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FOREWORD

Water forms a major part of the boundary of Illinois. In addition
to boundary waters there are many rivers, lakes, and smaller ponds that
are of vast economic, recreational, and aesthetic value to the State.

Pollution has an alarming effect upon the lives of people, wildlife,
ar  vegetation. The amount of water probably is as great as it ever
was, but distribution of usa’ - water has become a major problem in this
age of population increase, industrial expansion, air conditioning, and
the interest in recreational areas.

This manual has been produced by personnel of the Hlinois State
W r Survey to provide information related to the use and management
of water in improving the ecologic environment in which we live. It
should be of v e to teachers and students.

Michael J. Bakalis
Superintendent of Public Instruction




ILLINOIS WATER COI SERVATIO?!
TEACHER’S TAN JAL

by

J. Loreena Ivens
Technical Editor
Illinois State Water Survey

INTRODUCT C©
WATER CONSERVATION TODAY

Water, which is essential to a living things, is generally abundant
in Illinois, but its distribution in time, place, and quality varies widely.

To assute that adequate, clean, and safe water is available to all of
the people of Illinois, when and where it is needed, will require wise
use and management of our total water resource.

This is water conservation—to manage wisely what we have to in-
sure its fullest beneficial use today and in the future.

When the explorers and early settlers reached Illinois, they found
a land rich in natural resources—waters, soils, forests and prairies, min-
erals, and fish and wildlife. These resources were used to build a large
and highly productive agricultural and economic system. An abundance
of water for transportation, agriculture, and industry was an important
part of that growth. Today more than ten and a half million Illinois
residents enjoy the benefits of this system, which still depends largely
on natural resources for its wealth and strength.

The time is gone, however, when each family or community can
live by a stream or dig a private well to satisfy individual water de-
mands. Much more water is needed for many more uses, and the needs
of one group may overlap those of another. Wise planning for the
development, use, and management of the water resources of linois is
essential to the progress of our growing population, as well as to the

efficient use of other natural resources.




The Conservation Movement

Like others who have had an abundance of natural resources, we
have been slow in realizing the need for conservation. Even as recen
as 60 years ago, many people throughout the United States st  seemed
to think that our natural resources had no end. The effects of such
thinking are evident today—tons of topsoil have been blown or washed
away, many species of wildlife and plants and acres of woodlands have
disappeared, and the water in most of our streams is heavily polluted.

The conservation movement to check such wastes began about the
turn of the century. It was led by Theodore Roosevelt and Gifford
Pinchot. Since then, through research and the application of scientific
knowledge, we have learned much about preserving the resources we now
have, restoring those which are renewable, finding new sources of some
materials, and finding substitutes for resources which are not renew-
able. Millions of d ars now are being spent each year y federal,
state, and local governments, and by numerous v .nteer groups, for
programs to study and conserve our precious natural resources. How-
ever, we are just beginning—both to learn what to do and to ap  what
we have learned.

Too, we face ever-changing problems. While our way of fe was
shaped by and is dependent on our environment—that is, our naty
resources—we continue to change that environment, creating new p1
lems.

As industry grew in Illinois opening new work = >ortunities in
the cities, and as farms became mechanized requiring iess farm labor,
more and more people were drawn to metropolitan areas.  >w more
than 80 percent of Illinois residents live in urban areas. These sprawling
cities and suburbs spread out over agricultural lands changing the pat-
terns of land use. As a result there are new problems of water supply,
drainage, water and air pollution, and waste disposal. And, there is a
variety of space problems for highways, airports, and recreational areas.
All of these in turn may affect soil erosion, woodlands, fish, and w life.

Concepts in Water Conservation

These changing problems point out two ir >rtant concepts in con-
servation. First, they show clearly the interdependence of man and a
natural resources—whatever happens to one affects all the others. Second,
they show without doubt that in today’s complex society conservation
of natural resources is the responsibility of all citizens. Conservation is
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no longer just a farm problem; it is very much an urban problem as
well. Certainly, conservation of water resources is important to each

of us, young and old alike.

Without water, life as we know it could not exist. Protoplasm, the
fundamental substance of which animals and plants are composed, is
mostly water. Water makes possible our food, shapes our landscape,
and affects our climate. It is a cleansing agent and a carrier of wastes.
Water is a means of power and transportation, an ingredient in most
manufacturing processes, and provides recreation.

Water. fortunately, is a renewable resource which constantly re-
cycles its . However, the total amount of water in the world is the
same today as it was thousands of years ago, and so far as scientists can
determine, it will be neither less nor more in the future.

This means that, as the world population and our demands for water
increase, water conservation becomes more important. We must use
what we have more efficiently, use it again and again for many pur-

ses, protect it from pollution and misuse, and find many ways to in-
crease its usefulness. At the same time, we must remember that the
flowing water we see knows no boundaries except that of its natural
watershed (the unit of land from which all water drains into a single
chann . Thus, planning in terms of a watershed is important to ef-
fective water conservation.

About This Booklet

This booklet discusses some of the important ways of conserving
our water resource in linois. Of course, the first step in © nning
conservation practices is to know the resource—its nature and behavior,
its amount and distribution. Then we need to know how the resource is
used, how pro. 'ms come about, and how we can try to solve them.
Conservation needs and practices can be seen at many points along the
way.

Our first chapter starts with the rather strange chemical and physical
properties of water, which affect its behavior and use in so many ways,
and discusses the importance of water in all living things. The second
chapter traces the water cycle and describes Nature’s processes that
prc e clouds, precipitation, evaporation, weather, and climate. This
chapter 1ses with a section on how we measure water at various stages
of its cycle.







WATER’S STRAD GE WAYS

Water is so ordinary that we sometimes forget its important role
in the affairs of this planet.

In many ways water is a paradox. It is necessary to life, but liv-
ing things can drown in it. It is so common we seldom think of it, yet
wars have been fought over water and thriving civilizations have failed
for lack of it. It is the most common substance on earth, found every-
where, always moving, its total never changing; but its distribution over
land areas is so irregular in place and time that deserts and rain forests
occur, and even areas of favorable distribution such as Illinois may have
floods or droughts.

These large contrasts and the peculiarities of water which make its
role important can be traced to the fact that water does not act like
other substances. Indecd, water’s rather «cile appearance as a taste-
less, odorless, and colorless substance is another contrast, masking its
unique chemical and physical properties. Although these properties for
a complex study that we must leave to chemistry, we nec to look briefly
at water’s strange ways which affect the water we use every day.

Chemical and Physical Properties of Water

Water is an extrao: nary ‘mical compound with its 1 peculiar
pattern of behavior.

In nature it does not appear as the purc chemical compound of
H,O. Rather, it is most often a solution containing many dissolve and
suspended substances. Water is a very stable compound and can dissolve
almost any substance without a change in its own chemical makeup.

Water occurs in three basic forms, as a solid below 32 degrees
Fahrenheit, a gas above 212 degrees, and a liquid in the temperature
range between. Above its freezing point of 32 degrees, it can take either
a gas or liquid form, but the liquid form docs not exist above the  ling
point of 212 degrees or below freczing. A single water molecule
composed of two hydrogen atoms and one oxygen atom which are so
strongly attracted to each other that it is extremely difficult to break
the bonds that hold them together. This is why a water moleccule re-
mains a water molecule cven when its physical form changes to a
liquid, a solid, or a gas. Water is the only common substance that oc-
curs naturally in all three physical states.
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Water’s three form quid, gas, and solid

Chemists find water strange also in that the freezing and  ling
temperatures are much higher than for other s tances of similar
molecular structure. If water behaved like the others, there woul be no
liquid water at our earth temperatures, only steam. Ahd, there would
be no life as we know it since blood would boil in the body and plants
would wilt and die.

Most substances contract and become heavier as they cool. Water
follows the pattern to a point, but below 39 degrees Fahre :it, it be-
gins to expand and become lighter, and at 32 degrees forms ice which
is so light that it floats. If water did not have this qui of :havior,
lakes would freeze from the bottom up and fish could not survive.

Water has a unique capacity to absorb and release energy in the
form of heat. As many unhappy homeowners know, water releases tre-

cold days. This also happens when there is moisture in the air and on
the land surface. In contrast, on the desert where there is little natural
moisture, temperatures go extremely high in the daytime but may drop
below freezing at night.









Without water and with only slight activity, a normal person in
good health could survive a few days, perhaps up to a week. He could
survive several weeks without food, if he had a minimum supply of
drinking water.

Like the human body, all animal life requires water. The limits of
the intake-output balance are not quite so restrictive in animals as in
humans, however, and animal bodies are adapted to a great variety of
environments. Thus, some animals have adapted to arid climates and
desert life while others live in water. Each animal body has its own
limits for water which must be met to survive.

Water for Plants

Plants too must have water, and their ways of using water as
well as their water needs are even more varied than those of animals.

Land plants obtain most of their water by absorbing moisture from
the sc  through their roots and numerous fine root hairs. The root
hairs are like thousands of microscopic soda straws sipping water from
the ground. The water serves as a transport for plant nutrients. The
stems of plants and woody tissues of the roots serve mainly as a sup-
port connecting the roots in the ground with the leaves reaching toward
the sun.

Using the sun’s energy, leaf cells transform carbon dioxide from
the air and water from the soil into complex suears and starches, re-
asing the by-product oxygen. This process, | tosynthesis, is basic
to 2 plant life—and thus to all animal life—for it is the only process
in nature by which food is made from raw elements using solar energy.
+  green plants are engaged in this process.

Nearly all of the water absorbed by plants returns to the atmo-
sphere by transpiration, that is, water leaves the green tissues as vapor.
The quantity of water that transpires from a plant depends upon the
air temperature and its moisture content, soil moisture, light, and wind.
On a tday in the country, one can feel an effect of transpiration. An
area containing many green plants is actually cooled by the transpiration
of plants. This cooling is much like the cooling caused by perspiration
which occurs when water evaporates from the skin.

If the plant does not have a sufficient water supply, it wilts, the
stomata or pores close, and transpiration stops. A severely wilted plant
cannot continue photosynthesis because the closed pores prevent the
exchange of gases in the air ar the flow of water.
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NATURE AT WORK

Water is neither manufactured nor destroyed. In one of its three
forms as a liquid, gas, or solid, the amount of water in the world re-
mains the same. The world’s water resource is therefore 1 :ed; we
can only try to make the best possible use of it.

We find the waters of the world in five forms. About 97 percent
of it is salt water in the oceans which cover almost three-fourths of
the earth’s surface, and a little over 2 percent is frozen water in the
ice masses and glaciers. The remainder, less than 1 percent of the total,
consists of the water vapor in the atmosphere, the water under the ground
surface, and the water in lakes and streams.

Thus, about 1 percent of all water is in constant motion, circulating
from ocean to atmosphere and again to the ocean in an endless cycle
at is ca d the water cycle, or hydrologic cycle.

The water resource that we use is constantly renewed by this cycle,
but it is also constantly changing. To manage our water resource wisely,
we need to understand Nature’s processes that affect the amount and
distribution of water and the means by which we can measure what we

ave.

Tracing the Water Cycle

Although the water cycle has no beginning nor end, it is convenient
to start our discussion at the major storage area, the oceans.

Liquid water from the surface of the oceans is evaporated into the
at.  sphere as water vapor, a gas. The sun provides the energy for
this evaporative process.

The water vapor in the air is lifted and cooled, eventually con-
densing to fall as precipitation either back on the oceans or on land
areas. Precipitation may fall in the form of rain, snow, sleet, or hail.

Much of this precipitation evaporates, sometimes even before it
reaches the surface, so that it circles directly back to the atmosphere;
it may once more become precipitation, but it is lost for immediate
beneficial uses by man. Another large portion is used by vegetation and
transpired back to the atmosphere. Together, evaporation and transpira-
tion account for about three-fourths of the original precipitation, which
can  considered a bypass in the water cycle.
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groundwater has been there for many years. Water in the ground
is therefore held for our use for a longer time, as is the water caught
in lakes or reservoirs. Because of this, both underground storage and
reservoir storage are important means of conserving water.

Although in the water cycle the amount of atmospheric moisture
which surrounds the earth is very large, only a small percentage falls
at any one place as precipitation. This is illustrated in tracing the water
cycle in Illinois, which is shown in the picture diagram.

It is estimated that an average of 2,000 billion gallons of water
vapor daily passes over Illinois. But, the processes of Nature cause only
about 5 percent of this moisture to fall on the state as precipitation.

This small percentage, however, constitutes an average of almost
100 billion gallons of precipitation for every day of the year in linois.

Nearly half of this precipitation, or about 44 billion gallons, evap-
orates from land and water surfaces and is lost to the atmosphere. Grow-
ing plants make use of another 33 billion gallons, which they then
transpire back to the atmosphere. The remaining 23 billion gallons be-
comes streamflow and groundwater, for our use before it flows out of
the State. In addition, we can share in the use of our surrounding fresh
waters of the vast Mississippi and Ohio Rivers and Lake Michigan,
which, as we shall see later, more than doubles our total usable resource.
This is an immense amount of water—more than three times the present
usage in 1 nois and one-sixth of the water usage for all purposes in the
entire United States.

Although our total water resource for Illinois is large, its  stri-
bution in time and place is not uniform. Precipitation varies from place
to place, by season, and from year to year, and is affected from time to
time by extremes—droughts and floods.

Precipitation variations from place to place are due in part to the
State’s great north-south length. Within this 385 miles of latitude, there
are major differences in temperatures, storm tracks, and distance frc
the primary moisture source, which is the Gulf of Mexico. Thus, pre-
cipitation for a year averages about 46 inches in the Shawnee Hills of
southern  inois and decreases northward to about 32 inches in the vi-
cinity of Lake Michigan.

1e course that precipitation takes after it reaches any one area

of the State, that is, whether it will run through or over the ground,
o varies. It depends upon the previous moisture conditions, the tem-
rature, the type of soil and plants present, and the topography. These
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ent, condensation can occur much sooner than it does when nonhygro-
scopic particles are involved. Thus supersaturation and consequent con-
densation of the water vapor occurs at a point respective to the particular
type of nuclet present.

The formation of these tiny droplets which constitute clouds is
similar to the formation of water droplets on a glass of ice water. The
air around the glass is cooled to its dew point and some of its mois-
ture condenses onto the glass.

The process by which ice crystals, instead of water droplets, are
formed is sublimation, in which moisture goes directly from a vapor
into the solid state at below-freezing temperatures, with no intermediate
liquid state. The factor of supersaturation is involved as in condensation.

Meteorologists point out three main methods by which an air mass
can be lifted to an elevation where condensation can occur. First, winds
rising to get over a hill or mountain may move warm air to a cooler
part of the atmosphere. Second, when warm and cool air masses meet,
the warm air rises because it is lighter than the cool air. Third, heat-
ing by the earth’s surface can cause an air mass to rise since the heating
makes 1t lighter.

The tiny cloud droplets that result from condensation can take
many forms depending upon other weather conditions. The height of
the base of the clouds above the earth’s surface depends upon the tem-
perature and the relative humidity. When the lower atmosphere is
warm and moist, the cloud bases are low. Fog, a cloud which forms

‘th its base at the ground’s surface, can occur under these conditions.
With warm, dry air as environment, clouds appear higher. Thus, bil-
lowy cumulus clouds often are seen on a hot summer day. These clouds
can develop into churning, anvil-shaped cumulonimbus or ‘thunder-
clouds,” which is the most important rain-producing cloud type in
Tllinois.

1 general, cooler air is more stable than warm air and is con-
ducive to the formation of layer clouds at all altitudes. These layer
clouds extend over a great horizontal distance, whereas cumulus and
cumulonimbus clouds develop vertically in a localized area. For ex-
ample layer clouds may extend over several states, but a large cumulus
cloud may cover only a small county.

The Precipitation Process

Although the process by which clouds produce rain is not com-
pletely understood, two theories are pre iminant in meteorology. One
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from land areas or bodies of water over which they pass. ating of
an air mass occurs largely by the sun and in some cases by very warm
land areas.

The movement and behavior of air masses are affected by topo-
graphic features, pressure, and winds. Mountains, for example, force
air masses to rise, often providing the possibility of precipitation if
moisture is adequate. Although the earth’s rotation accounts for large-
scale wind motions, most local wind is caused by pressure differences
resulting from the interaction of warm and cool air masses. When cold
and warm air masses interact, they tend to move in a circular path with
the cold air pushing the warm air upward and sideward.

Weather in Illinois is controlled by latitude, continental location,
winds, and storms resulting from the interaction of various air masses
which pass over the State. Latitude and continental location account
for the way in which the sun’s rays strike this particular area with
respect to its position from the equator.

The climate of Illinois features generally hot summers and cold
winters through the State. However, because of the north-to-south
length of the State, there is considerable variation in both temperature
and precipitation from north to south. The north has generally cooler
and drier weather than the south, but the greatest differences between
the two areas occur in winter.

In Mllinois, the temperature varies from north to south in all seasons,
but the difference is about 16 degrees in winter and only 8 degrees in
summer. uring winter in the north, below-zero temperatures are not
uncommon and soil freezes to a depth of about 36 inches; the south
averages one day of zero-temperature per winter and soil freezes to a
depth of only 8 to 12 inches. The freeze-free period, or growing season,
is about 160 days in the north but about 190 days in the south. Through-
out the State, changes in temperature may be great from day to day
and from week to week. Normally, the hottest month is July and the
coldest month is January.

Variability is the most significant characteristic of the annual pre-
cipitation in Illinois, which ranges from 32 inches in the northeast to
46 inches in the extreme south. It also varies from year to year in
all parts of the State. During the colder half of the year, October
through Mar |, precipitation ranges from about 12 inches in the north
to 23 inches in the south. However, in summer there is much less dif-
ference, and precipitation for April through September ranges from 20
to 24 inches from north to south. February is the driest month through-
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out the state. But the wettest month is usually March in the south,
May in south-central and castern Illinois, and June in the remainder

of the State.

Snowfall is usually not a significant part of our total precipitation in
linois. It produces about 10 percent of the year’s total in northern THi-
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sor other stations for short periods for research. The average amount
of streamflow over a year for Illinois streams has been calculated from
these stream gage records.

Of particular importance from studies of these records is knowledge
of how long the flow of a particular stream can be expected to stay
at very low, average, or flood stages, and when these varying stages
might occur. Such knowledge is important in many ways. It can be
used, for example, to determine if the stream can be counted upon to
supply enough water for a water-supply reservoir throughout the year,
or to determine whether flood-control structures are needed and feasible.

Measuring evaporation and transpiration is also important in as-
sessing our total water resource, for these amounts represent losses in
that the water returns to the atmosphere as a vapor and is not im-
mediately available for reuse by man.

Evaporation from water surfaces is calculated by placing water
in a specially designed evaporation pan and measuring the amount lost
over a period of time. Nine weather stations in Illinois maintain stand-
ard evaporation pans, and studies of these records have provided gen-
eral estimates of evaporation for regions of the State. However, evapora-
tion is affected by temperature, wind, and the amount of moisture al-
ready in the air. These and other factors must be considered in the
rather complex computations of evaporation from a lake or reservoir
surface.

The amount and the variability of evaporation from lakes in Illinois
have @ determined by Water Survey hydrologists. These measures
are very important in determining how much water will be available
for use from a water-supply reservoir. Normally in Illinois evapora-
tion from lake surfaces is balanced by direct precipitation over the
lake, but the variability of both evaporation and precipitation makes

knowledge of exact losses important, especially as our demands for water
increase.

Evaporation from land surfaces cannot be measured accurately, but
it can be estimated when rainfall and streamflow are known. Transpira-
tion from plants is likewise difficult to measure, and researchers are
still seeking better instruments to give direct measures. The most
common instrument used is the weighing lysimeter, but it is difficult
and expensive to operate. Plant transpiration is sometimes estimated from
measures of soil moisture losses. Soil moisture can be measured by
weighing soil samples, drying them, and reweighing; however, neutron
probes are now available which can measure soil moisture in the field.
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WA" ER SUPPLIES—
THEIR SOURCES Al ) QUALITY

Looking again at the water cycle in Illinois we see that 23 billion
gallons of the 100-billion-gallon total average daily precipitation over a
year becomes streamflow and groundwater—the water that is avail-

for our use before it flows on out of the State. In addition, we

e in the use of immense adjacent waters—Lake Michigan and the
great border rivers, the Mississippi, Wabash, and Ohio. This addi-
tional share of water brings our average grand total supply to around
50 billion gallons per day.

Although this is an immense amount of water, and more than
three times the present usage in Illinois, we must remember that this
water is not uniformly distributed day by day or from place to place,
and is not uniform in quality. Let us look more closely at the distribu-
tion of this total supply.

Part of the precipitation that falls on the State runs off into flow-
ing streams or surface depressions such as lakes and reservoirs, natural
or man-made. This runoff water then becomes streamflow, and the
rivers, streams, lakes, and ponds that it fills are called our surface
water resources.

Another part of our precipitation sinks into soil surfaces, some
serving the important needs of vegetation as soil moisture and some
percolating deeper into the ground becoming our groundwater re-
sources.

Thus, surface water and groundwater are the two major sources
from which we develop water-supply systems that directly serve homes,
cities, and industries.

The Surface Source

Hlinois is almost an island, in a sense being nearly surrounded by
fresh water. Along its western border flows the mighty Mississippi and
to the south and east are the Ohio and Wabash. Lake Michigan lies
to the northeast. This is far from all, for large supplies of water are
readily available within the State from great rivers such as the Rock,
Illinois, Kaskaskia, Embarras, and Big Muddy. In addition, there are
numerous smaller ones. Altogether, Illinois has some 2,700 interior
streams.
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For many purposes, water can be used directly from the streams,
but streamflow is highly variable. Therefore. it becomes important to
store runoff during high flow for use during y seasons and droughts.

Streamflow

In Illinois runoff in the form of streamflow varies by area in much
the same pattern as precipitation. The average annual streamflow if
spread over the State would be about 9.7 inches, but it varies in depth
by area so that it would be about 15 inches a year in the south and 8
inches in the north.

The higher runoff in southern Illinots, in conjunction with more
rolling or hilly land surface, lends itself well to the development of
it >undments. Nearly all large cos ities in rd
the State rely on reservoirs for their municipal water supplies, as do
several in central Tllinois.

Streamflow, like rainfall, also varies in time. To some extent these
variations are seasonal, but there are wide deviations from the average
in any season. In general, northern Illinois’ smaller streamflow is less
variable and therefore more dependable than the streamflow in south-
ern parts of the State. In other words, streams in northern Illinois
genera  flow year round and have fewer cxtremely high or extremely
low flows; southern Illinois streams may often go dry in summer or
dry periods but may carry large quantities of water and frequently flood

Besides the scasonal and day-to-day changes, we have occasional ex-
tended periods of extreme weather conditions which bring drought and
flood. Such extremes are studied intensively, for they are important
guides to planning and design for water conservation and control.

We ave improved or expanded our natural sources of surface
water by impounding them in reservoirs, which are often used for soil
and water conservation and for recreation as well as for water supply.

Reservoirs and Lakes

Illinois now has more than 900 bodies of water which may be
classed as lakes or reservoirs. These are within the state boundaries
and exclusive of Lake Michigan. Of these, 386 have a surface area of
more than 40 acres and together contain more than 82 percent of the
total water stored in reservoirs. In addition, Illinois has numerous
smaller lakes and nearly 58,000 farm ponds of less than 6 acres sur-
face arca. Small lakes and ponds are important to land and water con-
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larger than 40 acres surface area have been identified throughout :
State. If fully developed, these potential reservoirs could provide six
times the water storage of existing reservoirs, lakes, and ponds. Again,
the distribution of potential sites is not uniform over the State. Stream-
flow, topography, and geology are more favorable for reservoirs in south-
ern and many central portions of the State, but as we shall see in t
next section, northern Illinois has greater groundwater sources.

Earlier we mentioned that the average annual streamflow is equivalent
to a depth of about 9.7 inches over the State, and that part of this water
can be used directly from streams. However, because this streamflow
varies greatly from time to time, as well as from one area to ano 1,
we need to store part of it when flows are high in order to make better
use of the resource and to have dependable amounts throughout the
year.

Making better use of this streamflow can be seen in the following
figures. We now store in existing lakes what would be 0.44 inch of
water over the State, and Corps of Engineers projects mentioned would
add 0.36 inch of water. But, the potenti reservoirs, if fully — vele {
could add 2.85 inches for a total storage of 3.65 inches of water over
the State. To use another term of measure, we could increase our water
storage in reservoirs from the present 1.3 million acre-feet to a total of
about 10.3 million acre-feet.

In the future as communities strive to meet growing demands for
water, reservoir storage will be an increasingly important means of
conserving water, since it is one way of actually enlarging our usable
surface water resource.

Lake Michigan

In addition to streamflow within the State and our great border
rivers, our surface water resources include water from Lake Michigan.
This is an abundant source of water which is the supply for the Chicago
Water System that serves the immense needs of that city and some 70
suburban communities. Lake Michigan is a part of the Great Lakes
system, which, according to some authorities, contains about 57 percent
of the world’s fresh surface water. Although Lake Michigan provi s
a most fortunate source of water for this linois metropolitan area,
the amount that can be withdrawn from the lake during a year has
been limited by law and great vigilance is required to protect the
lake from pollution so that it may be maintained as a satisfactory source
for the future.
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The Undergroun Source

That part of our precipitation which seeps downward through the
soils to become groundwater provides Illinois with another large source
of water.

Although it is easy to think first of rivers and lakes as water re-
sources, this unseen source is sizeable in Illinois. Engineers estimate
that it could supply as much as 7 billion gallons of water a day, which
would be 21,500 acre-fect per day. In conserving water, Nature's under-
ground storage system has some advantages over surface storage in
that the water does not evaporate and is protected from much contami-
nation.

Groundwater is the source of water supply for almost all rural
residents in Illinois, for the majority of our towns and cities especially
in northern Illinois, and tor many industries. In many areas it is a
resource of particular importance because of its quality and economy.

Although our total groundwater resource is large, it is unevenly
distributed over the State. By fortunate circumstance, groundwater is
most abundant in the northern part of the State where surface runoff is
less and where more generally flat topography does not offer as many
favorable impoundment sites. The location, movement, amount, and
quality of groundwater are related to the State’s geology.

Geology

Granite of very remote geologic age underlies most of linois,
but it is hidden everywhere by hundreds of feet of younger rocks. These
younger rocks were originally deposited as sediments—sand, clay, shell
fragments, or lime mud—in ancient oceans that covered all or parts
of Illinois. The sediments were later hardened into firm, layered rocks,
which we know now as shales, sandstones, and limestones.

These layered sedimentary bedrock formations, from tens to hun-

dreds of millions years old, were originally relatively flat be . How-
ever, they eventually were warped, and some were fractured or faulted.
Erosion by the action of running water, ice, or wind cause itional
irregularities in the bedrock. Soft shales and sandstones wea 1 away

rapidly, while hard sandstone and limestone formations resisted erosion
and remained to form ridges and hills on the bedrock surface. drock
formations of sandstone or limestone are important sources of ground-
water, but its occurrence and movement are greatly affected by these
irregular geologic features.
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Beginning some thousands of years ago, the sedimentary rocks in
Hlinois were uaried under deposits left by the great glaciers, which
moved in from the northeast from Canada and spread over most of the
State. = glaciers covered all but a small area in extreme southern Illi-
nois and the northwestern corner, mostly Jo Daviess County.

The unconsolidated deposits left by the glaciers, which we call
drift or glaci  drift, were transported by glacial ice and its meltwater, and
by wind. They are the parent materials for most soils in Illinois. There
were several stages of glacial advances and melting, which left a variety
of glaci  deposits and land forms in Illinois. Drift varies from a few
feet to more than 500 feet thick, but is thi st where the glaciers buried
old valleys or built moraines and where several glaciers occurred. Sand
and gravel layers in these glacial deposits are important sources of
groundwater.

Occurrence and Movement

How does water occur and move through the ground? Part of the
water that enters the ground is held in soil layers near the surface and
is used by vegetation. The rest filters slowly down through the ground
until it reaches a level where all available voids are completely water-
filled. Water contained in this zone of saturation is groundwater, and
its upper surface is the water table.

In unconsolidated deposits, water fills the voids between the grains

at make up the formations. In bedrock formations, water 1y be

contained either in the spaces between partially cemented grains of

sandstone or in the fractures or solution cracks of limestone or dolomite
(a limestonelike rock that is rich in magnesium).

A saturated formation of sand, gravel, sandstone, limestone, or
dolomite that is capable of yielding water to wells in usable quantities
is called an ¢ ifer. swever, the water-yielding capacity of aquifers
varies greatly. Other carth materials such as silt, clay, and shale may
contain abundant water in the minute pores between grains, but they
retard movement of the water to such an extent that it cannot flow free-

“into a well. These dense layers may occur above or between ¢ tifers and
affect the movement of water.

- Usually aquifers are regularly recharged (refilled) by rainfall oc-
curring directly on the soil surface or by infiltration from adjacent
streams or lakes. (Connecting aquifers may also supply water to
streams, so that streams continue to flow during dry seasons. It is such
availability of groundwater that accounts for the more stable streamflow
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Movement of glaciers over Illinois. Earlier glaciers, the Kansan and
theq the Illinoian, covered most of the State. The later Wisconsinan
glacier advanced only over north and east areas.
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in northern Illinois streams.) The rate of recharge of an aquifer, whether
by rainfall or infiltration or both, often dctermines whether ground-
water withdrawal through wells can be maintained safely for a ng
period of time.

Sand and gravel aquifers in the glacial drift most often are re-
charged directly by local precipitation. If the drift aquifer contacts a
bedrock aquifer below it, the water may move downward to recharge
the bedrock aquifer. However, if a layer of dense material separates
them, the downward movement of water is impeded. When such dense
layers (called confining beds) are present, most of the water reaching
the bedrock aquifer may come from a distant recharge area where the
confining beds no longer exist or where the aquifer formation crops
out at the land surface.

As an aquifer slopes downward from a recharge intake area and
is confined bencath dense layers, the weight of the water at higher levels
in the aquifer exerts pressure on the water in the confined area. This
then becomes a confined or artesian aquifer. When a well penetrates
an artesian aquifer, the pressure forces the water to rise in the well
above the top of the aquifer. Many of the first artesian  :lls in north-
ern Illinois flowed freely at the ground surface without pumping, but
as more wells were drilled, the pressure was lessened so that the water
does not rise as high and must be pumped to the surface.

Groundwater moves under the influence of gravity or other pressure
differences from recharge areas to discharge points of lower pressure.
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Points of discharge may be springs, lakes, streams, swamps, ainage
tiles, or pumping wells. The movement toward discharge points may
amount to only a few hundred feet a year in unconsolidated materials
such as drift and to only a few feet a year in sandstone formations.
Water may be held in bedrock aquifers for many years.

Location of Groundwater Supplies

In Illinois, groundwater supplies are developed from both sand
and gravel aquifers and from bedrock aquifers, but these are not
uniformly distributed because their occurrence is determined by geo-
logic features.

Sand and gravel aquifers in the glacial drift are prevalent through
most of the State, and altogether add up to the greatest potential yield
of groundwater, almost twice the amount available from bedrock aquifers.
This is primarily because the sand and gravel aquifers have a higher
rate of recharge. However, these aquifers vary greatly in size and yield
capabilities.

Major sand and gravel aquifers, that is, those capable of providing
a water supply large enough to serve cities or large industries, are
located in only three general areas in the State. Most of these are in
alluvial deposits that lie directly adjacent to the Mississippi, Illinois,
Ohio, and Wabash Rivers. Some major aquifers are located in the buried
Mahomet valley in cast-central Illinois and in the valleys of the Kas-
kaskia, Little Wabash, and Embarras Rivers. Others are scattered
throughout large areas of northeastern and central Illinois which were
covered by several glaciers and thus have thicker glacial deposits.

Minor or thin sand and gravel aquifers may : found in much of
the rest of the Statc, but may be difficult to locate. Further, these yi
only small amounts of water, perhaps enough for a farm home and live-
stock or for a small town or light industry, and the supply may not be
dependable in dry seasons. The least favorable areas for water supplies
from sand and gravel aquifers are in western and southern Illinois
where the glacial deposits are very thin and in the nonglaciated areas.

Bedrock formations are favorable aquifers in the northern thir
of Ilinois where drinkable water supplies are obtained to depths of
1,500 feet or more. However, just south of the Illinois ver these
bedrock formations dip southward to a much greater depth in the
spoon] : depression called the Illinois Basin, which has its center in
the White County area of southeastern Illinois. At greater depths the
groundwater from these rock formations becomes highly mineralized
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and is not drinkable. Some of these brine waters, however, are im-
portant sources of water for water-flooding operations in ¢ fields in
southern Illinois.

In the northern third of the State, large quantities of groun vater
for industrial and municipal use are withdrawn from wells in the deep
sandstone aquifers of Cambrian and Ordovician age and from the shal-
low dolomite aquifers of Silurian and Ordovician age. In the sou :n
two-thirds of the State, where the glacial drift does not provide more
suitable aquifers, small water supplies are developed from thin sand-
stone and limestone beds in rocks of Pennsylvanian and Mississ >ian
age. In a small area in extreme southern Illinois, somewhat larger or
moderate supplies of groundwater may be withdrawn from wells in
creviced limestones of Mississippian, Devonian, and Silurian age.

Some of the deep artesian sandstone aquifers in northern linois
are considered to be the best aquifers in the State because of their con-
sistently high yields. Deep sandstone wells in that area have been pro-
lific sources of good quality water for over 100 years. owever, Cofn-
centrated heavy pumping in some arcas has seriously affected these
sources.

Shallow dolomite rocks are also important large aquifers in north-
ern Illinois, although the yields of wells are inconsistent. For example,
one dolomite well may produce much water while a similar well neat-
by produces so little that it must be abandoned. This happens because

> water in dolomite or limestone rocks, as we noted earlier, is in
fractures or channels which have been formed in irregular sizes and
patterns. However, dolomite aquifers are a great potential source in s
a because they are near the surface or frequently are connecte [}
glacial drift aquifers and thus have high rates of recharge.

Groundwater Conservation Features

One of the important steps for conservation of our groundwater re-
sources is careful planning of well-field developments. Such planning
must be based on sound knowledge of the particular characteristics and
capacities of the aquifers present, and fortunately research in the past
few years has given hydrologists and engineers scientific methods for
ol ining such knowledge.

Wells drawing water from the same aquifer must be carefully
spaced so that they do not interfere with each other, and the amount
of water pumped from wells must be regulated according to the char-
acteristics and recharge capability of the aquifer so pumpage of that
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amount may continue over many years. Also important in groundwater
conservation is the protection of aquifers from contamination from the
surface, which is particularly important for aquifers near the surface.

Heavy pumping can sometimes be offset by artificial as well as
natural recharge. Stream water, if it is of suitable quality and  an-
tity, can be used to replenish artificially a nearby sand and gravel
aquifer. The surface water is pumped into pits or wells that touch
the aquifer and is allowed to filter directly into the aquifer. Such
artificial recharge using Illinois River water has been successfully op-
crated at Peoria for over 15 years, and has served to stabilize and make
possible the continued use of groundwater supplies that had been over-
pumped. In artificial recharge, great care must be taken to prevent
the entrance of silt or pollutants that might clog or contaminate the
aquifer.

Water Qu: ty

The use of water supplies from our surface and groundwater sources
depends not only on their location ar amount but also on quality. It
is not always enough to know that the supply is drinkable. The amount
and ¢ kind of minecrals the water contains are also important, and no
onc combination of substances will suit every use.

The water quality that we speak of here is the mineral and chem-
ical quality of water sources, not the sanitary quality. In Hlinois, care-
fully enforced regulations ensure that all public water supplies have
satisfactory sanitary quality for drinking and gencral domestic use, and
the pro 'ms of protecting our water sources so that safe standards may
be maintained will be discussed later. Actually, mineral quality is some-
times a part of those problems.

In an carlier chapter we mentioned that one of the properties of
water is its ability to dissolve minerals and other substances. The degree
to which minerals are dissolved depends upon the type of mineral with
which the water comes in contact, the time of contact, and in some
cases the presence or absence of dissolved oxygen.

The ‘contact’ minerals in groundwater are related to the geologic
formation. The minerals in sutface water are generally those of the
surface soil, although many streams are at times fed by groundwater.
Other minerals are added though public, industrial, and agricultural use
of water.
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In contrast to groundwater, the quality of the water in a stream
varies almost continuously, so that an evaluation must be based upon a
series of analyses obtained by a regulated sampling program, rather
than upon any single analysis. General quality characteristics of sur-
face water throughout the State now are available.

The quality of surface water sources in Illinojs is influenced by lo-
cation and physiography, and quality differs in the northern, central, and
southern regions of the State.

In northern IHinois, where much of the streamflow is from stored
groundwater and the amount of flow is more stable, the mineral con-
tent of the water also has less variation. The water in streams is harder,
larg - because of the interchange of water between the ground and
the streams.

Continuing southward through the State, changes in physiography
lead to progressively greater variability in streamflows, decreasing hard-
ness, and a generally greater variability in mineral composition. Sur-
face waters in the southern parts of the State can also be expected to
have slightly higher temperatures than those in the north.

Quality Factors

The mineral quality of water is usually defined by a few key fac-
tors that have the greatest effect on general domestic and industrial use.
Some important measures for Illinois waters are total dissolved minerals,
hardness, iron, and nitrates.

The total mineral content includes all the mineral ingredients in
the water. High mineralization can make water unsuitable for domestic
and industrial purposcs. Water with a particulatly high mineral con-
tent may taste salty or brackish in varying degrees depending on the
concentration and kind of minerals in solution.

The Public Health Service Drinking Water Standatds recommend
that water should not contain more than 500 parts per million (ppm)
of total dissolved minerals. Mincralization of more than 1,000 ppm
can be faintly tasted. Waters of 3,000 to 4,000 ppm can hardly be called
palatable, and at 5,000 to 6,000 ppm livestock do not thrive. At about
18,000 ppm, water is injurious and if used continuously would causc
death. Sea water contains about 35,000 ppm dissolved minerals.

In Illinois more than 40 percent of the public groundwater supplics,
serving over a million people, exceed 500 ppm total dissolved minerals.
No public groundwater supply contains less than 150 ppm minerals. A
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few towns use waters of 1,500 to 2,000 ppm minerals. Up to about
2,000 ppm, the taste factor may be a matter of custom; in fact, a person
used to drinking water of 1,500 ppm minerals would have to become
accustomed to 500 ppm water.

Equipment that can demineralize limited quantities of water is avail-
able, but the process is too costly for general use. For exar e, th
of chemicals to demineralize 100 gallons of water containing 5.000
total dissolved minerals would be about one or two dog rs. ' is woula
be expensive water for lawn sprinkling, but the water for 16 a ; of
coffee would cost only one or two cents.

It is appropriate to note here that even sea water can be made
suitable for human use, but the methods now known are too costly for
large quantities that might serve as regular supplies for cities or industries.
Much research is now being conducted seeking more economical methods
of desalinizing sea water, since this woul 2 an important means of
actually enlarging the usable water resources in many parts of the world.
In certain areas of Illinois, there may come a time when desalination of
brackish groundwater would be feasible and desirable.

Water is considered 'hard’ when it contains large amounts of mag-
nesium and calcium. But, the distinction between hard an soft water is
relative. Persons accustomed to water of 250 ppm hardness consider
Lake Michigan water (130 ppm) soft; those use to softened water of
50 to 75 ppm hardness consider Lake Michigan water hard. In turn,
anyone who is accustomed to water softened in a home zeolite system
(0 to 10 ppm hardness), or to rain water, considers water of 50 to 75
ppm to be hard.

Hard water has a number of effects, very few of them good. Soap
and soap products do not clean properly in hard water. The insolul
calcium and magnesium soaps which are formed with hard water ave
a film on laundry and a white deposit on dishes.

Hard water causes scale to form in boilers or hot water heaters, be-
cause the solubility of calcium carbonate and sulfate salts an magnesium
hydroxide is lower at increased temperatures. Such scales increase fuel
costs and can create costly maintenance prc ‘ems. Chemical treatment
of water used in industrial boilers that produce steam and power is com-

mon and, in most cases, is an economic necessity.

More than 88 percent of the public groundwater supplies in Illi-
nois have a hardness greater than 200 ppm, and in over 26 percent of
these the hardness is greater than 400 ppm. About 20 percent of our
public groundwater supplies are now treated to reduce hardness to  ut
100 ppm.
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WATER USES AND PROE .EMS

Because Nature made no provision in our body for storing water,
we must always live near water to survive, and communities must be
located near an adequate source of water to thrive.

Although water’s use as a domestic supply may have first priority, it
is only one of the multiple uses of this vital natural resource. A stream
can support fish, be a source of water for agricultural crops and animals,
and a vital natural raw material for the development and very existence
of industry, water transportation, and water-related recreation. A stream
must often carry away the community’s treated domestic and industri
wastes.

The major uses of Illinois water resources are for municip :ies,
industry and electrical power generation, and agriculture. Much water

must be available also for shipping, waste treatment, recreation, ar
fish and wildlife.

Demands for water for all uses are much greater t¢ vy than they
were even 20 years ago. Part of this increased demand is the result of
population growth, but more water also is being used in each home for
more numerous water-using appliances. In addition, modern indi  ial
processes require greater amounts of water, as do many businesses.

We have seen earlier that water resources for Illinois are large and
are rencwed by generally abundant rainfall. But, we have also seen that
the distribution of this great water resource is irregular in both time
and place. Thus, the usable water supply for any one community has
natural limitations in amount and quality.

Problems concerning water then start with supply and demand—
having enough water of suitable quality available when and where it is
needed. Some other problems affect this basic one. These include prob-
lems of land uses that affect erosion, sedimentation, and drainage;
droughts and floods; and increased waste loads and pollution. Additional
problems concern meeting the water needs of fish and wili fe, and for
recreation.

As we look at some of the important uses of Illinois water resources,
we shall see some of the related problems and areas of conservation.
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Water for Cities

More than 80 percent of Illinois residents live in urban areas, ar

the water-supply systems that serve them make heavy demands upon
water resources.

Municipal water supplies are groundwaters or surface waters, treated
as nccessary to improve the quality and remove disease-producing or-
ganisms, and supplied for general use. The actual uses of this water
are myriad—for homes, schools, offices, stores and other businesses,
sometimes industries, city cleaning and sanitation, public swimming pools,
golf courses, and fire fighting. In each instance, modern use of water
is increased by more numerous water-using facilities and appliances, as
may be exemplified in dishwashers, automatic washing machines, and
lawn sprinklers for home use.

In )65 municipal water use totaled 1.76 billion gallons per day
(bgd), which over the State would average about 200 gallons a day per
person. However, this average does not present a true picture because
water use per person is much higher in large cities that have a high
concentration of business and industry. For Chicago and its suburbs
served by the Chicago Water System, the per capita water use is about
286 gallons per day.

In more residential towns and cities in Illinois, water use averages
around 100 or 125 gallons per person each day. Domestic water use
in rural areas may vary greatly from area to area, but would average
about 60 or 70 gallons per capita per day. This is in great contrast to
ancient times when each person in a village used 3 to 5 gallons of water

per day.

Water-Supply Systems

The first public water supply in Illinois was constructed in 1843
for the City of Chicago, using Lake Michigan as a source of water. The
pumping station for this system, which supplied about one-fifth of the
11 square miles of the city, provided about 2 million gallons of water
daily. This was the only public water system in Illinois for about 25
years or unt 1867 when public water supplies were installed at Spring-
field and Pecoria. Today Illinois has some 1,500 municipal water sup-
plies. In the future we can expect to see water-supply systems estab-
lished for groups of smaller towns and for rural areas, developing in
much the same way as rural electricity.







lation of the State. Some cities (Peoria is one example) draw upon both
groundwater and surface sources to maintain adequate supplies for grow-
ing populations.

A water supply for a city is very complex. It begins of course with

e natural resource of either surface water or groundwater. But the
resource must be  veloped into a water supply, which could mean
constructing impoundments or drilling wells. Then, there must be the
engineering works that move the water and allow pumping it from the
sup  source into treatment plants and then storage facilities, and on to
the distribution system which carries the water throughout the city de-
livering it fin vy into lines that connect directly to homes or business

aildings.

» small part of this very complex work is the continuing mainte-
nance of these facilities. The maze of pipe lines that form the distribu-
tion system, for example, must be checked for leaks and repaired, old

nes must be replaced from time to time, and new lines must be added
as a city grows. Actually, the control of leakage in water lines is an
important water conservation practice since in a sizeable city m ions of
gallons of fresh water may be lost in this way.

Water metering is another conservation measure that is being en-
couraged. In many cases, private residences are not now metered, and
the customer is charged a flat rate for water. Individual meters measuring
the amount of water used by cach customer tend to prevent wastage and
allow more efficient management of the total resource.

Water Treatment

Water treatment also is an important part of the water-supply task.
Water as it is taken from a natural source, that is, a river or lake or well,
is called ‘raw’ water. Raw water may sometimes be suitable for human
use, but ordinarily it must be treated to remove any harmful bacteria or
unwanted minerals.

The type of treatment that is necessary for any raw water depends
upon the intended use of the water. Treatment of water for drinking
or household use, for example, can differ greatly from treatment for
use by an industry. A municipal water supply should be clear, clean,
safe, and alatable; an industry often can use bacterially unsafe water
but may require a very low mineral content.

For the public water supply of one town in Illinois, raw water is
imped from a river into a treatment plant where the solid materials
are first removed. Lime and soda ash are next added to soften the water,
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use has remained the same the last few years. However, continuing
growth of industry will result in greater demand, even with continued
conservation and efficiency.

Cooling water for powcr generation accounts for 95 percent of the
total industrial water use. TFortunately, less than 1 percent of water
used for cooling is actually consumed. Most of it is returned to the
source unchanged except for a slight temperature rise. Some of it is
recirculated, which is a conservation measure.

The 5 percent used for purposes other than cooling becomes an
ingredient of a product or is used in processing a product. Major water
users in this category are stecl industries, mines and quarries, manu-
facturers, oil refineries, and processors of paper, cement, chemicals, bev-
erages, and food. Only about 4 to 6 percent of the water used in these
industries is consumed.

The amount of water required in the production of various prod-
ucts varies greatly. From 7 to 10 gallons of water is required in pro-
ducing 1 gallon of gasoline. It may take 25 to 35 gallons of water to
produce 1 case of No. 2 cans of vegetables. One ton of paper requires
about 50,000 gallons of water and a ton of synthetic rubber about 600,000
o ons.

&

Ir stries obtain their water supplies by various mecthods. Some
buy directly from a municipal water supply or a private water com-
pany. Others Jocate near lakes or streams and install intakes on these
surface sources. Where the groundwater supply is adequate, industries
may construct wells on their own property, and in some cases wells
have particular advantage to industry because the water may have a
consistent and desirable mineral quality and temperature.

By far the greatest part of industrial water, however, comes from
surface water sources such as Lake Michigan, the Chicago River and
its branches, and the Des Plaines, Fox, Rock, Illinois, Mississippi, Ohio,
and Wabash Rivers. Only 0.3 bgd is supplied from groundwater sources,
and most of this (0.232 bgd) is from seven counties—St. Clair, Madison,
Cook, Tazewell, Peoria, Will, and Winncbago.

Water for Power

At New Salem, visitors to this carly home of Abraham Lincoln
alongside the Sangamon River can see a reconstructed water wheel that
once turned a mill for grinding flour.
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of water for cooling and condensing. Illinois has more than 80 gen-
erating and distributing systems, which may be public systems, coopera-
tives, or private investments. The larger installations, mainly in north-
eastern Illinois where most of the electric power is expended, are lo-
cated on the Chicago Sanitary and Ship Canal, the Illinois River, Lake
- chigan, the Mississippi River, and the Rock River. Three new plants
using reservoir resources are near Marion, at Kincaid, and at Coffeen
in south-central Illinois.

In hydroelectric plants water is not consumed but merely passes
through the turbines and returns to its source, or is recycled back into
the operation. Steam-generating electric power plants likewise employ
water but consume little of it. It is returned to the original source with
only a slight increase in temperature.

However, the necessity for immense quantities of water in pro-
ducing electrical power presents a problem for the future when more
rge plants are needed. Since suitable water bodies are limited in Illi-
nois, power plants will need to reuse water extensively and are seeking
new and more efficient generating methods that do not require such
large water supplies.

Transport by Water

Natural waterways are an important factor in the development
of an area. Early settlers traveled along the Cumberland, the Ohio, the
Missouri, and the Platte, traversing almost the width of the Unit
States by water. The long St. Lawrence-Great Lakes-Mississippi system
he :d open interior North America.

Fortunate in the number of its streams, Illinois might be ca d a
state of rivers. Within its boundary lines, the Illinois River is the
only commercially navigable river today; however, bordering the State
are the Mississippi River, the Ohio River, and Lake Michigan which are
not only navigable, but connect Illinois with the Gulf of Mexico and
the Atlantic Ocean.

During the settlement of America, a need was felt to supplement
and connect the natur waterways by means of canals, many of which
continue in use today. The possibility of connecting the Illinois River
and Lake Michigan by a canal was noted as early as 1673 by Joliet and
. rquette.

The Erie Canal, v ich had been opened in 1825, along with the
Great Lakes and then the Illinois and Michigan Canal completed in
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Illinois Waterway. The present Illinois Waterway provides through-
navigation from the Mississippi River near Alton to Lake Michigan
with 2 minimum channel depth of 9 feet.

e waterways and ports of Illinois have an important and perma-
nent role in the State’s transportation system. The Mississippi and Ohio
Rivers, the Illinois Waterway, and the St. Lawrence Seaway form an
extensive 1 r system )r commerci navig on.

Since the Seaway was opened in 1959, the Port of Chicago has be-
come an important world export center. Grain, processed animal and
vegetable prc icts, and manufactured goods enter the foreign market
from Chicago. New iron ore deposits in Labrador were made accessible
to the Chicago steel industry by the Seaway.

Coal travels the Mississippi and Illinois system to fuel Chicago
power plants; grain is shipped by barge to New Orleans or Chicago;
petroleum is shipped from refineries to Illinois distributing centers.

Waterway improvement projects are being studied for the Illinois
system, the Illinois-Mississippi Canal, the Big Muddy and Saline Rivers,
and the Wabash. A navigation project on the Kaskaskia River is
underway.

The increasing demand for water-related recreation has prompted
proposals for recreational development of Illinois waterways. Most of
the proposals are for development of Illinois’ major rivers or conversion
of andoned commercial waterways for recreational use. The Fox
River canalization project is probably the only new recreational water-
way under construction in the United States.

Agriculture, Land, and Water

Water for Agriculture

More water is used for agriculture than for all other uses com-
bined when we consider the water used from the soil moisture reser-
voir for growth of vegetation. This use has first call on all precipita-
tion, 2 basic source of our usable water resource.

As we saw in the hydrologic cycle, the transpiration from growing
plants consumes about 33 billion gallons per day from our annual total
precipitation that averages 100 billion gallons per day. This is con-
sidered a consumptive use of water, since the moisture transpired from
plants goes directly back to the atmosphere as a vapor and is not avail-
able for immediate reuse for man’s needs.
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The use of soil moisture by vegetation is a natural, highly beneficial,
and practical use of this part of our water resource. Actually water
caught in the soil cannot be otherwise used directly, and as we shall
see later, vegetation (aside from its all-important food function) is ex-
tremely important in the land-water conservation cycle. If there were
no vegetation, rainwater would run off the land surface in great sheets,
eroding the soil and filling streams with sediment, and there would not
be time for adequate seepage to replenish groundwater.

In a humid climate such as Illinois, ture normally provides
more than ample precipitation for vegetation as well as other neec
Indeed, generous rainfall combined with flat terrain and deep glac
soils that hold much water make drainage a major problem for agri-
culture in Illinois. It is only during occasional drought periods in the
growing scason that growing crops use up available soil moisture before
it can be replenished, and require added water from irrigation for
normal growth and yields or, in extreme cases, for survival.

Other agricultural water uses include water for domestic use, for
watering livestock and poultry, and for spraying fruit trees. These
needs are supplied from wells, streams, and farm ponds. Altogether,
these uses amounted to about 113.5 million gallons per day in 1965.
This does not include water used for supplemental irrigation.

Amounts for specific uses vary widely. Farm homes may use from
20 to 100 gallons per person per day, depending on plumbing and
appliances. Poultry take about 6/10ths of a gallon each per day but
cattle require around 35 gallons a day per head. Spray solutions used
in a year on apple and peach trees in Illinois contain over 13 million
gallons of water.

Land Use and Water

Land and water are interlocking resources. The quantity and quality
of our water resource are closely tied to the condition and use of the
land resource. Abuses of the land create problems in both surface waters
and groundwater.

The usefulness of surface supplies greatly depends on watershed
protection against sedimentation and contamination. Watersheds must
be protected from erosion and managed so that they will provide a
maximum of clear water with a minimum of sediment.

Lrosion and Sedimentation. When rain falls on tilled land, it Joosens
tiny soil particles which are carried in suspension into drainage chan-
nels and then into streams and finally into lakes and reservoirs or into
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Conservation. Planting trees and grasses, sodding natural waterways,
and contour farming are several of many conservation measures which
help protect soil and water.

Whether they know it or not, people in all segments of the popu-
tion are concerned with conservation on the land. Soil and water con-
servation 1s not for farmers alone.

The agricultural soil and water conservation program of the  S.
Soil Conservation Service is based on soil surveys. These give erosion
and slope information, as well as knowledge of the soil types on in-
dividual farms, which is essential for development of sound farm con-
servation plans. A soil map then provides the basis for a land-capability
map, which delineates areas suitable for crop cultivation without special
problems, areas of caution suitable for only selected crops, and the
danger areas usually requiring protective plantings.

ecently, urban planners have come to recognize the value of using
soil surveys and land-capability maps in assigning land uses for urban
development. Such maps can be interpreted to show the soils that are
good sites for roads, private dwellings, schools, septic fields, commercial
areas, parks, and other urban facilities. At the same time, it shows soils
that are not suitable. The soils unsuited for homes, schools, or other
bui. ngs may be fine as sites for parks, golf courses, wildlife sanctuaries,
or agricultural crops. Attention to the appropriate land use in urban
areas could help to avoid serious soil and water problems such as flood-
ing of streets and basements, corrosion of utility pipes, poorly function-
ing septic tanks, and foundation failures.

Owners and users of agricultural land, with the aid of professional
conservationists and others, have alrez  made considerable progress in
applying conservation practices in Illinois. However, erosion is still a
major problem requiring conservation treatment on cropland. Other
important problems are excess water and some unfavorable soil con-
ditions. Altogether, some two-thirds of the Illinois’ cropland still needs
soil and water conservation treatment of some kind. In addition, much
pasture and woodland needs conservation treatment, improvement, or
protection.

Technological advances are expected to help meet the food and
fiber needs of large future populations, but the soil and water resources
on which to practice the modern methods and use the new machines
and chemicals must be preserved. Many and continuing land use ad-
justments will be needed for both regions and individual farms.
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through 1936, when many dry periods occurred over varying but ex-
tensive areas of the State. More recent notable droughts were in 1953-
1955 and in 1962-1964.

In general, precipitation droughts in Illinois are most frequent and
most severe in southern and southwestern Illinois and are least frequent
and least severe in northern and eastern Illinois.

Meteorological studies of Illinois droughts show that the basic wea-
ther condition lacking during severe droughts is strong convection. This
means that there are fewer days of heavy rain, fewer thunderstorms,
and fewer convective clouds. Such conditions occur when there is a

locking continental high pressure system in southern Canada that pre-
vents major storm systems from moving across Illinois. Scientists have
found that it is because of this lack of proper clouds and the lack of un-
stable conditions by which they might form that cloud-sceding to arti-
ficially induce rainfall is not successful during actual drought periods.

As we have already noted, the basic water resource for agriculture in
Illinois is the moisture in the soil, which is directly related to rainfall.
1 general, if rainfall is deficient, soil moisture is deficient. However,
the extent of the problem may vary because the kind of soil and the
kind of vegetation on it affect the amount of moisture retained in the
soil.

Because of the great variability of our rainfall from month to month
and year to year, droughts can affect agriculture and become a major
problem in southern Illinois where the variability is greater.

Agricultural drought begins when vegetation can no longer obtain
water from the soil to replace the amount being transpired into the at-
mosphere. Therefore, information about soil moisture conditions must
be available so that water can be supplied before vegetation wilts. Thus,
agricultural drought needs to be considered in terms of the water budget
for e particular area and crop requirements. As calculated on a month-
ly basis, the water budget shows the amount of moisture la ng in
the area.

Irrigation and Its Problems. The use of irrigation to combat short-term
agricultural drought is increasing even in Illinois, a humid state.

Only 307 acres were being irrigated in 1940, but irrigation had
increased to about 1,500 acres in 1950, and to more than 14,000 acres
in 1964. The amount in any one year has reflected weather conditions,
with sharp increases in dry seasons. Irrigation of our major crops, corn
and soybeans, has increased notably in recent years. Earlier, truck crops
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causing the ground surface to subside as much as 20 feet in places.
Along some coastal areas, salt water, which is not usable, has crept in
where fresh water has been withdrawn for irrigation. Still another
problem has been the leaching of minerals into soils from irrigation
water which has become mineralized from repeated use. This leaching
causes the ground to become alkaline and unsuited for crop production.

Research for the Future. Current scientific research on retarding evapo-
transpiration (the combination of surface evaporation and plant trans-
piration) may someday provide another solution to soil moisture prob-
lems during drought periods, a solution that does not strain valuable
fresh water resources as irrigation does.

In laboratory and field experiments, fatty alcohols that retard mois-
ture loss are applied to the soil. This lessens the moisture used in
evapotranspiration. In ecffect, plants would use only the moisture they
need for growth, and the rest would be preserved in the soil, thus being
available for the plants to use during dry periods. In some tests, corn
plants in treated soil have been grown with 20 to 40 percent less water
than plants in untreated soil. Other studies are being made of the use
of similar fatty alcohols to form a monomolecular film on water sur-
faces, which retards cvaporation and thereby conserves the water in
farm ponds and reservoirs.

Much more rescarch will be needed before such possible methods
may be of practical use, but scientists see their development as impor-
tant in meeting increased total demands for water in the future.

1 >ods an Their Control

Floods and flooding cause extensive and costly destruction through-
out Illinois. Few areas in the State are totally safe from the inundation
caused by the overflow or ponding of excess precipitation runoff. More
than 4 million acres of bottom lands in Illinois are subject to flooding,
about 11 percent of the land area of the State. This percentage of flood-
prone lands is twice the national percentage, which is about 5 percent.

Although Illinois has had a number of widespread and devastating
fioods on its major streams, the greater part of the annual flood damage
is the sum of numerous floods on small streams.

Floods in linois. The greatest floods of record were those of 1943
on the Illinois River and its tributaries and the Mississippi River flood
of 65, A major disaster, the 1965 Mississippi River flood created havoc
from Minnesota to St. Louis and caused approximately $25 million in
urban and agricultural losses in Illinois  ine.
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levees, and by-pass channels, or a combination of these. Regulatory
measures such as zoning, building codes, or construction limits are also
effective means to flood control.

Detention reservoirs, the most familiar flood control structures, re-
duce the quantity of discharge during flood periods by storing the water
in an upstream area for controlled release when downstream flows sub-
side. A detention reservoir may be either single- or multi-purpose in
design. The single-purpose reservoir is often used for control of head-
waters for agricultural protection. The multi-purpose reservoir is used
on larger streams or near centers of population where it can also be
managed for water supply, recreation, or other purposes. Operation of
cither type of reservoir requires that space allocated to flood storage be
emptied of water as soon as possible after a flood, in anticipation of the
next period of excess flow.

Multi-purpose reservoirs are often regulated to keep rather high
and stable water levels in summer for recreation and conservation needs,
but the water levels are then lowered in winter to be ready for heavy
spring rains. Use of a detention reservoir for flood control re¢ ces
downstream discharges and makes other control measures less costly.

Among other structural measures to reduce flooding, channel im-
provements have been common in Illinois, particularly in urban or other
arcas not suited for reservoirs. Channels are improved by cleaning,
straightening, or deepening, so that more water can move more rapidly
through them without overflowing. Many levees also have been con-
structed in  linois to contain flood waters within restricted channels
or odways, particularly to protect agricultural lands. Flood walls
serve a similar purpose to protect buildings near waterways in urban
areas.

Regulatory measures help reduce flood damage by preserving the
flood in lands to accommodate flood waters. This approach requires
local zoning ordinances, subdivision regulations, building codes, en-
croachment limits (areas where no construction is permitted), and other
controls on the use and development of property on the floodplain.

Flood forecasting of impending high flows, temporary evacuation
of floodplain lands, warning signs posted on flood-prone properties, and
flood-proofing of existing structures are supplementary measures that
help to lessen damages during flood periods. At present, forecasting
of floods on the larger rivers and streams of Illinois is usually effective
and v able. Unfortunately, it is extremely limited on the smaller
watersheds where the time lapse between precipitation runoff and peak
flow is quite brief.
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leisure time. In addition, the shorter work week and longer vacations
in our present society provide more leisure time, while automobiles an
transportation improvements give us greater individual mobility.

Our facilities for water-related recreation are inadequate today, it
we have many possibilities, especially in our river valleys, for develop-
ing outstanding recreational centers.

One of our urgent water problems is to preserve and develc  these
resources now to meet our growing outdoor needs in @ future. If
this is not done, the resources may soon be lost through city growth,
pollution, or incompatible land and water uses. Governmental agencies
are working on programs that would ensure recreational developments
in coordination with other uses of our surface water resources.

Part of our recreation problem stems from the fact that Illinois
has fewer acres of public open-space in relation to its population than
any other state in the Nation. At this time over 94 percent of the I 1
area and 85 percent of the water area of the State are in private own-
ership and thus not open to the public. Public open-space is only
565,178 acres or 5.7 acres per 1,000 population. To add to the pr em,
nearly half of this space is in extreme southern Illinois, far removed
from the Chicago region where 62 percent of the people live. Recrea-

tional necds and space problems are greatest near all urban centers in
Ilinois.

Water Activities and Resources

Swimming is the top ranking water-related recreation in the Nation
today. It is relatively inexpensive and can be enjoyed by all age groups.
Except for a few private and municipal beaches, most Illinois residents
have had to depend on urban pools for swimming. Illinois Beach State
Park on Lake Michigan is the only public beach in the entire State Park
system.

The problem of keeping water pure enough for swimming 15
been the main deterrent to beaches in parks or other natural swimming
facilities in lakes and streams. Recreationists hope to enlarge swimming
opportunities in Illinois through sanitary control measures. For ex-
ample, new city water-supply rescrvoirs through the State and the seven
new Corps of Engineers multi-pu  sse reservoirs could provide exten-
sive swimming possibilities if warter-quality needs are properly consid-
ered. Quality is actually of greater concern for swimming an other
body-contact water activities than for water supplies because water for
drinking is processed through treatment plants before being used.
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Increased popularity of boating has caused many of the favored
boating waters to become overcrowded. In addition to more water
space for boating, better access to water and boat service centers are
needed.

Although interest in fishing has leveled off in recent years, sport as
well as commercial fishing is still big business. [n some cases poor water
quality and pollution have degraded the quality of fish and made sport
fishing less desirable.

Illinois has 2,068 impoundments of over six actes for a total water
surface of 152,143 acres, and fishable rivers and streams total 9,351
miles. However, a recent study shows that 96 percent of these impound-
ments and 85 percent of the streams are privately owned and controlled.
Public fishing waters are especially lacking near urban centers.  1c
thousands of farm ponds in Illinois have provided family fishing oppor-
tunities, and an increasing number of farm owners are developing small
fishing-lake resorts which supplement farm incomes and open up local
fishing possibilities.

Attractive suburban pond provides recreation, or an emergency
supply of water
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A stream’s capacity to purify itself depends on its physical charac-
teristics such as its size, depth, velocity, slope, and the variable amount
of runoff reaching it, as well as on its chemical and biological makeup.

Obviously, small streams have less waste-assimilation, or s -purifi-
cation capacity, than large rivers, and this capacity can easily be exceeded
during periods of warm weather and low flow. This is of increasing
concern in Illinois, where waste loads have increased on relatively small
streams in the prairies as the result of expanding towns and industry
and agricultural changes.

Sanitary Systems and Treatment

As towns and cities grew, our citizens soon realized that streams
could not do the waste-disposal job alone. Thus, sanitary sewer systems
and sewage treatment plants were developed to protect public health.

In another section we mentioned the very complex municipal ter-
supply system. Equally complex for our cities is the sanitary system that
carries used water and wastes away from our homes and business build-
ings. F a the home the water drains through waste pipes into sewer
mains, through which it flows to the sewage treatment plant or direc
to a point of discharge into a flowing stream.

The sewage treatment plant utilizes much the same principles as
the river in transforming wastes into harmless substances and purifying
the water so that it can be used again. Municipal or domestic raw
sewage is 99.9 percent water; the rest is solid or liquid wastes from
homes and businesses, primarily organic material.

In the treatment plant solids are first screened and settled out of
the waste water; then bacteria that feed on sewage solids are added
and the mixture is agitated or aerated to increase the dissolved oxvgen
and thereby speed the digestive process. The wa  again is allowe to
settle before being discharged as clear water. Even this clear effluent
(outflow) from a sewage plant must be disinfected with <! rine or
some other chemical before it is safe to drink. The solids that were
removed in the plant are generally acted upon by bacteria in the absence
of oxygen, in temperature-controlled tanks or  gesters, converting a
portion of the organic matter to odorless gases which may be used as
fuels. The solids remaining after digestion also must be disposed of ar
in some cases may be dried and used as fertilizer or fill.

There are several methods and degrees of waste treatment. Vary-
ing procedures may be used so that an increasingly greater percentage
of oxygen-consuming organic materials, solids, and perhaps specifically
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undesired inorganic materials can be removed. Treating industrial wastes
may require special filters that can exchange, for example, a toxic metal-
lic waste for a harmless substance.

Such advancing degrees of waste treatment add progressively to
the cost. If the receiving stream is to be used for swimming or water-
skiing, for example, additional treatment and disinfection is required,
which is more expensive. Greater degrees of waste treatment are n ed
when the receiving stream carries a waste load near or beyond its sclf-

“ification capacity.

More than 80 percent of Illinois residents live in areas served by
complete sewer systems and sewage treatment works. A few hundred
small towns in Illinois, most with less than S00 population, do not have
sewer systems, but as small towns grow they find it necessary to install
such svstems to protect health and correct local nuisances. Some resi-
denti velopments in rural areas and farm homes depend upon septic
tanks for waste disposal, but these are sometimes incfficient or unsatis-
factory, and great care must be taken to avoid contamination of soils
and groundwater sources.

In conserving the quality of our water resources, one of our great-
est nceds is adequate treatment of industrial and municipal wastes be-
fore they are discharged into streams. Methods for generally adequate
treatment are now known: the problem lies in financing and building
new or expanded sewer systems and treatment facilities fast enough to
keep up wi  the rapid growth of cities and industries.

Sources and Indicators of Pollution

Although pc tion may come from almost any source, we are most
concerned with pollutants from municipal, industrial, and agricultural
wastes. P utants in municipal wastes are primarily human wastes, and
although we have seen that natural or common treatment processes take
care of these easily, it is important that adequate treatment exist to
assure destruction of pathogenic or disease-producing organisms which
are always potentially present.

Industrial wastes are myriad. They include toxic  tals and chem-
icals, solids carried in suspension, salt brines, acids and alkalies, oils, and
dyes. Some of these may be a special problem in that they are not
casily decompose by conventional sewage treatment, and some inter-
fere with treatment for organic wastes. Consequently, many industries
must pretreat their wastes before they discharge them into municipal
sewerage systems. Large industries or those that have special problems
may have their own treatment facilities.
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> determine v ether pollution is occurring, sanitary engineers
check several key indicators of pollution. One of the most important in-
dicators is a igh biochemical oxygen demand, or BOD, combined with
a low dissolved oxygen content in streams. The BOD measure indicates
the amount of organic pollution present by measuring the oxygen-con-
suming ability of the waste. A high demand for oxygen means that
e waste load is large; a low dissolved oxygen measure at the same
time indicates that the load may be straining the waste-assimilation ca-
pacity of the stream. The oxygen content should be high enough to sus-
tain fish and aquatic life.

Other important indicators of pollution include unhealthy concen-
trations of disease-producing bacteria, turbidity mostly from silt, un-
sightly floating and accumulated solids, obnoxious odors, color, and
above-normal amounts of the nutrients that over-stimulate aquatic plant
growth. All of these indicators are checked and tested to analyze wastes,
and then to prescribe appropriate waste treatments and pollution controls.

Control of Pollution in Illinois

Water pollution control in Illinois is administered under the 1951
Sanitary Water Boas  Act, which declared it to be the public policy of
the State to maintain reasonable standards of purity of the waters of
the State consistent with their use, including their use for transporting
and diluting wastes.

ae Sanitary Water Board consists of the Directors of the Illinois
partments of P ic Health, Conservation, Agriculture, and Public
Works and uildings. Two additional members are appointed by the
Governor; one representing municipalities and one representing in-
dustry. The technical secretary of the Board is the State Sanitary En-
gineer and the technical staff are the sanitary engineers of the Illinois
Department of Public Health. This board has the power to determine
the existence of pollution and to establish regulations for municipal and
industrial waste treatment and treatment facilities. Penalties can be
ir osed for violation of the Sanitary Water Board Act.

The method and degree of waste treatment required in Illinois de-
pends upon the amount and kind of wastes, and upon the character and
capacity of the receiving stream. Each situation is considered individually.
The use of the water farther downstream also must be considered. It
is not required that water be returned to the stream unimpaired in
quality, and in most cases it is not economically feasible to do so.
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The quality desired, and therefore the treatment needed, has :en
determined in part by classifying the uses of individual streams and
separate portions of longer streams. Legitimate uses of streams change,
and the citizens of Illinois have in recent years  cided that an im-
proved level of quality should be maintained.

Pollution control measures have been and will be adjusted to such
changes. The increase in recreational use of streams and lakes for bo
ing and fishing has required greater pollution control. Impoundment of
streams in reservoirs as a source of public water supply also increases
the need for higher degrees of sewage treatment.

In most cases, the dissolved oxygen content is the control in de-
termining pollution, and the goal is to maintain stream quality that will
support fish and aquatic life. Streams which meet this standard are suit-
able for use for water supply, recreation with partial body contact,
and for wildlife or livestock watering. Use of lakes and streams for
body-contact recreation such as swimming or water skiing re ires
more waste treatment and disinfection. It is recognized that some sm
streams in heavily populated areas cannot be maintained for all >ssible
uses, but they can be managed so as not to create a nuisance.

The job ahead is great. Most rivers and streams in Illinois are
polluted to some degree. None of them have been damaged beyond re-
covery—but none are suitable for swimming. In many linois waters good
sports and commercial fish have disappeared, leaving less favorable spe-
cies, and there are no fish in a few streams in southern coal mining
areas polluted by acid wastes from mines. Fish kills, however, are usua
the result of one-time accidental spills of toxic materials. Pollution is
generally greatest near urban sewage outlets. Many streams have pollu-
tion problems in summer when the temperature is high and stream-
flow is low.

Clean streams and a high level of water quality must be restored
and maintained if we are to use our water resources for multiple pur-
poses. Our ability to make repeated use of water in effect increases the
size of the resource. Thus, quality will actually determine the quan-
tity of our usable water resources for the future.



FOR FURTHER STUDY

Water Agencies

A number of state agencies have responsibilities for the manage-
ment and development of water resources in Illinois. The services of
these agencies are available for consultation on water problems. Infor-
mation from each agency is available upon re 1est.

Division of Water and Natural Resources, Department of Business
and Economic Development, Springfield, Illinois. The Division of Water
and Natural Resources provides the State with the mechanism for co-
ordinating its own efforts in water resources development and planning.
Programs and activities of this Division include the preparation of 2
state water plan as a guide for future water management. This work
is aided by the services of the Technical Advisory Committee on Water
Resources.

Division of Soil and Water Conservation, Departiment of Agriculture,
Springfield, Illinois. s Division administers the  ate Soil and Water
Conservation Districts Law. It has the responsibility for developing and
carrying on a water conservation program in cooperation with land-
owners and operators and with other agencies of federal, state, and
Il governments. Its water conservation program is carried on through
technical help to the 98 organized soil conservation districts in Illinois.

ae Division provides supplemental land surveys and preliminary in-
vestigations on approved watersheds in the preparation of watershed
plans ar  designs for works of improvement.

State Mining Board and Division of Oil and Gas, Department of Mines
and Minerals, Springfield, Illinois. The Mining Board has the authority to
prohibit the drilling of wells which would poilute iresh water sup-
plies by oil, gas, or salt water. Permits must be obtained from the Board
for di ing all water, gas, and oil wells and for plugging wells. The

ivision of G and Gas processes applications for permits to dri for
oil and gas and water, and maintains records to insure an orderly de-
velopment of our natural resources.

State Sanitary Water Board and Division of Samitary Engineering, De-
partment of Public Health, Springfield, llinois. Water pollution control
is the prime responsibility of the Sanitary Water Board. The Board re-
views plans and specifications for proposed waste treatment facilities.
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It also investigates sources of pollution and :omotes water quality
control by the routine sampling of all surface waters. The Division of
Sanitary Engincering acts in a supervisory capacity relative to the sani-
tary quality and adequacy of proposed and existing public water sup-
plies and water treatment and purification works. It is also responsible
for the bacteriological safety of public water supplies and public swim-
ming pools.

Division of Waterways, Department of Public Works and Buildings,
Springfield, Illinois, The Division of Waterways designs and supervises
the construction of projects authorized by state legislature, including
dams, levees, sea walls, and other types of water control structures. The
Division is responsible for the improvement, maintenance, or repair of
state owned bridges and exercises regulatory control over all construc-
tion in the public waters of the State. It also maintains an inventory
by county of all waters in Illinois and collects data on navigability and
related 51 =cts.

Divisions of Engineering, Fisheries, Game, and Parks and Memorials,
Department of Conservation, Springfield, Illinois. The prir 7 res 1si-
bility of the Engineering Division is to correlate all planning, engincer-
ing, construction, and land acquisition for the several Divisions of the
Department of Conservation. These projects include park and recrea-
tional developments; facilities for public hunting and fishing; public
access to major waterways and lake developments; water supplies, sani-
tation, power, and other utilities necessary for public use of conserva-
tion properties. The Division of Fisheries maintains a continuous in-
ventory of all waters of the State, including natural and artificial lakes,
ponds, and streams, and a field inventory of fish in streams in imp ant
watersheds throughout the State. It also studies fish conservation prob-
lems in connection with water pollution. The Division of Game deter-
mines the best possible use of all natural resources as they affect game
numbers, distribution, and harvest. Its programs are directed toward
the restoration of wildlife food and cover as a means of increasing game
populations. The Parks and Memorials Division is responsible for ac-
quiring, developing, and maintaining parks, conservation areas, nature
preserves, and other scenic and natural areas for the enjoyment of the
people of Illinois.

State Water Survey Division, Department of Registration and Educa-
tion, Urbana, Illinois. The Water Survey is responsible for the scientific
study of the water resources of Illinois. It studies the quantity and
quality of waters and meteorological factors affecting water resources;
develops methods of water use, measurement, and conservation; and
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seeks to extend the water sources that are becoming inadequate. Re-
search activities of the Water Survey are organized under five sections:
hydrology, chemistry, hydraulic systems, atmospheric sciences, and water
quality.

cation, Urbana, 1llinois. The Geological Survey works closely with the
Water Survey in the research and public service of groundwater supplies.
Its groundwater reports apply primarily to the occurrence, movement,
quality, and quantity of water in the various aquifers of the State.

Natural History Survey Division, Department of Registration and Edu-
cation, Urbana, Illinois. The Natural History Survey is concerned with
pollution as it affects fish and wildlife populations through Illinois. It
is responsible for projects involving insects, plants, fishes, and wildlife,
and the lands and waters they inhabit.

Selected Rea ng Material

1e following books and pamphlets have been selected for further
reading concerning water and special phases of water conservation prob-
lems. These materials are available in most school or public libraries,
or can  obtained from the publishers. Publications of federal agencies
may be obtained from the .S. Government Printing Office, Washing-
ton, D. C. 20402.

A Primer on Ground Water. Helen L. Baldwin and C. L. McGuiness. U.S.
Geological Survey. 1963.

A Primer on ater. Luna B. Leopold and Walter B. Langbein. U.S. Geo-
logical Survey. 1960.

Are We Running Ount of Water? Raymond L. Nace. U.S. Geological Sur-
vey Circular 536. 1967.

Conquest of the Land through 7,000 Years. W. C. Lowdermilk. U.S. Soil
Conservation Service. Agricultural Information Bulletin 99. 1953.

Conservation of Ground Water. Harold E. Thomas. McGraw-Hill Book
Co. 1951.

Conserving Owur Soil Resouwrces. E. D. Walker, W. F. Purn , and H. R.
Beeson. Division of Conservation Education, Office of Superintendent
of Public Instruction, Springfield, Illinois. 1956.

Drinking Water Standards. U. S. Public Health Service. 1962.

Everyday Weather and How It Works. Herman Schneider. Whittlesey
House. )51.
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Fish Comservation. Alvin C. Lopinot. Division of Conservation Education,
Office of Superintendent of Public Instruction, Springfie.  Illinois.
1965.

Forest, Wildlife, and Recreational Resomrces. Atlas of Illinois Resources,
Section III. Department of Registration and Education, Springfield,
Illinois. 1960.

Grass or Gullies. E. D. Walker and R. C. Hay. University of Illinois, Col-
lege of Agriculture Extension Service Circ r 593. 1957.

Ground Water and Wells. Edward E. Johnson, Inc, St. Paul, Minnesota.
1966.

Lllinois Canoeing Guide. lllinois Department of Conservation, Boating
Section, Springfield, Illinois. 1967.

Lllinois Water Supply. Water Resources Committee, Illinois State Cham-
ber of Commerce, Chicago, Illinois. 1956.

Meteorology. W. am L. Donn. McGraw-Hill Book Co. 1965.

Mineral Resomrces. Atlas of Illinois Resources, Section II. Department of
Registration and Education, Springfield, Illinois. 1959.

Of Men and Rivers. Virginia S. Eifert. Dodd, Mead and Co., w York.
1966.

Outdoor Recretation in Illinois. Department of Business and Economic De-
velopment, Springfield, Illinois. 1965.

Teaching Game Conservation. Alvin C. Lopinot. Division of Conserva-
tion Education, Office of State Superintendent of Public Instruction,
Springfield, Illinois. 1961.

The Population Challenge. Conservation Yearbook Series, U.S. Depart-
ment of the Interior. 1966.

The Quest for Quality. Conservation Yearbook Series, U.S. Department
of the Interior. 1965.

The Third Wave. Conservation Yearbook Series, U.S. Department of the
Interior. 1967.

Transportation. Atlas of Illinois Resources, Section IV. Division of In-
dustrial Planning and Economic Dev pment. | :ing d, ] s.

1960.

Water. Luna B. Leopold, Kenneth S. Davis, ar Editors of Life. Time,
Inc. 1966.
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Water for America: Story of Water Conservation. Edwai  Graham and
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