1932 to 1934. The
results of these tests were analyzed by

R. G, Kazmann, together with most of the data

obtained during the present investigation.

Records of .water levels have been published
in Water-Supply Papers 817, 840, 845, 886
907, 937, 945, 987, and 1017 of the Geologl=-
cal Survey under the title "Water levels and
artesian pressure in observation wells in
the United States." Weter-level measurement$
from April 1927 to March 1931 are presented
graphically in Water-Supply Paper 656,

The present investigation

The field work for this report was started
in 1945 by R. G. Kazmann, who resigned from
the Geologicel Survey before a report could
be prepared. Most of the data in the sec-
tion on water-bearing properties were ob-
tained by him, except for those on a pumping
test at the Buckeye Cotton 0il Company and
the most recent data on pumpage. The origi-
nal analysis of the hydrologic data was also
made by Mr, Kezmenn,

A typeuritten report entitled "A brief re=-
view of ground-water conditions in the vi-
cinity of Memphis, Tennessee® was prepared
by F. H. Klaer, Jr., and R, G, Kazmann in
1943, A progress report entitled "The water
supply of the Memphis area" was written in
1944 by R. G, Kazmann and was issued in
mimeographed form. -
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GEOLOGY
Regional geology
Seyeral times during Upper Cretaceous end
Te time the area from about Cairo,

Illinois, to the Gulf of Mexico and from
Little Rock, Arkansas, to about the Tennessee

"] ,400=foot" sand, dip generally westward
because the axis of the Eml ent in this
latitude is weat of the Mississippi River,

Little is known about the "1,400=foot” sand
beyond the Memphis area, A [study of avail-
able electrical logs and dr

axis of the Embayment,
the sand can be mapped as a

the Geological Survey indicates that the sand
can be mapped about 80 miles to the south,

It is recognizable about 15 miles east of
Memphis and possibly ass far 48 miles.ecast,
The sand can be identified on an electrical
log and on logs of water wells about 55 miles .

Generalized table of Cenozoic formations underlying Memphis, Tenne%soe
Systen Series Group Thickness Physieal character
(feet) -
Recent Alluw sands,
clays, and gravels
Quaternary Pleistocene 0-80 Loess
Pleistocene ‘
and Pliocene 0=-100 Terrace deposits of
T Tt = e e ad e = - - sand gravel
Jackson group (?) Gray and bluishe=gray
(Undifferentiated; clays, minor amounts
possibly equivalent to 150-200 of lignite and fine -
part of Yazoo clay of sand
Eocene Mississippi)
Claiborne group 1/ 600 Sand, lclay, and
Tertiary (Undifferentiated) 700 lignite
Wileox group 1/ , Sand, lclay, and
(undifferentiated) 500600 lignite
. Midway group Darke- to black
Paleocens Porters Creek Formation | 500-600 clay jand shaly clay

1/ It 1s extremely difficult to differentiate the Claiborne group from the Wilgox group
in the subsurface,

River (near the latitude of Memphis) was an
Seversl thousend feet of
sand, gravel, lignite, clay, chalk, and lime-
stone was deposited in this embayment or
geosyneline, which has been termed the

arm of the sea.

Missigsippl Embayment,

The Tertilary deposits

dip from 15 to 30 feet a mile toward the axis
of the Embayment, which ¢oincides approximately
with the presant course of the Mississippi

River.

5/ Brown, G. F., Geology and

Memphis is near the center of the northern

or Upper Bnbayment region,

The strata under-

lying the city, one of which is known as the

and possibly as far as 78 miles to the north.
Geology of the "1,400-foot® sand

«~ The accompanying generalized

Stratigraphy
table of Cenozoic formations underlying
Memphis was compiled meinly with the aid of

artesian water

of the alluvial plain in |northwestern
Mississippi, 425 pp., 38|figs., 13 pls.,

1947, M""’ﬂ“‘ W aa«o /ﬁd ze
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the geologic maps of the States of Arkansas
&/, Mississippi 7/, and Tennessee., 8/ Corre~
lations are based on stratigraphic positions
and lithologic characteristics as described
for the most part in drillers' logs. The
"1,400-foot" sand is presumed to be in the
lower part of the Wilcox group of sands,
clays, and lignite,

Roberts and Collins 9/ differentiated the

Wilcox group of Tennessee, subdividing it
into the Grenada, Holly Springs, and Ackerman
formations. The middle Eocene (Claiborne
group) was presumed to be absent, This interw
pr-tation, which was followed by Wells 10/
was based on a. subdivision of the Eocene of
north=central Mississippi by Lowe.
According to the most recent geologic mep of
Mississippi, part-of the strata which were
mapped earlier as Wilcox may actually be, in
part at least, of Claiborne age.

In this report no attempt has been made to
subdivide the Wilcox group in the subsurface
because the history of merine advances and
regressions in the upper embayment was so
complicated that marine and continental beds
grade laterally and vertically into one
another., In earlier work correlations on the
surface have generally been based on fragmen=—
tary remains of plants, but these are gene-
rally destroyed by rotary drilling,

At least locally the "1,400-foot" sand con-
gists predominantly of unconsolidated fine-
to medium-greined quartz sand, Drillers!
logs generelly describe the upper third of
the unit as "sand", "artesian sand®, "good
sand", or "water-bearing sand." Electrical
logs of wells in the vicinity of Memphis
essentially agree with these descriptionms,
although they also indicate that there are.
some beds of argillaceous sand and sandy clay,
up to 5 or 10 feet thick, interbedded with
the sand, Overlying the sand cre thick beds
of gray, bluish~gray, and green clays and
shaly clays interbedded with thin layers of
lignite, sand, and sandy clay, The Porters

57 Arkensas Geol, Survey, 1929,

7/ Mississippi Geol. Soc., 1945.
Tennessee Div, Geology, 1933, -

9/ Roberts, J. K., and Collins, R, L., The
Tertiary of west Temnessee: Am, Jour,
Sei., 5th ser., vol, 12, pp. 235=243,
1926,

10/ Wells, F. G., Ground-water resources of
western Tennessee: U, S, Geol. Survey
Water-Supply Paper 656, pp. 89-95, 1933.

1/ Lowe, E, N., Preliminary report on iron
ores of Mississippi: Mississippi Geol,
Survey Bull, 10, pp. 23-25, 1913,

12 Op. cit,

" Creek formation (Paleocens) and possibly

gsome younger beds of clay and shale lie im-
mediately beneath the "1,400-foot" sand.

On the geologic map of Tennessee the Midwey-
Wilcox contact is about 60 miles east of '
Memphis, If the "1,400=foot" sand is assumed
to be a contimous hydrologic unit eastward
from Memphis, the disteance to this contact
would be the approximate distance to the area
where the basal part of the sand crops out on
the surface, In Mississippi 13/ there is some
doubt as to whether the sand is contimuous
to the east and the same condition may pos—
sibly precvail in Temnessee, However, if the
sand is contimious eastwerd, there is also a
possibility that it is completely overlapped
by the Claiborne group,

Regardless of whether the sand is overlapped
eastward by the Claiborme group, the possi-
bility of recharge still remains because the

‘Claiborne group includes sandy beds which

would permit the percolation of water downw
ward towaerd the "1,400-foot"™ sand,

Structure and thiclmess.- It should be kept
in mind that practically all the information
on the "1,400-foot" sand in the Memphis area
has been recorded by water-well drillers.
Unless & test hole is being drilled, the
accumlation of data of scientific value is
of secondary importence to drillers because
they are primarily interested in completing
the well. Even though some of the logs may
be very poor, the drillers are to be com~
mended for keeping the existing records,

The apparent westward dip of the upper sure
face of the "1,400-foot® sand along the line
of section A-A' (pl.2 ) is about 30 feet to
the mile. This figure is fairly reliable
because the driller usually makes accurate
observations about the time he expects the
drill to penetrate the sand in which he is
going to set the screen.

The structural contour map of the upper
surface of the "1,400-foot" sand in Shelby
County (fig.1l) was drawn with 16 control
points, Three of the points are wells which
were logged electrically., The rest are
selected drillers' logs which were considered
to be relatively accurate., It should be noted
that eight of the control points are concen-
trated in Memphis., Consequently, the map is
8 very generalized picture of the configura-
tion of this surface,

In the North Perkway Pumping Station area
(wells with prefix number 7 in pl, 1), where
the mean land-surface elevation is about 250

'

Geologic ty,

@ Gfrgc.ma.l commnication i:rggi 3;:»1;!. Brown,
Migsissippi, _
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feet above mean sza level, the average depth
to the top of the "l,400-foot" sand is about

1,292 feet,

\

_ In the Sheahan Pumping Station area (wells
with prefix number 8), where the mean land-
surface elevation is about 300 feet above

mean sea level, the average depth to the top
of the aquifer is about 1,207 feet,

Three City test wells (Nos. 3-109, 7-25,

and 8~60) have completely penetrated the

aquifer., In well 3-109 the driller's log
indicates that the sand is 77 feet thick, In
well 7-25 it is 106 feet thick and in well

8=60 it is 203 feet thick.

In a test well

of the Memphis Natural Gas and 0il Company
on Hen and Chicken Island, in the Mississippi

River, the sand is 265 feet thick,

An elec-

trical log of an umused well on the property
of the Buckeye Cotton 0il Company, owned by

the War Assets Administration, indicates that
the sand is 210 feet thick.

According to W, G, Lanham }4/ of the

Memphis Light, Gas,

and Water Division, the

logs of wells 3109 and 7=-25 are not entirely

reliable.

in the Memphis area is about 2§0

Mec

al com

It is possible that the drillers
of these wells, in recording their logs from
the action of the drill, described argille-
ceous sand or sandy clay as merely "clay".
The apparent average thickness of the sand

feet.

tion.~ The samples used in

this study were collected from rotary drilling
operations by drillers of the Memphis Light,
Gas, and Water Division.
most the uppsr third of the "1,400-foot" sand.
Some of the samples were collected from the
sluice trough or at the mouth of the well
near the top of the surface casing pipe,
Others were collected with a sand bucket
which was bailed down into the water=bearing

They represent at

E Personal communication,

Mechanical analyses of samples from the "1,400-foot" sand at Memphis

Well | Depth Total a : Mean Coefficient
number | interval !reight of] Size fractions gize of of
(feet) |sample PR # mm.| Very | Coarse|Medium | Fine | Very |[Resi- rains uniformity
[grems) coarse | 0.5~ |0.25- |0,125-| fine | due %mn.) 2/
. 1-2mm, | 1 mm, |0.5mm, | 0.25mmn{ 0.062~| on
. OJ@‘M

P42 |1344~1354| 134.37 | 0,06 0,07 | 0.25 1.53 |89.21 | 8.23 0.65| 0,19 1.3
T=42 |1354=1362| 219,16 ,09 23 37 1.35 | 90.49 | 6.65 «82 19 1.3
=42 11362-1368| 142,96 | .00 27 | 1,00 5.88 | 87.56 | 4.74 55 «20 1.4
T=43 [1324~1334| 147.65| .00 00 [ 1,69 69,60 |28,37 27 12 33 1.6
T=43 |1334=1344} 111,16 | .04 o10 | 3,61 |67,37 |27.93 #58. 37 34 1.5
T=43 |1344=1369| 315,19 | ,00 03 | 4457 |T71.52 |23.64 13 11 o35 1.6
8-50 |1245-1260| 147.31 | .07 16 | 2,65 40,83 |55.01 95 33 o28 1.5
8-50 [1260-1275| 131.46| .05 17 | 2,27 (41,28 | 54.99 87 37 28 1.5
8-563/ 4/1280 | 125.10| .06 .07 . 41,96 |55.32 | 1.22 55 27 1.5
8-56 1285 | 152.65( .00 J1 | 1,62 |48,91 |48.65 | .58 JA3| W29 1.4
8-56 1310 157.44 | 00 10 | 3,03 |61.83 | 34.35 45 24 32 1.6
8-53 "~ 1235 96,30 | ,00 58 | 5.37 32,21 |60.42 | 111 31| .29 1.5
8-53 |1235=1260] 168.42 | .04 e36 | 5.36 32,89 |59.76 | 1.40 19 «28 1.5
8~53 [1260-1290| 124.84 | .00 42 | 5,74 |36457 |55.91 | 1.12 24| 29 1.4
8=-60 |1250-1270] 139.04 | .00 .04 20 {41.20 |56.73 | 1.54 «29 27 1.5
8«60 |1270-1290{ 147.17 | .00 .05 A8 [42.15 [55.59 | 1.75 «28 27 1.6
8=60 [1290~1305] 159.64 | .00 .08 17 42,40 |55.66 | 1.50 19 27 1.4
8-65 (1250-1267| 167.86 | .17 20 | 6,40 60,10 |31.87 38 .38 o34 1.6
8-65 [1278-1288| 134.21| .00 05 | 2,73 |63.,64 |30.88 | 2,03 .67 32 1.6
8=65 |1288-1306| 147.83 | .00 01 31 ]35.11 | 59.06 | 455 »96 25 1.6

1/ A weighted average of the figures in the size~interval columns,
2/ Computed from cumulative-frequency curve,

3/ Well C-51 in U. S. Geological Survey Water-Supply Paper 656,
4/ Solitary figures in the columm headed, "Depth interval® represent the depth to the drill
bit at the time the sample was collected,



sand., The latter method provides samples
that are more truly representative than those
collected by the first method, although in
both cases some or all the finer mineral
‘grains are lost, Samples collected by the
first method are generally more or less mixed
with material from other horizons, owing to
the constant ¢irculation of the drilling mad
in the hole., The possibility of mixture with
materials from shallower horizons exists in
the sand-bucket method of collection also,
but to a far less degree.

There is no record &s to which method of
sampling was used in collecting the samples
studied, Therefore, the results, can be used
only to make general comparisons between
samples as far as texture and the degree of
sorting are concerned, It should be empha-
8ized that size-analysis dats for a single
sample are of little value unless they are
used for comparison with data for samples
which have been collected in a similar manner,

The sand samples studied range in texture
from fine to medium, the average falling in
the medimm grade (Wentworthlj/ scale).
coefficient of uniformity is a numerical in-
dex of the degree to which the sand has been
sorted, It represents the ratio of the di-
ameter of 2 grain that is coarser than 60 per-
cent of the sample t¢ the dismeter of a grain
that is coarser than 10 percent of the sample,
Thus, a sand that is perfectly sorted would
have a coefficient of uniformity of 1.0; that
is, all the grains would be of the same size,

The average coefficient of uniformity for
22 samples from the "1,400-foot" send is 1,5,
the maximm recorded is 1.6, and the minimmm
is 1.3, These coefficients are all scmewhat
lower then the true value because it must be
assumed that some of the finer mineral grains
have been lost. Even though 1t is likely
that some of the coarser grains have been lost
also, most of the loss is probably in the
smaller grain sizes, owing to the fact that
they remain in suspension in the drilling mmud
longer than the coarser grains,

It is of interest to note that, even though
the coefficients of uniformity for the samples
from the Sheahan well field and the North
Parkway well field show little difference in
the degree of sorting, the mechanical analysis
data indicate some difference. At least 67,37
percent of the weight of each sample from the
North Parkwey well field is confined in ome
size interval., According to the analysis,
90,49 percent of the sample from ‘1,354~62 feet
in well 7=42 is in the size interval 0,125~
0.25 mm,
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In general, the bulk of the weight of each
sample from the Sheshan well fleld is distri-
buted between two size intervale, 0.125-0,25
mn, and 0,25-0.5 mm, The most even distri-
bution occurs in a sample from well 856
(1,285 feet) in which 48,65 percent of the
sample is in the interval 0,125=0,25 mm, and
48,91 percent is in the interval 0,25-0.5 mm,
The most uneven distribution in this well
field occurs in a semple from 1,278-88 feet in
well 8=65, in which 30,88 percent of the
weight is in the size interval 0,125=0,25 mm,
and 63.64 percent is in the size interval
0,25=0,5 mm,

These data should not be interpreted to
mean that the coefficient of uniformity is of
no value, A more accurate value for this
coefficient can be obtained by adding inter-
mediste size intervals in the mechanical
analysis., Considering the method of sampling
and the scope of this report, it wes not
docemed necesssry to make the mechmical analy=-
ses more detailed,

As far as the samples used in this study
are concerned, the mechanical analyses indi-
cate that the *1,400-foot" sand in the Sheahan
well field is somewhat less well sorted than
in the North Parkway well field, It is be~
lieved that the slight difference in the de-

. gree of sorting is responsible to some extent

for the differences in the water-bearing
properties of the sand in the two flelds be-
ceuse the size and arrangement of the grains
effects the permeability,

Preligivary microgcopic gtudv.- A binocular
microseope was used to study the sand samples,
The following observations should be appraised
critically in view of the fact that the sam-
ples were collected from rotary drilling
operations, No attempt was made to ident:!.fy
all the mineral grains present in minor
amounts, owing to the possibility that the
gsand may have been conteminated with grains
from other horizons,

The sand is composed essentially of fine to
medium, subangular to sharply angular grains
of quartz., A few of the grains are well=
rounded and frosted. About half the quartz
grains are clear and half are milky. The
milky appearance is due in part to numerous
tiny fractures in the quartz. A few of the
quartz grains ere smoky or amber-colored.
Almost every grain of smoky quartz is crystel-
line, Minerals present in minor amounts in-
clude kyanite, stauvrolite, tourmaline, feld-
spars, pyrite, magnetite, muscovite, rutile,
and a dark glassy mineral,

Every sample examined contains minor smounts
of kaolinite, The keolinite is generally in

slightly elongated "books" which are subrounded
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te subangular in shape. This mineral is ex=
tremely soft in comparison to the detrital
minerals listed above, If the kaolinite had
_been derived directly from the weathering of
feldspars in the sand it would have been more
or less amorphous, except for possible pre-
servation of the general outlines of cleavage
fregments. Insaidition, there should have
been some partially kaolinized feldspar grains
in the sand, The worn edges of the kaolinite
grains suggest that they have been transported
for some distance, but the relatively weak
physical character of the mineral limits the
possible distance to the source area. The
stratigraphic position of the sand (nesar the
contact between the Wilcox and Midway groups)
suggrsts a possible source for the kaolinite
bzcaus~ kaolinitiec elays, bauxite, bauxitic
clays, and kaolinized bauxite are quite com-
monly associated with this contaect in
Arkensas, Tennessce, Mississippl, and Alabama,
It is possible that the kaolinite was eroded
and transported in post-Midway time from
deposits of kaolinite on the surface of the
formations of the Midway group.

QUALITY OF THE WATER

Water from the "1,400-foot" sand is gene-
rally of good quality and ranges from 70° to
720 F, in temperature. The average hard-
ness determined from 10 analyses is 9.5 parts
per million (as CaC0O3). The maximum value
recorded is 17 and the minimum is 5, This is
generally considered to be a very soft water,
The following table presents three typical
analyses of waters from the "1,400~foot" sand,

Analyses of waters from the "1,400-foot" sand
in Memphis
[Analyzed by G. A. Billingsley, U. S.
Geological Survey |

Well Well [Buckeye
7-38 8-62 | Cotton
0il Co,
(Parts per million except pH)
S4lica (SiOz) 10 10 12
Iron (Fe) 084 104 55
Aluminum (A1) o7 o7 1.8
Caleium (Ca) - 1.8 4.0 2,0
Mangesimn (Mg) 9 1.7 9
Sodium (Na) A 31 38
Potassium (K) 1.3 1.7 1.6
Carbonate (CO3) 0 0 0
Bicartonate (EIC03) 112 96 105
Sulfate (SO;) Cheh | 4T | 4k
Chloride (C1) 2.0 1.8 2.0
Fluoride (F) 02 01 ol
Nitrate (NO3) .2 2 2
Dissolved Solids 119 105 115
Total hardness 8 17 9
pH 7.8 7.7 7.6

An objectionable quality of the water is
that it contains an average of 0,86 part per
million of iron, The maximum value recorded
is 1,7 parts per million and the minimum is
0.45 part per million, The presence of the
iron necessitates its removal by aeration
and filtration, Practically all the iron in
the public supply of the City of Memphis is
eliminated in this manner,

WATER-BEARING PROPERTIES
Pumpage and water-level history

As far as is known the only major water
withdrawals from the "1,400-foot" sand occur
in Shelby County, Tennessee. A partial well
inventory conducted in July 1945 in Crittenden
County, Arkansas, indicated a total withdrawal
of about three-quarters of a million gallons
of water a day. The quantity of water with-
drawn from the 2- and 3-inch wells penetrating
the sand in De Soto County, Mississippi, is
small, Outside Shelby County the total amount
of water pumped from the "1,400~foot" sand is
probebly about a million gallons a day, and
these withdrawals are distributed over a large
ar=a.

In Shelby County, owing to a combination of
fortuitous circumstances, it has been possible
to obtain an almost complete record of the
water pumped from the aquifer. To obtaln this
record it was necessary to mgke a thorough
check of all the records of the Memphis Light,
Gas and Water Division and its predecessors,
Fortunately, W. G. Lanham, the Superintendent
of Wells, has insisted on the compiletion and
maintenance of adequate pumpage records. A4s
Mr, Lanham has been associated with the muni-
cipal water supply of Memphis for nearly 40
years, the records are in good condition. The
records of deep-well pumpage are continuous
from the time the first well was put into
operation on November 11, 1924, From 1924
through 1946 about 49 billion gallons of water
was pumped from the "1,400-foot" sand in
Shelby County. The average daily pumpage is
given in the following table: .

Average daily pumpage ,' in million gallons &
day, from the "1,400-foot" sand in Shelby
County

\

Year |Pumpage | Year {Pumpage | Year | Pumpage

1924 | 0.1 1932 6.5 1940 6.6
1925 0.9 1933 3.8 1941 8.7
1926 | 2.5 19341 4.9 1942 8.6
1927 2.2 1935 6.3 19431 11.1
1928 | 4.5 | 1936 5.4 1944 | 10.8
1929 5.7 1937 | .45 1945 8.7
1930 6.2 1938 546 1946 8.7
1931 5.4 1939 6.0 —— —




In the records of the Memphis Light, Gas
and Weter Division, it was found that the
elevation of the water level in well 7-5
on November 9, 1924, was about 11 feet below
the land surface or about 244 feet above
mean sca level, This elevation is believed
to be the original static level in the Memphis
area,

Systematic records of water levels in the

9

to 1945, principally because all the wells
were being pumped and no unused wells wsre
available in which to maké’ neasurements.

Periodic water-level measurements were started

" 1n a well screened in this sand in Jamuary
1945,

Figure 2 presents three hydrographs of
wells screened in the "1,400=foot" sand and

a graph showing the average daily pumpage in

#1,400=-foot? sand are not available firom 1924 1945 and 1946, It is apparent that water-
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Figure 2,~~ Graphs showing relation between water-level
fluctuations and pumpage from the "1,400-foot"™ sand,
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level fluctuations in a particular observe- The average ciange in water level between
tion well tend to reflect the pumpage in the *193) and 1945 is apparently about 17 feet in
well field in which the observation well is the Parkway well field. This is not a large
located more than they do the total pumpage change- over a l4~year period., Part of the
in the area, The relation between the fluc- change can be.attributed to the effect of
tuations of the water level in an observation pumping in the Sheahan well field during the
well and the total pumpage is obscured by the past 10 years, Computations made on the basis
fact that water is bring pumped from =ueveral of data obtained from pumping tests indicate
widely scattered points, that a drawdown between 6 and 8 feet would be
produced in the Parkway field by pumping en

In De Soto County, Mississippi, a few average of 2 million gallons a day at the
measurements of water levels were made imn Sheahan well field for about 10 years,
wells that probably tap the "1,400-foot" sand, ‘ , :
These measurements have been published in On the basis of pumping-test data, and
water-supply papers of the Geological Survey - assuming that an average of 5 million gallons
entitled "Water levels and artesian pressure of water was pumped daily in the Parkway field
in obseryation wells in the United States,” between 1931 and 1945, the static water leve
beginning with the 1942 volume. Although would be expected to decline about 4 feg& M?
measurements were not made early enough and given in the previocus paragraph, it is
were not numerous enough to justify any con- lieved that 10 to 12 feet of the apparent loss
clusions, it is apparent that water levels in of head of 17 feet between 1931 and 1945 can
the aquifer have declined, for the wells in be accounted for by the pumping in the two :
Mississippi that formerly flowed freely under municipal well fields. The interference ' §\
several feet of head now must be pumped. caused by the Chickasaw Ordnance Works, where

- a daily average of about 1.5 million gallons %

A number of water-level measurements have of water was pumped from Jamery 1941 to
been made in individual wells of the Parkway January 1945, was between 2 and 3 feet at the 3
and Sheahan fields since the wells were first Parkway field by Jemuary 1945, Added to the .
operated. These measurements are not strictly 10 to 12 feet given above, this gives a total
comparable, owing to changes in pumping condie of 12 to 15 feet. 3
tions, Systematie measurements have been )
tabulated for the period from July 1933 to Basing conclusions on the results of the NS
February 1934, during which time all the wells pumping tests and assuming that the character Q¥
screened in the "1,400-foot" sand were shut of the sand is unchanged from the Memphis Se
off for an experiment. However, all the area to the area where the sand is at or near )
measurements made by members of the water works the surface, it would seem that the decline of
staff over the 20-year period have not yet the water level in the Parkway field between
been tabulated, 1931 and 1945 is largely accounted for by the

known water withdrawals in the area,
Depths to water, in feet below the land

surface in 1931 and 1945 under similar condi= The difference between the drawdown com-
tions of pumping, are given below: ) puted from the effect of pumping since 1931,
12 to 15 feet, and the actual measured draw
Well (Jamuary 18, 1931 |January 18, 1945 g:gxixs ’ egbg:tlzhieegi is 2 to 5ifeit. {h é:e
ev s discrepancy is largely
runber | Depth 10| Pumping | Depth to Pabine to variations in pumpsge within the field and
feet gallons | feet gallons to pumpage in Crittenden County, Arkensas, and
a minute a mimite De Soto County, Mississippi, and to variations
in the transmissibility and the coefficient
7=3 @) - - 620 of storage. The effect of recharge is not yet
7-26 | - 700 51,6 - discernible. This would indicate that the re-
7-27 - 700 Y/) - charge area is quite distant, probably more
7-28 36.7 = | 52.1 - than 50 or 60 miles from the Memphis ares.
7-29 31.5 - 47.7 -
7-30 | 26.8 | - 449 - The available water-level data, combined
7=-31 27.2 - 455 - with pumpage and pumping=-test information,
7-32 = 700 g 76_’0 seem to show that until now the aquifer has be-
7-33 | = 700 40.0 - haved as would be expected of the theoretically
7-38 = = - | 850 infinite aquifer postulated in the derivation

of the formulas used to compute the effects of
withdrawels, Apparently the quantity of water
withdrawn has been small compared to the total
quantity in storage and the effect of the boun=
daries of the aquifar is not yet manifest.

1/ Yo measurement made,

Note: Wells in Sheahan field not yet drilled
in 1931. Sheahan wells shut off for 2 days
when measurements were made in 1945,



Pumping tests

The quantity of water that can be obtained
from a well or a group of wells depends in
part upon the hydraulic characteristics of
the water-bearing formations tapped by the
wells, Pumping tests may be used to determine

‘these characteristics. The quantity of water

that is transmitted by a formation depends
upon its permeability, thickness, extent, and
contimiity, and on the hydraulic gradient
that is induced in the formation,

]

The permeability of a formation is defined
as the rate at which the formation will trans
mit water through a unit cross section under
unit difference of head per unit distance,
Permeability may be expressed as the mumber
of gallons of water a day that will percolate
through & cross section of the formation 1
mile wide and 1 foot thick, for each foot per
mile of hydraulic gradient,

Transmissibility is the product of the per-
meability and the thickness of the saturated
portion of the aquifer, and in this report is
measured in gallons a day per foot.

The coefficient of storage is the valume of
weter released from storage in each vertical
prism of the aquifer of unit cross section by
unit decline of head, The water is derived
from storage, owing largely to the expansion
of the water and the compaction of the aquifer.,

There 1s no actual unwatering of the formation,

After the deep wells of the Sheahan well
field were completed between 1932 and 1934 by
the Water Department (now included in the
Memphis Light, Gas and Water Division),
pumping tests were conducted on each well and
the interference among the different wells
screened in the same stratum wes measured,
The tests were planned and conducted by
W. G. Lanham and most of the measurements
were made by A . J. Rumley, After discussing
the testing procedure with Messrs. Lanham and

"Rumley, it was concluded that all the data

needed for computing the values for the trans-
missibility and for the storage coefficient
were obtained to the required degree of
accuracy.

‘In addition to the tests made in the Sheahan
well field after the completion of the wells,
another test was conducted by Mr, Lanham,
starting in the summer of 1933 and contimiing
into February 1934. The test consisted of
stopping a1l municipal pumping from the :
¥1,400-foot" sand, At the same time, measure-
ments were made each day of the depth to water

n

in @ll the wells in the Sheshan and Parkway
fields. On February 9, 1934, after the wells
had been idle for 196 days, well 7-26 was
started, On February 21, well 7-28 was started
and pumped intermittently until March 9,

when it was shut off. On March 31 other deep
wells were started and on April 1 wells 7-26,
7-27, T=28, and 7-29 were all pumping., All
the other wells in the Parkwey field and well .
8-56 in the Sheahsn field were measured

during the entire period. From data collected
during the course of this test, values for the
trensmissibility and for the storage coeffi~
cient within the Parkway and Sheahan fields
and between the fields were computed.,

On Jamuary and February 1945 another series
of pumping tests was conducted in the Parkway
and Sheahan well fields and an attempt was
made to measure the interference between the
fields. These tests ylelded values for the
transmissibility and for the storage coeffi-
cient essentially the same as those computed
from the tests made in 1932-34,

A pumping test was made on the property of
the Buckeye Cotton 0il Compeny during March
1947. The company's deep well was used as the
discharge well and was pumped for 3 days at a
rate of 1,400 gellons & minute, Two wells on
the company's property, which were owned by
the War Assets Administration, were used as
observation wells. The decline. of the water:
level produced by pumping the Buckeye Company
well was recorded in well 8-56 in the Sheahan
well field, about 3.5 miles away. .

The values obtained from the pump: sts
have a moderate range. For example
Parkway field, values ranging from 110,000
to0 144,000 gallons a day per foot were ob=
tained for the transmissibility, and the
values for the,storage coeggiciant ranged
from 2,3 x 1074 to 6,1 x 10~%, In the Sheahen
field values for the transmissibility ranged
fron 87,000 to 117,000 gallons a day perfoot
and values for the coefficient of s
ranged from 1,21 x 1074 to 2,15 x 1074, At
the Buckeye plant the values for the trans
missibility ranged from 97,000 to 103,000
gallons & day per foot and the values for the
coefficient of storage ranged from 2,13 x 104
to 2,52 x 10, '

The differences in transmissibility, which
are about * 15 percent from the average, are
not greater than usual in unconsolidated
aquifers,

The following table presents the averages
of the results obtained from the pumping
tests:
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Average coeffim

Number of | Average transmissi- | Number of
Location sets of bility (gallons a sets of cient of -
data day per foot) data storage (x 10™7)
Sheahan well field 14 100,000 12 1.6
Parkway well field 5 130,000 4 4e5
Buckeye Cotton 0il Company 2 100,000 2 2,3
Between Sheahan and Parkway
well fields 6 138,000 2 3.8
Between Buckeye Cotton 0il Company ‘
and Sheahan well field 1l 113,000 1 2.1
The differences in the transmissibility and SUMMARY

coefficient of storage in the Sheahan and
Parkway well fields and at the Buckeye plant
are importent in considering any future in-
crease in the use of deep-well water. 4 well
drilled in the Parkway field should have a
specific capacity 25 to 30 percent greater
then an identically constructed well in the
Sheahan field or in the vicinity of the
Buckeye property. The specific capacity of
a well is defined as the yield per unit of
drawdown and is commonly expressed as the
Yyield in gallons a mirmute per foot of drawdown
of the water level after a definite period of
pumping., For equael well spacing and the same
purpage, the interference among the Parkway
wells will be less than the interference
among wells at the Sheahan field or at the
Buckeye plent,

Figure 3 shows the approximate water-level
decline to be expected at the end of 1 day
at various distances from a well that is being
pumped at 1, gallons a mimte., Separate
curves have been drawn for the Sheahan and
Parkway well fields and for the vicinity of
the Buckeye plant, using the following values
for the transmissibility and coefficient of
storage at the three locationa:

A study of the available subsurface data
indicates that the "1,400-foot" sand is prob-
ably in the lower part of the Wilcox group
(Eocene), It is composed essentially of fine-
to medium-grained, subangular to sharply an-
gular quartz sand interbedded with a few thin
layers of clay. The sand is apparently asbout
210 i@ feet thick and the upper surface dips
westward about 30 feet to the mile, It is
believed that the sand cen be identified as
a hydrologic unit as far as 45 miles west,

78 miles north, 48 miles east, and 80 miles
south of Memphis, In the Memphis area the
aquifer has been found to be remarkably uni-
form both geologically and hydrologically,

A study of the available water-level and pumpe
age data indicates that nearly all the water
punped up to and including 1945 came from
storage within the aquifer. There is, as yet,
no indication that the rate of recharge of the
aquifer has been affected by the pumping.

Water from the "1,400-foot"™ sand is very
soft but it contains iron.

More investigative work will be necessary
before these tentative conclusions can be

substantiated fully.

Transmissi- | Coefficient
Location bility of storage
Parkway well field| 130,000 45 x 1074
Sheahan well field| 100,000 1.6 x 1074
Buckeye Cotton 0il
Company 100,000 2,3 x 107

As far as static water levels are concerned,
over a long period of years the differences
in water-level declines.at each of the loca-
tions will be small if equal amounts of water
are pumped constantly at each location., How=
ever, the Parkway field and the Buckeye plant
have a practical advantage over the Sheahan
field in that their elevations are about 50
feet lower and consequently the pumping 1ifts
are less,

478717



List of corrections for Circular 33, "Geology end wnt.w-’b«ring proportiu
of the- ‘1,400-!00%' sand i.n the Honphis area,."

. Cover page and page 1. "1,400 foot™ should be "1,400-foot",

Plate 1, The solid and open circles undor the explanation thouli be
red instead of black,

Page 2, oolum 1, paragraph 3, line 6, No, 148-ID should be' 148-1D,

Page 2, oolum 2, peragraph 3, line 6. "Messurement should be "measuremente®.

Page 3, colum 1, paragraph 2, line 2, "Teritary "should be *rmmy'

-Pago 3, table, Line between Quaternary and Tertiary in "Sntn' oolm :
m b: deshed, and should be moved up, opposite "Pleistcosns and

Page 3, tootnoto 5¢ "Hinuc.tppi" should be followed dirocbly by l oolan
and the phrase "Mississippi Geol, Survey Bull, 65",

Page 6, columm 2, 1line 9. 230 feet should be 210 feet. ]
Page 10, colum 1, peragraph 2, line 12, "Declines” should be "deolined",

Page 10, column 2, persgraph 2, line 5, After "4 feet.”, add "Adding this
tothefignreof6to8feet" : o \

Page 11, columm 2, 1line, Line should reed "in all the mlh'

Page 11, column 2, paragraph 4, line 2, Sentence shmm read, "!‘or exampls,
in the Parkway =", .

' Page 13, column 2, line 8, The question mark after 210 should be cmitted, -

531199



D> R

List of aorrections for Circular 33 "Goology and mtor-bonriu mm”
: of the 'J.,AOO-z‘oot' nnd in the Memphis area."

1
h

Cover page and page 1, "1,400 foat.““ ahagld be '1,406-:001;"

Plate 1. The solid and open circles under tlm explanation should ‘b.
* red instead of black,

Page 2, column 1, paragraph 3, line 6, No, 148-ID should be 148-1D,
Page 2, column 2, paragraph 3, line 6, "Measurement” should be "measurements”, .
| r.go~3; column 1, peragraph 2, line 2, *Teritary "should be "Tertiary®,
'Page 3, table, Line between Quaternery and Tertiary in "Systen® column
;m duhod; and should bo moved up, oppos!.to "Pleistooens and

- Page 3, footnote 5, "Mississippi" should be followed dirocuy by a ocolon
and the. phr.u "Miuinippi Geol, Survey Bull,

Page 6, columm 2, line 9, 230 feet should be 210 feet,
Page 10, colusn 1, persgraph 2, line 12, "Declines” should be "declined",.

Page 10, column 2, paragraph 2, line 5, After ®, feet,”, add "Adding this
to the figure of 6 to8feet" : . . o

Page 11, colum 2, line,. Line should read "in all the wells®,

Page 11, colwmn 2, pqraguph 4, line 2, Sentence ahould read, "For m,
. in the Parkway ",

?agel13, colum 2, line 8, . The question mark after 210 aheuld be omitted, -
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