THE HARDNESS OF ILLINOIS MUNICIPAL WATER
SUPPLIES.

EDpwARD BArTOW.

It is not the purpose of this paper to show the advantages
of a soft water. We are all agreed that a soft water is best.
The large majority of the municipalities of Illinois have hard
waters, and therefore what we wish to know is how to make
them soft and when it is practicable to do so.

Whenever it is necessary to purify a water for drinking
purposes an additional installation to soften the water is com-
paratively inexpensive. The same is true when it is found
necessary to remove the iron from a water supply. To soften
a hard but pure and clear water would mean a complete in-
stallation for softening purposes alone. In the latter case
there will therefore be much hesitation on account of the ex-
pense before general softening plants are established. In
all plants also there is a reluctance to treat all of the water
supply when a soft water is not needed for all purposes.

Railroads are finding it profitable to soften the waters used
in their locomotives, and plants for water treatment are in
operation on all of the principal lines. The matter is of so
much importance to them that an extended report has been
made by the Committee on Water Service of the American
Railway Engineering and Maintenance of Way Association*.
The Committee discusses the matter from the standpoint of
use in locomotives quite fully. What has been found practi-
cable in locomotive practice may be extended to general boiler
uses or even to domestic practice.

The whole supply of a municipality may be softened or,
where this is impracticable, plants may be established by the

*Am. Ry. Eng. and Maintenance of Way Assn. Bull. No. 83, Jan. 1907.
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larger consumers, or even household softening plants may be
erected. In order to furnish the chemical data necessary for
such treatment the accompanying table has been prepared.

The samples of water analyzed have been sent to the Water
Survey from the various towns by the water-works men, the
city officials, or by other citizens. The Water Survey has not
been able to collect the samples itself, and thus can not be ab-
solutely certain that the samples are authentic. The probabil-
ity is that most of them are all right.

The analytical work reported has been done in the Laboratory
of the State Water Survey at the University of Illinois during
the past fifteen years. There is a possibility that some of the
waters have changed in character, but most of the well supplies
are very stable.

Ninety-seven of the 216 separate sources of supply within the
State have been examined. The analytical data which is need-
ed to determine the method of water softening is given. Most
all of the analyses are reported in full in a Bulletin of the
State Water Survey.*

The mineral content given in the table shows hypothetical
combinations which have been calculated from the ionic con-
tent by calculating bases in the order, potassium, sodium, am~
monium, magnesium, calcium, iron and aluminum, to the acid
ions in the order, nitrate, chloride, sulphate and carbonate.
By using this order the waters can be divided into several
classes. To facilitate comparison we made three classes.

Class I. Includes those waters which contain more than
enough sodium to unite with all of the nitrate, chloride and sul-
phate ions. These waters would, therefore, contain sodium car-
bonate, and possibly the carbonates of magnesium, calcium and
iron. The waters of this class will form a sludge or soft scale when
used in boilers. They may have a high soap-consuming power
when used for laundry or in the lavatory. The hardness, which
would necessarily consist of the carbonates of calcium and mag-
nesium, will be almost entirely removed by boiling, or by treat-

*University of Illinois Bulletin, State Water Survey Series, No. 5.
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ment with the necessary amount of lime. The relative cost of
softening by boiling and by lime is given by Collett* as 50 to 1.

Class II. Includes those waters which have sufficient sodium
to unite with all the nitrates and chlorides and with part of the
sulphates present. These waters contain the sulphate of mag-
nesium and sometimes the sulphate of calcium, iron and alu-
minium. The waters of this class will form a scale more or less
hard, according to the proportion of sulphate present. Their
soap-consuming power may be high, and boiling will not re-
move all of the hardness. Boiling will remove the carbonate
hardness, but the sulphate hardness will remain. Lime will
remove the carbonates, but soda ash or caustic soda must be
used to change the sulphates to sulphates of sodium.

Class III. Includes those waters in which the sodium is not
present in sufficient quantity to unite with all the nitrates and
chlorides present. These waters will therefore contain mag-
nesium chloride. The hardness may be due to chlorides, sul-
phates and carbonates of magnesium, calcium, etc. These waters
will be corrosive, and will form a hard scale and pit when used
in boilers. They will also consume a considerable quantity of
soap, and the hardness will not all be removed by boiling. As in
Class II lime will remove the carbonates, but soda ash or
caustic soda must be used for the mineral acid hardness.

It is noted that the waters of the second class are most com-
mon, there being 64 waters in this class. The first class is next
in order with 32 waters, and the third class numbers 10.

Most of these waters will yield to treatment, the exception
being those containing a large residue. These may be softened,
but because of the necessary addition of sodium salts in the
softening process the foaming constituents will be increased so
that they will be unsatisfactory for boiler uses. With the ex-
ception of the waters just mentioned, it is possible to so treat
the Illinois waters that corrosion will be prevented and the
scaling ingredients reduced to less than 85 parts per million (5
grains per gallon).

*Water Softening and Purification, London, 1908, p. 3.
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The amounts of sodium carbonate (soda ash, Na,Co;) and
lime (CaO) needed to treat the waters were calculated, using
factors as follows:

Magnesium chloride, MgCl, to Soda ash, Na,CO,..1.1130
Magnesium sulphate, MgSO, to Soda ash, Na,CO,... .8311

Calcium sulphate, CaSO, to Soda ash, Na,CO;..... 7792
Sodium carbonate, Na,CO, to Lime, CaO.......... .5287
Magnesium chloride, MgCl, to Lime, CaO.......... .5889
Magnesium sulphate, MgSO, to Lime, CaO......... .4659
Magnesium carbonate, MgCo, to Lime, CaO......... 1.3300
Calcium carbonate, CaCO, to Lime, CaO............ .5600
Parts per million to grains per gallon.............. .05833
Parts per million to pounds per thousand gallons.... .008345

The amounts are calculated on the basis of pure soda ash
and pure lime, and no account is taken of the residual carbonate
of calcium and magnesium which can not be removed. Practice
would probably show that the approximate cost is therefore a
trifle high. The amount of soda ash present has been included
in the calculation of the lime needed for the waters of Class
I. This is according to the laboratory experiments of Bartow
and Lindgren.*

The results are given in parts per million, grains per gallon
and pounds per thousand gallons. This will make it con-
venient for treatment on a large or small scale. Those desir-
ing to soften water for use in the household, where the whole
supply is not softened, may soften from a few gallons up by
adding the calculated amount. We have tried the experiment
with the water at the University of Illinois on a laboratory
scale, using 30 liters of water; and on a household scale, using
1,000 gallons of water. The Champaign and Urbana water
supplies are in this way softened so that the soap-consuming
capacity is very much decreased and so that the possibility of
staining white goods from the iron present is entirely eliminated,
and there is no danger of clogging the water-backs in the ranges.

Should plans be made to soften the water furnished from

*Bartow and Lindgren, Proceedings of the Am. Water Works Assn. Vol. 27,
page 505, (1907.)
Univ. of Illinois Bulletin, State Water Survey Series, No. 6.
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streams it is necessary to consider that the waters vary from
day to day and that no specific rules can be laid down for the
treatment. The results given are the averages. The analyses
which are marked (a) are average analyses covering a period
of one year, and were made by Mr. W. D. Collins, Assistant
Hydrographer of the United States Geological Survey, and Mr.
C. K. Calvert, Field Assistant of the United States Geological
Survey, under the cooperative agreement with the State Water
Survey, State Geological Survey, and the University of Illinois
Engineering Experiment Station in a study of the streams of
Illinois.

The cost of treatment has been calculated on the basis of
lime at $6.00 per ton and soda at $1.00 per hundred. The cost
at any place can be readily calculated by noting the relation
between this estimated cost and the actual cost on the spot.

The above illustrates one of the lines of work planned for
the survey. We wish to make analyses of all the supplies, and
we wish also some day to have the privilege of collecting our
own samples.

As an illustration of the possibility of success in water
softening, I will mention an incident. My own cistern was
dry, so I arranged to treat 1,000 gallons of water. When I
was about to begin my wife expressed the wish that I ex-
periment on some one else. The experiment was carried out,
however. A few days later I was informed that the water I
had treated was better. A few days later my attention was
called to some curtains. “Don’t they look nice? They were
washed in the water you treated.” I had thus one convert to
water softening.
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