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PREFACE

This report is one of a series concerning the water
resources and present water utilization of selected
industrial areas of national importance. It has been
prepared at the request of and in consultation with the
Water and Sewerage Industry and Utilities Division of
the Business and Defense Services Administration of
the Department of Commerce. The series is designed
to serve the dual purpose of providing basic informa-
tion for national defense and at the same time to ren-
der a valuable.service to business and industry in the
development of water resources for present and fu-
ture use.

These reports are prepared by the field offices of
the Geological Survey. The part of this report which
describes surface-water resources was prepared un-
der the supervision of M. R. Williams, district engi-
neer, Surface Water Branch, and the part which de-
scribes ground-water resources was prepared under
the supervision of P. E. LaMoreaux, district geolo-
gist, Ground Water Branch. James H. Kearley as-
sisted in the field study of the ground-water resources
of the area, and John S. Stallings made most of the
field study of the surface-water resources of the area.

I

Most of the data summarized in this report were
collected over a period of many years by the U. S.
Geological Survey in cooperation with the Geological
Survey of Alabama and the Corps of Engineers, United
States Army. Data on the quality of water of the Mo-
bile River near Mount Vernon were collected in coop-
eration with the State of Alabama Water Improvement
Advisory Commission.

The section on the salinity of the Mobile River was
prepared by the Corp of Engineers, based on data col-
lected by that agency.

Among the many business and professipnal men in
the area who have helped in this study are Morgan
Stickney, superintendent, Mobile Water Service Sys-
tem; C. D. Lamon, manager, Prichard Water Works;
F. B. Smith, engineer, Hollingsworth and Whitney
Paper Company; Harlan Shope, engineer, Southern
Kraft Corporation; R. W. Leins, engineer, Courtaulds;
and the management personnel and employees of the
Mobile Sawmill Company, who were especially helpful,
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Figure 2.—Temperature and precipitation at Mobile.
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During the summer the days are warm, but the
nights are generally relatively cool; the heat of the
summer days is alleviated to some extent by sea
breezes. Winters are generally mild, and the occa-
sional cold periods seldom last longer than 2 or 3
days.

The highest temperature of record at Mobile is 103°F,
recorded in September 1925 and July 1930; the
lowest recorded temperature is -1°F, recorded in
February 1899. The mean annual temperature is a-
bout 68°F; the mean daily maximum is about 76°F, and
the mean daily minimum is about 59°F. July and Au-
gust, the warmest months, have an average temper-
ature of about 81°F, January, the coldest month, has
an average temperature of 52°F. (See fig, 2.)

Mobile, among the cities of the United States having
the highest amount of rainfall, has a mean annual pre-
cipitation of 61. 12 inches. Rainfall is fairly evenly dis-
tributed throughout the year. The greatest annual pre-
cipitation recorded is 91. 16 inches, in 1900, and the
greatest precipitation in one day is 12,98 inches, in
June 1900. Figure 2 shows the monthly distribution of
precipitation,

The last measurable snow recorded in the area was
in 1895, when 6 inches fell. February 16 is the aver-
age date of the last killing frost in the spring, and De-
cember 7 is the average date for the first killing
frost. Average length of the growing season is 274
days.

Mineral Resources

The principal mineral resource of the area, with
the exception of water, is the salt domes that occur in
the vicinity of McIntosh, Washington County. Published
records do not define the extent of these salt domes,
but three chemical companies are dependent on them
for raw material. Several test wells have been drilled
for oil in this area, but none was successful.

Development of the Area and Navigation

The city of Mobile, on the Mobile River where the
river enters Mobile Bay, has had its character influ-

enced by its location--it is both seaport and river town.

The first settlement of Europeans at the present site
was made by the French in 1711. Supsequently, the
city was under the flags of France, Great Britain,
Spain, the United States, Republic of Alabama, Con-
federate States, and again the United States. Com-~
merce has been the prevailing interest of the city since
its beginning, and its economic health and rate of
growth have been largely dependent upon the arteries
of commerce that serve the city. This was evident as
early as 1717, when shifting sands closed the harbor
to larger vessels and the city’s growth and activity
were retarded.

After the American occupation in 1813, the city grew
steadily, serving as the port for the rapidly expanding
cotton-growing area developed in the basins of the Ala-
bama and Tombigbee Rivers. The advent of the river
steamers, improved river channels and harbors, and
the development of railroad systems aided the growth
of the city.

During the past 25 years the industrial development
of the area has made rapid progress. At present the
area has a large paper industry, a recently developed
and rapidly expanding chemical industry, and many
others, including nonferrous metals, cement, gypsum,
oil refining, lumber, and wood products. During World
Wars I and II, shipbuilding was a major industry.

Throughout this period of industrial development the
city has retained much of its traditional devotion to
commerce. The area is served by four railroads, an
adequate highway system, and the navigational facili-
ties of Mobile Bay and the Tombigbee-Black Warrior
Waterway.

The port of Mobile now ranks among the top ten ports
in the nation. It serves as the connecting link between
the river waterway, intracoastal waterway, open sea,
and railroads. Figure 3, reproduced from the U.S.
Corps of Engineers project map, shows the present
(1954) deep-water channels. Proposed future develop-
ments for the harbor include deepening the channel to
40 feet to accomrnodate the new fleet of large-capacity
ore vessels now being placed in operation. Tonnage
handled by the port for each year since 1943 is shown
in figure 4 (based on data supplied by the Alabama
State Docks Board).

Imports include sugar, rubber, petroleum, molas-
ses, bananas, coffee, tea, and rice; and nitrate, man-
ganese, phosphate rock, iron ore, and bauxite. Im~
ports of high-grade Venezuelian iron ore for the fur-
naces in the Birmingham area are expected to increase
in the near future. Principal exports are paper, cot-
ton piece goods, iron and steel articles, naval stores,
lumber, logs, poles, peanuts fertilizer, cement,
coal, oyster shell, ferrophosphate, and coke.

The Tombigbee-Black Warrior Waterway connects
the port with the rich mineral and industrial area of
Birmingham. A minimum depth of 9 feet and width of
200 feet are maintained between Mobile and Port Bir-
mingham, a distance of 400 miles. Tonnage carried
by the waterway for each year since 1943 is shown in
figure 4 (based on data supplied by the Corps of Engi-
neers, U. S, Army) The value of the cargo for 1953
was $81,000, 000,

OCCURRENCE OF WATER
Sources

Precipitation is the immediate source of all fresh
water on the land’s surface. Some of the precipitated
water runs directly off the surface of the ground into
streams, some is temporarily retained on the surface
or on vegetation and is subsequently evaporated, and
an important remaining part seeps down into the
ground and becomes subsurface water.

Some of this subsurface water adheres to the par-
ticles of soil. There it remains until it is evaporated
directly or is used by vegetation and transpired.
Water not held in the soil zone continues to move by
gravity down through the pores in the earth’s crust
until it reaches the zone of saturation. Water in the
zone of saturation is known as ground water, and dur-
ing periods of no precipitation the discharge of this
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ground water through seeps and springs constitutes

most of the streamflow. Although ground water and
surface water are closely related, they must be ap-
praised by different methods; thus, data on each are
given separately in the following sections.

The water resources in the Mobile area are: (}) the
Mobile River, which has the source of most of its wa-
ter far from Mobile and is not dependent upon local
precipitation or ground-water storage; (2) local
streams, which are directly dependent upon local pre-
cipitation and ground-water storage; and (3) the local
ground-water reservoirs themselves,

Quality

Water in its natural state is never pure. During the
course of the hydrologic cycle the chemical character
of water is often greatly changed. The principal fac-
tors affecting the quality of water are:

(1) Natural conditions, such as amount of precipi-
tation, topographic and geologic features, and vege-
tation.

(2) Human activities related to the use and reuse of

water and the disposal of waste materials.

First the precipitated water absorbs gases from the
atmosphere and carries them into the soil, where ac-
tive solution of many salts may occur. The amount
and nature of material dissolved is directly related to
the solubility of the rock materials and the time they
remain in contact with the water. The quantities of salts
may be quite large, as in waters percolating deeply in-
to the earth’s crust before reappearing at the surface.
Conversely, where water passes rapidly over the sur-
face, and contacts soluble rock materials only spar-
ingly, the dissolved solids are apt to be quite small in
amount. Geological features determine to some extent
the amount of solution that occurs. Waters that have
percolated through limestone or dolomite, for example,
usually contain much calcium and magnesium bicarbon-
ate and are hard. In general,the quality of ground water
from a given part of a water-bearing formation remains
nearly constant throughout the year because ground
water moves at a slow, relatively uniform speed and is
subject to little external contamination. The runoff
from swamps will be colored and contain much organic
matter, as well as micro-organisms, plant growth, and
humic complexes of iron and possibly of other heavy
metals. Topographical features also partly determine
how fast precipitation drains off the land, and, hence,
the length of time the water remains in contact with
soluble materials. The chemical quality of some river
waters changes rapidly with discharge, whereas others
are little affected by wide variations in flow. During
dry periods the quality of streamflow approaches the
quality of ground-water inflow.

Water flowing over the ground may also carry vary-
ing amounts of insoluble or suspended matter, such as
silt, decayed organisms, and vegetation. In many river
waters the amount of this suspended matter is very
large and of considerable importance. In some waters
the suspended matter may be colloidal and difficult to
remove.

Probably the major human activitity affecting water
quality is the industrial and domestic use of water, and
the subsequent return of water carrying all manner of
sewage and industrial waste to the land and streams.
The diversion of water and the effect of deforestation,
construction, and farming, which may change the rate
of runoff and cause rivers to flood or dry up, can also
seriously affect water quality. Storage in large lakes
and surface reservoirs tends to reduce the range of ex-
tremes in concentrations of dissolved solids, permit
settling out of suspended matter, and may even allow
precipitation or concentration of soluble material.

The major beneficial uses of water are so many and
diversified that it becomes a practical impossibility to
devise a single standard of quality that will meet the
chemical, physical, and sanitary requirements of all.
Many of the uses of water, such as domestic and in-
dustrial, are compatible within narrow ranges of water
quality, whereas the use of a stream for unregulated
waste disposal is in most cases at complete variance
with its use for domestic water supply. Inasmuch as
the use of water by human beings for drinking and other
domestic purposes is generally the most essential use
of water, such water may be given the primary procure-
ment rights and may be afforded the highest degree
of sanitary protection. However, other beneficial uses
may have water-quality criteria that are far more
stringent in certain respects than those for drinking
water. Many industrial processes, for example, can-
not use, without further treatment, water that is -
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suitable for domestic supplies; zeolite-softened water
from municipal systems is often detrimental for irri-
gation; and aquatic life in streams and lakes may be
destroyed or inhibited by concentrations of copper or
zinc that are permissible in domestic water.

The physical, chemical, and bacterial quality of
drinking water in the United States is generally judged
in relation to the U. S. Public Health Service Stand-
ards of 1946. These standards, which apply strictly
only to water supplies used in interstate commerce,
have been adopted by most State health dgpartments
as criteria for public water supplies. Thd maximum
concentration, in parts per million, of some constit-
uents permitted for potable water under these stand-
ards is: lead 0.1, fluoride 1.5, arsenic 0.05, seleni-
um 0. 05, and hexavalent chromium 0. 05. Appropriate
limits for the concentrations of other less critical con-
stituents are recommended, but they are not manda-
tory.

Because many industrial processes require a
water of a definite chemical character, some limits
of tolerance for quality, based on experience, have
been set up by many industries. These limits serve
merely to indicate certain characteristics of a water
that enter into its acceptability for different processes,
but the limits are affected by variations in the proc-
esses and by the quality desired in the final product.
When a water does not meet these general require-
ments it must be treated unless some other suitable
supply can be found. Today almost any water can be
treated by usual or special methods to produce a
water of any desired quality, but economics deter-
mines the extent to which treatment is practical.

Chemical analysis of a water is necessary to deter-
mine whether treatment is needed to meet limiting re-
quirements, the type of treatment required, and the
cost. Therefore, determination of the utility of a water

for any industrial process depends largely upon the
results of analyses of representative samples of the
water.

SURFACE WATER

Water is perhaps the most abundant resource in the
Mobile area. In addition to the Mobile River flowing
by the city, there are many small streams. Partly be-
cause of this abundance of water, records of stream-
flow are relatively meager. Several gaging stations
have been established on small streams in recent
years, but the length of such records and extent of
coverage is insufficient to appraise properly the
water resources of the small streams. Table 1
shows the data available on streamflow in the area.

One of the most useful tools in analyzing stream-
flow records is the duration curve. This curve shows
the percent of time the daily streamflow equals or ex-
ceeds the indicated flow. Such curves for the Ala-
bama, Tombigbee, and Mobile Rivers are presented
in figure 5. Flow-duration data for the smaller trib-
utary streams are shown in tables 2 and 3.

Records for the Alabama River at Claiborne and the
Tombigbee River near Leroy cover the period 1930-
54, but all other available records are for a shorter
period. Through use of methods of correlation,
shorter records can sometimes be extended to cover,
with some loss of accuracy, longer periods of time.
The 1-year record on the Mobile River was thus ex-
tended to cover the 1930-54 period, and records for
the smaller streams were extended to cover the peri-
od 1939-54 by using part of a record on Escambia
River at Flomaton, a stream outside the area of this
report. For several streams the only records avail-
able are 6 or 7 discharge measurements made in re-
cent times. The flow-duration data for those streams

Table 1.—~—Records of streamflow in the Mobile area

Reference
letter Station name
(pl. 1)

B.iveeeeraranas seneenea] Alabama River at Claiborne.........
L« Tombigbee River near Leroy........
Cuverresaresass sreene...o) Bassetts Creek near Wagarville....
diveriecirecianrensnee..] Lewis Creek near Mclntosh..........
Bilbo Creek near McIntosh...........

Bates Creek near Calvert........
Mobile River near Mount Vernon,..

hiceeeerereiieannisvese.f Cedar Creek near Mount Vernon...
b S J Bayou Sara near Saraland............
Jeseesresesreinneiiens...] Chickasaw Creek near Whistler....
Kieeiererieiiennenaoo.. | Eightmile Creek near Eight Mile. .

liceseiierseeeesnsnans.s] Threemile Creek near Crichton....
M...ceeeseensennses.eo..] Escatawpa River near Wilmer......

Nicerenneseeseansss oeenes] Big Creek near Mobile................

Drainage
area Type and length of record
{square miles)
22,000 Continuous daily discharge, April 1930-
Sept. 1954.
19,100 Continuous daily discharge, Oct. 1928—
Sept. 1954,
128 7 discharge measurements made during
1953-54.
43.9 Do.
73.2 Do.
73.6 Do.
43,000 Continuous daily discharge, Oct. 1953~
Sept. 1954,
71,2 6 discharge measurements made during
1953~54.
13.6 7 discharge measurements made during
1953-54.
124 Continuous daily discharge, Oct. 1951—
Sept. 1954.
27.0 7 discharge measurements made during
1953-54.
12.1 Do.
506 Continuous daily discharge, Aug. 1945-
Sept. 1954.
84 Continuous daily discharge, Nov. 1944—
Sept. 1950.
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’
Tablée 2. —Duration of daily flow at gaging stations in the Mobile area

Discharge per square mile of drainage area
Percent of
time Chickasaw Creek near Escatawpa River near . .
discharge Whistler Wilmer Big Creek near Mobile
indicated Water Water years Water Water years Water Water years
was years 1939-54 _1_/ years 193954 1/ years 193954 1/
equaled or 1952~54 by 194654 — o/ 194650 ots/ mgdf
exceeded cfs . mg cfs : mg cfs
o n/ﬁ cfs/sq mi sq mi cq n{ﬁ cfsfsq mi sq mi sq n{li sq mi |sqmi
7.55 11.8 7.63 14.2 14.7 9.50 14.2 12.9 8.34
6.05 9.90 6.40 11.1 11.5 7.43 10.7 10.0 6.46
5.20 8.65 5.59 9.40 9.70 6.27 9.25 8.30 5.36
4.22 7.15 4.62 7.30 7.50 4.85 7.40 6.33 4.09
3.57 6.15 3.97 6.05 6.10 3.94 6.35 5.27 3.41
2.95 5.08 3.28 4.77 4.90 3.17 5.35 4,30 2.78
2,28 3.93 2.54 ] 3.50 3.64 2.35 4,31 3.37 2.18
1.87 3.32 2,15 2,74 2.84 1.84 3.69 2.87 1.85
1.37 2.60 1.68 1.82 1.89 1.22 2,94 2.28 1.47
1.06 2.21 1.43 1.27 f1.37 .885 2.48 1.95 1.26
.855 1.87 1.21 .918 1.00 .646 2,13 1.63 1.05
.690 1.52 .982 .650 742 .480 1.87 1.37 . 885
.558 1.18 763 .459 .520 .338 1.63 1.16 750
.451 .880 .569 .332 . .378 244 1.41 .990 .640
.402 .748 .483 .279 .317 .205 1.30 .910 .588
.352 .618 .399 .231 .264 171 1.18 .825 .533
.311 .538 .348 .199 ’ .230 .149 1.11 .155 .488
.278 472 .305 .174 ‘ .205 .132 1.06 .695 .449
.237 .390 .252 .144 171 J111 .980 8035 .391
.210 .333 .215 ,125 .149 .0963 .935 .540 .349
172 .251 .162 .103 117 .0756 .875 442 .286
e

1/ Computed.

{table 3) cover only the low flows; therefore, the com-
puted values are less accurate than values based on
continuous streamflow records.

The purpose of extending records in this manner is
twofold: longer records make a more exact definition
of streamflow characteristics possible; and records
that cover a common period of time make direct com-
parisons possible.

Flow-duration data for the tributary streams are
shown in cubic feet per second per square mile of
drainage area, and in million gallons per day per
square mile of drainage area. These data can be used
to estimate the flow at other places on the stream by
assuming equal yield for all parts of the drainage area.
For example, if information is desired on Escatawpa
River at a place where the drainage area is 400 square
miles, the flow-duration data for the site can be esti-
mated by simply multiplying 400 times the listed data
for Escatawpa River near Wilmer (table 2). A flow of
53 mgd (400 sq mi x 0.132) may be expected to be e-
qualed or exceeded 95 percent of the time; in like man-
ner, 68 mgd (400 sq mi x 0.171) may be expected to
be equaled or exceeded 90 percent of the time.

The computed flow-duration data for the period 1939-
54 were used because they are for a longer period and
therefore are probably more representative than the
data for the period of record, 1946-54.

i S

Care should be exercised in using these data be-
cause not all parts of most drainage basins have equal
yield or the same runoff characteristics. In general
the possible error increases with an increase in the
distance between the gaging station and the place about
which information is desired. Variation of the geologic
structure is the principle cause of the lack of uniform-
ity of dry-weather runoff from various parts of some
drainage basins. Streams that cut through sands and
gravels will normally have a much better dry-weather
yield than streams indented in clays and shales.

Alabama-Tombigbee-Mobile Rivers System

The Mobile River, formed by the confluence of the
Alabama and Tombigbee Rivers about 30 miles north
of the metropolitan area, flows through the Tensaw
swamp for its entire length. The swamp is a labyrinth
of channels, lakes, and bayous; and the stream finally
flows into Mobile Bay in 5 distinct natural channels.
The entire flow is confined to one channel for a dis-
tance of only about 5% miles, from the confluence of
the Alabama and Tombigbee Rivers to the division be-
tween the lower Mobile River and the Tensaw River.
Flows greater than 100,000 cfs (about 65,000 mgd) are
in part discharged over the Tensaw swamp.

The Mobile River and the lower reaches of the Tom-
bigbee and Alabama Rivers are affected by tidal fluc-
tuations except during periods when the streams are
discharging substantial flood flows. The many
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Table 3.—Probable duration of low flow at supplemental gaging sites in the Mobile area
Percent of Discharge per square mile of drainage area
time
discharge Bassett Creek Lewis Creek Bilbo Creek Bates Creek
indicated near Wagerville near McIntosh near McIntosh near Calvert
was equaled | (Water years 1939-54) (Water years 1939-54) |(Water years 1939-54) |(Water years 1939-54)
or exceeded | cfs/sq mi | mgd/sq mi| cfs/sq mi| mgd/sq mi | cfs/sq mi| mgd/sq mi| cfs/sq mi| mgd/sq mi
0.47 0.30 0.40 0.26 0.40 0.26 0.37 0.24
.27 17 .18 .12 .16 .10 .14 .090
.20 .13 11 071 .10 .065 .075 .048
.14 .090 .070 .045 .063 .041 .043 .028
.11 071 .047 .030 .042 .027 .026 .017
.092 .059 .036 .023 .032 .021 .019 .012
.066 .043 .022 .014 .020 .013 .010 .0065
.052 .034 .015 .0097 .013 .0084 .0064 .0041
1 T .034 .022 .0082 .0053 .0069 .0045 .0028 .0019

Percent of

Discharge per square mile of drainage area

time
discharge Cedar Creek Bayou Sara Eightmile Creek Threemile Creek
indicated near Mount Vernon near Saraland near Eight Mile near Crichton

was equaled

(Water years 1939-54)

(Water years 1939-54)

(Water years 1939-54)

(Water years 1939-54)

or exceeded.
cfs/sq mi | mgd/sq mi| cfs/sq mi | mgd/sq mi | cfs/sq mi | mgd/sq mif cfs/sq mi| mgd/sq mi
0.53 0.34 1.1 0.71 1.9 1.2 1,6 1.0
.38 .25 .81 .52 1.7 1.1 1.4 .90
.32 .21 .68 .44 1.6 1.6 1.3 .84
27 17 .56 .36 1.5 97 1.2 .78
.23 .15 .48 .31 1.5 .97 1.2 .78
.21 .14 .42 .27 1.4 .90 1.1 1
17 11 .34 .22 1.3 .84 1.6 .65
.15 .097 .29 .19 1.2 .78 .95 .61
.12 .078 .21 .14 1.1 T .83 .54

channels, bayous, and lakes fill on a rising tide and
The tidal effect is known to
be sufficient at times to cause the Mobile River at

empty on a falling one.

by the navigational locks and dams. It is expected
that additional control will be exercised by the new

Mount Vernon to flow upstream.

It has been generally recognized that the flow in the
Mobile River is practically equal to the combined
flow of the two headwater streams. Until recently
more accurate definition of the pattern of flow did
not appear to be warranted. Now, however, questions
have arisen in connection with recent developments
on the Mobile River that show the need for more near-
ly accurate information,

Discharge

In times of low flow the Alabama River is the major
contributor to the Mobile River. Its naturally good
low-flow characteristics are improved by considera-
ble storage capacity at power-plant reservoirs on its
headwater streams.

The Tombigbee River at the gaging station near
Leroy has a drainage area comparable to the drain-
age area of the Alabama River at Claiborne. However,
in periods of low water, the yield of this stream is
much less than that of the Alabama River. Some reg-
ulation is exercised over the low flows in the stream

lock and dam at Demopolis.

The annual runoff of the Mobile River is the combined
runoff of the Alabama River at Claiborne and the Tom-
bigbee River near Leroy, and a small runoff from the
drainage area between the gaging stations and the con-
fluence of the rivers. However, the flow of the Mobile
River for any particular time can not be so easily re-
lated to the flow at the upstream gaging stations.
Channel storage and tide have a substantial effect on
the rate of flow of the Mobile River.

A gaging station was established on the Mobile River
at Mount Vernon and operated for 1 year to make pos-
sible some appraisal of the flow characteristics of the
Mobile River and evaluation of the relation between the
combined flows at the upstream gaging stations and the
flow in the Mobile River. This station was located
about 2 miles above the division into the Tensaw River
and the lower Mobile River on the reach of river where
the flow is generally confined to one channel. Except
during times of flood, the discharge at the station
varied considerably during the daily tidal cycle. Nega-
tive, or upstream, flow occasionally occurred for a
few hours on the right combination of high tides and
low flows. Typical stage and discharge hydrographs for
selected tidal cycles are shown in figure 6.
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Figure 6. —Discharge of the Mobile River near Mount Vernon during typical tidal cycles.
Daily discharges were affected by the tide to a less- low daily mean tide allowed water to escape from these
er degree; however, the daily discharges did vary storage areas.
conversely with the variation in the daily mean tide.
A high daily mean tide held water in storage in the Average discharges for a week or longer will gen-

channels, bayous, and lakes above the station, and a erally not be subject to these variations caused by
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Figure 8.—Division of flow between Mobile and Tensaw Rivers.

tides, but they will be subject to the effect of water go- stage and is released on a generally falling one. For
ing into or coming out of storage on a generally ris- this reason, months of high average flow are not al-
ing or falling stage. Average discharges for the ways closely comparable to the combined flows of the
months from October 1953 through September 1954 upstream stations. On the other hand, the montl'.xly
are shown in figure 7. For comparison, the com- averages for periods of low flow appear to be quite
bined flow of the upstream stations is also shown in closely comparable to the monthly average of the com-
this figure. It is evident that a considerable amount bined flow, especially if the combined flow is corrected for
of water is retained in storage on a generally rising the inflow in the intervening area between gaging stations.

4
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Duration of flow data for the Mobile River at Mount
Vernon are shown in figure 5. The maximum, mini-
mum, and median values of the average discharge for
each month for the combined flows of the upstream
stations for the period 1930 to 1954 are shown in
figure 7. As occurrences in the past are indications
of occurrences in the future, the diagram can be used
to estimate the probable range of conditions that may
be generally expected.

The Mobile River first divides into the Tensaw and
lower Mobile Rivers. The flow in these two streams
is about equally divided at bankful stage, but at lower
stages the more efficient channel of the lower Mobile
River carries an increasingly larger proportion of the
total flow (fig. 8). Although this relation is believed to
be reliable for mean daily flows, it is not necessarily
reliable if used for average flows for shorter periods
or for estimating the division of flow for any particular
instant, especially when varying tidal effects occur
within a tidal cycle. Once, for a short period, water
was known to flow simultaneously up the Tensaw River
and down the lower Mobile River.

The Tensaw River divides several times before it
empties into Mobile Bay. No information is available
on the distribution of flow at these divisions. The
Mobile River does not divide further until just north
of the metropolitan area, nor do any streams of appre-
ciable size flow into this reach.

WATER RESOURCES OF THE MOBILE AREA, ALABAMA

Floods

Not much information is available on floods in the
Mobile River. Large floods occurred in 1929, 1938,
and 1948. Information is available on these floods at
the upstream gaging stations, but because the flood
flows were mostly confined to the uninhabited swamp-
land little information is available about them on the
Mobile River. Water-surface profile data on a lesser
flood in April 1951 were obtained from the Corps of
Engineers and are shown in figure 9. For comparison,
a reported water-surface elevation of the 1929 flood
at the Mount Vernon gaging station and the approxi-
mate elevation of the 25-year flood are shown in the
same figure. A “25-year flood” is a flood of the mag-
nitude that would be equaled or exceeded on the aver-
age of once in 25 years.

Floods of another type occur on the lower reach of
the Mobile River when strong winds from the Gulf of
Mexico cause the water of Mobile Bay to pile up at
the head of the bay. When these winds reach the veloc-
ities attained in the infrequent hurricanes, the piling
up of water floods low-lying areas in the city. The
most destructive hurricanes of this century occurred
in September 1906 and in July and October 1916. The
July 1916 storm is reported to have produced a tide of
11.6 feet above mean sea level at Mobile.
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Quality of Water

In order to determine the daily variation in the
chemical and physical character of the water of the
Mobile River, samples were collected daily at the
Mount Vernon gaging station from October 1, 1953, to
September 30, 1954. Ten daily samples were compos-
ited for each sample for comprehensive chemical anal-
ysis, the results of which are given in table 4. Data in
this table indicate only a very general relationbetween

15

the discharge of the river and the quality of its water.
Probably the most significant quality feature, at least
for industrial consumers, is the lack of extreme vari-
ation in the chemical character of the water. Although
the 10-day averages of river discharge ranged from
5,278 mgd to 76,970 mgd, the dissolved solids ranged
from only 73 to 126 ppm and averaged 95 ppm. The
rather unusual uniform composition of the Mobile River
water is shown graphically in figure 10.
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18 WATER RESOURCES OF THE MOBILE AREA, ALABAMA

As the discharge of the river increased, a general
increase was noted in the concentration of silica, sul-
fate, color, and sediment; objectionable concentrations,
however, were observed only for iron, color, and sed-
iment. The generally good quality of the water is
shown in figure 10.

The temperature of industrial water supplies is of
great economic importance because of the enormous
volume used for cooling. For this reason, daily water
temperature readings were taken at the Mount Vernon
station (fig. 10).

Salinity of Mobile River
By Corps of Engineers, Mobile District

The Mobile River, formed by the confluence of the
Tombighbee and Alabama Rivers, flows southward 46
miles to empty into Mobile Bay, an estuary of the Gulf
of Mexico at Mobile., Six miles below its source, the
Mobile River divides; the west fork is the Mobile River
and the east fork is a branch of the Tensaw River. The
Mobile River follows a winding course from its head to
Mobile Bay. In general, the banks are from 3 to 8
feet high, Between miles 20 and 45 (miles above
Government Street in Mobile), the river has cut into
the hills at several places along the west bank toform
bluffs 20 to 40 feet high. The river upstream from the
Louisville & Nashville Railroad bridge at mile 13.6
varies from 500 to 1,200 feet in width, The Tensaw
is also a tortuous stream, flowing southward in the
same general direction; it enters Mobile Bay about 2
miles to the east of the Mobile River. The area be-
tween these two rivers consists of heavily wooded
swampland in the upper reaches and low marshland in
the lower reaches. The Tensaw River is now used as
a harbor for a reserve fleet of ships, but it is not
maintained for navigation by the Corps of Engineers.

Determination of the salinity line in the Mobile River
and its tributaries was first undertaken in compliance
with a resolution by the Committee on Rivers and Har-
bors of the House of Representatives, which was adopt-
ed Qctober 16, 1944, Observations in the river were
made from November 9, 1944, to January 9, 1946,
and a report was prepared (U. S. Congress Documents,
1949). Additional salinity investigations were author-
izedby the Committee on Public Works of the House of
Representatives in a resolutionadopted June 11, 1952,

In connection with this latter resolution, observa-
tions to determine salt-water encroachment in the low-
er Mobile River were made during the low-water sea-
sons, September through December, 1952, 1953, and
1954, Between July 31 and August 4, 1954, samples
were collected at 2-hour intervals for a period of 96
hours. The ranges sampled were at about 1-mile in-
tervals between mile 13.6 (Louisville & Nashville Rail-
road bridge) and mile 18, the uppermost point of salt-
water encroachment. During this period, the Tombig-
bee and Warrior Rivers were being impounded by the
new Demopolis lock and dam and presumably no flow
entered the Mobile River from this source. Sampling
for the 1954 low-water season began on September 14
and ended December 23. A total of 2,246 samples
collected during this period have been analyzed.

The location of the salinity line in the river was de-
termined from a series of water samples analyzed in
the field by a volumetric titration method. Qther basic
data, such as streamflow and tidal characteristics,
were also observed during the sampling periods.

Water sampling

For the studies made in 1944—46, sampling ranges
were established at intervals of 3 to 7 miles for the
length of the Mobile River. Salinity samples were
taken at all ranges about every 2 weeks for the entire
period. It was found that salt water invaded the Mobile
River below the Louisville & Nashville Railroad bridge
(mile 13.6) about 60 percent of the time during a year
of normal low water. Because salt water prevailed
most of the year below the bridge, it was decided that
this study would investigate principally the ingress of
salt water above the bridge.

In the 1952, 1953, 1954 investigations the river-mile
points were located and marked between the Louisville
& Nashville tide gage at mile 13.6 and the Barry gage
at mile 31.0. (See fig. 11.) Sampling stations identi-
fied by miles above the foot of Governrpent Street in
Mobile, were established at each mile and at some
half-mile intervals, as showninfigure 12. In general,
samples were takenat three depths along the right bank,
in the middle, and along the leftbank of the river. During
the 1953 and 1954 seasons, water samples were analyzed
inthe field so that the location of the salinity line could be
established immediately. This permitted samplingto be
concentrated inthe reach extendinga mile above and be-
low the uppermost limits of the salt-water wedge.

Tidal characteristics

Three recording tide gages have been operated by
the Corps of Engineers in the lower Mobile River dur-
ing these investigations. They are located at Alabama
State Docks,mile 1.0, the Louisville & Nashville Rail-
road bridge, mile 13.6, and the Alabama Power Com-
pany's Barry steam plant, mile 31.0. In addition to
these tide gages, theU. S. Geological Survey operated
a recording gage in the upper Mobile River near Mount
Vernon landing from October 1953 through January
1955, Mount Vernon landing is at mile 41.3, about 2.5
miles above the head of the Tensaw River.

All four gages recorded the same general shape and
trend, except for time lag and difference in high and
low elevation. Tides at Mobile are diurnal; that is,
only one high and one low tide occur during a lunar day,
except at the moon’s quadrature when two highs and lows
(neap tide) may occur with very little difference in verti-
calrise and fall. The amplitude of the tide depends in part
upon the stage of the Mobile River and the distance up-
stream from the river mouth. At Mount Vernon, for exam-
ple, the tidal effect practically disappears when the
river reaches a stage of 7.5feet above mean sea level,
Spring tides, which occur at new and full moon, produce
the greatest variation in the rise and fall of the tide.

Streamflows

For this investigation the upper Mobile River has
been generally referred to as the reach between the
formation of the Mobile and Tensaw Rivers, at mile
39, and the head of the Mobile River, at mile 45.
Lower Mobile River extends from mile 39 to the mouth.
Flows in the upper Mobile River as measured by the
Geological Survey at Mount Vernon in 1953 and 1954
have been used. The Geological Survey developed the
discharge-percentage curve (fig, 8), which shows the
distribution of flow between the Tensaw and Mobile
Rivers. Before 1953, the flow in the upper river had
been determined by combining the flows measured at
Leroy on the Tombigbee River and Claiborne on the
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Alabama River. The maximum, minimum, and aver-
age discharges for the sampling periods in 1952, 1953,
and 1954 are shown in table 5.

Table 5.—Discharge of upper Mobile River
and extent of chloride encroachment

Position of
50 ppm
chloride

Discharge in
i cubic feet per second
Sampling
period

Daily River mile 1/
average

Max Min

Max | Min

Combined discharge
1952 of Alabama and
Tombigbee Rivers

5]
Sept. 1-30..| 16,400 8,320 12,295 | 19.01.........
Oct. 1-31.]| 18,800 7,450 10,700 | 21.0{.........
Nov. 1-30..| 16,720 7,620 11,352 | 20.5{ 13.0.

Dec. 1-17.]) 43,700 14,210 27,908 Below mile 13

Mean 23,977 9,310 15,564

Discharge of Mobile River

1953 at Mount Vernon

Oct. 1-31..} 33,700 6,450 15,500 | 21.0} 16
Nov. 1-30.. 24,500 7,960 13,470 | 23.3.........
Dec. 1— 8. 65,300 9,780 35,197 |evervii forennenns

Mean 41,166 8,063 21,390

Discharge of Mobile River

1954 at Mount Vernon

Sept. 14-30.] 12,800 4,310] 9,709 27.5} 20.0
Oct. 1-31.| 15,800| 5,840 | 9,850 | 30.0] 17.5
Nov. 1-30.] 15,300| 6,150 | 10,400 | 29.0] 14.0
Dec. 1-31.| 16,600 4,310 | 10,800 | 17.5] 13.5

Mean 15,125‘ 5,153 10,190

{Discharge of Mobile River

1955 at Mount Vernon

Jan. 1-11.] 52,700 15,300 | 39,500 | 9.5]........

1/ Mile 0: The foot of Government Street, Mobile.

The low-water period of 1954 was the lowest of rec-
ord. September was the ninth consecutive month in
which below normal precipitation occurred in the head-
waters of the Mobile River system. The average for
the 9-month period was about 58 percent of normal.
Precipitation for the months of November and Decem-
ber were more nearly normal.

Results of investigation

The results of the analyses of samples for the July
31 to August 4, 1954, period are shown in figure 13,
and the results for the 1954 low-water period are
shown in figure 14.

Figure 13 further shows that discharges less than
6,000 cfs (3,880 mgd) in the lower Mobile River will
not be sufficient to prevent the ingress of salt water.
However, the influence of day-to-day changes in

discharge on chloride concentrations and the position
of the salinity line is apparent. The effect of sudden
decreases in discharge on the ingress of salt water
was shown clearly on August 2 when a pronounced de-
crease in discharge produced a rapid increase in the
rate of salinity invasion. (See fig.13.) An increase in
discharge on the following day also showed a rapid de-
crease in the rate of salinity invasion.

"Variations in chloride concentration definitely appear
to be influenced by the rise and fall of the tide. Al-
though the tidal variations are small during a neap tide,
the effects on chloride concentrations are nonetheless
evident. Figure 13 also shows that peak salinity con-
cenirations may occur at any time during the 3 hours
following high tide.

A chloride concentration of 50 ppm has been consid-
ered as a definite indication of salt-water encroach-
ment., The maximum salinity encroachments in 1952,
1953, and 1954 are shown in figure 12. Figure 14
shows that the movement of saline water, as indicat-
ed by the position of water of 50 ppm concentration,
follows the range of tide more closely than if follows
the discharge. This is true only if the mean daily dis-
charge is less than 6,000 cfs (3,880 mgd) in the lower
Mobile River, which is about 62 percent of the flow at
the head of the Mobile River. Previous studies indi-
cated that the displacement of salt water in the upper
reaches of the marginal zone is noticeable when the av-
erage flow exceeds 6,000 cfs. During September and
October 1954, water of 50 ppm concentration advanced
upstream as the tidal range increased from neap to
spring tide, regardless of discharge, and receded
downstream as the tidal range decreased from spring
to neap tide. The effects of mean daily flows in excess
of 6,000 cfs during the months of November and De-
cember are shown in figure 14.

Wind affects the tide and salinity. Strong north winds
were responsible for the extreme low tides occurring
on October 5, November 2, and December 6 (fig. 14).

The general conclusions that can be derived from
the graphs, table, and results of tests presented here
and from prior studies are as follows:

1. The invasion of salt water in the Mobile River dur-
ing September and October 1954 is considered to have
been greater than normal. River discharges for this
period were the lowest of record, with the minimum at
Mount Vernon being 4,310 cfs (2,790 mgd). The mini-
mum discharges at the head of Mobile River were 7,450
cfs (4,820 mgd) in 1952 and 6,450cfs (4,169 mgd) in 1953,

2. The farthest point upstream reached by water of
50 ppm or more of chloride was observed at mile 30.0
on October 27, 1954, when the presence of water with
2,000 ppm chloride was found at mile 29.5 at a depth of
37.5 feet near the left bank of the river, Water with 50
ppm of chloride also reached mile 29.5 on October 13
and probably sometime between November 3 and 7,
1954, but it remained for only a short time (fig. 14).

3. The encroachment of salt water in 1954 does not
depict normal salinity conditions in the Mobile River.
Salt water will probably not advance farther than mile
23 during a normal low-water period and to this point
for only a short time.
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4. Under conditions existing at the time of this
study, it was found that when the giver flow decreased
to a daily average of 6,000 cfs (3,880 mgd) in the lower
Mobile River, the variation and extent of salt-water
encroachment depended mostly upon tidal conditions,
When the discharge exceeds a daily average of 6,000
cfs, the encroachment of salt water depends princi-
pally on discharge.

5. The extent of salt-water ingress or egress can
be reasonably estimated when tidal conditions and
river discharges are known.

6. The results obtained during normal low-water
years indicate that water from the Mobile River from
its hiead, at mile 45, to mile 21 will be satisfactory
for industrial supply most of the time. Frequent oc-
currences of the extreme salinity of 1954 are unlikely.

Escatawpa River

The Escatawpa River drains an area immediately
to the west of the Mobile River. It flows generally
southward along the Alabama-Mississippi State line,
finally crossing into Mississippi and flowing into the
Pascagoula River a short distance upstream from
where that stream flows into the Gulf of Mexico.

Daily discharge records have been collected since
August 1945 at a site in the NW4 sec. 19, T. 2 8., R.
4 W., at a bridge on State Highway 42 at the Alabama-
Mississippi State line and 26 miles northwest of Mobile
(drainage area, 506 square miles). . The average dis-
charge for the 9 water years (1946—54) was 987 cfs
(638 mgd). The maximum discharge for the period of
record was 35,000 cfs, on November 28, 1948; the
minimum was 37 cfs (24 mgd), on September 2, 3, and
4, 1954. Additional information on the flow character-
istics is given as flow-duration data in table 2.

Chickasaw Creek

Chickasaw Creek flows into the Mobile River at the
northern edge of the metropolitan area. It drains a
generally hilly, wooded area and flows through dense
swamplands for its last 7 miles.

Daily discharge records have been collected since
October 1951 at a site in the NW} sec. 2, T. 38S., R.
2 W., at a bridge on a county road, 12 miles upstream
from the mouth and 11 miles northwest of Mobile
(drainage area, 124 square miles). The average dis-
charge for the 3 water years (1952-54) was 167 cfs
(108 mgd). The maximum discharge was 1,920 cfs,
on April 26, 1953; the minimum was 18 cfs (12 mgd),
on September 3 and 4,.1954,
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Big Creek

Big Creek, a tributary to the Escatawpa River,
drains an area to the west of Mobile. This stream is
the present source of Mobile’s public water supply.
Water for domestic and industrial use is pumped from
the recently completed Big Creek Reservoir.

Daily discharge records were collected from No-
vember 1944 through September 1950 at a site in the
NW! sec. 1, T. 4S., R. 4 W., ata bridge on a coun-
ty road, 1 mile upstream from Hamilton Creek and 19
miles west of Mobile (drainage area, 84 square miles).
The average discharge for the 5 water years (1946-50)
was 242 cfs (156 mgd). The maximum discharge was
3,460 cfs, on July 12, 1950; the minimum observed
was 65 cfs (42 mgd), on July 1 and 2, 1950.

Big Creek Reservoir, formed by a damonBig Creek
just below the mouth of Hamilton Creek, has backed
water over the gage site. The drainage area at the
dam site is 110 square miles. Besides the obvious
changes caused by storage and diversion of water, the
reservoir has altered the normal regime of the stream
in other ways. Evaporation from the reservoir’s sur-
face of 3,593 acres is a considerable factor; but this
loss is in part offset by the elimination of evapotran-
spiration losses that previously occurred from the
vegetation in the area now covered by the reservoir.

Flow-duration data for Big Creek for the base period
1939-54, shown in table 2, do not take into account the
changes in regime which may have resulted from the
construction of the reservoir.

Other Streams in the Area

There are many other streams in the area. The
flow of eight of the larger streams were measured at
intervals during dry periodsin 1953-54, and datawere
computed on the basis of these measurements and on
records at gaging stations in the area. These data
are shown in table 3. Descriptions of the streams
follow.

Baésett Creek

Bassett Creek, in the extreme northern part of the
area, flows generally eastward, draining into the
Tombigbee River near mile 83, as measured from
Mobile.

Seven discharge measurements were made at a site
near Wagarville, in the N sec. 25, T. 6 N., R. 1 W.,
at a bridge on U. S. Highway 43, 10 miles upstream
from the mouth and 54 miles north of Mobile. The
drainage area at the site is 128 square miles.

Lewis Creek
Lewis Creek flows generally eastward, draining into
Three Rivers Lake, which drains into the Tombigbee

River at about mile 65.

Seven discharge measurements were made near Mc-
Intosh, in the S§ sec. 37, T. 4 N., R. 1 W., ata

bridge on U. S. Highway 43, 4 miles upstream from
the mouth and 45 miles north of 'Mobile. The drainage
area at the site is 43.9 square miles.

Bilbo Creek

Bilbo Creek drains into a side channel of the Tombig-
bee River, which in turn, joins the main channel near
mile 56.

Seven discharge measurements were made near Mc-
Intosh, in the SW} sec. 30, T. 3N., R. 1 E,, ata
bridge on U. S. Highway 43, 5 miles upstream from
the mouth and 38 miles north of Mobile. Drainage area
at the site is 73.2 square miles.

Bates Creek

Bates Creek is a tributary to Bilbo Creek. Seven dis-
charge measurements were made at a site near Calvert,
in the SW} sec. 46, T. 3 N., R. 1 E., about half a mile
upstream from a bridge on U. S. Highway 43, 8 miles
upstream from the mouth and 36 miles north of Mobile.
Drainage area at the site is 73.6 square miles.

Cedar Creek

Cedar Creek flows eastward into the Mobile River
near mile 36 above Mobile. Six discharge measure-
ments were made at a site near Mount Vernon, in the
SW4i sec. 10, T. 1 N., R. 1 W., just below Cedar
Falls, 6 miles upstream from the mouth and 25 miles
north of Mobile. Drainage area at the site is 71.2
square miles.

Bayou Sara

Bayou Sara flows into the Mobile River a short dis-
tance above Mobile. Its lower reaches are swampy, and
the upper reaches drain a rolling, hilly area.

Seven discharge measurements were made near Sara-
land, in the NW{ sec. 32, T. 2 S., R. 1 W, at the up-
per end of the swamp area at a bridge on a county road,
2 miles upstream from U. S. Highway 43 and 12 miles
north of Mobile. Drainage area at the site is 13.6
square miles.

Eightmile Creek

Eightmile Creek drains the area to the immediate
northwest of the metropolitan area. It is a tributary to
Chickasaw Creek, flowing into that stream about 5 miles
upstream from its mouth.

Seven discharge measurements were made at a site
near the community of Eight Mile, in the Ni sec. 36,
T. 38., R. 2 W., at Bear Fork Road, approximately
7 miles northwest of the center of Mobile. Drainage
area at the site is 27.0 square miles. About 23 miles
downstreAm from the measuring site the city of Prich-
ard diverts approximately 4 cfs (2.6 mgd) from the
stream for its municipal supply.
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Threemile Creek

Threemile Creek drains the area immediately to the
west of Mobile. The stream skirts the northern edge
of the city and empties into the Mobile River just north
of the city. The stream is somewhat polluted in its
lower reaches.

Seven discharge measurements were made at a site
near Crichton, in the SE4 see. 12, T. 4S., R. 2 W.,
at bridge on State Highway 43, 5 miles west of center
of the city and 6 miles upstream from the mouth.
Drainage area at the site is 12.1 square miles.

Halls Mill Creek

Halls Mill Creek, south of the city, appears to have
excellent dry-weather flow. Several reconnaissance
trips were made to locate a suitable site to gage the
stream, but tidal effect made it impractical. However,
on the basis of observations made on these trips, the
low-water yield per square mile of drainage basin
should be comparable to that for Eightmile Creek.

Floods on Tributary Streams

Information on the magnitude and frequency of floods
on small streams in the Mobile area is very limited.
Peirce (1954), in his study of flood frequency and mag-
nitudes for streams in Alabama, developed a means of
estimating the probable magnitude and frequency of
floods on any stream in the State with a drainage area
of more than 100 square miles. These curves, based
on the combined records of all streams in and adja-
cent to Alabama, are probably the most reliable means
of estimating probable floods in the Mobile area, even
though Peirce had some rather serious reservations
on accuracy of the definition of the curves applicable
to this part of the State.

Figure 15, based on Peirce’s curves for tributary
streams in southwestern Alabama, can be used to esti-
mate the probable magnitude of floods having a fre-
quency of 10, 25, or 50 years for the larger tributary
streams in the area. It should be recognized, how-
ever, that the recurrence interval does not imply any
regularity of occurrence. It is only the probable aver-
age period between the floods equal to, or greater
than, a given magnitude in a long period of time. Two
50-year floods could conceivably occur in consecutive
years or even in the same year. For any given year,
there is 1 chance in 50 that the 50-year flood will be
equaled or exceeded.

Quality of Water of Tributary Streams

The general chemical character of water from the
smaller streams in the Mobile area is indicated by the
analyses of two samples from each of six selected
streams. (See fig. 16). Water from these streams
was found to be of excellent quality and suitable for
most uses with little or no treatment. Although data on
the daily quality of water were not available, the anal-
yses given in table 6 are believed to be representative
of nearly maximum concentration, because the sam-
ples analyzed were taken during essentially base-flow
periods. Of the supplies examined, the maximum con-
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Figure 15.—Magnitude and frequency of floods on
tributary streams in southwestern Alabama.

centration of dissolved solids was 120 ppm; the min-
imum, 20 ppm; and the average, 50 ppm.

GROUND WATER

General Principles

Occurrence and Storage

Ground water in the Mobile area occurs in strata
of Tertiary age and unconsolidated alluvial and terrace
deposits, and is used to some extent by almost all the
industries. The rural population outside the area served
by the cities of Mobile and Prichard is dependent on
ground water as a source of supply. Thus, ground water
is a valuable and essential natural resource in the Mo-
bile area.

The quantity of water available to wells is dependent
on the type of rocks penetrated by a well and the local
and regional geology of the water-bearing rocks, as
well as on the climate. Therefore, some knowledge of
the geology and occurrence of ground water is neces-
sary before the ground-water resources can be ap-
praised.

Rocks that form the outer crust of the earth generally
contain many open spaces, called voids or interstices.
These open spaces are the receptacles that hold the
water found below the surface of the land. Part of this
water is recovered through wells and springs. A body
of rock that will yield water to wells is defined as an
aquifer. The amount of water that can be stored in any
rock depends on the volume of the rock that is occupied
by open spaces, or the porosity of the rock. The ability
of a rock to transmit water under pressure is defined
as its permeability. Rocks that will not transmit water
are said to be impermeable. Some deposits, such as
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28 WATER RESOURCES OF THE MOBILE AREA, ALABAMA

well-sorted silt or clay, may have a high porosity,

but, because of the minute size of their pores, they
transmit water slowly. Other deposits, such as well-
sorted gravel, that contain large, freely interconnected
openings will transmit water readily.

Ground water in the Mobile area occurs under both
water-table and artesian conditions. Under water-
table conditions, the ground water is unconfined; under
artesian conditions, the water is confined under pres-
sure between relatively impermeable strata. Arte-
sian conditions generally exist in sands of Miocene
age, because these sands are confined by layers of
clay or shale. The hydrostatic pressure in these
aquifers is caused by the weight of water at higher
levels in the recharge area. If there were no leakage
from the confined aquifer and no frictional resistance
to the movement of water in the aquifer, the pressure
on the confined aquifer would raise the water level to
the same altitude it is in the recharge area; but be-
cause such losses in head do occur, the head is al-
ways lower down the dip from the recharge area.

The imaginary surface or level to which water will
rise from an artesian aquifer is called the piezomet-
ric surface. A well fed by an artesian aquifer will
flow if the piezometric surface is above the land sur-
face. Both flowing and nonflowing artesian wells are
found in the Mobile area. In metropolitan Mobile,
water-table conditions generally occur in the alluvium
and terrace deposits to a depth of about 150 feet.
Wells that tap the permeable water-bearing material
of Miocene age to a depth of about 550 feet are non-
flowing, and those that penetrate water-bearing
material below 550 feet generally flow. Water-table
and artesian conditions are illustrated in figure 17.

Movement

Ground water in the unconfined aquifer is derived
from local precipitation. Water in the artesian aqui-
fers is from precipitation in areas at a considerable
distance to the north, where those aquifers crop out
at the land surface. The rate of movement of water
through the artesian aquifers from the recharge areas
to the points of discharge probably ranges from a
fraction of a foot to a few feet per day.

The water table is defined as the upper surface of
the zone of saturation, except where that surface is
formed by an impermeable body (Meinzer, 1923, p.
32). It may also be regarded as the boundary be-
tween the zone of saturation and the zone of aeration.
The water table is not a level surface, but is general-
ly sloping, with many irregularities caused by differ-
ences in permeability, topography, or by additions to
or withdrawals from the ground-water reservoirs.

The water table is not stationary but fluctuates, like
the water level in a surface reservoir. If the with-
drawal from an aquifer exceeds the recharge or re-
plenishment, the difference is supplied from storage
and the water level declines; conversely, if the re-
charge exceeds withdrawal, the water level rises.
Where the water is unconfined, the response to local
precipitation is generally reflected in a rise in the
water table within a 24-hour period. Water levels rise
as a result of recharge during the heavy rains and high
streamflow in the spring. During the summer, except

for local rises caused by occasional rainstorms, water
levels decline because of the increased rate of evapo-
transpiration and pumping.

Wells that are too closely spaced interfere with one
another, resulting in an accelerated decline in water
levels and a reduction in the yield of wells. Slight de-
clines in water levels have been noted in Prichard and
southwest Mobile (pl. 2). Water levels in the vicinity
of well 43 (pl. 2) are reported to have declined about
20 feet since 1937. Water levels in the vicinity of well
65 are reported to have declined about 5 feet since
1950, or at an average rate of about 1 foot per year.
Overpumping of shallow wells in the downtown area of
Mobile in the vicinity of well 55 (pl. 2) caused a de-
cline in the water table and encroachment of salt water
from the Mobile River during the period 1941-45. A
reduction in pumping since that time has resulted in a
lessening of the encroachment.

Recovery from Wells and Springs

When a well is pumped or allowed to flow, the water
table or piezometric surface in the vicinity of the well
declines and takes a form similar to that of an inverted
cone; this is called the cone of depression. The cones
of depression of a water-table well and a flowing anda
nonflowing artesian well are shown in figure 17. The
area around a well that is affected by the decline in
water level resulting from withdrawals is called the
area of influence. When a well is pumped, the water
level drops rapidly at first and then more slowly, but
it may continue to drop for several hours or even for
many days. Under artesian conditions, if pumping
causes a decline of the piezometric surface below the
confining bed, water-table conditions will exist in the
vicinity of the pumped well. The greater the pumping
rate of a well, the greater the drawdown (difference
between static and pumping water levels—fig. 17)
and the larger the cone of depression. The rate of
discharge of a well per unit of drawdown is the spe-
cific capacity of the well. Well 47 (pl. 2 and table 7),
for example, yielded 280 gpm with a drawdown of 23
feet; hence, its specific capacity was 12.1 gpm per
foot.

The discharge from industrial wells in the area
range from 10 to 1,500 gpm and average about 450
gpm. Data on the specific capacities are not com-
plete, but in those wells for which they are known they
range from about 6 to 65 gpm per foot of drawdown.
The discharge from wells is the amount of water
pumped by the industries; it is not necessarily the
maximum yield,because discharge from the wells is
governed by the quantity of water required by the us-
ers. Well 51, for example, has a reported maximum
yield of 1,000 gpm, but the regulated discharge is a-
bout 550 gpm., Well 1 is pumped at a rate of 650 gpm,
but the maximum yield of the well is reported to be
about 1,600 gpm. There are no reports of any serious
declines in water levels in the industrial area north
of Mobile.’

Wells in the Mobile area are generally drilled by
the rotary method. Test drilling a 5~ or 6-inch hole
to determine the character and thickness of the water-
bearing material and the chemical character of the
ground water generally precedes the development of
any but a domestic ground-water supply.



29

GROUND WATER

‘gode ITIqOI dY} U] SUOTIIPUOD d[qe)-I3jem pue ueisajae Surmoys weaderp pazyjessuan— .1 sandrd

M
N
1l

1340Mm
SMDJP |jdm yorym ybnouyy __
adid pa|oJoji9d 10 U3IOS

MO} |0iniou AQ pasnpd uoissaudap jo 3u0)-se'p
b6uidwnd £q pasnod uoissaidap jo auo)-9'q'o

NOILVNVId X3

pung
siajinbo  ubissy-3')
8/oys pup Aol
spaq Butuyuod -4'Q'a
184046 puo puns
ID1434DW |DI21JINS 3jQOBWIAY -y

—_—

—_——
—_—

—_—

'd —_—

0 J9jinbD UDIS31ID J0 800}INS D11}8W0Zalg




30 WATER RESOURCES OF THE MOBILE AREA, ALABAMA

Many of the large-capacity wells pump fine sand and
silt. Occasionally the wells become filled with sand to
the extent of reducing the discharge; these wells then
require cleaning to restore their capacity. The
screens of wells in the alluvium and terrace deposits
become corroded and plugged with iron oxide. As a
result, the screens of large-capacity wells require
cleaning every 3 or 4 years.

Many small springs and seeps occur in the Mobile
area, particularly in draws and along the steep slopes
on the Spring Hill-Citronelle ridge. These springs
supply small quantities of water for domestic and
stock use.

The water from Cherokee Spring (no. 18), east of
Citronelle, is highly mineralized (table 7). Smith
(1907, p. 304) gives an analysis of the water from
Cherokee Spring. The water was bottled and sold for
a few years for its reported medicinal qualities. Dis-
charge from Cherokee Spring was estimated to be a-
bout 1 gpm.

A spring (no. 8), owned by B. C. Pringle, has a
wooden reservoir constructed around the outlet, and
the water is pumped from the reservoir to an elevat-
ed storage tank. The discharge from this spring was
estimated to be 3 gpm.

Water-Bearing Formations

Ground water occurs throughout the Mobile area in
the alluvium and Quaternary terrace deposits, the
Citronelle formation, and Miocene deposits.

Water in the alluvium, Quaternary terrace deposits,
and Citronelle formation is unconfined, and it occurs
under water-table conditions except where the water-
bearing material may be locally confined by lenses of
clay. Water in the Miocene deposits is confined by
layers of clay or shale, and it occurs under artesian
conditions. The distribution of the water-bearing for-
mations is shown in figure 1.

The chemical quality of the water in the Mobile area
varies, particularly in the metropolitan section; in
some places it contains large amounts of chloride.

Miocene Deposits, Undifferentiated

Deposits of Miocene age have not been fully pene-
trated by wells in the area; however, from data on
wells in adjacent areas, the thickness is estimated to
be about 1,000 feet. The regional dip of the Miocene
is to the southwest at the rate of 15 to 25 feet per
mile. The deposits of Miocene age are of estuarine
origin and consist of sediments ranging in texture
from clay and silt to fine gravel. The character of
the material composing the upper part of the Miocene
is given in the following sample log of a test hole
drilled near the intersection of Royal and St. Francis
Streets.

Thickness
(feet)

Fill..ooovviinnnnans Cesereereeriiiassracan 15
Alluvium:

Sand, fine to coarse, subangu-

lar; contains some fragmemnts

of pink, yellow, and gray

[GE:3 Cerereiteieeeraaes 3
Sand, fine,subangular; contains

fragments of pink, yellow,

and gray clay............... ceeaes 12
Sand, fine to medium, subangu-

lar, buff to white; contains

some coarse sand and mica.. 18
Sand, fine to medium, subangu-

lar, buff to white; contains

some coarse sand and limo-

nite........ PN 6
Sand, fine to medium, subangu-

lar; contains fragments of

gray micaceous clay........... 7
Sand, fine to medium, subangu-

lar, white; contains some

fine to coarse sand and limo-

nite.......... feeriereansercareiaienes 7
Sand, fine to medium, subangu-

lar, buff to white; contains

some yellow and pink sand... 6
Sand, fine to medium, sub-

rounded; contains some

coarse sand and fine gravel.. 6
Sand, fine, to gravel, fine;

contains some limonite and

Sand, fine to medium, subangu-
lar, yellow; contains some
clay, limonite, and mica...... 3
Sand, fine to medium, and clay,
micaceous, sandy, gray to
f=3 oL-T<] + D weeesranae 8
Clay, sandy, micaceous, gray.
Sand, fine to coarse, yellow and
blue; contains fine gravel..... 18
Miocene, undifferentiated:
Sand, very fine to fine, sub-
angular, gray, tan to white;
contains some light-tan clay

[==]

Sand, very fine to fine, sub-
angular, gray, tan to white;
contains clay, mica, and car-
bonaceous material........... . 18
Sand, very fine to fine, sub-
angular, gray, tan to white;
contains some clay, mica,
carbonaceous material, and

a trace of glauconitic sand.... 25
Sand, fine........... 42
Clay, sandy...... ceeranme . 10
Sand, fine to medium........ PPN 8

Sand, fine to medium, sub-
angular, buff to white;
contains some reddish-brown
siderite, limonite and mica.. 10

Depth
(feet)

15

18

30

48

54

61

68

74

80

89

92

100

108

126

128

146

171
213
223
231

241
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Thickness Depth
(feet) (feet)

Sand, fine to medium, white.... 30 271
Sand, very fine, buff; contains

clay and mica.....ceeevvveneinenns 19 290
Peat, wode, carbonaceous,

black...oeeeeiimensan craeereerenns . 6 296

Sand, fine, subangular, gray;

contains some fine-grained

chert and yellow clay........... 11 307
Sand, fine to medium, sub-

angular, white; contains

pyrite, limonite, and a few

siderite nodules...... teretsestns 16 323
Sand, fine to medium, white.... 21 344

It is beyond the scope of this study to correlate the
principal aquifers in the deposits of Miocene age be-
cause of the lenticular character of the sands in the
deposits. The top of the Miocene has been placed
arbitrarily at the first persistent clay bed.

Yield of wells

Most of the large-capacity wells in the metropolitan
area of Mobile tap aquifers in the deposits of Miocene
age, and all the flowing wells are in the Miocene be-
low a depth of about 550 feet. Well 53, drilled to a
depth of 800 feet, is reported to flow about 400 gpm
and is pumped at the rate of 600 gpm. Well 52, 749
feet deep, flows at the rate of 160 gpm. Well 50, 800
feet deep, is reported to flow at the rate of 300 gpm.
This well is pumped at the rate of 1, 500 gpm, with a
reported pumping level of 30 feet below the land
surface.

Large-capacity nonflowing wells obtaining water
from the Miocene are common. Two wells at Brookley
Field obtain water from the upper sands at a depth
of 179 feet. These two wells have discharges of 980
and 1,200 gpm and specific capacities of 24 and 33 gpm
per foot of drawdown, respectively.

Wells in the vicinity of Prichard (pl. 2) tap the upper
part of the Miocene at depths of 253 to 353 feet, and
their discharges range from 400 to 570 gpm. In the
vicinity of McIntosh (pl. 1), wells obtain water from
sediments of Miocene age at depths ranging from 240
to 400 feet, and have discharges of 650 to 800 gpm.

The municipal well at Citronelle (well 22), which
obtains water from deposits of Miocene age at a depth
of 639 to 727 feet, is pumped at the rate of 500 gpm.

Chemical quality

Nine wells and 1 spring that tap deposits of Miocene
age were sampled for complete analysis, and 18 wells
were sampled for partial analysis. The results of
these analyses and of 5 analyses made before the pres-
ent investigation are given in table 7. The chemical
character of water from 3 wells in the Miocene is
shown in figure 18. The amount of dissolved solids in
samples of water from Miocene deposits ranged from
34 to 4,780 ppm, and the hardness ranged from 1 to
166 ppm. (See fig. 19.)

Equivalents per million

Sodi d Chloride,
D ° ;um an ftuoride,and
potassium nitrote
-1}
Well LSy
33 @ Magnesium ::,:} Sulfote
7‘ Colcium Bicarbonate
50
Well
62
40
N
30
Well
47
20
10
(o]

Figure 18.—Chemical character of water from
selected wells in the Miocene.

Chloride concentration in the water in the Miocene
increases downdip from MclIntosh to Mobile, the high-
est concentrations occurring in the vicinity of Mobile.
The chloride content of 27 water samples collected
between McIntosh and Mobile is shown in figure 20.
Concentration of chloride in the water from the Mio~
cene from McIntosh to Prichard ranged from 2 to 314
ppm and averaged about 50 ppm. Depths of the wells
sampled ranged from 30 to 400 feet.

Chloride in water from wells near the waterfront in
Mobile ranged from 620 to 2,630 ppm and averaged
about 1,300 ppm. Depths of the wells sampled ranged
from 210 to 800 feet. The high chloride content of
water from wells in this area may be derived from
water that has remained in the aquifers since the time
of deposition (connate water), or salt water that en-
tered the aquifers at some subsequent time prior to
the present physiographic cycle.

Iron in the water from wells sampled ranged from
0,06 to 2.3 ppm. The pH of the waters from the Miocene
ranged from 4.3 to 8.4 and averaged 7. Water having a
pH (hydrogen ion concentration) greater than 7 is con-
sidered alkaline, and water having a pH less than 1,
acid.
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Approximote distonce in miles from Government Street, Mobile to Mc intosh

Figure 20. —Profile of chloride concentration in ground water, Mobile to McIntosh.
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The temperature of water from the Miocene ranged
from 68° to 78°F.

Citronelle Formation

The Citronelle formation consists of fine to coarse
sand and fine to coarse gravel and lenses of clay. Ac-
cording to Carlston (1950, p. 1120), the thickness of
the Citronelle formation ranges from 40 to 130 feet in
coastal Alabama. The distribution of the Citronelle
formation in the Mobile area is shown in figure 1, and
in coastal Alabama it is shown on a map prepared by
MacNeil (1946).

Streams originating along the Spring Hill-Citronelle
ridge have cut through much of the Citronelle forma-
tion to the underlying Miocene, as shown in figure 1;
therefore, in parts of the area the Citronelle forma-
tion may be drained. At some other places in the area
the formation is too thin to yield large quantities of
water to wells and is not considered to be a good aqui-
fer. In most areas, however, it will yield enough
water for domestic use, and it is widely used for that
purpose in the vicinity of, and south of, Citronelle.
The discharge from wells in the Citronelle formation
range from 3 to 7 gpm.

Chemical quality

Water samples were obtained for chemical analysis
from 3 wells in the Citronelle formation. The water
was soft, ranging from 1 to 12 ppm in hardness; and
the concentration of dissolved solids was low, ranging
from 112 to 204 ppm. Chloride content of these waters
ranged from 5.5 to 58 ppm.

Alluvium

The alluvium, for the purpose of this report, in-
cludes stream, deltaic, and beach deposits of Recent
age; and marine, estuarine, and stream deposits of
Pamlico age (fig. 1). Carlston (1950, p. 1123) recog-
nized five terrace levels formed during late Pliocene
or early Pleistocene time when the Mobile area was
partly covered by the sea. Carlston recognized the
Coharie terrace at an altitude of 190 to 210 feet, only
small patches of which are present in the Mobile area
(fig. 1), and the Pamlico terrace of late Pleistocene
age at an altitude of 20 to 30 feet above the present
level of the sea. A terrace of Pamlico age west of the
Mobile River, extending from north of the area mapped
south to Mobile, is shown in figure 1. The contact
between the terrace and Recent deposits was not deter-
mined during the present investigation. Drillers’ logs
are generally the only source of information on the
material cut in wells in the area, and these logs lack
the detail necessary to reveal the contact between the
Recent and terrace deposits.

Thickness of the alluvium ranges from a featheredge
near the outcrop area of the Miocene deposits to more
than 150 feet near Mobile. The alluvium consists of
fine to very coarse sand, fine to coarse gravel, and
layers of clay and carbonaceous material. The allu-
vial material is lenticular and individual beds cannot
be correlated from well to well. Most of the large-
capacity wells in the alluvium in the Mobile area

obtain water from the coarser and more permeable
sands at the base of the deposits. An aquifer test run
on a well in the vicinity of Axis indicated that the coarse
material near the base of the alluvium had a coefficient
of transmissibility of about 300,000 gpd per foot, a high
value indicating a very productive aquifer.

Yield of wells

The discharge from large-capacity wells in the allu-
vium range from about 50 to about 800 gpm. However,
the maximum discharge possible from some of these
wells, as determined from tests made at the time the
pumps were installed, is more than 1,000 gpm. Wells
discharging from less than 10 to about 25 gpm are
commonly used for domestic supplies and cooling.
Wells used for air conditioning and cooling in the Mo-
bile area range in depth from about 30 to 90 feet.

Well 55, which obtains water from the alluvium at a
depth of 70 feet, has a reported discharge of 300 gpm.

Wells in the vicinity of Prichard (pl. 1) obtain water
from the alluvium at depths ranging from 64 to 130 feet.
Discharge from wells in this area ranges from about
150 to 600 gpm and averages about 400 gpm. Wells in
the vicinity of Bucks (pl. 1), about 20 miles north of
Mobile, obtain water from sand and gravel in the allu-
vium at depths ranging from 82 to 132 feet. Discharge
from wells in this area ranges from 100 to 550 gpm.

Well 6 at Mobile, obtains water from the alluvium
(Quaternary terrace deposits) at 70 feet. Discharge
from this well is reported to be about 50 gpm. The
well is reported to have a maximum yield of 200 gpm.

Chemical quality

Water from nine wells in the alluvium was sampled
for complete analysis, and water from 23 wells and 1
spring was sampled for partial analysis. The results
of these analyses and 4 analyses made before the pres-
ent investigation are given in table 7. The chemical
character of water from the alluvium is shown in fig-
ure 21.

Dissolved solids in the water ranged from 27 to
13,000 ppm. Hardness was generally less than 25 ppm,
but 2 samples had a hardness greater than 1,000 ppm,
(See fig. 19.) The chloride content ranged from 2.8
ppm at Salco to 6,760 ppm in downtown Mobile. Con-
centration of chloride in the vicinity of MclIntosh to
Prichard ranged from 2.8 to 315 ppm and averaged
about 28 ppm. Chloride in the waters from Prichard
to downtown Mobile ranged from 29 to 6,760 ppm, (See
fig. 20.) The depths of the wells sampled in the down-
town area ranged from 30 to 90 feet.

According to Peterson (1947, p. 10), the reasons for
the high chloride content of water in the downtown area
of Mobile are the development of closely spaced wells
in the area for air conditioning and other industrial uses
and the heavy withdrawal made in 1941 during the con-
struction of the Bankhead Tunnel. The heavy withdraw-
als were concentrated in a very small area within a
radius of 4 or 5 blocks of the intersection of Dauphin
and St. Joseph Streets. (Well 56, pl. 2, is near the
intersection.) The cone of depression caused by this
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Figure 21. —Chemical character of water from selected wells in the alluvium.

concentrated withdrawal caused a movement of water
of high chloride content from the Mobile River into the
ground-water reservoir. Well 55 was drilled in 1937,
and the owner reports that the first indication of high
chloride content was in the summer of 1941. Since
1941 about 20 wells in the area either have been aban-
doned or have been drilled to deeper aquifers because
of corrosion caused by high chloride-content water;
however, a few wells are still being used for air
conditioning.

The analyses of water from these wells during the
present investigation indicated a freshening of the water
since 1945. According to the chemical analyses con-
tained in the report by Peterson (1947, p. 25-32), the
chloride content of ground water in this area increased
rapidly between 1942 and 1945. The chloride content
of water from well 56 was 264 ppm in 1942 and 2,490
ppm in 1945, but an analysis of this water made in
1954 showed a chloride content of only 88 ppm. The
chloride content of water from well 57 was 177 ppm
in 1945; by 1954 the chloride content had decreased to
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29 ppm. A decrease in chloride content in several
other wells sampled in downtown Mobile is shown in
figure 22. Since 1945 recharge to the shallow aquifer
through local precipitation has apparently exceeded

the pumpage in this area, and the water of high chlo-
ride content is gradually becoming diluted with water
of lower mineral content. Pumping rates from indi-
vidual wells has had no apparent effect on the rate of
decrease or increase in the chloride content of water;
nevertheless, the decrease in the chloride since 1945
can be attributed to the significant decrease in the total
withdrawal from the alluvium. Discharge from well 55
has remained about the same since 1937, but the chlo-
ride content increased from 7,250 ppm in 1942 to 8,650
ppm in 1945, and it decreased to 6,760 ppm in 1954,

Well 51, drilled in 1948, about 10 blocks north of
well 55, has a reported discharge of 550 gpm. Anal-
yses of water from this well by the A. W, Williams
Inspection Co. at Mobile on April 27, 1948, showed
a chloride content of 58 ppm, and on January 19, 1953,
analyses showed a chloride content of 40 ppm. A sam-
ple collected on August 6, 1954, and analyzed during
the present investigation by the U. S. Geological Sur-
vey, showed a chloride content of 66 ppm. Similar
conditions were found in the area north of well 51.
These data indicate that adequate spacing of wells will
minimize salt-water encroachment from the Mobile
River.

The iron content of water from the alluvium ranged
from 0.01to7.5ppm. (See fig.19.) Temperature of the
water ranged from 68° to 78°F.

WATER SUPPLY SYSTEMS

Mobile Water Service System

The municipally owned Mobile Water Service System
serves 150,000 people in Mobile and suburban commu-
nities. Until April 1952, the raw water supply was ob-
tained from Clear Creek (a tributary to Eightmile
Creek) and from Threemile Creek. Since that time the
city has purchased raw water from the Mobile Indus-
trial Water Supply System, which pumps the water from
Big Creek Reservoir.

The raw water is treated at the filter plant about 7
miles west of the center of the city. The plant has a
rated capacity of 20 mgd, with overload capacity of 223
mgd. Plans are being made to double the plant capac-
ity soon. Treatment consists of prechlorination, coag-
ulation with lime and alum, sedimentation, rapid sand
filtration, postchlorination, and pH adjustment. Raw-
water storage at the filter plant is 20 million gallons.
Ground-level storage capacity for treated water is 21
million gallons (2 reservoirs of 10 million gallons each
and a clear well with a capacity of 1 million gallons).
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Figure 22.—Chloride content of shallow ground water in 4 wells west of the Mobile River, 1945 and 1954.
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Elevated storage is negligible. The treated-water
storage reservoirs are approximately 200 feet above
the city, and the water flows into the distribution sys-
tem by gravity. Pressures of about 50 pounds per
square inch are maintained without additional pumping.
Average daily use for selected years during the period
1930-54 are shown in figure 23. Figure 24 shows the
purchases of raw water from the industrial supply for
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Figure 23.—Average annual use of water by the Mobile
Water Service System and Prichard Water System.

the period from July 1953 to June 1954, and it indi-
cates how the annual use varies within the year.

Mobile Industrial Supply System

The Mobile Industrial Supply System is operated by
the Water Works Board, which was formed to develop
the Big Creek source. In addition to supplying some
of the larger industrial users in the area, it also sup-
plies the Water Service System with raw water. Water
is pumped from Big Creek Reservoir on Big Creek,
about 18 miles west of the center of the city. Usable
capacity of this impoundment is 45,336 acre-feet or
14,800 million gallons. Pumping and transmission-
line capacity from the reservoir is 70 mgd. A
50-million-gallon reservoir adjacent to the municipal fil-
ter plant provides additional storage for industrial use.
Water in this reservoir is not now available to the fil-
ter plant for domestic use, but plans are being prepared
to make 40 million gallons available -to the filter plant
intakes.

MILLION GALLONS PER DAY

50

30

Aug Sept Oct Apr
1953 1954

Figure 24, —Average monthly use of water by the
Mobile Industrial Supply System.

The industrial water is not treated before delivery
to the consumer. Figure 24 shows the average daily
pumpage and use by month for the period from July
1953 to June 1954,

Big Creek Reservoir was designed to insure a safe
yield of 100 mgd, of which 30 mgd is reserved for do-
mestic use, leaving 70 mgd available for industrial use.

The dependable yield of Big Creek Reservoir was ap-
praised on the basis of current records. Streamflow
data for Big Creek near Mobile were adjusted to a base
period (1939-54) by a method of correlating them with
records of Escambia Creek near Flomaton and the
Escatawpa River near Wilmer. These data indicate that
the most severe drought of the 15-year base period
occurred during the summer and fall of 1954, Compu-
tations show that during this time a release of 100 mgd
would have drawn down the reservoir by about 84 per-
cent of its usable capacity before the drought eased. A
release of 110 mgd would have required the entire us-
able capacity of the reservoir.

Water obtained from the Big Creek Reservoir is of

excellent quality, as indicated by the analyses of raw
and treated water shown in table 8.

Prichard Water Works

The municipally owned Prichard Water Works serves
35,000 people in the town of Prichard and the neighbor-
ing towns of Chickasaw and Whistler. The raw water
is pumped from Eightmile Creek, about 1} miles west
of Chickasaw. There is no impoundment on the stream,
Safe yield for the stream without impoundment is
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Table 8, —Chemical character of the Mobile water supply, Big Creek Reservoir

[Chemical constituents are in parts per million]

Febraary{15, 1954
(Raw water) |(Finished water)

Silica (SiOz).. 3.5 1,5
Aluminum (Al) 04 22
Tron (Fe), . 09 200
Total Iron, 16 00
M: g (Ml’l\
Calcium (Ca), 5 9.2
Magnesium (M), “ i
Sodium (Na), 2,0 1,7
Potassium (K), o )]
Carb {CO3) 0 0
Bicarb e (HCO;), 4 15
Sulfate (SOy), 1,2 9.2
Chloride (Cl), 2.8 7.0
Fluoride (F) 9 20
Nitrate (NOj), 1 4
Dissolved solids, 22 56
Hardness as CaCOg

Total,, 3 25

N rbonate 0 13
Sediment, 2.5 2,4
Color, 15 4
pH, 5,6 43
Specific conductance

i hos at 25°C), 22,5 1,8
Turbidity epseeveses [ 4
p P, 57 61

Regular determinations at Mobile Water Works, 1953

Alkalinity Hardness

as CaCO; pH as CaCO, Temperature
(parts per (parts per (
million) million)

Avg [Max [Min | Avg{Max | Min| Avg | Max|Min [ Avg |Max |Min
Raw
water | 4,0 81 1 6,6 |70 [6,1] 7 | 12 4|70 | 89 |50
Finished
water {14 201 8 9,2 19,9 | 8.2 29,5 48 | 18

estimated to be 15 mgd. This estimate is based on
measurements made on the stream at Bear Fork Road
about 1% miles upstream and data gathered on other
streams in the area. Raw-water pumping and trans-
mission-line capacity is 4 mgd. There is 0.5 million
gallons of storage capacity for raw water at the treat-
ment plant. The plant has a rated capacity of 4 mgd,
with an overload capacity of 4.5 mgd. Treatment con-
sists of prechlorination, coagulation with alum and
lime, sedimentation, rapid sand filtration, postchlo-
rination, and pH adjustment. Treated water storage
is 0.5 million gallons in the clear well and 1. 73 mil-
lion gallons in elevated tanks. The service pumping
capacity is 4 mgd. The average daily pumpage for the
first half of 1954 was 2.73 mgd, with a maximum daily
rate of 3.9 mgd. Average output for selected years
during the period 1942 to 1954 is shown in figure 23.

Water from Eightmile Creek is typical of water from
the smaller surface streams in the Mobile area: low
in mineral content and of generally excellent quality.
Analyses of the treated and untreated water sampled
in 1951 and 1954 show little change in chemical qual-
ity, even though the samples were not collected in the
same month of each year. These analyses and a sum-
mary of the daily records made at the treatment plant
for 1953 are shown in table 9.

Table 9, —Ch 1 ck of the Prichard water supply, Eightmile Creek

{Chemical constituents are in parts per million}

Oct, 4, Oct, 24, Feb., 15, | Feb, 15,
1951 1951 1954 1954
(raw ( finished (raw (finished
water) water) water) water)
Silica (SiOpesserssmmsssssnsass 45 45 a4 5,7
e 0% ] 0
Iron (Fe)uessssesssercssessassene o5 o o K
Tow T it 200
M: {Mn), 00 00
Calcium (Ca)oeesesscnsasesce L1 12 N .8
M. ium (Mv\ 1,1 o8 2 5
Sodium (Na)asesssssesssssseres 2.1 1.9 25 2.3
Potassium (K)epessssssesscoses 1.2 W5 3 o2
Carbonate (CO3)easensecesesss 0 4 0 0
Bicarbonate (HCO3)egeescesss 8 13 5 13
Sulfate (SO4)sssessasssssecenss 1.2 12 1.5 9,2
Chloride (Cl)esssserssaseassese 3,5 6,8 3.8 5,0
Fluoride (F)esssees. .1 0 ol 0
Nitrate (NOg)seesesssessessease i o7 2 &
Dissolved 50lids,eeeeeseessores 32 50 16 46
Hardness as CaCOs
Totalegessassssesssoscssssasen '17 ?g g %%
Noncarbonate.esseessessses
Sediment - 7 20
Color, 60 4 5 1
P! 6,1 9,2 6,9 75
Specific conductance
(micromhos at 25°C)ysuadl 22,9 78,3 20,6 63,9
Turbidityeseessassscssssseccsean 6 1 3 2
Temperature (*Fegeceesssesre T1 7 61 59
Regular d inati at Prichard Water Works, 1953
Alkalinity Temperature
as CaCOq pH ¢F)
g:\aﬂs per million)

Avg |Max {Min [ Avg |Max |[Min | Avg [ Max | Min
Raw water, ororerse 4 1 | eesseee | Gal 563 | onsee| 18] 14
Finished WateT,dvsemeses| 16 10 [ saseces| 8.5 | 8.0

Other Public Supplies

Brookley Field, an Air Force base just south of Mo-
bile, obtains its water supply from 5 wells, of which
3 are in the alluvium and 2 #re in the deposits of Mio-
cene(?) age. The depths of these wells range from 108
to 179 feet, and discharges range from 720 to 1,200
gpm. Specific capacities of the wells range from 31 to
59 gpm per foot of drawdown. Average consumption is
about 1.3 mgd. The water is reported to be of good
quality and low in chloride content. It is chlorinated
before use.

A sixth well at Brookley Field is reported to obtain
water from the deposits of Miocene age at a depth of
675 feet and to flow about 350 gpm. Water from this
well contains chloride in excess of 600 ppm and is un-
desirable for domestic use. The flow from the well is
not being used.

PRESENT WATER USE

In 1954 water was withdrawn in the Mobile area at
an average rate of about 360 mgd. (See fig. 25.)

Private Industrial Supplies

Many industries and commercial enterprises in the
area have developed private water supplies for their
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Note: The municpal supply includes considerable
commerical and industrial use that can
not be evaluated
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Figure 25.—~—Water used, in millions of gallons per day, in the Mobile area, 1954,

own use. Factors governing the development of a pri-
vate supply include the availability of water from a
public supply, relative cost of private and public sup-
plies, and the particular need of the user in relation

to the chemical quality and temperature of the water.
Where a public supply is not available and rather large
amounts of water are required, industiy generally has °
developed surface water sources. Where water of rela-
tively constant chemical quality or temperature is de-
sired or where comparably small amounts are needed
which do not justify expensive treatment, ground-water
sources have been developed.

The recent expansion of the Mobile public supply
systems has increased the supply of water available
in the immediate area of the city. Some of the major
industrial users in the area served by this supply have
discontinued or reduced the use of their privately de-
veloped surface supplies and are purchasing water
from the public supply.

Mé.jor industrial water users in the Mobile area who
have developed private supplies include the paper in-
dustry, chemical industry, and steam powerplants.
Estimates of the amounts of water used by these
groups from their private supplies are given in the
sections below.

Paper Industry

One of the major uses of industrial water in the Mo-
bile area is in the manufacture of paper. During the
first half of 1954 paper manufacturers were using
water at the rate of about 21 mgd from their private
supplies, of which about 11 mgd was pumped from
wells and about 10 mgd was pumped from local
streams. In addition, the industry purchased about 29
mgd from the public industrial supply. Pumpage from
local streams was reduced sharply during 1952 when
the public supply became available. J

Chemical Industry

The chemical industry has expanded rapidly in the
last few years. The newer planis are well north of the
metropolitan. area and along the west bank of Mobile and
Tombigbee Rivers. This area is not served by public
water supplies, and so the plants have developed pri-
vate systems. Because water of uniform chemical
quality or temperature is often desired, greatest atten-
tion has been given to ground-water resources. It is
estimated that the industry is using water from wells
at the rate of 12 mgd.

Power Generation

A considerable amount of water is used for cooling
in the generation of eleotricity by steam power. The
steam-electric plants in the area report a use of 256
mgd of water from the Mobile River. This water is re-
turned to the river unchanged, except that it is approx-
imately 15°F warmer after use. In addition, another
0.5 mgd is pumped from wells for other uses at the
power plants.

Other Industrial Supplies

Available information indicates that other industries
in the area use about 16 mgd from private wells. These
supplies are developed by cement plants, gypsum
plants, iceplants, bottling companies, packing com-
panies, and others. A large amount of water used dur-
ing the summer for air conditioning is included in the
above estimate; however, accurate measure of water
used for air conditioning can not be made, and so the
estimated figure for use could contain a rather large
error.
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Irrigation

Use of water in irrigation is not a significant factor
in the area covered by this report. Irrigation is prac-
ticed to some extent in the southern part of Mobile
County and to a greater extent in parts of Baldwin
County, across Mobile Bay to the east.

Rural

The rural district close to the city is quite, thickly
populated, but in the area up the river the population
is much less dense. About 15,000 people live in rural
areas that are not served by public water supplies or
by the private supplies at the industrial developments.
Most of these people obtain their water from wells or
springs. Assuming a per capita use of 30 gpd, the es-
timated rural use is 0.5 mgd.

POTENTIAL WATER SUPPLIES

Although the quality of surface waters and most
ground waters in the Mobile area available for future
development is generally good, experience in other
highly industrialized areas has shown that waste dis-
posal accompanying such development often leads to
contamination of surface waters unless a carefully con-
trolled disposal program is carried out. In such areas
many problems arise concerning water pollution and
trade wastes, methods of analysis to determine the
extent and nature of the pollution, and the nature of
treatment of such wastes to make them acceptable for
discharge to rivers. Some knowledge of the quality of
water presently available will materially assist in the
determination of the extent and nature of many pollu-
tion problems in years to come, especially if the qual-
ity of surface and ground waters is analyzed periodi-
cally.

As the domestic and industrial use of waters in-
creases, ground water sources may become depleted
or inadequate for reasons of quality or quantity, and
the use of surface supplies must be increased. During
the period 194145, for example, heavy withdrawals
concentrated in the vicinity of Dauphin and St. Joseph
Streets in downtown Mobile resulted in increasing
chloride concentrations so much that some 20 wells
in the area had to be abandoned or drilled deeper. It
is essential, therefore, that data be made available
on supplementary water supplies, including informa-
tion on the seasonal variations of surface water sup-
plies in the whole area.

Public Supplies

The public industrial supply in tle immediate met-
ropolitan area is capable of increasing its deliveries
by about 20 mgd without overloading its facilities. The
domestic supplies of Mobile and Prichard are now op-
erating at close to the capacities of their treatment
plants. If treatment, transmission, and pumping ca-
pacities were increased, the public water supplies,
domestic and industrial, could increase their deliver-
ies by about 60 mgd without exceeding the safe yield
of their present sources. ’

Industries in the metropolitan area have largely dis-
continued use of private supplies of surface water that
have previously yielded approximately 25 mgd and in-
stead they are purchasing water from the industrial
supply. Resumption of use of these sources would, of
course, increase the overall supply by that amount.
The Mobile Water System discontinued use of Three-
mile Creek and Clear Creek when the Big Creek sup-
ply became available. Approximately 12 mgd of addi-
tional water would be available if needs again required
diversion from those streams.

Surface Water

The potential sources of surface water supplies can
be separated into three general groups: (1) the Mobile
and Tombigbee Rivers; (2) the smaller streams that
can supply additional water to the present public supply
systems; and (3) other small streams that could serve
industry that builds beyond the public supply systems.

Mobile and Tombighee Rivers

Industries located along the west bank of the Mobile
River and upstream along the west bank of the Tombig-
bee River have used those streams for the disposal of
their wastes. Some industries use them as sources of
cooling water. Other industries that build here will
probably make similar use of these streams.

The Mobile River has an average flow of about 60,000
cfs, or 39,000 mgd, and is by far the largest present.
and potential source of water in the area. Salinity in
the lower reaches during low-water periods restrict
the use of this water somewhat; however, the water far-
ther upstream is of good quality. The amount of water
available along the shoreline varies with the location
because of the many interconnecting channels. At low
and medium stages the entire flow of the Mobile River
is confined to one ‘channel for a short distance, from
the confluence of the Alabama and the Tombigbhee Rivers
to the division between the Tensaw and lower Mobile
Rivers. Streamflow in this reach is represented by the
data shown for the Mobile River near Mount Vernon. An
estimate of the flow available in the lower Mobile River
below the division with the Tensaw River can be deduced
from figure 8,

The duration of flow in the lower Mobile River was
estimated from the data in figure 5 and figure 8. The
resulting curve is shown in figure 26. The flow in the
lower Mobile River down to the division with the Spanish
River, just a few miles north of the city, is practically
the same as shown by the curve because the volume of
diversion or inflow is negligible. However, the effect
of tide increases progressively in a downstream direc-
tion. Flows at different points along this reach are com-
parable if average flows for weekly or monthly periods
are used.

The flow of the Tombigbee River from the Jackson
bridge down to the mouth of the Alabama River cutoff is
almost the same as at the gaging station at Leroy. No
information is available on the amount of water that
flows into the Tombigbee from the cutoff; therefore,
little is known about the flow of the Tombigbee
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Figure 26. —Approximate duration curve of daily flow, lower Mobile River, computed for the period 1930-54.

River below the mouth of the cutoff except that it is
probably greater than it is above the cutoff. The whole
reach of river from Jackson bridge to the confluence
is affected by tide during low flows, and considerable
variation of flow can be expected during a tidal cycle.

Escatawpa River

The Escatawpa River appears to be a leading poten-
tial source of additional water for the Mobile public
system when the demand of that system exceeds the
supply available at the Big Creek Reservoir and the
transfer of water from it to Big Creek Reservoir
seems feasible. Data on the duration of flow in this
stream are shown in table 2.

Additional information, presented in figure 27, gives
the longest periods of consecutive days for which the
daily streamflow was less than the indicated amount.
Figure 28 shows the amount of storage required to as-
sure various flows. Data in these figures are given as
flow per square mile of drainage area so that the data
may be readily used to compute the approximate flow at
sites other than the gaging station. The computed flow
is correct only if the entire drainage area is contrib-
uting to the flow at the gaging station at a uniform
rate. This is a valid assumption if the difference is
small between the gaged area and the area at which
the discharge is to be computed. The greater the dif-
ference between the gaged area and the area at which

the discharge is to be computed, the greater the prob-
able error in the computed discharge.

For example, if information were desired at a point
on the stream where the drainage area is 400 square
miles, figure 27 would show that the flow at that place
has been below 24 mgd (0. 06 mgd per square mile) for
13 consecutive days; from figure 28 it can be estimated
that 132,000 acre-feet of storage (330 x 400) would be
required to assure a flow of 240 mgd (0.6 mgd per
square mile).

Chickasaw Creek

Chickasaw Creek can be considered a potential source
of supply for additional water for the cities of Prichard,
Whistler, and Chickasaw or for industries that may
build in the area. Data on duration of flow of this
stream are given in table 2. Insufficient basic data are
available to present storage curves, but it is apparent
from table 2 that the stream is capable of supplying a
substantial amount of water,

Other Small Streams

Many small streams flow into the Mobile and lower
Tombigbee Rivers from the west. Of these only three
are considered to be potential sources of moderate
quantities of water for an industry that may build along
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the west riverbank. These three are Basset Creek at

SQUARE MILE

MILLION GALLONS PER DAY PER

REGULATED FLOW,

the extreme northern end of the area, Bayou Sara just

north of the metropolitan area, and Cedar Creek which
/ is about half way between them. Flow-duration data for
A these streams are presented in table 3.

7 Other small streams may be considered to be poten-
/ tial sources of supplies if a modest amount of water is
/ desired or if an impoundment is used.

/ Quality

/ Analyses presented in tables 4, 6, 8, and 9 indicate

vailable in the Mobile area for further industrial use.
/ Water from the streams is quite low in mineral content
and varies little throughout the year, regardless of
stream discharge. Some industrial and other uses may
require treatment of the water for removal of iron,

/ that surface waters of good to excellent quality are a-

color, and sediment. Sediment may increase to signif-
icant amounts during periods of ligh discharge. It is
believed, also, that the effects of impoundment upon

chemical quality should receive adequate study before
the construction of reservoirs.

Ground Water

[o}

REQUIRED STORAGE, ACRE FEET PER SQUARE MILE

Quantity

.
100 200 300 400 S00 600 700 800 900 1000
Ground water, in general, is abundant in the area.

Except in downtown Mobile, a considerable amount of
additional development is possible.
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Along the west side of the Mobile River and in Mo~
bile, small-capacity wells generally can be developed
in the alluvium. If large developments are contem-
plated, however, exploratory drilling and a testing
program should be undertaken as an aid in determin-
ing the character, extent, and saturated thickness of
the water-bearing material,

Sands of Miocene age below the alluvium include sev-
eral aquifers in which wells of large yield can be de-
veloped. The data are inconclusive as to the extent
and possible yield from these aquifers north of Mo-
bile, as most of the development has been confined to
the shallow aquifer in the alluvium or sand beds in the
upper part of the Miocene deposits. Well 22 (pl. 1) at
Citronelle, obtaining water from sands in the Miocene
between 639 and 727 feet, is reported to pump 500
gpm. The water is of good chemical quality, This is
the only well in the immediate vicinity of Citronelle
that is known to tap an aquifer below 400 feet, but it is
reasonable to assume that similar aquifers occur in
adjacent areas and wells could be located through test
drilling.

Heavy pumping in a concentrated area in downtown
Mobile resulted in encroachment of salt water from the
Mobile River in former years. The same problem will
recur if pumping from closely spaced wells is in-
creased again.

The data available.are inadequate for evaluating sat-
isfactorily the maximum amount of ground water that
can be obtained. However, the withdrawal from the
ground-water reservoirs in 1954, totaling about 42

mgd, is believed to be much less than the amount safely
available in the area.

Quality

The quality of ground water in the Mobile area var-
ies. In the metropolitan area the water from the allu-
vium contains small to large amounts of sodium chlo-
ride and the water is soft to very hard. In the area
north of Mobile water from the alluvium is of good
quality; it is low in chloride, hardness, and dissolved
solids. In some places, however, these waters may
contain moderate to excessive amounts of iron.

In the downtown area of Mobile the water from the
Miocene deposits to a depth of about 200 feet is gener-

ally of fair chemical quality; it is low in wardness and
dissolved solids and contains low to moc}erate amounts
of sodium chloride. Below a depth of abBut 200 feet,
the water is generally hard, high in dissolved solids,
and it contains excessive amounts of sodium chloride.
North of Mobile in the vicinity of Citronelle the water
from sands of Miocene age is of good quality in a well
735 feet deep; the water is low in iron, hardness, so-
dium chloride, and dissolved solids.
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