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we learn that the water has also reacted. The water was un-
changed by contact with the gold, but it absorbed some of the
iron and all the salt.

The mineral content of water changes in its journey through
the cycle from the sea to the sky to the land and back to the
sea. The more common dissolved minerals in water are the
chlorides, bicarbonates, and sulfates of calcium, magnesium, and
sodium. Very minor amounts of what are commonly called
trace elements in water, such as copper, manganese, lead, and
zinc, are also present, for almost any known mineral is slightly
soluble in water. Some of the materials are organic, that is, they
have originated from plant or animal life.

The amount of minerals that will be dissolved depends on the
type of minerals and their resistance to chemical and physical
attack, the length of time the minerals are in contact with water,
and the chemical composition and temperature of the water itself.
Once the minerals are in water, their concentrations can be
changed by the influence of rainfall, the topography which con-
trols the rapidity with which the rain runs off into the streams and
the ocean, and the amount of materials added or removed by the
continued action of the water on soluble materials or by man’s
activities. Thus, the mineral content of water reflects the en-
vironment of the water.

The formations in the earth from which we obtain our water,
because of the manner in which they were laid down, usually
consist of rocks and minerals of similar chemical composition. It
would be expected then that water from a particular place in a
particular formation would have the same characteristics for long
periods of time, and in general, it does. However, the charac-
teristics of the water at distant points in the same formation may
be different. This difference may result from the presence of
rocks of slightly different composition in the formation, or the
water may have passed through several formations during its
journey.

It has already been noted that after the rain falls on the surface
of the earth, it percolates downward through the soils and rocks
until it reaches the water table. If we examine the rainwater
for its mineral content during this journey, we will note that it is
almost pure but that small quantities of gases it contains increase
its ability to dissolve materials from the earth’s crust. In addi-
tion, contact with plants and bacteria within the top few inches of
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the soil increases the carbon dioxide content considerably—as
much as 10 to 1,000 times the amount found in the atmosphere.
The presence of this gas causes one mineral, calcium carbonate,
to be 100 times more soluble in water. If, then, the water per-
colates through limestone, it picks up a considerable amount of
calcium and carbonate. There is a limit, however, to the amount
of dissolved calcium and carbonate the water can carry, and this
limit is dependent not only on the solubility of the limestone but
also on the presence of other minerals in the water.

If the rain falls on an area of resistant rocks such as granite or
on insoluble quartz sands, very little material will be dissolved by
the water. However, as it comes in contact with more soluble
materials, these will be picked up and carried along. Thus,
water passing from one formation to another will vary in mineral
content and concentration and will affect the chemical composi-
tion of the formations through which it passes.

Figure 15 shows graphically the composition and amounts of
the more common minerals dissolved in ground water in various
sections of the State. *The mineral concentrations are considered
to be generally representative of the composition of the water of
the formation at these points, although they may vary within the
general area.

In addition to the mineral content, the temperature of ground
water is also often considered in determining its worth for use.
For many industrial uses, temperature is considered as important
a property as the mineral composition. The temperature of
ground water is relatively stable in comparison to that of surface
streams or impoundments in the same area. The temperature
of shallow ground water which is between 30 and 60 feet below
the land surface is generally 2° to 4°F above the mean annual
air temperature of the area. Water nearer the surface will vary
about 10° to 20°. Below 60 feet the temperature of the water
increases with depth at the rate of about 1°F for each additional
100 feet.

Streqmﬂows as water resources

The Alabama River flows ceaselessly to the sea, and so do many
other streams in spite of long periods of little or no rain. From
where, then, did the water come? It came from the ground.
During periods between rains, the flow of streams is maintained

24































































If you stood on a street corner and asked those who passed,
“How is water important to you?” nearly all would mention
water for drinking and water for bathing. Beyond these, the
answers would be many and varied. They could include water
for chickens and cows and horses, water for washing dishes and
clothes and automobilies, water for lawns and gardens and
crops, water for making ice and for use in some air-conditioning
systems, water to turn the wheels of grist mills and the turbines of
hydroelectric plants, water in boilers to make steam, water to
cool the steam of steampower plants, water in industry—a great
many uses, water for the pleasures of fishing and boating, and
water for putting out fires.

Each person uses water each day for drinking and bathing.
The housewife uses additional water for cooking and washing
dishes and clothes. Others use water for washing the family car
or watering the roses or the lawn. For these things the average
town family uses about 40 gallons each day for each of its mem-
bers. These uses are clearly seen, but other uses of water for
the general benefit may be forgotten. FEach time an electric
light is used, water is also being used indirectly, water which
had earlier been used to wash coal or cool steam or turn a turbine.
Nearly everything that is manufactured or processed has at some
stage required a supply of water. Thus, the real supply for
each person is not the 40 gallons individually used in the home,
but many times that amount.

Water for the farm

Rural residents of Alabama use about 50 million gallons each
day for domestic use and for watering livestock. During dry
.periods, additional water is used to irrigate crops and pastures.

It is estimated that rural families use about 20 gallons per per-
son each day as compared to 40 for members of city families.
Ninety percent of the farms in Alabama use electric power, but
only 40 percent of farm families have running water in their
homes. Other families continue to draw their water by hand
from a well or spring, and this practice tends to reduce the use of
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water and largely accounts for the smaller per capita use of water
by rural people. The total rural domestic use is estimated to
be 30 million gallons daily, and the total stock use is about 20
million gallons daily. For example, a sheep drinks about 1 gal-
lon a day, a hog 2 gallons, a horse or mule 8 gallons, and a cow
about 10 gallons.

Nearly all the domestic supply for rural families is obtained
from wells or springs. In the Piedmont area, most supplies
come from dug wells. These wells range in depth from about
10 to 80 feet and can usually supply only a few gallons of water
aminute. Elsewhere in the State, drilled or jetted wells are more
commonly used and the yields of the wells are much larger. Such
wells range in depth from about 25 feet to several hundred feet
and in size from about 2 to 6 inches. Many wells tap artesian
aquifers and, if located in lowland areas such as river valleys,
commonly overflow from the pressure of water confined at higher
elevations (fig. 30). Other wells are pumped. Many pumped
wells yield several hundred gallons per minute, and a few produce
more than a thousand gallons per minute.

Alabama farmers have constructed about 21,600 farm ponds
which range in size from one-fourth acre to 400 acres. Ponds
are used for irrigation, for watering cattle, and for fishing. Most
ponds are near places where the flow of water is intermittent.
During periods of clear weather, the water level of the pond is
lowered by evaporation. Some ponds are on ground which is
relatively permeable, and a large amount of water is lost by seep-
age. Farm ponds not infrequently fail during droughts.

Abnormally dry summers during recent years have caused a few
farmers to procure and use irrigation systems to provide addi-
tional water for their crops. Water added by these systems has
greatly increased the yield of the irrigated crops and pastures.
About 460 systems are used to irrigate 27,000 acres of crop and
pasture land. Nearly all use lightweight portable aluminum pipe
and distribute the water over the land by sprinklers. Most sys-
tems are moved from place to place on a farm and obtain their
supply of water from more than one source. The 460 irrigaiton
systems in Alabama are supplied at one time or another by water
from 138 wells, 251 streams, 251 ponds or lakes, and 11 springs.
When operating, the average irrigation system uses about 500
gallons of water a minute.
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The source of boiler water must be selected more carefully
because of undesirable minerals, particularly that for boilers op-
erating at high pressures. The undesirable effects of improper
boiler water are scale, corrosion, and embrittlement of the boiler
plate. Scale forms in boilers by deposition of calcium, magnesium,
and silica from the highly concentrated dissolved solids. This
hard insulating deposit reduces the efficiency of the boiler and
requires more fuel. Excessive deposit can lead to failure of the
boiler parts where heat produced by the fires is not transmitted
readily to the water.

Corrosion is caused by dissolved gases—oxygen or carbon di-
oxide—or by the presence of certain chemicals, principally the
chlorides or nitrates of calcium and magnesium or free acids. The
gases in the boiler feed water or in the condensed steam being
returned can be removed in a deaerating heater. In the deaerat-
ing heater, the temperature of the boiler feed water is raised and,
because dissolved gases are less soluble in water at high tempera-
tures, they are released from solution. The chemicals that would
cause corrosion are usually removed by prior treatment of the
water. Even so, over a period of time the concentrations of these
materials will build up, and internal treatment of the water be-
comes necessary to insure that conditions leading to corrosion
are absent.

Embrittlement, or cracking of the boiler plate, is caused by
failure to maintain the proper alkalinity or by the presence of
considerable amounts of certain chemicals, such as sodium bicar-
bonate or sodium carbonate. Proper control of the alkalinity in
the boiler and the use of materials such as sodium nitrate or
quebracho tannin and phosphates prevent embrittlement.

If industrial users were questioned about the characteristics
they could not tolerate in their process water, each one would
give a different answer. Some would be concerned with the
appearance of the final product; some would be concerned with
the difficulties in the intermediate steps of manufacturing because
of the presence of certain materials. Each user would place cer-
tain limitations on the amount of dissolved or suspended materials
in the water. Some industries require water safe for human
consumption, and they would then treat this water to satisfy
their particular requirements. Some of the properties of water
that are particularly critical are: turbidity, color, hardness,
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iron and manganese content, alkalinity, odor, taste, and. dis-
solved gases. . For any particular process, one or possibly several
of these properties would be undesirable. Food and drink proc-
essing plants, for instance, find iron and manganese, color, odor,
taste, and sometimes hardness adversely affect the quality of the
finished product.

For the pulp and paper industries, the process water should be
practically free of suspended matter, color, iron, and manganese.
The presence of these materials causes either a reduction in the
brightness of the finished product or a discoloration of the product.
Hardness in the water is objectionable because it contaminates
the pulp and the final product. The amount of these materials
that may be present is more restrictive for the manufacture of
fine paper than for the manufacture of kraft paper. Where a
final treatment, such as bleaching, is given to the product, the
requirements for purity are less stringent.

At aluminum reduction plants, the principal use for high-
quality water is the boiler water makeup. The major use of
water is in the gas scrubbers, and for this purpose there are no
limiting restrictions on presence of materials in the water. In the
gas scrubbers, fumes from the reduction pots are washed with a
water spray to absorb fluorine gas and fine particles of aluminum
oxide and carbon. Fluorine gas has a toxic effect on vegetation
and, for this reason, must be removed before the fumes are re-
leased to the atmosphere.

The particular requirements for purity of process water in
various chemical industries depend upon the particular product
and the process used in its manufacture. No attempt will be
made, therefore, to set up specifications for purity of the water for
chemical industries. .

Within recent years, the use of atomic reactors to produce
electricity has brought about requirements for very pure water for
use in these plants. The problems encountered if extremely
pure water is not used are twofold :

1. Corrosion within the system could lead to weakening and
failure of system components, and

2. Excessive radioactivity could be built up by irradiation of
impurities in the water.

Corrosion, particularly troublesome at the high temperature
and pressure used, would be caused by the presence of dissolved

62



oxygen and certain dissolved materials, such as chloride; these
materials should be completely absent. The purity required for
the water used in these reactors perhaps can be visualized from
this comparison: If a piéce of table salt the size of a matchhead
is dissolved in a pool of water 40 feet long, 40 feet wide, and
10 feet deep, the concentration obtained would be an average of
the dissolved salts permissible in the water to be used in the
reactor. The average concentration of the Mobile River near
Mount Vernon, Ala., is almost 1,600 times that of the water to
be used in the reactors.

It is recognized, then, that for industrial users the mineral
quality of the water is extremely important and that for some
purposes the presence of even minute amounts of impurities in the
water restricts its use.

As was earlier stated, the amount of water diverted each day
for industrial purposes has been estimated to be about 5 billion
gallons a day. Some of this supply is diverted from the waterway
only momentarily, as at a steamplant, for instance. Water
diverted from the ground is seldom, if ever, returned to the origi-
nal source but is carried off by streams. At some industrial plants
the same supply is used for more than one purpose, and at other
plants water is used many times before it is discarded.

Small industrial water supplies are usually obtained from a
municipal system. Industries which use large quantities of water
usually have their own private system.

Falling water produces power

A cubic foot of water weighs 62.4 pounds. If that weight of
water fell 8.81 feet, it would produce 550 foot-pounds of energy,
which if done in a second would equal 1 horsepower. The fact
that falling water can be put to useful work has long been known.
The concept of what constitutes a desirable and efficient water
power has changed from time to time.

In 1900 there were 897 waterpower plants in use in Alabama.
Only three of these had a capacity in excess of 1,000 horsepower,
most of them being rated between 5 and 50 horsepower. The
majority were for grinding wheat and corn and were called flour
mills or grist mills. Others were used to saw and plane lumber,
to card wool, to gin cotton, to weave cloth, or to make twine and
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rope; many served several purposes. The history of one water-
power plant is interesting enough to quote (The Waterpowers
of Alabama, by B. M. Hall: Alabama Geol. Survey Bull. 7,
1902) :

“The waterpower at Prattville was first developed about 1830
when it was used by a man named May to operate a small saw-
mill. About 1833 this waterpower and the adjacent lands were
purchased by Mr. Daniel Pratt, who then erected a cotton gin
factory which was driven by the waterpower. The dam at that
time was about 8 feet high. A number of years after the pur-
chase of this property by Mr. Pratt, he increased the dam so that
it now has a height of 16 feet, and is built of brick. At present
it is used jointly by the Prattville Cotton Mills and Banking Com-
pany and the Continental Gin Company, the former using about
255 horsepower and the latter about 100 horsepower.”

To add a sequel to the story, the waterpower developed at
Prattville was mechanical power in that it was put to use by
means of shafts, pulleys, and belts. As the need for power at
Prattville increased beyond the capacity of the local development,
electric power was obtained from an outside source and some
machines were then driven by individual electric motors.

As the 19th century ended, ideas on waterpower began to
undergo a change. The day of mechanical power in which the
user of a waterpower had to locate his mill on the bank of the
stream drew to a close. 'The day of power through the generation
of electricity had already dawned.

How many of the 897 waterpowers of 1900 are still in use is
not known, but most are now abandoned or destroyed. Many
have been washed away by floods. The pools of others have long
since been filled with sediment. Changes in agriculture and in
laws governing milling made the operation of some unnecessary
and of others uneconomical. A few remain—as do covered
bridges—to serve our time and future generations in a very
picturesque way.

Late in the last century, a hydroelectric plant was built on the
Tallapoosa River at Tallassee to supply electricity to the city of
Montgomery. In the early years of this century, other plants
were built to supply Talladega, Sylacauga, Goodwater, Speigner,
Centreville, Troy, and Elba. These were located on streams
near the towns they served, the individual plants having capacities
of a few hundred to a few thousand horsepower. The plant
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some inorganic wastes result from manufacturing processes. The
inorganic materials may be any chemical substance produced as
a byproduct of manufacturing; they include such contaminants
as acids, alkaline materials, iron, brine, or any number of other
chemicals which may be toxic to fish and aquatic life, and even
to man. Bacterial contamination, of course, comes mainly from
the disposal of sewage that has received no treatment or only
partial treatment.

Usually there is no visible measure of the amount of pollution
or contamination in a stream insofar as the bacterial content is
concerned. However, streams polluted by organic wastes can
be recognized by their appearance and odor. These conditions
are brought about by the action of bacteria in converting the dis-
solved or suspended decomposable substances to stable mineral
compounds. The floating and suspended debris in the stream is
broken down into smaller particles that settle out. The foul
odors that are a byproduct of the life cycle of the bacteria no longer
exist when the materials being decomposed have reached a stable
state, for these materials are the food supply for the bacteria.

The same process of the decomposition of organic materials
by bacteria occurs in streams that do not receive sewage or indus-
trial wastes. All streams receive organic material in the form
of vegetable matter and these are acted upon by bacteria in the
same manner as in heavily polluted streams. During dry periods,
when the water is not flowing and where large amounts of leaves
and other vegetable matter are present, the water becomes stagnant
and the gases released by the bacteria resemble, to a small degree,
those released by streams that are heavily polluted.

The ability of the stream to purify itself is dependent on the
amount of dissolved oxygen available in the water. As long as
this oxygen is in excess of the requirements of the aquatic life and
of the bacteria, we have a clean stream insofar as putrefaction is
concerned. We may still have bacteria harmful to man occurring
in the stream, but other forces tend to destroy these, as will be
explained later.

If excessive loads of sewage or other wastes are placed into a
stream, an immediate change takes place in the number and
kinds of bacteria living in the water. An almost explosive multi-
plication of the bacteria occurs in response to the availability of
food. The bacteria, as do all living organisms, require oxygen
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for survival and, because they are present in enormous numbers,
the naturally occurring oxygen supply in the stream is depleted.
When these bacteria die off from lack of oxygen, another type,
capable of obtaining their oxygen supply from the organic ma-
terials they feed on, multiplies rapidly and completes the decom-
position of the organic materials to a stable state. In turn, when
the food supply of the second group of bacteria is exhausted, they
too die and the stream returns to a pure condition.

As previously mentioned, bacteria that are harmful to man
occur in the streams, but they, too, seem to diminish in the same
way that organic materials diminish owing to bacterial action.
The reduction of bacteria in clean waters can be attributed to
shortage of food supply and to competitive life in the stream.
Those intestinal bacteria that are harmful to man appear to be
adversely affected by the presence of other bacteria and do not
appear to thrive for long periods of time in highly polluted streams.
In clean streams and in those undergoing purification, the tend-
ency is for all bacteria, including those harmful to man, to die
off at a constant rate from starvation, destruction by competitors,
high acidity, or from other causes; that is, a given percentage of
the remaining bacteria die for each successive increment of time.

Though it is true that a polluted stream will in time purify
itself, continuous pollution may overload the stream to a point
where it could never recover. The stream would then have
been destroyed for most uses other than as an open sewer. Because
of the importance of water, streams must be retained in a con-
dition suitable for many uses, and we have, therefore, focused
increasing attention on the treatment of sewage and industrial
wastes. Waste materials of many industrial plants receive some
treatment before being placed in streams or in mains leading to
municipal sewage treatment plants. For wastes of some other
plants, the treatment given at the municipal plants is sufficient to
prepare the water for return to streams.

Many cities give only primary treatment to their wastes. The
purpose of primary treatment is removal of most of the solids.
The sewage is detained in tanks for a short period of time to permit
the materials that will settle to be removed and to skim off the
materials that float on top of the water. This type of treatment
is sufficient where the effluent from the treatment is released in
large streams having a great capacity for self-purification. Sec-
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ondary treatment further removes the solids through use of liv-
ing organisms to break down the suspended substances. The
secondary treatment usually must be followed by filtration if
water of high clarity is desired.

During the primary and secondary treatment, 75 to 99 percent
of the bacteria will be removed along with the solid materials.
The effluent from the plant is usually chlorinated to ensure the
complete destruction of bacteria.

The treatment process will remove almost all the solid mate-
rials in the wastes. We must recognize, however, that many
dissolved materials are not effectively removed by this process,
although some may be acted upon by the bacteria to a certain
degree. Within recent years the use of synthetic detergents in
the household has become troublesome to treatment-plant op-
erators. Detergents are not destroyed by the treament in modern
plants, and when discharged into the streams may be picked up in
the water many miles downstream.

It has been said previously that storage of water in a reservoir
has the beneficial effects of reducing the sediment and color. The
reduction of color requires a long time and is due to the exposure
to the sun’s rays. There are disadvantages, too, in storage where
conditions are ideal for the development of plant and animal
life that impart tastes and odors to the water and, in some cases,
can cause an increase in the color. The production of these tastes
and odors, because of the abundant aquatic life, occurs usually
in newly filled reservoirs, where there is an abundant supply of
food for the organisms. Sometimes the organisms can be con-
trolled by a chemical treatment of the reservoir waters.

The tendency in present-day reservoir construction and man-
agement is to live with these problems rather than go to the expense
of removing all the vegetation and the layer of top soils from the
area to be flooded. After a few years of operation, even if none
of the vegetation has been removed, the food supply for these
organisms will have been reduced to that amount replaced by
each summer’s growth. There still will be certain periods when
tastes and odors will occur in the water, but they are usually
susceptible to removal in water-treatment plants.

Another, sometimes troublesome, condition exists in deep reser-
voirs where the bottom layers of water and the mud itself are
devoid of dissolved oxygen. Under these conditions, certain bac-
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teria thrive and are instrumental in bringing iron and manganese
into solution from the muds. Aeration and other treatment are
necessary to remove these materials.

Where the waters from deep in the reservoir are released to the
stream, the destruction of fish and other aquatic life occurs owing
to the lack of oxygen in the released water. The speed with which
oxygen from the atmosphere is redissolved in the water is in-
fluenced more by turbulence of the stream than by any other
factor. 1If a series of riffles or shoals are present to increase tur-
bulence, the aeration will be much more rapid.

Floods are a problem

The first settlement in Alabama was established in 1702 by
the French at Twenty-Seven Mile Bluff on the Mobile River.
The settlement consisted of a fort and houses for 400 people.
In March 1711, a great flood destroyed many of the houses
and at its crest was several feet deep in the fort which was on the
highest ground in the area. Following this flood, the settlement
was moved to the present site of Mobile.

When Alabama became a State in 1819, the Congress allotted
to it certain lands, including 1,620 acres which could be sold to
pay for construction of a Capitol building. A site for the capital
city was selected at the confluence of the Alabama and Cahaba
Rivers. It was named Cahaba and work on building the
Capitol and other buildings and houses was immediately under-
taken. The town was first occupied in 1820. The site was poorly
chosen, for it was subject to flooding. On one occasion the
members of the legislature entered the Capitol through second
floor windows, having gotten there by boats. In the legislative
session of 1825-26, the members voted to move the Capitol, and
in a short time the town was abandoned. A present-day visitor
to the site can find no evidence of these original buildings.

The flood of 1929 and the destruction caused by it were dis-
cussed earlier (p. 33). Many other floods could be described.
After each big flood, there comes the cry of “Do something so
that flood destruction will not occur in the future.” The most
sensible of the “Do something™ alternatives is to avoid building
on the flood plain.

Stream channels carry the flow most of the year. Most
streams also have flood plains over which water flows at times.
Some streams overflow several times each year and other streams
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overflow rarely. But regardless of how often or how seldom the
stream overflows, the flood plain should be regarded as part of the
waterway. Obviously, the waterway is not a suitable place for
building a house or store or barn or factory.

Unfortunately, our people have not always followed the paths
of wisdom in selecting building sites, and others have erred as did
those who first settled Mobile and Cahaba. The principal
difference between the history of those settlements and some
others is that some sites have been used for long periods before
they have been flooded. To abandon them is not easy because of
the great investments in the buildings and facilities of towns and
factories. What can be done at such places?

Floods can be controlled in two ways. The flow can be made
to fit the channel or the channel can be made to fit the flow.
The alternatives can be simply stated. The work involved and
the cost of such work are often difficult and frequently too ex-
pensive to undertake.

The channel is sometimes made to fit the flow by dredging
and straightening it. The channel of Black Creek at Gadsden was
straightened and increased to a width of 50 feet for a 2-mile sec-
tion through the town. The capacity of a stream channel can
also be increased by building levees. At Collinsville and at Pratt-
ville, improvements consist of a combination of channel straight-
ening and enlarging and of levees built along the banks of the
stream. Elba has been protected by levees built between the
streams and the town. Much farmland bordering creeks in the
Tennessee River basin has been protected by levees.

Making the flow fit the channel is often possible but is seldom
economically feasible. Some benefits can be obtained by plant-
ing trees, by plowing on contours, and by some other land-treat-
ment practice. Good land-treatment practices help anchor the
soil in place and reduce erosion. These measures do help reduce
runoff in the summer, but are less effective in winter and spring,
which are the seasons when most of the greater floods occur in
Alabama. The positive and certain method for controlling flood
runoff is to impound the flow behind a dam. There are in Ala-
bama no major projects of this kind devoted solely to this purpese.

The dams of the TVA system are operated for three purposes—
for control of floods, for navigation, and for production of power.
At the start of the usual flood season of January to March, the
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reservoirs are lowered to provide an area to store flood runoff.
Water caught behind the dam reduces flooding of the streams
below the dam. After the end of the season of widespread
floods, the reservoirs are filled, if there is sufficient rain, so that
they can provide more water for power and for navigation.

Floods on the Alabama River are sometimes reduced because
water is stored behind Martin Dam on the Tallapoosa River.
The reservoir is not operated for flood reduction and when that
happens it is simply a fortuitous benefit. Dams on the Coosa,
Warrior, and Tombigbee Rivers do not provide any appreciable
flood-control benefits,

Some work is now being done to control the flooding of agri-
cultural lands by constructing small reservoirs on headwater
streams. Such reservoirs will reduce flooding of bottom lands be-
low them, but will not necessarily prevent the larger streams from
flooding.

We have said that the most sensible approach to the flood prob-
lem is to avoid building on the flood plain. Yet sometimes there
is no choice but to encroach on the river’s domain.

The bridge builder of earlier times did not have a major prob-
lem. For him, a knowledge of the highest flood stage of a stream
would suffice. He built his bridge from bank to bank and a
little above the stage of the highest flood and successfully did his
job. The larger floods flowed both over and around the bridge.
But in times of high water, travel on the road would be delayed
until flood waters receded to the level of the banks. In time peo-
ple became impatient of this delay and demanded that the road-
ways approaching the bridges also be put above high water so
their journeys would not be interrupted.

The problem of today’s bridge builder is more complicated. He
has to know the height of flood waters, and in addition, he has to
know the quantity of flood flow and how it is distributed in the
channel and over the bank. He needs that extra information
so that he can better locate his bridge or bridges and determine
the correct lengths. The length of a bridge is closely related to
the quantity of flow. For good design the bridges need to be
placed and sized in keeping with the distribution of the flow.
The modern bridge engineer designs his bridges to pass a once-in-
25- or 50-year flood and the traveling public is seldom
inconvenienced.
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The preceding discussion of water use was mostly concerned
with present use. However, it is apparent that the need for
water is increasing and at a rapid rate. Projection of the past
rate of growth gives an approximation of the level of use to be
expected in the future. Such a projection indicates a greatly ex-
panding volume of use a few decades from now. How will those
future needs be met? Some answers to that question will be at-
tempted along with a brief discussion of water law.

Supply and demand

Alabama is an area of plentiful water supplies, but the supply
varies. It has been noted that ground water is scarce in some
areas and plentiful in others, and that streamflows are scarce at
times and plentiful at other times. The average supply is indeed
plentiful, but at some places or at some times that average is not
available. Therein rests the problem. Increasingly the local
natural supply in time or place will be outgrown and something
must be done to improve the nearby supply or to find a more
distant source. How can the nearby supply be improved?

New sources oF water

Water in the atmosphere tends to form around a particle such
as dust. It then grows in size as it comes in contact with other
water vapor. As it grows, it gets heavier, and when of sufficient
size and weight, will fall as rain. Knowledge of this beginning of
araindrop led to the belief that rain could be induced by providing
particles for the raindrop to build on, if cloud formations were
favorable. The process is commonly termed “cloud seeding.”
Many have tried it, and much has been written of their efforts.
Opinions as to the worth of the effort differ widely because the
results obtained can be variously interpreted as to cause and effect.
Evidence indicates that a measure of success is sometimes obtained,
but the method will probably not be used to any appreciable extent
in Alabama.

At a few places in the world, a fairly large supply of fresh water
is obtained from sea water to supply a town or city. The salt in
sea water can be removed in several ways. All are relatively ex-
pensive. The Federal Government is attempting to find an in-
expensive method of removing salt from sea water or brackish
water. Pilot projects that make use of the several alternate
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methods are to be constructed at five sites in the United States.
If any are successful to the extent of making possible the develop-
ment of large quantities at low cost, the coastal areas could be
freed of water-shortage problems. The sea certainly contains
an inexhaustible quantity of water, but inexpensive conversion of
large supplies at low cost is not to be expected in the immediate
future.

Much water that has been warmed through use is cooled by
spraying into the air as shown in figure 38. This water has been
used and will be used again. Another practice is to use the water
first for one purpose and later for another that does not require
first-quality water. Because water can be reused in many indus-
trial applications, a small supply can do the duty of a large
supply. The practice of reusing water is already common in
Alabama in some areas and in some industries, and will probably

increase in the future.
Large amounts of water are contained in aquifers in the south-

ern and western parts of the State. The supply is large and be-
cause the aquifers remain full at nearly all times, they can with
some justice be termed “nature’s reservoirs.” The total volume
of water in these aquifers is enormous, and the better ones pro-
vide a major source of supply for the future.

In other sections of Alabama underlain by limestone, exten-
sive caverns and channels have been developed in the limestone.
These openings, where interconnected, form huge reservoirs for
the storage of ground water. Large springs occur where the res-
ervoirs overflow. Some of the largest springs are at Athens, Hunts-
ville, and Tuscumbia. Wells penetrating these reservoirs have
been developed for municipal and large industrial water supplies.

The yield of wells and springs developed in limestone varies
from season to season and depends closely on the amount and
frequency of rainfall. Cities and industries using large amounts
of ground water must key their developments to the periods of low
flow and water levels. In periods of extreme drought, however,
the underground reservoirs are the last to reflect the effects.

In some States, nature also provides many surface reservoirs
in the form of natural ponds or lakes. Almost none exist in Ala-
bama. Some large streams and all spring-fed streams contain
an increment of storage in their minimum flows, which frequently
make them favorable sources of supply. The flow of other streams
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during low-water periods is commonly a small fraction of the
average flow. To make much use of the flow of such streams
requires storing a part of the flow during wet periods for later use
in dry periods.

How much flow can be stored depends upon the shape of the
land. Where unusually favorable conditions exist, it is possible
to store all flow and release it at something approaching a uni-
form rate. A development to this extent is seldom feasible, and
a more realistic goal would be to provide storage capable of pro-
ducing a sustained yield equal to about two-thirds the average
flow of the stream.

Storing water requires building dams at places where the
volume of storage is great in proportion to the height and length
of dam. Streams in the hilly and mountainous sections of the
State are most suitable for development of reservoirs.

quer |o|ws

Alabama has few laws related to water rights, and those few
are mostly related to conditions of a past time that are not now
important. Not many conflicts have developed at local levels;
those that do develop are settled in courts using common-law pro-
cedures as influenced by a doctrine known as “riparian right.”
According to this doctrine, only those who possess land bordering
a stream have any right to use water in that stream, but that water
use must be reasonable and not detrimental to the needs of others.
The need for diverting water to nonriparian lands or purposes
is not recognized or provided for.

In recent drought years, a substantial amount of the flow of
some small streams has been diverted for irrigation. Water so
used 1s consumed and is not returned to the stream channels, as
water diverted for other purposes commonly is. The extent of
flow depletion has brought forth some conflicts between users.
These new conflicts created a sense of anxiety on the part of some,
and set in motion a movement to appraise the situation in regard
to water use and water laws. Representatives of various water-
using interests met and discussed the subject. They concluded
that a State-sponsored study should be made and advised the leg-
islature of that conclusion. About the same time, another group
attempted to obtain legislation which would require capping of
overflowing wells where the water was not being used. The
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effort was not successful. The history of the attempts to obtain
legislation indicates that the water situation is not yet judged to
be sufficiently acute to require action. This judgment may be
accurate as of now, but excessive delay would appear to be unwise,
for uncertainty about water rights may tend to discourage de-
velopments which could profitably be undertaken.

Toward better water management

The construction of a dam at Sipsey Fork will produce several
benefits—waterpower, water for a municipality, water for navi-
gation, and cool water for increasing the efficiency at a steam-
power plant. Most reservoirs constructed today include the
multiple objectives of navigation, flood control, and electric
power.

The potential value of water moving in a stream is recognized
by many. For some the stream is an artery of commerce. Oth-
ers see it as a source of electric power. Still others see it as a
source of water for a town or mill or farm, or as a convenient
outlet for disposing of wastes from a town or mill. A few look
on the stream as an enemy which sometimes floods their lands
and buildings and which they would like to see tamed. Thus
men aspire to put water to use, but occasionally are at cross
purposes with each other.

The satisfaction of all interests should be sought in all develop-
ments and should be obtained to the extent required to satisfy
the public interest. The degree to which the public interest can
be satisfied is obviously related to economic justification, but that
should not be the sole criterion for judging worth. It is difficult
or impossible to place a price on the values inherent in recreation
or conservation, for instance.

Good water management implies some understanding of alter-
natives and also of the possible long-term effects of plans for
water development. There is a certain finality in most water
projects that is not easily altered to meet changing needs arising
at a later date. To choose wisely for the present, and at the
same time to plan for a changing future, requires a good deal of
knowledge about water. This account of Alabama’s water re-
sources and water problems was written to provide some of that
knowledge, and to help the State’s citizens make informed choices
on questions of water policy, now and in the future.
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