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DETAILS OF PLANT OPERATION-(Coutimted) 

DISINFECTION 

MATERIALS USED 

1. Need for Disinfection.-,Vater that has been efficiently 
treated by the processes of coagulation, sedimentation, and 
mechanical filtration, or by sedimentation and slow sand 
fi ltration, should be nearly free from bacteria. However, the 
complete removal of bacteria is seldom accomplished by these 
treatments and, among the bacteria that remain, there may 
be types that cause disease. In order to remove any possibility 
of danger from disease, the water should be t reated with some 
chemical that will kill bacteria but will not affect the health of 
human beings or the taste or appearance of the water. In other 
words, the chemical should be applied to filtered water as an 
added factor of safety. If the raw water is so clear that neither 
settling nor filtering is necessary, the application of a chemical 
may be the only treatment that is required. 

When all organisms in the water are dead, the water is said 
to be sterile, and the process of killing the organisms is known 
as sterilization. However, the treatment of water with chem
icals to kill the organisms is commonly known as disinfection, 
which, strictly speaking, means merely the killing of organisms 
that cause disease. As a matter of fact, the almost universal 
use of chlorine as a sterilizing or disinfecting agent has brought 
about the somewhat general adoption of the term chlori11aliou 
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206 OPERATION OF 

for the process of disinfecting water supplies. Chlorination may 
be defined as the continuous and accurate application of definite 
quantities of chlorine per unit of fluid to produce a specified 
residual of chlorine in the treated fluid. 

2. Types of Treatment.-The most widely used process 
for disinfecting water, and the only one at present satisfactory 
for large supplies, is that of applying liquid chlorine. Calcium 
hypochlorite [ Ca( OC/)2], which is also known as hypochlorite 
of lime or bleach and is a compound of chlorine in a powdered 
form, is used for emergency supplies, camps, and small instal
lations. When used in the form of hypochlorite, the cost of 
chlorine is higher and its application is more difficult. 

Several other types of treatment have been tried for experi
mental purposes. So far, the use of ultra-violet rays has not 
proved satisfactory for large supplies or for turbid water, but 
apparently has some merit in such places as swimming pools. 
In some places, lime has been used as a disinfectant, as it has 
been found that a disinfecting action takes place when enough 
lime is added to raise the pH value of the water above 9.5 and 
caustic alkalinity is thus produced. This process is advan
tageous where the water is softened by the use of lime and soda: 
ash. Ozone is also used as a disinfectant to a minor extent. 

In England, and to a smaU extent in the United States, 
waters that contain much organic matter have been treated with 
potassium permanganate, which oxidizes the organic matter and 
thus reduces the amount of chlorine required for disinfection. 
Usually, permanganate is used when the organic content is so 
great that the required chlorine dosages would produce tastes in 
the treated water. The amount of permanganate used is between 
0.05 and 0.2 part per million, as larger dosages may cause tastes 
that are as undesirable as those due to an excessive amount of 
chlorine. 

3. Advantages of Use of Chlorine.-Aithough the most 
important function of chlorine in water-works operation is that 
of killing pathogenic bacteria, numerous other functions are 
performed by chlorine. Among these is the use of chlorine 
in the control of the growth of algae. Chlorine is used in con-
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junction with ammonia or activated carbon in ~e control of 
tastes and odors. It is used with ferrous sulfate m coagulation 
processes. It is also used to remedy cracking in sand filters 
and to reduce the growth of crenothri..x. In fact, chlorine is one 
of the most important materials in a water-treatment pLant, and 
every plant operator should be familiar with its various uses. 

4. Action of Chlorine.- The exact method by which 
organisms in the water are killed by chlorine is not definitely 
known. The bactericidal action is usually ascribed to the 
chemical combination of the chlorine with the water, resulting 
in the formation of hydrochloric acid and the release of oxygen, 
which combines with the organic matter present. The bacteria 
are included in the organic material and are thus killed. Chlo
rine may exert a direct toxic effect that wiU kill the bacteria. 
It is also possible that the disinfection is brought about by a 
combination of these hvo actions. 

LIQUID CHLORINE 

5. Properties of Liquid Chlorine.- Chlorine is normally a 
gas, but it may be converted into liquid form by subjecting 
the gas to pressure. Liquid chlorine is sold in tightly-sealed 
metal containers, which vary in size from those holding 100 
pounds of chlorine to those holding 2,000 pounds. At a tem
perature of 70° F., the pressure in a tank containing liquid 
chlorine is about 100 pounds per square inch; but the pressure 
increases as the temperature rises and is about 135 pounds at 
90° F. Special grades of liquid chlorine are desirable for water
works use, because only very small dosages are applied and 
the presence of impurities that are sometimes found in chlorine 
for industrial use may interfere with the application of the 
proper amount. 

01lorine gas is extremely irritating to the mucous membrane 
and is suffocating. A concentration of 1 part of chlorine in 
50,000 parts of air causes inconvenience, and exposure for 5 
minutes to a concentration of 1 part in 1,000 may cause death. 
Therefore, caution should be exercised to prevent any leaks 
which will permit the escape of chlorine into the atmosphere. 
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Every plant should be equipped with a gas mask and a complete 
instruction chart for emergency first-aid procedure. 

6. Required Quantity of Cblorine.-When chlorine is 
added to water, it reacts with the organic matter in the water. 
The amount of chlorine required for a complete reaction depends 
on the amount of organic matter. In general, the presence of 
residual chlorine in the treated water is accepted as an indication 
of the efficiency of the chlorination process. l\'lost waters are 
satisfactorily chlorinated if the residual chlorine is 0.1 to 0.2 
part per million 10 minutes after the chlorine has been applied. 
More residual chlorine may cause tastes, and less cannot be 
relied on for effective disinfection. The test for residual 
chlorine in the final effluent should be made at least once each 
day and preferably several times during the day. Methods for 
making this test are given in OperaJion of Water-Treatment 
Plaut s, Part 2. 

The dosage for filtered waters varies from 1.5 to 5 pounds of 
chlorine per million gallons of water. However, dosages of 
chlorine are usually recorded in parts per million, and pounds 
per million gallons can be reduced to parts per million by 
dividing by 8.34, which is the weight of a gallon of water. 
Thus, if 3 pounds of chlorine are used per million gallons of 
water, the chlorine dosage would be reported as 378.34=0.36 
part per million. 

7. Types of Cblorinators.-To be effective, chlorine must 
be applied continuously and in certain definite quantities. 
Liquid chlorine is fed to water by a special apparatus called a 
chlorinator, which takes the chemical from the cylinder, meters 
it, and delivers it to the water. The chlorine is in the form of 
a gas when it enters the chlorinator, as the relatively high pres
sure that is produced in the cylinder is not maintained in the 
chlorinator. There are two general types of chlorinators, 
namely, solution-feed chlorinators and direct-feed chlorinators. 
By means of a solution-feed machine, a- measured quantity of 
chlorine is mixed with a definite quantity of water before it is 
conducted to the point of application in the water main or 
filtered-water reservoir. ' Vith a direct-feed chlorinator, a 
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measured quantity of the chlorine is fed di~ectly into the water 
main or the reservoir. Solution-feed chlonnators are generally 
preferable. 

Ftc. 1 

8. Solution-Feed Chlorinator.- There are several types of 
solution feeders for chlorine. l\lost of them operate under a 
vacuum, but there are also semi-vacuum and non-vacuum solu-
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tion feeders. The manufacturer of each piece of apparatus fur
nishes instructions for the operation and care of all equipment. 

In Fig. 1 is shown a sectional view of a vacuum solution
feed chlorinator manufactured by the Pardee Engineering Com
pany. The chlorine container is connected directly to the pipe a, 
and the supply of chlorine may be turned on or off by means of 
the shut-off valve b. ·when the valve is open, chlorine flows 
into the vacuum valve c, in which a small vacuum is created 
by a diaphragm in the valve. This vacuum causes the chlorine 
gas to flow through the pipe d, the control valve e, and the 
orifice f and into the riser g. Also, when the valve in the water 
line at h is open, water flows into the injector case i. Some of 
this water flows through the pipe j to the water float valve k. 
\iVhen the level of the water reaches the weir /, the water over
flows into the reservoir m. As the water level in the reservoir 
rises, the float n also rises and shuts off the flow into the float 
valve k. Some of the water flows under pressure from the float
valve well through the tube o to the meter overflow p and spills 
into the riser g. A meter tube, or manometer, q indicates the 
rate of flow of chlorine in pounds per 24 hours. 

A certain portion of the water in the injector case i is 
forced through the injector r, and a suction is thus created in 
the riser orifice s. This suction causes the chlorine gas to flow 
through the orifice and also raises the level of the water in the 
riser to the level of the entrance of the orifice. Hence, some 
additional water is also forced through into the injector. Finally 
a mixture, or solution, of water and chlorine is discharged 
through the tube t into the water main or clear-water reservoir. 

The gages u and v indicate the respective pressures in the 
water line and the chlorine tank. In an actual installation, 
these gages and also the control valve e and the manometer q 
are in front of the panel board w, so that they can be easily 
read or operated, as the case may be. An overflow pipe :r is 
instaUed in the water reservoir m in case of accidental flooding 
or breakdown of the apparatus. 

When the chJorinator is to be started, the valve h should be 
opened while the control valve e is still dosed. Next, the 
shut-off valve b is opened and then the control valve e is 
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opened just far enough to permit the flow of the desired quan
tity of chlorine. \ iVhen the chlorinator is to be stopped, the 
shut-off valve b should be closed and the water should be per
mitted to run through the valve h for a while so as to remove the 

' 

gas from the apparatus. 

9. Direct-Feed Chlorinator.-In 
Fig. 2 is shown a diagrammatic view 
of a direct-feed chlorinator manufac
tured by the Wallace and Tiernan 
Company. The chlorine flows from 
the storage tank through the tubing 
a to the chlorinator, where it first 
passes through a compensator b and 
a control valve c. Once the control 
valve is set for a certain flow, the 
compensator main~ns that flow 
regardless of temperature or pressure 

0 
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FIG. 2 

changes in the inlet line. Then the chlorine passes through the 
orifice meter d, which is connected to a manometer e that indi
cates the rate of flow directly. The gage f shows at all times the 
pressure in the tank of chlorine, and the gage g indicates the 
pressure within the chlorinator. After the chlorine passes 
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through the meter, it is forced through the shut-off valve h 
and into the sight-glass i. This shut-off valve !I permits the 
metering device to be disconnected from the sight-glass i in 
case the apparatus is to be put out of service for some time. 
The sight_-glass is filled with anti-flooding material, which pre
vents mOisture from coming in contact with the chlorine that 
remains within the apparatus when it is taken out of sen•ice. 
Corrosive action is thus retarded. There is also a: blow-off 
valve j to. relieve the pressure within the chlorinator when any 
of the vanous parts must be disconnected. The chlorine passes 
from the sight-glass to the check-valve, or back-pressure valve, k 
and from there through a silver tube 1 to a special diffuser m 
wit_hin. the w~ter_ main 11. This diffuser is heated by electricity, 
whtch JS earned m the rubber-covered cable o. 

~0. ~p~lication of Liquid Chlorine.-The cylinders in 
whtch ltqmd chlorine is usually stored are connected to the 
~hlorinators by non-corrosive tubing. The cylinders that are 
lD use should be kept on platform scales in order that the 
weight of chlorine actually fed to the wat~r each day may be 
recorded .. This weight is cl1ecked against the computed dosage 
to detenrune whether the chlorinators are operating properly. 
Thus, for a dosage of 4.5 pounds of chlorine per million gallons 
of water and a daily flow of 5 million gallons of water the loss 
of weight per day from the chlorine cylinders should be 4.5 x 5 
=~2.5 pounds. If the chlorine is drawn from any 100-pound 
cylmder a~ a rate greater than 40 pounds per day, there will be 
an e..'\:cesstve drop in temperature. In case more chlorine is 
needed per day, either several 100-pound cylinders should be 
connected to the chlorinators, or a larger cylinder should be 
used. 

The temperature should never be permitted to drop below 
50~ F. In cold climates, it is necessary to supply heat to the 
qrlmders of chlorine. An electric heating unit is most satis
factory for keeping the proper temperature. Howeyer, a coal 
stove, lanterns hung on the cylinder, or even a single electric
light bulb in a well-insulated room have all been used with 
success. The temperature at the cl1lorinator should be main-
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tained higher than that at the cylinders, in order to prevent 
condensation of the gas as it enters the chlorinator. 

Before a cylinder of chlorine is attached to a chlorinator 
approximately 1 pound of the chlorine should be blown off, o; 
wasted, in order to remove any impurities that may have col
lected near the top of the cylinder. Such discharging should 
be done outdoors, so that the gas may escape into the air 
without danger of dantage to equipment or harm to individuals. 

In order to avoid any undue stress on the valves of a chlori
nator, each valve should be operated slowly and carefully and 
with only a slight amount of pressure. 

11. Precautions With Chlorine.-Chlorine gas will corrode 
all metal parts in the presence of moisture. Therefore, leaks 
in the chlorinating apparatus may cause serious interference 
with the efficiency of the apparatus and also may mar the appear
ance of the equipment. Corrosion may be greatly retarded by 
applying a coating of vaseline, heavy oil, or light grease to all 
metal parts. 

If chlorine gas is leaking, there will be a sharp penetrating 
odor in the room. Except where the leak is e>.1:remely small, 
the valve on the chlorine cylinder should be closed immediately. 
In any case, the room should be aired thoroughly. The loca
tion of the leak may be readily determined by opening the 
cylinder valve a small amount and then holding an unstop
pered bottle of ammonia near the various parts of the chlori
nator. If gas is escaping, the chlorine and ammonia will unite 
at the point of leakage to form ammonium chloride, which 
appears as dense white fumes. 

The chlorine apparatus should be placed in a separate room, 
and this room should preferably have both a window and a 
door that opens into the outside air. Such an arrangement 
provides good ventilation and greatly facilitates repairs in case 
of a chlorine leak. In Fig. 3 are shown a plan and a longi
tudinal section of a typical building containing an office, a 
pump room, and a chlorination room. Each room has a separate 
entrance from the outside, and there is no direct connection 
between the chlorination room and either of the other rooms. 
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12. Duplication of Equipment.-In order to insure con
tinuous satisfac~ory disi~fection, duplicate chlorinating appa
ratus should be mstalled m any plant. Thus, in case of an acci-

F1c. 3 

dent to, or stoppage of, the regular equipment, the chlorination 
~ay be _continued by use of the stand-by apparatus. A typical 
mstallahon of duplicate chlorinating equipment is shown in Fig. 
3. Duplicates of all the important parts of the chlorinators, such 
as gaskets and control valves, should also be kept in stock at the 
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treatment plant. This will facilitate quick repairs in case of 
mmor breakdowns. In general, the operator should not attempt 
to make major repairs to chlorinating apparatus; but, in case a 
chlorinator needs repairs, he should communicate immediately 
with the manufacturt!r of the particular machine. If there is no 
reserve apparatus at the plant, the manufacturer or the State 
Board of Health will usually loan a machine to the plant until 
the defective machine is repaired. 

\Vhen apparatus is to remain idle as stand-by equipment, it 
should be disconnected, thoroughly cleaned, protected by a 
coating of oil or grease, and kept in a dry place. Also, all 
openings in it should be plugged to keep moisture out of the 
interior. 

EXAMPLES FOR PRACTICE 

I. The Aow of water is 2.9 million gallons per day. If the chlorine 
dosage is to be 0.4 part per million, how much chlorine will be needed 
daily? Ans. 9.7 lb. 

2. If 20 pounds of chlorine are required for the treatment of 7.8 
million gallons of water, what is the dosage in parts per million? 

Ans. 0.31 p.p.m. 

CALCIUM HYPOCHLORITE 

13. R easons for Using Calcium Hypochlorite.-When 
methods for disinfecting water supplies were first introduced, 
it was found that satisfactory sterilization could be attained 
by introducing a solution of calcium hypochlorite into the water. 
This chemical is commercially available either as bleach or as 
high-test hypochlorite. Bleach normally contains only about 24 
to 35 per cent of available chlorine and, since it is not stable, 
its strength decreases on e..-..posure to air. High-test hypo
chlorite, which is manufactured under such names as H. T. H. 
and Perchloron, contains about 70 per cent of available chlorine 
and is more stable than bleach. 

There are instances when it is necessary to install a tem
porary chlorination plant, or a plant must be built with mate
rial that is readily available, or only a limited amount of money 
may be invested in chlorination equipment. Such cases occur 
in small towns and camps. The use of calcium hypochlorite 
is then advisable and essential. 

IU 
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14. Methods of Applying Calcium H ypochlorite.-\Vhen it 
is necessary to install a hypochlorite-feeding apparatus for per
manent use, some type of conunercial equipment is advisable. 
Also, the usual sludge deposits from the insoluble materials 
in the hypochlorite may be avoided by purchasing a prepared 
solution that is free from all suspended matter. However, 
home-made emergency equipment may be installed either to 
meet a temporary need for feeding hypochlorite or when the 
purchase of commercial equipment is pending. The hypochlo
rite must be thomughly mixed and agitated in a tank, and the 
solution must then be allowed to stand long enough to permit 
the undissolved particles to settle out. 'Vooden or concrete 
mixing tanks are preferable. Since the solution loses strength 
when exposed to the air, the tank should be covered. 

Flc. 4 

Commercial hypochlor ite feeders are of two general types, 
namely, volumetric and orifice. In a volumetric feeder, a known 
amount of solution is delivered at desired intervals, as by the 
stroke of a. pump. In an orifice feeder, the solution is measured 
by being discharged through an orifice under a constant head 
or pressure. One type of volumetric feeder, which is manu-
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factured by Proportioneers, Inc., is illustrated in Fig. 4. A 
motor a drives a crankshaft which operates a small plunger or 
diaphragm i~ the chamber b. The hypochlorite solution is thus 
drawn from a container through the line c and is delivered 
through the line d to the desired point. The dosage is con
trolled by varying the strength of the solution and by regulating 
the length of stroke of the crankshaft. 

In Fig. 5 are shown a front view in (a) and a side view in 
(b) of an emergency plant for applying bleach or high-test 
hypochlorite. The powdered material is placed in the mixing1 
barrel a, which is filled with water through the pipe b. Then 
the mixture is agitated by means of the blades c, which are 
operated either by a crank or by a small electric motor. After 
thorough agitation, the mixture is allowed to stand quiet so that 
the lime sludge may settle to the bottom. \Vhen the suspended 
matter has settled out, the liquid is discharged into one of the 
barrels d through the valve e, which is placed about 3 inches 
above the bottom of the barrel a so as not to draw off any of the 
sediment in the barrel. 

From the bar rels d, one of which is in use while the other is 
being filled, the hypochlorite solution passes through the feed
pipe f into the feed-tank g. The liquid in this tank is main
tained at a constant level by the float-valve II, so that the head 
on the orifice i is always constant and the rate of feed is uniform. 
A pipe j is provided to deliver the solution to the desired 
point. Lead pipe will resist corrosion longer than pipe of any 
other common metal, but galvanized-iron pipe is satisfactory and 
costs considerably less than lead. 

15. Dosage of Calcium Hypochlorite.-The same amount 
of chlorine is necessary when treating water with hypochlorite 
as with liquid chlorine, but the percentage of chlorine con
tained in the hypochlorite must be considered. · The per cent 
of available chlorine is always marked on the outside of each 
container in which the hypochlorite is shipped. 

ExAMPLE.-It is required to treat 500,000 gallons of water per day 
with 0.3 part per million of chlorine. If the disinfectant is in the form 
of bleach that contains 33~ per cent of available chlorine, how many 
pounds of the bleach are needed to treat the daily flow of water? 



218 OPERATION OF 
WATER-TREATMENT PLANTS, PART 4 219 

SoLUTIO~.-Since the available chlorine in the bleach is 331 per cent, 
1 lb. of chlorine is contained in 3 lb. of bleach. Also, since a dosage of 1 
part per million of chlorine is equivalent to 8.34 lb. of chlorir.~ per mil
lion gal. of water, the weight of bleach needed to treat 1,000,000 gal. of 
water with 1 p.p.m. of chlorine is 8.3-4X3=25.02 lb. 

For a flow of 500,000 . gal. per day and a dosage of 0.3 p.p.m. of 
chlorine the required weight of bleach is 

- 500,000 - -2:>.02X x0.3=3.t., lb. Ans. 
1,000,000 

Since a solution of hypochlorite is apt to lose strength while 
standing, it is generally desirable to mix the solution in the 
feeding barrels in such quantities and of such strength that 
each barrel will contain just enough solution to treat the 
water used in one day. Satisfactory results are usually obtained 
when the solution contains 2 per cent, by weight, of hypochlorite, 
but weaker solutions may be employed to advantage for rela
tively small daily flows. The volume of solution that is mixed 
should be somewhat greater than the amount actually needed to 
treat the water, because the solution barrel is not emptied com
pletely. Thus, in the case considered in· the preceding e."Xample, 
somewhat more than 3.75 pounds of hypochlorite and a 
corresponding amount of 'vater would be mixed each day. 
If it were desired to make up a 2ro solution containing 4.5 
pounds of bleach, the required volume of solution would be 

4.5 =27 
0.02x8.34 

gallons. 

EXAMPLES FOR PRACTICE 

1. The flow of water to be chlorinated is 160,000 gallons per day, 
and a chlorine dosage of 0.35 part per million is desired. H ow much 
Perc/Jioro11, with 70 per cent of available chlorine, will be required each 
day for disinfection? Ans. 0.67 lb. 

2. With a flow of 72,000 gallons per day, and a chlorine dosage of 
OA part per million, how much hypochlorite with an available chlorine 
content of 28 per cent will be required in a day? Ans. 0.86 lb. 

3. How many gallons of solution containing 2 per cent of hypochlorite 
are required, if a total of 1 pound of hypochlorite is to be used? 

Ans. 6.0 gal. 
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CHLORI NE AND AMMONI A 

16. Advantages of Chlorine-Ammonia T reatment.-\Vhen 
a water supply that contains phenols, which are oily or tarry 
wastes from coke-oven and wood-distillation plants, is treated 
with sufficient chlorine to bring about disinfection, the treated 
water will have an e..xtremely disagreeable taste because of 
the formation of chloro-phenol compounds. Ho\\·ever, if 
ammonia (.N H 3 ) is added to the water just before the chlorine 
is applied, there is no noticeable taste in the treated water. 

Besides the elimination of tastes, the use of ammonia with 
chlorine has other advantageous features. The ammonia and the 
chlorine combine to form chloramines, which are relatively 
stable compounds with effective disinfecting qualities. Being 
stable, the chloramines do not react rapidly with organic com
pounds, but continue to act as disinfectants in the distribution 
system. Thus, although the disinfecting action of ch.loramines 
is somewhat slower than that of chlorine, the delayed sterilizing 
action of the chloramines is useful under many conditions. 
It is merely necessary to allow a longer period of contact with 
the water for satisfactory reactions. 

Another advantage of the chlorine-ammonia treatment is its 
adaptabil ity to small treatment works where the rate of water 
consumption varies greatly and che chemical feeders are manu
ally operated. The ammonia acts as a dechlorinating agent, 
in that it reacts with the chlorine to form harmless chloramines. 
In such cases, the heavier doses of chlorine and ammonia 
necessary for the maximum consumption of water may be con
tinued during periods of lower consumption without objection
able results. The cost of either constant attention or automatic 
control of the application of chlorine ~vould greatly e..xceed the 
cost of adding ammonia. 

It has a lso been found that the application of comparatively 
heavy doses of chlorine to raw water containing phenols 
destroys the phenols instead of forming chloro-phcnols. In 
this case, the taste of chlorine persists in the water after the 
phenols are destroyed, and ammonia may be applied in the 
fi ltered-water reservoir to react with the excess of chlorine. 
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The addition of both chlorine and ammonia is effective also 
in treating water containing certain types of algae. 

17. Application of Ammonia and Chlorine.-Ammonia 
gas, which is obtainable in cylinders that a.re similar in design. 
to those for storing chlorine, is applied dtrectly to the water 
that is to be treated. Ammoniators, or devices for applying 
ammonia to the water, are identical in construction with direct
feed chlorinators but different materials are needed in the 
fittings because ~f the action of ammonia o~ the silver .tubing 
commonly used in chlorinators and the action of c~lorme on 
other materials. Therefore, the parts of ammomators and 
chlorinators are not interchangeable; nor should either type 
of machine be used for applying the chemical for which it is 
not intended. Ammonium salts may be applied by any of the 
various devices used for feeding coagulants. 

\Vhere it is essential to remove tastes that are caused by the 
reaction of chlorine and phenol compounds in the water, the 
ammonia must be tl1oroughly mixed with the water before the 
chlorine is added. Otherwise, the chlorine will react with the 
phenols immediately, and the ammonia will not r~~ove ~he 
resulting tastes from the water. H owever, where d~smfectmg 
properties alone are desired, the chlorine a~d ammoma may be 
applied together, or either one may be apphed ~st. 

Since the reactions for disinfecting are constderably slower 
with chlorine and ammonia than with chlorine alone, it is 
usually necessary to allow a period of contact of at least 2 
hours bet\\·een the chlorine and ammonia and the water supply. 
\Vhere the water can be stored in the clear-water reservoir 
for at least 2 hours, the treatment may be applied to the filtered 
water. 

18. Dosage of Ammonia and Chlorine.-No general rule 
can be followed for dosing water with chlorine and ammonia, 
as the actual amounts of the two chemicals and the ratio of 
one amount to the other must be adjusted for each particular 
water supply. A common ratio for disinfecting purposes only 
is one-third as much ammonia as chlorine. However, for 
preventing phenol tastes, the required amount of ammonia 
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may be as great as, or even greater than, the amount of chlorine. 
The dosages of chemicals are usually based on the results of 
the orthotolidin test for residual chlorine. \Vhen this test is 
made on water to which both chlorine and ammonia have been 
added, a reaction period of 10 to 30 minutes is required instead 
of a period of 5 to 15 minutes, in order to aJiow for the slow 
reaction of orthotolidin and chloramines. Also, the residual 
chlorine should be considerably higher for chlorine-ammonia 
treatment than for plain chlorine treatment. Usually from 
0.2 to 0.5 part per million of residual chlorine is provided. 
Because of the stable qualities of the chloramines, this high 
residual may be maintained without the use of excessive amounts 
of chemical. 

OTHER APPLICATIONS OF CHLORl NE 

19. I n some cases, the bacterial content of the raw water 
is so high that chlorine is added to the water before the filtra
tion process in order to reduce the load on the filters. Such 
treatment is known as preclllorinatiou. 'When iron compounds 
are used for coagulation, prechlorination may aid in the coagu
lation process by furnishing additional oxygen. If the · water 
is treated with chlorine at two different points in the treatment 
plant, the chlorination process is known as double chloriuation; 
and, if more than two treatments are used, the process is called 
multiple chloriuation. 

Application of chlorine so as to leave an excessively large 
residual is known as superchlorination. In superchlorination, 
the dosage of chlorine is usually from 1 to 3 parts per million. 
Ordinarily, superchlorination is used to help in the removal <>I 
tastes and odors. The residual chlorine must be reduced before 
the water can be used by the co~sumer. Such reduction, 
which is known as dech/oriuation, is made after the chlorine 
has been in contact with the water for 1 or 2 hours, and is 
accomplished by the application of ammonia, sodium thiosul
fate, sodium sulfate, or sulfur dioxide. Any of these substances 
may be applied as a solution, but the sulfur dioxide may also 
be applied in the form of a gas, in the same manner as chlorine. 
\~'hen sulfur dioxide is used, the dosage is commonly between 
0.3 and 0.6 part per million, and the contact period ranges from 
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10 to 15 minutes. \Vhere there are no phenols in the water, 
potassium permanganate may be used to oxidize organic matter 
that would otherwise absorb chlorine and cause tastes. Another 
method of dechlorination that is very effective consists in 
passing the water through a filter of granulated activated 
carbon. This last method is especially advantageous for the 
dechlorination of supplies in which the chlorine is applied at a 
constant rate but the water consumption varies. The carbon 
filter will remove the excess chlorine, irrespective of the con-

centration. 
ULTRA-VIOLET RAYS AND OZONE 

20. Disinfection by Ultra-Violet Rays.- In the disinfec
tion of water by the use of ultra-violet rays, the water flows 
in a thin sheet past a speci.al lamp from which the rays emanate. 
The action of the rays kills the bacteria and, under favorable 
conditions, also destroys the spores. Moreover, there appears 
to be some residual bactericidal effect which protects the water 
against immediate reinfection. Treatment with ultra-violet 
rays has no effect on the taste of the water. 

2l. Use of Ozone.-Ozone is a form of oxygen in which 
each molecule contains three atoms. These three-atom mole
cules are not stable and they readily break down into two
atom molecules with the release of nascent o>.-ygen, which 
accomplishes disinfection. The ozone must be thoroughly mixed 
with the water to produce efficient disinfection. Satisfactory 
mixing may be obtained either by forcing the ozone upward 
through a tower filled with pumice stone while the water trickles 
downward, or by confining the water in a tank and allowing the 
bubbles of ozone to pass upward through the water. 

SOFTENIN G 

METHODS OF REMOVING HARDNESS 

22. The removal of the substances causing hardness in 
water is not essential in order to make the water safe for use. 
Therefore, tlu! decision as to whether or not a particular water 
supply should be softened usually depends on the relation 
between the cost of treatment and the saving to the consumers 
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in the cost of soap and other materials and in the cost of 
maintaining plumbing fixtures and other equipment. 

There are two common methods for softening water, namely, 
the lime-a11d-soda-ash process, generaHy known as the lime-soda 
process, and the zeolite process. In the first-mentioned process, 
the lime and the soda ash act on the soluble compounds of 
calcium and magnesium and convert them into insoluble forms, 
which are either precipitated or removed by filtration. In the 
zeolite process, the water is passed through a filter composed of 
zeolites, which are insoluble double silicates of aluminum or iron, 
or of both, with sodium bases. \Vhen a zeolite is used for 
water softening, the sodium base is exchanged for the calcium 
and magnesium in the water. In other words, the calcium and 
magnesium originally contained in the water combine with ele
ments in the zeolite, while the sodium from the zeolite takes 
the place of the calcium and magnesium in the water. The 
resulting sodium compounds in the water do not cause hardness. 

In water-treatment processes for municipal supplies, the 
total hardness is seldom reduced below 50 parts per million, 
and the carbonate or non-carbonate hardness is seldom brought 
below 35 parts per million. 

LIME-SODA PROCESS 

23. Reactions of Chemicals.-The particular form of the 
lime-soda process that is applied in the so(tening of a municipal 
water supply will depend somewhat on the size of the plant and 
on the degree of hardness of the water. In general, when 
hydrated lime [Ca( OH)2] is added to the water, it reacts with 
the calcium bicarbonate [Ca(HC03 ) 2 ), magnesium bicarbonate 
[Mg(HC03)z ], magnesium sulfate (MgS04 ), and magnesium 
chloride (Mg Cl2) to form the insoluble compounds calcium 
carbonate (Ca C03 ) and magnesium liydroxide [Mg(OH)2] 
and the soluble compounds calcium sulfate (CaS04 ) and 
calcium chloride (C.a C/2) . The reaction between calcium bicar
bonate and lime is: 

Ca (HC03 )2 + Ca (OH)2 = 2 Ca C03 + 2 H20 
calcium calcium + lime = b + water bicarbonate car onate 
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The soda ash (N02 C03 ) is added to react with the calcium 
sulfate and the calcium chloride to form insoluble calcium 
carbonate (Ca C03 ) and soluble sodium sulfate (N02S04) and 
sodium chloride (NaCl). The reaction between soda ash and 
calcium sulfate is as indicated by the formula 

caso4 + N02 co3 = ca co3 + N02 so4 
l · soda calcium sodium caCJum + = + 

sulfate ash carbonate sulfate 

Sodium sulfate and sodium chloride are not objectionable 
in the amounts ordinarily resulting from softening processes. 
In some plants, it is only necessary to remove the carbonate 
hardness by the addition of lime. Then the calcium sulfate 
and calcium chloride are allowed to remain in the water and 
soda ash is not required. 

Most of the insoluble compounds that are formed by the 
addition of lime in the softening process will settle out if the 
treated water is passed through a settling basin, but some of 
the insoluble material tends to remain in a finely-divided 
state in the clarified water. These finely-divided particles 
may be deposited on the filter sand, on the underdrains of the 
filter, or in the pipes of the distribution system. This difficulty 
may be overcome by treating the partially-clarified water with 
carbon dioxide before it reaches the filters, usually by forcing 
carbon-dioxide gas through the water as it flows from the sedi
mentation basin to the filters. In this process, which is known 
as recarbo11atiou, the carbonates combine with the carbon dioxide 
to form soluble bicarbonates that do not easily precipitate. It 
is also possible to remove the fine particles by passing the water 
through a specially-.designed tank, called a precipitator, in which 
mixing, coagulating, and settling are combined. Another 
method by whicl1 the water may be stabilized so that calcium 
carbonate will not be deposited in the distribution system is by 
treating the water with small amounts of sod.ium hexametaphos
phate (NaP03)G. 

24. Treatment Process in Softening With Recarbonation. 
The apparatus commonly used in the lime-soda process of 
softening is similar to that used for chemical coagulation and 
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rapid sand filtration. The lime and soda ash are added to the 
ra.w water either separately or together and are mixed thoroughly 
With the water. Then flocculation and settling are allowed to 
take place, and the partially-clarified water is passed to the 
filters. In order to obtain good results the times allo d f . . , we or 
m1xmg and settling should be somewhat longer than those for 
ordinary ~agulation processes. The use of me<:hanical mixing 
apparatus ~~ perhaps even more desirable in the softening treat
ment than m the coagulation process. 

In some plants, it has been found that excellent results are 
obtained by the use of the required amount of soda ash and an 
amount of lime in excess of that actually required. This 
treat~ent r~u~ts in the rapid formation of a floc and produces 
caust1c alka!Jmty. The chemicals are mi."ed thoroughly in 
the water, and the floc is then allowed to settle. After the 
settling pr?Cess, the excess lime in the water is neutralized by 
recarbonahon. The carbonated water is filtered. 

Better results may be obtained by the use of a double treat
ment. The first part of this treatment consists in applying soda 
ash and an excess of lime, as in the process described in the 
preceding paragraph; mixing these chemicals with the water· 
allowing t~e floc to settle; and neutralizing the excess lime b; 
recarbonatlo~. Then, each of these treatments is repeated in a 
separate basm. In the second mixing basin, either more coagu
lant or some of the sludge from the first settling process is 
added to the partially-softened water. The effluent from the 
second carbonation tank is passed through a filter. 

\ Vhen wat.er is softened by the lime-soda process, the total 
content of d1ssolved minerals in the water is reduced by the 
removal of the substances causing hardness. Also free carbon 
dioxide is eliminated. As a result, there is no r~idual bicar
bonate alkalinity. the total alkalinity is decreased and the 
pH value is increased. ' 

25. Required Quantities of Lime and Soda Ash.-The 
amount of lime required for softening water is determined from 
the amounts of free and half-bound carbon dioxide and of 
magnesium that are present. The half-bound carbon dioxide 
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amounts to 44 per cent of the bicarbonate alkalinity. In gen
eral, the number of pounds of pure lime required to absorb 
the free and half-bound carbon dioxide in a million gallons of 
water is equal to about 10!1 times the total number of parts 
per million of free and half-bound carbon dioxide. Also, the 
number of pounds of pure lime required to pre<:ipitate the 
magnesium in a miJlion gallons of \Vater is equal to about 19 
times the number of parts per m.illion of magnesium in the 
water. 

Theoretically, the correct amount of lime has been added 
when the test for alkalinity indicates that the phenolphthalein 
alkalinity is one-half the methyl-orange alkalinity. In prac
tice, however, it is usually desirable to maintain a caustic 
alkalinity of about 10 to 50 parts per million, and it is therefore 
customary to provide enough lime to make the phenolphthalein 
alkalinity slightly greater than one-half the methyl-orange 
alkalinity. 

The number of pounds of soda ash required to remove the 
non-carbonate hardness from a million gallons of water is 
equal to about 9! times the non-carbonate hardness in parts 
per million. However, it is customary to remove only a portion 
of the non-carbonate hardness. Therefore, only the number of 
parts per million to be removed is multiplied by 9-! to deter
mine the required dosage of soda- ash. 

26. Test for Determining Probable Results of Plant 
Treatment.-In order to determine the probable results that 
will be obtained by the application of the computed dosages of 
lime and soda ash to the water, tests are made in jars in a man
ner similar to that used in testing chemicals for coagulation. 
Calculated quantities of lime and soda ash are added to a 
sample of the water in a jar, the mixture is stirred for about 
30 minutes, the floc is allowed to settle for 10 or 15 minutes, 
and then about one-half of the supernatant liquid is siphoned 
off. This liquid is wanned to 120° F. and is passed through 
a filter paper. The filtered water is checked for alkalinity by 
add.ing sulfuric acid to a sample of it, first with phenolphthalein 
and then with methyl orange as indicator. 
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27. Method of Feeding Chemicals.-The types of dry
feed or solution-feed apparatus that are used for feeding coagu
lating chemicals are also used for feeding lime and soda ~h. 
Lime for softening may be purchased as either hydrated lime 
or quic~li~e. Hydrated lime is preferable in small plants 
beca~se 1t _1s ~!ready slaked and will not deteriorate so easily 
as wdl QUJckhme. However, hydrated lime costs more than 
quicklime. The lime may be fed to the water either dry or as 
milk of lime. A careful control of the amount of lime that is 
being fed to the water is necessary. 

Soda ash is generally fed dry, but in small plants it may be 
desirable to mix the soda ash with the lime and to feed both 
chemicals to the water in a single solution. The reactions will 
be the same whether the lime and soda ash are applied to the 
water at the same time and point or at different times and 
points. 

28.. Recarbonation.-A line diagram of a simple recar
bonatJon plant is shown in Fig. 6 (a). A mixtm·e of carbon
dioxide gas and other gases is produced by burning coke in 
the stove a. These gases then pass through the pipe b into 
the scrubber c, in which they are cleaned and cooled as they 
~ass upward through a bed d o£ limestone that is kept con
tmually wet by means of water trickling from the pipe e. The 
cleaned gases are partly dried by a thick layer f of excelsior 
which serves as a moisture trap, and then are led by means of 
the pipe g to a tank h containing steel chips, which remove 
whatev~r moisture remains in the gases and also active oxygen 
that m1ght tend to cause corrosion later on. From this tank 
the gases are fed through the pipe i to the compressor j, which 
forces them through a series of diffuser pipes k into the car
bonation chamber l. There the carbon dioxide mixes with the 
settled water that is to be recarbonated. The arrangement 
o~ the diffuser pipes is shown in plan in view (b), in which the 
dtffusers k are connected to the header 111 • 

. Carbon-dioxide _gas can be produced in several other ways 
mstead of by burnmg coke, but any recarbonation plant includes 
a gas producer, a scrubber, a moisture trap, a drier, a com-
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pressor, and a diffuser. The gases that enter the compressor 
must be dry and free from active mqrgen, in order to prevent 
corrosion of that machine. The header, as in view (b), should 
be large enough to carry the output of the compressor without 
undue loss of pressure because of friction. The laterals may 
be i-inch or l-inch pipes that are spaced about 12 inches on 

centers and contain small holes about 12 inches apart. Only 
a short detention period in the carbonation chamber is needed 
to permit the carbon dioxide to combine with the calcium car
bonate in the water. 

29. Required Quantity of Carbon Dioxide.-The equation 
for the reaction by which calcium carbonate and carbon dioxide 
form calcium bicarbonate may be written as follows: 

Ca C03 + C02 + H20 = Ca(HC03)2 
calcium carbon calcium 

+ . .d + water = b. bo carbonate dJOXI e 1car nate 

A definite amount of carbon dioxide is required to react with 
a given quantity of calcium carbonate. The ratio of the 
weight of carbon dioxide to the weight of calcium carbonate is 
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44 to 100. T herefore, 1 part per million of calcium carbonate 
requires 0.44 part per million of carbon dioxide. Since water 
weighs 8.34 pounds per gallon, the required weight of carbon 
dioxide in pounds per million gallons of water is 0.44 X 8.34, 
or 3.7, times the number of parts per million of calcium car
bonate in the water. Usually, an additional 25 per cent of 
carbon dioxide is fed to the scrubber of the recarbonation 
plant to allow for the loss of carbon dioxide in the scrubber 
and the drier. Hence, the weight of carbon dioxide in pounds 
per million gallons of water that is generally provided is 3.7 
+ ( 3.7 X 0.25) or 4.6 times the number of parts per million of 
normal calcium carbonate. This amount of calcium carbonate 
is the carbonate alkalinity and is determined from the phenol
phthalein alkalinity and the methyl-orange alkalinity. When 
the phenolphthalein alkalinity is either less than or equal to 
one-half of the methyl-orange alkalinity, the carbonate alka
linity is twice the phenolphthalein alkalinity. When the 
phenolphthalein alkalinity exceeds one-half of the methyl-orange 
alkalinity, the carbonate alkalinity is equal to twice the differ
ence between the methyl-orange alkalinity and the phenol
phthalein alkalinity. 

ExAMPLE.-The rate of flow through a recarbonatjon plant is 1.2 
million gallons per day. H tbe average phenolphthalein alkalinity is 
about 50 parts per million and the average methyl-orange alkalinity is 
110 parts per million, what is the daily requirement of carbon dioxide? 

SoLUTION.-Tbt.> phenolphthalein alkalinity is less than one-half of the 
methyl-orange alkalinity and, therefore, the carbonate alkalinity is 
twice the phenolphthalein alkalinity, or about 2 X 50= 100 p.p.m. Then 
the required weight of carbon dioxide per million gallons of water is 
100X4.6=460 lb., and the daily requirement, or that for 1.2 million 
gallons, is 460X 1.2=552 lb. Ans. 

30. Precipitators.- The use of precipitator tanks in the 
lime-softening plant at Springfield, IlL, has proved satisfactory 
and economicaL In Fig. 7 is shown a sectional view of a 
precipitator, which is a tapering circular tank with a conical 
chamber at the center. The incoming water, which has been 
treated with lime, flows from the flume a into the small end of 
the conical chamber b. As the water passes downward through 
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that chamber, it is given a spiral motion by the rotating wheel 
c. The water flows out of the chamber near its bottom through 
a series of rectangula r openings d and passes upward into the 
annular space e. Because of the slopes of the sides of this 
compartment, the velocity of flow is reduced rapidly as the 
water rises through it As a result of this slowing up, the 
solids that are precipitated tend to settle out and to remain in 
the tank while the water flows over the circular weir f into the 
eftluent channel g. The solids are agitated continually by the 
action of the wheel c and the flowing water and they are, 

F'JG. 7 

therefore, kept in suspension. When the water thus remains 
in contact with the precipitate already formed, it is found that 
the chemical reactions take place rapidly and there is no 
necessity for using overdoses of lime for speeding up the soften
ing process. In order to prevent the quantity of sludge from 
becoming too great, a certain amount of the sludge is permitted 
to flow off continuously. 

31. Stabilization by Treatment with Sodium Hexameta
phosphate.- T he use of sodium hexametaphosphate for the 
stabilization of water that has been softened with lime has been 
found satisfactory at the plant of the St. Louis County \Vater 
Company. If 1 to 2 parts per million of sodium he..-..:ametaphos
phate are added to the softened water, the precipitation of calcium 
carbonate is prevented for as long as several days. Also there 
is little or no change in the alkalinity or pH value of the water 
so treated. 
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Sodium he-xametaphosphate is non-corrosive and may be 
easily fed to the water in the form of a solution. The hexa
metaphosphate does not change the chemical form of the calcium 
carbonate, but merely inhibits incrustation. · 

EXAMPLES FOR PRACTICE 

1. The flow of water is 1.8 million gallons per day. The methyl
orange alkalinity is 100 parts per million, and the phenolphthalein alka
linity is 50 pans per million. How many pounds of carbon dioxide are 
required per day for recarbonation? Ans. 8281b. 

2. The flow of water is 800,000 gallons per day. The methyl-orange 
alkalinity is 110 parts per million, and the phenolphthalein alkalinity is 
60 parts. How much carbon dioxide is required for recarbonation 
of the daily flow? Ans. 368lb. 

3. H ow much carbon dioxide will be required per day in order to 
recarbonate 2.6 million gallons per day of water that has a methyl-orange 
alkalinity of 120 and a phenolphthalein alkalinity of 40? Ans. 957 lb. 

ZEOLITE P ROCESS 

32. Action of Zeolite.-A zeolite softening unit resembles 
a mechanical filter of either the gravity or the pressure type, 
in which the filtering medium is zeolite instead of sand. Zeo
lites are usually sodium-aluminum silicates, and are similar in 
appearance to filter sand. The zeolite that occurs naturally 
is green in color; it is generally called greeusand, but the techni
cal name is glauconite. The artificial zeolite consists of some
what whiter and larger grains than the natural zeolite. 

As the hard water passes through the bed of zeolite, the 
calcium and magnesium in the water are exchanged for the 
sodium in the zeolite. The sodium, as sodium sulfate or 
sodium carbonate, does not cause hardness and is not objection
able in the usual normal quantities. When all of the sodium 
in the zeolite has been replaced by calcium and magnesium, 
the zeolite is regenerated by passing it through a strong solution, 
or brine, of common salt (NaCl). The sodium in the brine 
combines with the zeolite, and the calcium and magnesium 
form chlorides that are discharged with the waste water and 
used brine. After regeneration, the zeolite is again ready for 
use as a softener. 
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Greensand normally has an exchange value of 3,000 to 4,000 
grains of hardness per cubic foot of zeolite before regeneration 
is necessary, while artificial zeolites have e.'i:change value~ up 
to 15,000 or even 18,000 grains per cubic foot without regener
ation. Therefore, a greensand softening unit must be regener
ated more frequently than a unit containing an artificial zeolite. 
However, in the case of greensand, alternation in composition 
durina the softening and regenerative processes may be repeated 
indeficitely without any effect on the action of the zeolite, and 
only about 5 per cent of the zeolite will be lost yearly. Since 
the greensand is more durable and has a much longer active 
life than an artificial zeolite, it is generally preferred in larger 
plants. 

33. Construction and Method of Operation of Zeolite 
Soft ener.-Zeolite units may be e ither of the down-flow type, 
in which the hard water flows downward through the softening 
medium, or of the up-flow type, in which the water flows 
upward. In Fig. 8 is shown a down-flow zeolite \\'ater softener 
manufactured by the International Filter Co. The hard water 
from the hard-water inlet passes through the manifold in front 
of the z:eolite container, enters that container through the top, 
and passes down through a bed of zeolite particles, in which 
the hardness is removed. The softened water then flows 
through a layer of graded gravel that supports the zeolite, and 
is collected by the underdrain system below the gravel. From 
the underdrains, the water flows to and through the manifold, 
ar:d is discharged through a meter and the soft-water outlet. 

'Vhen the zeolite is to be regenerated, the first step is to 
pass water upward through the bed of zeolite until the grains 
are loosened aud the compactness of the material is broken up. 
In F ig. 8, the wash water is supplied through either the hard
water inlet or the soft-water outlet, depending on whether 
hard or soft water is to be used. In either case, the wash 
water enters the zeolite container through the underdrain 
system, flows upward through the gravel and zeolite, is dis
charged through the top of the container, and is directed to the 
waste pipe. 
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After the zeolite has been properly washed, the second step 
is to treat it with brine that is supplied from the brine tank. 
In this tank, salt is supported on a layer of gravel, and water 
is added to form a saturated brine. The brine flows from the 
brine tank through a series of brine collecto1·s and is forced out 
by the action of a hydraulic ejector. As the water from the 
water-filling line flows through the ejector,_ it tends to form a 
vacuum and the saturated brine is thus drawn into the ejector 
and is diluted. The diluted brine is then carried to the brine 
distributors in the zeolite container, is distributed over the 
top of the zeolite, and is allowed to pass slowly downward 
through the zeolite bed and out to waste. 

The third and final operation before the softener is restored 
to service consists in rinsing the zeolite in the following manner: 
Raw water is aHowed to flow slowly downward through the 
bed to force the last brine through the zeolite, and this slow 
rinse is followed by a fast rinse (at the operating rate) to flush 
out all traces of brine and the products of regeneration. 

34. Control of Operation of Zeolite Unit .-Zeolite softeners 
are generally operated at a rate of about 6 gallons per square 
foot per minute, but up-flow units may be operated at a rate 
as high as 8 gallons per square foot per minute. The wash 
water is usuaJly supplied at the rate of 6 to 8 gallons per square 
foot per minute. The brine should remain in contact with 
the zeolite for a period of from 10 to 30 minutes. ·with the 
apparatus illustrated in Fig. 8, the brine is kept quiescent in 
the zeolite container during the required contact period. In 
some softeners, the brine is slowly circulated through the bed 
of zeolite to insure propei· contact. 

T he brine that is applied to the zeolite usually has a strength 
of 5 to 12 per cent. I t is made by first preparing a 25% 
solution of rock salt in a brine tank, and diluting this solution 
with water just before the brine is needed. About ! pound of 
saJt is required for each 1,000 grains of hardness removed. H 
the exchange value of the zeolite is 3,000 grains per cubic foot, 
the amount of salt required for regeneration will be lf pounds 
per cubic foot of zeolite. 



236 OPERATION OF 

After the zeolite has been regenerated, the effluent is wasted 
until its hardness is reduced to about 1 grain per gallon. The 
degree of hardness of the effluent should remain approximately 
constant until the zeolite is ready for another regeneration. 
Frequent checks on the hardness of the softened water should 
be made by means of the soap test, in order to determine when 
tl1e sodium of the. zeolite is about depleted and the zeolite 
tl1erefore needs regenerating, and also to determine when the 
effluent is satisfactory for use just after the zeolite has been 
regenerated. 

35. Adaptability of Zeolite Method of Sof tening.-The 
zeolite process is capable of producing a water of zero hardness. 
Therefore, zeolite softeners are sometimes used to produce very 
soft water for .laundries and textile mills. On the other hand, 
since the presence of sodium in water will cause foaming in 
boilers, water that is softened entirely by zeolites is not satis
factory for use in steam plants. Usually, a combination of 
the lime-soda and the zeolite processes is preferable for treating 
water for boilers. 

·when waters are high in bicarbonate hardness, it is advan
tageous to reduce the bicarbonate hardness to 4 or 5 grains per 
gallon by treating the water with lime. The remaining hard
ness may be removed by a zeolite softener. Usually, however, 
a water of zero hardness is not desirable, and only a part of 
the lime-treated water is passed through the zeolite. The rest 
of the lime-treated water is mixed with the effluent from the 
zeolite softener to produce a water with the desired degree of 
hardness. 

The softening of water by use of a zeolite does not change 
the total content of dissolved minerals in the water, because 
the lime and magnesium that were originally in the water are 
replaced by an equivalent amount of sodium. Also, since 
there is no removal of carbon dioxide, the softened water will 
have the same total alkalinity and approximately the same 
pH value as the untreated water. 

A lthough a zeolite-softening unit has some value as a filter
ing medium for the removal of suspended matter , it should not 
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be used for this purpose. The suspended matter should be 
removed from the water before the water is applied to the 
zeolite filter. 

36. Carbonaceous Zeolite.-A manufactured carbonaceous 
material, sometimes called carbonaceous zeolite, may also be 
used in water softening. H the carbonaceous material is regen
erated with a brine of conm1on salt, it will act as a softener in 
the same way as an ordinary zeolite. However, if the car
bonaceous material is regenerated with sulfuric acid, it will 
remove from the water not only the calcium and magnesium 
but a lso the sodium. I n either case, the apparatus for soften
ing is similar to that described for the ordinary zeolites. 

Carbonaceous zeolite which has been regenerated with com
mon salt is particularly useful in softening water that contains 
acids from industrial wastes. Carbonaceous zeolite which has 
been regenerated with sulfuric acid is particularly useful in 
softening water that is to be employed for manufactured ice 
or for acidified beverages. 

IRON AND MANGANESE RE MOVAL 

37. Waters Requiring Treatment.-\¥ater that has per
colated through rocks, sands, and gravels may be inlpregnated 
with iron, usually in the form of ferrous bicarbonate, but 
occasionally as ferrous sulfate. \iVater containing iron, either 
as a bicarbonate or as a sulfate, in amounts greater than about 
0.2 part per million by weight is undesirable for most domestic 
and industr ial purposes. An appreciable amount of iron gives 
a distinct taste. Iron is objectionable in the manufacture of 
paper, because of the rust spots caused by it; in dyeing and 
bleaching establishments, because it modifies colors and 
occasionally stains and discolors fabrics; in laundries, because 
it produces rust spots on goods. In distributing systems where 
tl1e velocity is low, iron may be deposited in pipes and cause 
discolored water when stirred up by higher velocities. An 
especially objectionable feature of iron in water is that it facili
tates the growth of crenothrix and other so-called iron bacteria . 
These organisms may dog pumps and pipe lines. Also, when 
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crenothrix die, they decompose and give an unpleasant taste 
and odor to the water. 

l\IIanganese occurs in water less commonly than does iron, 
but it is particularly undesirable in water used for bleaching, 
dyeing, and laundering. 

38. Effect of Aeration.-Aeration consists in bringing 
oxygen into intimate contact with practically all of the water 
that is being treated. The o>-"}'gen tends to oxidize certain 
undesirable compounds in the water and thus to make the 
water more palatable. \ Vater that contains iron in the form 
of ferrous bicarbonate can be rendered fit for use by aeration, 
because in this process the bicarbonate is transformed into 
ferric oxide which is insoluble and is easily removed by filtra
tion. If manganese is present in the water and the pH value 
is above 9.8, the manganese also can be removed by aeration. 

Frc. 9 

39. Aerating Devices.-Various devices a re used for aerat
ing water. One method is to place in the reservoir inlet one 
or more riser pipes that extend above the surface of the water 
and usually end in spray nozzles. The water is sprayed i1:_1to 
the air from the nozzles and falls on an apron, which often 
consists of a series of steps located entirely above the surface 
of the water in the reservoir. The water flows over the 
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apron in a thin film and is thus exposed to the oxygen of 
the air. 

A second method is to set baffles, steps, protruding stones, 
or. thin iron plates in the bottom of the channel leading to the 
reservoir. These obstructions cause the water to be agitated 
and thus form artificial rapids which cause most of the water 
to come in contact with the air. 

A third type of aerating device is shown in F ig. 9. Several 
shallow rectangular trays with perforated bottoms are filled -
with coke and are placed one above the other about 8 inches 
apart. The water is carried to the uppermost tray a and 
passes through the coke in each tray in succession. Usually, 
the rate of flow is controlled so that the water will merely 
trickle through the trays and each drop wiil be exposed to the 
a1r. 

~ 

rnn_A'Mfbl 
b - Pion Section 

Frc. 10 

In a fourth method, a series of shallow pans of various sizes 
are placed one above the other, with the smallest pan at the 
top. The water runs into the uppermost pan and overflows 
in a thin stream into the next lower pan. As the water passes 
from pan to pan, it absorbs oxygen from the air. 

In Fig. 10 are shown a plan and cross-section of a device used 
in a fifth method. The water enters a rectangular concrete 
tank a at the bottom from the pipe b and flows upward. At 
the same time, a series of air diffusers c near the bottom of the 
tank supply air to the water and give it a spiral motion. The 
aerated water flows out at d. · 

The most efficient method of aeration consists in spraying 
the water 10 to 25 feet into the air through spray nozzles. 
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This method, however, requires a greater head than does any 
of the other methods. 

There are also a number of patented devices for aeration. 
1\Iost of these make use of a paddle or propeller that either 
draws the water downward through a tube or forces it rapidly 
upward against a cone or splash plate. 

40. T reatment With Lime.-Where iron is present in the 
form of ferrous sulfate, removal of the iron can be effected 
by the use of lime, which reduces the iron to an insoluble form 
that can be removed by filtration. 

The alkalinity of a water containing manganese may be 
increased by the addition of lime so that the pH value is above 
9.8, but this will prevent flocculation with aluminum sulfate. 
1\.fanganese may be precipitated by the use of lime and any one 
of the following chemicals: Copperas, chlorinated copperas, 
ferric chloride, or ferric sulfate. 

41. Zeolites for Removing Ir on and Manganese.-Zeolites 
of the types used for removing hardness may be used also to 
remove iron and manganese. In fact, these zeolites will 
remove iron and manganese for some time after they have lost 
part of their ability to remove hardness. A special zeolite, 
such as manganese zeolite, may be used for the removal of iron 
and manganese. Manganese zeolite is made by passing through 
sodium zeolite first manganous chloride and then sodium or 
potassium permanganate. Such zeolites are regenerated by 
means of sodium or potassium permanganate instead of sodium 
chloride. " 'hen unsoftened water is to be mixed with softened 
water to produce a mixture with a certain desired hardness, 
the iron and manganese may first be removed from the unsof
tened water by passing it through manganese zeolite. 

If water containing iron and manganese is to be treated by 
a zeolite filter, there should be no aerating action preceding 
the zeolite treatment, unless the water is also passed through 
a sand filter. Otherwise, the insoluble iron and manganese 
that is precipitated by the aeration will tend to clog the zeolite 
filter. 
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CONTROL OF CORROSIVENESS 

42. Causes of Corrosion of Pipe.-\¥ater tends to dissolve 
iron and the other metals of which pipes are usually made. 
This tendency is ve1·y slight in the case of some waters and 
very strong in others. If metal pipes are not protected from 
the water by a suitable covering, they will in time corrode in 
any water. The covering may be either a deposit of carbonates 
or of rust formed by the chemical action of the water or a coat
ing of a \vaterproofing material, like tar, that is applied arti
ficially. As long as the water is maintained in such chemical 
balance that the covering is not dissolved, the pipe is protected 
from corrosion. Carbon dioxide tends to dissolve carbonates, 
and water containing enough free carbon dioxide to dissolve a 
coating of carbonates that has been previously deposited on 
the pipe is said to be aggressively corrosive. 

From the standpoint of control, the corrosiveness of a water 
depends primarily on two factors : namely, the relationship 
between the pH value and the alkalinity; and the relationship 
between the content of free carbon dioxide and the alkalinity. 
Thus, it is possible to maintain such a relation between the 
pH value and the alkalinity that a coating of calcium carbo
nate will be deposited on the inside of the pipe; and to maintain 
such a relation between the content of free carbon dioxide and 
the alkalinity that this coating will not be dissolved. 

43. Relation Between pH Values and Alkalinity.- The 
effect that the relation between the pH value and the alkalinity 
of a water has on its corrosiveness is indicated in Fig. 11. 
These curves are adapted from Bulletin No. 22, entitled Water 
Supply Conl1·ol, issued by the New York State Department o£ 
Health. The lower the alkalinity in parts per million, the 
higher the pH value must be, in order to prevent corrosive 
action. A water for which the intersection of the lines repre
senting the pH value and the alkalinity lies above and to_ ~he 
right of the dot-and-dash line A will be capable of depos1tmg 
a protective coating of calcium carbonate on the inside of a 
pipe. A water for which this intersection is below the dot-
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and-dash line and above the full line B will not dissolve a coat
ing of calcium carbonate. If the intersection lies below the 
full line and above the dotted line C, the water will be slightly 
corrosive but will not cause red water or iron stains on laundry. 
\Vhen the intersection is below the dotted line, the water will 
possess definitely corrosive properties. 

.. .. 
:::0 

Or--.--.---.--,---r--~-,--~--~~~-r--~~~-, A= Curve of Values Necessal)l to Produoe 
a Coating of Calcium Carbonate 
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Alkalinity in Parts per Million 

Fie. 11 

For example, a water that has an alkalinity of SO parts per 
million will not cause iron stains if the pH value is 7 .8, and will 
be non-corrosive if the pH value is 8.1. If the pH value of 
such water is raised to 8.5, the water will deposit calcium car
bonate on the inner surfaces of pipes. Also, if the water has 
a pH value of 7.8 and the alkalinity is raised to 150 parts per 
million, the water will deposit calcium carbonate. 

44. Relation Between Content of F ree Carbon Dioxide 
and Alkalinity.--I t has been found by experience that the 
corrosiveness of a particular water may be reduced by increas
ing the alkalinity, by reducing the content of free carbon 
dioxide, or in both ways. In Fig. 12 is shown graphically how 
the corrosiveness of a water is affected by the relation between 
the alkalinity and the free-carbon-dioxide content. These curves 
were also adapted from Bulletin No. 22 of the New York 
State Department of Health. A water for which the inter-
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section of the lines representing the values of the carbon
dioxide content and the alkalinity lies to the left of and above 
the dashed curve A will be aggressively corrosive. A water 
for which this intersection lies between the dashed curve and 

30~-+--+--1--~--r--+--+-_,--~--~-+~1
1 

A= CliiYe of limiting PossfuJe 
ValUes for No Corrosion 

B =Curve of Calcium I 
Carbonate Equifobrium 

Alkalinity in Parts per M~lion 

Flc. l2 

I 
I 

the full curve B may be moderately corrosive or may not 
possess any corrosive properties. 'Vater for which the inter
section lies below the full curve is not corrosive. 

For example, a water with a free-carbon-dioxide content of 
5 parts per million would be definitely corr-osive if the alka
linity were only 7 5 parts per million; it would be only slightly 
corrosive or possibly non-corrosive if the alkalinity were 100 
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parts per million; and it would be definitely non-corrosive if 
the alkalinity were 150 parts per million. Also, if the alka
linity of a water were maintained at 150 parts per miiJion and 
the content of free carbon dioxide were reduced from 20 to 10 
parts per million, the water, which was originally corrosive, 
would become non-corrosive. 

It should be noted that carbon dioxide is not the direct 
cause of corrosion, except when the pH value is below 5.5 
and acid corrosion therefore occurs. However, by keeping the 
pH value low, carbon dioxide prevents the deposition of a 
natural protective coating and thus permits corrosion. 

45. Marble Test.-In order to determine the pH value 
for a particular water at the point of calcium-carbonate equilib
rium, the Von Heyer marble test is commonly used. In this 
test, a sample of the filtered water is placed in a beaker or a 
wide-mouthed bottle, and several lumps of either pure calcium 
carbonate or a form known as calcite are added. Unless the 
water is non-corrosive, the pH value will immediately increase 
and will continue to increase until the point of calcium-<:ar
bonate equilibrium is reached. Thereafter, the pH value will 
remain constant. It is, therefore, merely necessary to determine 
the pH value of the water at intervals until no further change is 
observed. The maximum pH value obtained in the marble 
test should be at least equalled in plant operation to prevent 
corrosion. 

A check on the corrosiveness of the plant effluent may readily 
be made at any time by the use of the E11slow contimtous sta
bilit')' indica/or. In this device, water is saturated with calcium 
carbonate by being passed slowly and continuously through 
powdered chalk and limestone chips; and the carbonated water 
is retained in a flask. A sample of the water that is entering 
the device and also a sample from the flask may be obtained 
whenever desirable and the pH values of the two samples may 
be compared. 

46. Corrective Treatm.ent.-Elimioation of the corrosive 
characteristics of a water may be accomplished by removing 
free carbon dioxide and thus increasing the alkalinity and 
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the pH value of the water. This can be done either by aerating 
the water in the manner described for softening water, or by 
adding lime or soda ash. Ordinarily, aeration will not reduce 
the carbon-dioxide content below 3 to 5 parts per million. As 
indicated in Fig. 12, water with a carbon-dioxide content of 3 
is likely to be corrosive unless the alkalinity is above 85 and 
a carbon-dioxide content of 5 requires an alkalinity o£ over 105. 

Enough lime or soda ash should be added to the water to 
increase the alkalinity beyond the amount that will permit 
corrosion. If desired, jar tests may be made to determine the 
best amount of chemical. \Vaters with hardness of less than 
30 parts per million will be deficient in cakium salts, and, in 
order to insure the formation of a protective coating of cal
cium carbonate on the pipe, such waters should preferably be 
treated with lime. However, if too much calcium carbonate is 
deposited, the pipes may become choked. Therefore, for 
waters with hardness exceeding 30 parts per million, the soda 
ash is generally preferred, as its use will prevent the forma
tion of excessive deposits of carbonates, which might occur in 
case of overtreatment with lime. 

The test for corrosiveness of water is always made on water 
that has passed through the filters. Also, lime or soda ash 
for the prevention of corrosiveness is generally added to the 
water as it enters the filtered-water reservoir. Treatment of 
raw water to prevent corrosiveness may interfere with the 
processes of coagulation and filtration. 

47. Calculation of Dosages of Chemicals.-The aluminum 
sulfate that is ordinarily used in coagulating raw water reduces 
the alkalinity and increases the content of free carbon dioxide 
in the water. Consequently, waters that have been coagulated 
with aluminum sulfate before filtering are likely to contain 
considerable amounts of carbon dioxide. Theoretically, 1 
grain of aluminum sulfate per gallon of "·ater reduces the 
alk"<llinity by 7.7 parts per million and increases the carbon
dioxide content by about 6.6 parts per million. \ iVhen soda 
ash is added to water that has been treated with aluminum 
sulfate, the soda ash reacts with aluminum sulfate to produce 
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carbon dioxide and also combines with the carbon dioxide. 
Theoretically, 8.3 parts per million, or about 1 grain per gallon. 
of 98% soda ash will combine with 1 grain of aluminum sul
fate per gallon of water to produce 3.4 parts per million of free 
carbon dioxide; and ! grain of 98% soda ash per gallon of 
water will combine with 3.6 parts per million of free ·carbon 
dioxide. Therefore, 1 grain of soda ash per gallon of water 
will react with 1 grain of aluminum sulfate per gallon of water 
and also will completely neutralize the carbon dioxide thus 
produced. ' Vhen 95% hydrated lime is used instead of soda ash, 
1 grain of the aluminum sulfate per gallon of water will combine 
with 5.96 parts per million of the hydrated lime and no carbon 
dioxide will be produced. Also, 1 grain of 95% hydrated lime 
per gallon of water will combine with 9.65 parts per million of 
free carbon dioxide. These data and the information given by 
the curves in Fig. 12 permit the operator to calculate the required 
amount of lime or soda ash. 

ExAMPLE..-The alkalinity of a raw water is 80 parts per million 
and the carbon-dioxide content is 10 parts per million. The dose of 
aluminum sulfate for coagulation is to be 2 grains per gallon. With the 
aid of Fig. 12, determine (a) the amount of soda ash that would be 
required to prevent corrosiveness in the filte.red water, and (b) the 
amount of lime that would be required. 

SoLUTION.-(a) The first step is to determine the alkalinity and 
the content of free carbon dioxide after the application of the aluminum 
sulfate. Since the alkalinity is reduced by 7.7 p.p.m. and the carbon
dioxide content is increased by 6.6 p.p.m. for each grain of aluminum 
sulfate per gallon of water, the alkalinity after coagulation will be 

80-2X7.7=64.6 p.p.m. 

and the carbon-uioxide content will be 

10+2x6.6=23.2 p.p.rn. 

The full curve in Fig. 12 may now be used .to determine the limiting 
content of carbon dioxide. When the alkalinity is 64.6, corrosion will 
occur with a carbon-dioxide content greater than 1.5 p.p.m. Therefore, 
it is necessary to remove 23.2-1.5=21.7 . p.p.m. of carbon dioxide. 
Since ! grain of soda ash per gallon of water will neutralize 3.6 p.p.m. 
of carbon dioxide, the required amount of soda ash is 

21.7 
J.6Xt=3 grains per gal. Ans. 
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(b) One grain of lime per gallon of water will combine with 9.65 
p.p.m. of carbon dioxide, and the amount of lime required to remove 
21.7 p.p.m. of carbon dioxide is 

21.7 
-=22 grains per gal. Ans. 
9.65 

EXAMP LES FOR PRACTICE 

1. A raw water has an alkalinity of 100 parts per million and a 
carbon-dioxide content of 12 parts per million. If aluminum sulfate is 
to be applied at the rate of 2.5 grains per gallon of water, how much 
lime must be used to prevent corrosiveness in the filtered water? 

Ans- 2.7 grains per gal. 

2. How much soda ash would be required, instead of lime, in the 
preceding example? Ans. 3.6 grains per gal. 

TASTE AND ODOR CONTROL 

METHODS OF CONTROL 

48. Causes of T astes and Odors.-Usually, a water that 
has an unpleasant taste also has a troublesome odor, both the 
taste and the odor being derived from the same source. How
ever, when certain minerals are dissolved in water, they will 
cause taste only. Tastes and odors in water supplies are com
monly caused by the death and decay of algae or iron bacteria. 
These organisms are objectionable also because they may clog 
pipes, reservoirs, and filters. Their presence very rarely, if 
ever, has any effect on the health of the consumers of the 
water, but treatment for their elimination is generally con
sidered advisable. Other frequent causes of tastes and odors in 
water are chloro-phenol compounds; wastes from industrial 
plants, such as canneries and dairies; dissolved organic matter 
and gases; minerals, such as iron, magnesium sulfate, sodium 
sulfate, and sodium chloride; and excess amounts of chlorine. 
Most tastes in water are intensified by chlorination, even if 
they are not caused by reactions with chlorine. 

49. Types of Treatment for Tastes and Odors.- I n many 
instances where tastes and odors appear in water supplies, it is 
possible to remove the chief cause of the trouble at its source 
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and thus eliminate the necessity of further treatment. For 
example, all swampy and stagnant areas included in the water
shed that feeds the source of supply shouJd be filled in or made 
to drain rapidly. In some cases, the troubles from industrial 
wastes may be avoided by discharging the wastes into the 
source of supply at certain times when the water is not being 
pumped to the treatment plant, or by discharging them at 
some point below the water-works intake. 

Where these measures cannot be taken or are not sufficient 
for satisfactory elimination of tastes and odors, it will be 
necessary to destroy, neutralize, or remove the substances that 
produce the nuisance. One or all of these results may be 
obtained by the use of either preventive methods or corrective 
methods of treatment. The preventive methods include treat
ment with copper sulfate and with ammonia and chlorine; 
and the corrective methods include the use of aeration, pre
chlorination, supercl1lorination, activated carbon, potassium 
permanganate, fullers' earth, and copper sulfate. 

P REVENTIVE TREATMENT WITH COPPER SULF .ATB 

50. Amounts of Copper Sulfate Required.- Algae are 
effectiveJy destroyed by the application of copper sui fate 
(Ctl.5'04), sometimes caJled bluesto11e. The exact reaction that 
occurs between the algae and the copper sulfate is not known, 
but the algae die within a few days following treatment. A 
sufficient amount of copper sulfate to kiJI the particular types 
of algae that are causing the trouble should be applied to the 
water in a single dose. Inadequate doses applied at intervaJs 
do not, as a rule, give good results. In Table I, which was 
adapted from data compiled by Frank E. Hale, Director of 
Laboratories, Bureau of ·water Supply, New York City, are 
given the amounts of copper sulfate required for destroying 
various types of microscopic organisms that cause disagreeable 
tastes and odors. In cold weather, somewhat larger quantities 
may be needed for effective treatment. 

The growth of iron bacteria is usually retarded by treating 
water with copper sulfate, but these bacteria are seldom 
destroyed by such treatment. 

WATER-TREATMENT PLANTS, PART 4 249 

TABLE I 

AMOUNTS OF COPPER SULFATE REQUIRl!D TO KIL L VAR I OUS 
MI CROSCOPIC ORGANI SMS I N WATER 

Copper SuHate Copper Sulfate 
Kind Kind 

of Parts Pounds of Parts Pounds 
Organism Per Per 

Orr.onism Per Per 
Million Million :\IiiJion :'IIillioo 

Gallons Gallons 

Anabaena .. . 0.12 1.0 Glenodinium 0.50 42 
Aphanizome- Hydrodic-

non ······ 0.12-0.50 1.0-42 tyon ...... 0.10 0.8 
Asterionella 0.12-0.20 1.0-1.7 Mallomonas . 0.50 4.2 
Beggiatoa ... 5.0 41.7 Pandor ina .. 10.0 83.4 
Ceratium . ... 0.33 2.8 Peridinum .. 0.50-2.0 4.2-16.7 
Clatbrocystis . 0.12-0.25 1.0-2.1 Sphaeroti I is 
Coelosphae- natans .... 0.40 3.3 

rium ..... 0.20-0.33 1.7-2.8 Synedra .... 0.36-0.50 3.0-4.2 
Crenothrix 0.33-{).50 2.8-4.2 Synura ····· 0.12-0.25 urz.t 
Cryptomo- Tabellaria ... 0.12-0.50 1.0-42 

nas ... .. .• 0.50 42 Uroglena . .. 0.05-0.20 0.4-1.7 
C ylindrosper- Volvox . .... 0.25 2.1 

mum ....... 0.12 1.0 
Dinobryon . . 0.18 1.5 
Eudornia ... 10.0 83.4 

Copper sulfate applied in sufficient doses will kill fish. 
Different varieties of fish can withstand different amounts of 
copper sulfate. In Table II, which was adapted from data 
compiled by G. T . Moore and K. F. Kellerman, are given the 
amounts that are likeJy to kill various species of fish. 

51. If the organisms in the water can be identified, the 
various types should be recorded. Obviously, the required 
amount of copper suJfate will be governed by the presence 
in the water of that organism whidl is most difficult to destroy. 
However, where the services of a biologist are not available 
and definite identification cannot be made, it is generally 
necessary to conduct a laboratory test in order to determine 
the required dosage of copper sulfate. Such a test may be 
made in the following manner: In each of SL-x: jars is placed 
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some of the water containing a!gae of the kinds that are to be 
treated. To these are added enough copper sulfate to give 
dosages of 0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 part per million, 
respectively. The smallest dosage that will kill the algae in 
3 to 5 days should prove satisfactory for practical application 
in the reservoir. 

TABLE II 
AMOUNTS OF COPPE R SULFATE LIKELY TO KILL FISH 

Copper Sulfate Copper Sulfate 

Kind of Fish Pounds Kind of Fish Pounds 
Parts per per Parts per ~r 
Million Million Million lhllion 

Gallons Gallons 

Black Bass 2.00 16.7 Perch .. . .. .. .. 0.67 5.6 
Carp .. . .. ... 0.33 2.8 Sucker . ..... 0.33 2.8 
Catfish ..... .. 0.40 3.3 Sunfish . . .. . . . 1.33 ll.l 
Goldfish .... 0.50 42 Trout . ... . . . . 0.14 1.2 

EXAMPLE.-A reservoir that contains approximately 90,000,000 gal
lons of water is found to contain crenothrLx, dinobryon, and synura. 
What is the required dosage of copper sulfate, (a) in parts per million, 
and (b) in pounds? 

SoLUTION.-(a) From Table I, it is found that the maximum dosages 
of copper suHate required to kill crenothrix, dinobryon, and synura are, 
respectively, 0.5, 0.18, and 0.25 p.p.m. Since 0.5 is the greatest, this 
dosage must be used to obtain good results. Ans. 

(b) The amount of copper sulfate, in pounds per million gallons, that 
corresponds to 0.5 p.p.nL is 4.2. Since there are 90,000,000 gallons of 
water in the reservoir, the required total dosage of copper sulfate is 

90x4.2=378 lb. Ans. 

52. Methods of Applying Copper Sulfate.-Copper sul
fate is usually applied in crystal form near the surface of the 
reservoir. In the simplest method, which is effective for small 
reservoirs, the crystals are placed in burlap bags, the bags are 
fastened to a boat so that they will drag in the water, and then 
the boat is rowed or otherwise propelled so as to treat the entire 
reservoir. The boat should be moved along parallel paths 
that are about 20 feet apart. If the reservoir is deep, it tnay 

. ( 
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be necessary to cover the reservoir twice, the boat being run 
first along one series of parallel paths and then along another 
series at right angles to the first series. Perforated metal 
boxes or buckets may be used instead of bags. The copper 
sulfate will dissolve more rapidly in warm water than in cold 
water, and a proper relation must be maintained between the 
size of the openings in the container and the speed with ~vhich 
the container is propelled through the water. Thus, if the 
water is watm, the copper sulfate should be placed in a bag 
that is more tightly woven than burlap. Where the water 
is too shallow to permit the use of a boat, a bag of crystals 
may be suspended by means of an inflated inner tube of an 
automobile tire, and the tire and bag may be dragged over 
the shallow areas. 

Another method of application that has proved satisfactory 
is to drop powdered or pulverized copper-sulfate crystals on 
a: rapidly rotating disk, which is mounted in a boat. The 
crystals are sprayed for a considerable distance from the boat, 
and shallow areas may thus be reached. In addition, the 
sizes of nystals may be regulated so that larger crystals will 
be used in deep water than in shallow water. These large 
crystals can penetrate to a considerable depth before they are 
completely dissolved. In still another method, the crystals 
are placed in solution in water that is pumped from the reser
voir, and the solution is then sprayed over the surface of the 
reservoir. 

Copper sulfate is sometimes applied directly to the water 
entering the reservoir. The proper amount of copper su1£ate 
for a particular interval of time is suspended in burlap bags or 
perforated ·buckets in the flowing stream or pipe line. 

If winter treatment becomes necessary, the t:opper sulfate 
should be applied in the form of a solution, because the crystals 
will not dissolve readily in cold water. \Vhere ice forms, the 
chemical can be put in the water through holes cut in the ice. 

53. Results of Treatment With Copper Sulfate.-The 
purpose of copper-sulfate treatment should be to prevent the 
growth of algae. If copper sulfate is applied after heavy 
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growths of algae are present, the algae will be killed. How
ever, since the dead algae will decay and cause turbidity, taste, 
and odor, the use of copper sulfate may cause more trouble 
than allowing the algae to live. In some cases, objectionable 
conditions resulting from tardy application of copper sulfate 
may exist for several weeks after the treatment. If treatment 
is started as soon as warm weather begins or before the algae 
have been able to grow in any great profusion, and it is con
tinued at regular intervals during the summer months, the 
results will generally be satisfactory, and there will be few 
complaints from water consumers. 

Many types of aquatic weeds are also destroyed by copper 
sulfate. However, it is necessary to run jar tests in order to 
determine what weeds will be affected by any particular dosage. 

PREVENTIVE TREATMENT WITH AH140N1A AND CHLORINE 

54. The process of treating water with ammonia and 
chlorine in order to disinfect the water has already been 
described. This combination of chemicals is also an efficient 
agent for the removal of tastes and odors due to phenol wastes, 
and for the prevention of slimy and algal growths in settling 
basins and on filter beds. The application of ammonia and 
chlorine has, in some cases, prevented the formation of such 
filamentous growths as iron bacteria in the water mains, as 
the chlorine residual is carried farther into the distribution 
system than where chlorine alone -is used. This consideration 
is especially important in a system with dead ends. The use 
of chlorine, ammonia, and copper sulfate at the same time 
results in the formation of cuprichloramiue, which is au effec
tive algaecide. 

CORRECTIVE TREATMENT vi'ITH ACTIVATED CARBON 

55. Use of Activated Carbon.-Activated carbon is a 
specially treated carbon that possesses the property of adsorb
ing, or attracting to it, large quantities of gases, liquids, and 
finely divided solids. It has been found so effective in the 
control of tastes and odors that it is now used in nearly every 
plant where tastes and_ odors occur in the water. The adsorb-

f 
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ing action of the carbon, followed by sedimentation or filtration, 
causes complete removal of the taste-producing substances. 
Later chlorination then has no effect in producing tastes. The 
carbon treatment may be applied to the water either before 
or after coagulation has taken place, but must be applied 
prior to filtration. The carbon may be brought into contact 
~with the water in the form of a dry powder, in suspension in 
water, or as a dry mixture with aluminum sulfate or lime. 
Dry activated carbon should never be mixed with compounds 
of chlorine because of the danger of an explosion. 

56. Point of Application of Carbon.-It is generally con
sidered advisable to apply the carbon to the water before 
coagulation when any of the following conditions prevail : 
The tastes and odors occur aimost continuously; the water 
contains so much organic matter that odors due to decom
position may be created in the treatment plant; or the tastes 
and odors can be removed only by the application of heavy 
doses of activated carbon. Application of the carbon prior to 
coagulation may facilitate the subsequent treatment of the 
water in one or more ways. A better floc may be formed and 
it may be possible to control the coagulation more effectively. 
The chlorine demand of the water is likely to be more nearly 
uniform and the sludge deposited in the sedimentation basin 
may be more stable. As a result, the basin may not have to 
be cleaned so often and the sludge may be easier to remove 
and may be practically free from odor. Furthermore, the rate 
at which material is deposited in the filters may be reduced, so 
that the filters can be run for longer periods of time between 
washings. 

The chief advantage in applying activated carbon after 
coagulation is economy in the use of the carbon, as some of the 
material causing taste and odor is removed by sedimentation. 
This practice is usually feasible where the tastes and odors 
occur only for short periods of time; where they are not noticed 
until the water has been in the plant for some time; or where 
they are so mild that only a small dosage of carbon is required 
for their complete elimination. 
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57. Methods of Applying Carbon.-When the activated 
carbon is applied before coagulation, it may be introduced into 
the water either before the water enters the mixing basin in 
which the coagulant is added or in the mixing basin. \i\7hen 
it is applied after coagulation, it may be introduced into the 
water at the entrance to the sedimentation basin, at some 
point in that basin, or at the entrance to the filter; or it may 
be deposited as a slurry, or thick paste, directly on top of the 
61ter bed. In any case, it is essential that the carbon should 
come into intimate contact with as much as possible of the 
material causing tastes and odors. The activated carbon tends 
to prevent decomposition in the coagulated material, and some 
of the carbon is carried to the filter bed where it further 
adsorbs material that would cause tastes. The use of acti
vated carbon does not in any way tend to clog the sand nor 
otherwise interfere with the normal operation of the filter. 

Powdered activated carbon is lighter and finer than other 
dry chemicals, and dry-feed machines for applying the carbon 
must be specially designed. When the carbon is applied in 
suspension in water, provision should be made for adequate 
agitation of the liquid in order to prevent the particles of car
bon from settling out prematurely. 

Special methods of treating water with activated carbon are 
used under some conditions. Thus, powdered carbon may be 
mixed with water so as to be in suspension, and the mi.'<ture 
may be scattered over the surface of a reservoir. The carbon 
will then settle. \ i\ihen this method is used, either the reser
voir should be kept out of service for a period of 2 to 4 days 
after the treatment or the treated water should be filtered 
before it is used, in order to prevent the particles of carbon 
from entering the distribution system and appearing in the 
water supplied to the consumers. Another method of utilizing 
activated carbon in small installations is to deposit a layer of 
granular activated carbon on top of the sand bed in a 
pressure filter. 

Sometimes, the water is passed through a bed of granular 
carbon, which is constructed like a sand filter. Such carbon 
filters are operated at a somewhat higher rate than sand filters, 
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tl1e rate usually being between 3 and 4 gallons per square foot 
per minute. As the carbon loses its adsorbing power with 
use, it must be replaced or reactivated by removing the adsorbed 
material from its surface. Reactivation is accomplished by 
washing the carbon with steam, hot sodium hydroxide, or a 
concentrated solution of chlorine. 

58. Amount of Activated Carbon.- The dosages of acti
vated carbon per million gallons of water that have been used 
in different plants range from 1 pound to over 500 pounds. 
However, it has been found that a dosage of about 16 pounds 
per million gallons or 2 parts per million will ren10ve tastes 
and odors from the average water. 

59. Activated Carbon and Aluminum Sulfate.-Some
times, considerable benefit is derived by using a mixture of 
aluminum sulfate and activated carbon, the proportions being 
96 to 98 per cent of aluminum sulfate, by weight, and 4 to 2 
per cent of activated carbon. Such mixtures are known com
mercially as black alum and activated alum. The feeding and 
dosing methods are the same as those used for aluminum sul
fate alone. 

OTHER CORRECTI VE TREATMENTS 

60. Removal of Tastes by Aeration.-Aerators, of the 
types used for iron and manganese removal, may be used for 
the removal of volatile gases, such as hydrogen sulfide and 
carbon dioxide. However, the carbon-dioxide content cannot 
tl1eoretically be reduced below 0.5 part per million and, in 
practice, aeration will seldom reduce the content below 3 to 5 
parts per million. 

Aeration also results in an increase in the content of dis
solved O>-")'gen in the water. The oxidation that is thus made 
possible removes some offensive tastes and odors from the 
water, especially those due to oils and decomposition products 
from algae and other aquatic vegetation in lakes and reser
voirs. However, aeration is not usually effective in removing 
or reducing all tastes and odors. Consequently, where taste 
and odor removal is the principal consideration, a careful 
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investigation as to the benefits of aeration should be made 
before equipment for such a method is installed at a water
treatment plant. 

61. Prechlorination.- In reservOirs and basins where 
there is limited storage, the application of chlorine will often 
inhibit the growth of algae and iron bacteria. The exact 
amount that is· required to affect the various types of algae 
and bacteria present in a particular water may be determined 
by laboratory investigations. The application of chlorine in 
the exact dosages that are thus established is simple and fairly 
cheap. The chlorine is usually applied more easily to the 
water entering a reservoir than to the water already in the 
reservoir. However, the addition of chlorine before filtration 
for the purpose of killing algae usually intensifies the tastes 
and odors caused by the oils or decomposition products from 
the algae. Also, when the water contains phenols, prechlorina
tion is likely to produce chloro-phenols, which impart a dis
agreeable taste to the water. I n some instances, prechlorination 
has made ineffective other corrective measures for removing 
tastes and odors. Therefore, as in the case of aeration, a 
careful investigation into the palatability of the water is neces
sary before prechlorination is used as a regular procedure. 

62. Superchlorination.-The use of chlorine in quantities 
of from l.O to 3.0 parts per million has proved useful in some 
treatment plants where the use of ordinary quantities of 
chlorine produces chlorinous tastes in the water. The large 
doses of chlorine destroy phenols instead of forming chloro
phenol compounds, and thus prevent tastes. Usually a reac
tion period of 1 to 2 hours is required for satisfactory super
chlorination. The excess chlorine is removed by adding sodium 
sulfite, sodium thiosulfate, or sui fur dioxide to the water, 
or by passing the superchlorinated water through a bed of 
granular activated carbon. Even moderate doses of chlorine 
produce tastes in some alkaline waters, and dechlorination is 
also necessary in such cases. Superchlorination, followed by 
dechlorination, is sometimes desirable for the purpose of destroy-
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ing the taste-producing oils released by algae. Asterionella 
dinobryon, synura, and uroglena have been destroyed b; 
dosages of 0.5 to 0.7 part of chlorine per million. A residual 
chlorine of about 0.3 to 0.35 part per million will usually bring 
complaints because of taste. \Vhen both chlorine and ammonia 
are used, heavier applications of chlorine can be made without 
producing chlorinous tastes. 

63. Use of Potassium Permanganate.-Potassium per
manganate may be used to oxidize organic matter and destroy 
phenols that might otherwise produce chlorinous tastes in the 
water. A solution feeder is commonly used, and dosages of 
0.05 to 0.2 part per million are quite common. Such doses will 
not greatly change the manganese content of the water. How
ever, if larger doses are used to destroy phenolic compounds, 
not only will the manganese content become too great but a 
bitter taste from the permanganate will result. If a pink color 
appears in the filtered water after the addition of the potassium 
permanganate, too much permanganate has been added. 

64. Use of Fullers' Earth.- Because of its adsorptive 
powers, fullers' earth, or bleaching clay, has been used to some 
extent for the removal of substances that produce tastes and 
odors in water. T he compounds in the wastes from petroleum
refining plants are readily adsorbed by the clay, but many 
other taste-producing substances are not attracted to the clay. 
Excess quantities of the clay in the water will impart an earthy 
odor and taste to the water. 

65. Cleaning Walls With Copper-Sulfate Solut ion.-The 
walls of clear-water basins and swimming pools sometimes 
become covered, or seeded, with algae so that a green tinge 
appears in the water. The algae may be removed by first 
drawing off the water and then scrubbing the walls with a 
strong solution of copper sulfate. A push broom with stiff 
bristles makes a very satisfactory scrubbing brush. Some 
benefit may be obtained by spraying the walls with a solution 
of copper sui fate, but the scrubbing method is preferable. 
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SUMMARY OF METHODS OF CONTROLLING TASTES AND ODORS 

66. A summary of the various methods that may be used 
to prevent or remove each type of odor is as follows : When it 
is not safe to reduce the amount of chlorine that is used, the 
tastes due to an excess of residual chlorine may be avoided 
by adding ammonia with the chlorine; by dechlorinating the 
water with sodium sulfite, sodium thiosulfate, sulfur dioxide, 
or powdered activated carbon ; or by passing the water through 
a bed. of granular activated carbon. 

Tastes due to phenols may be prevented by the chlorine
ammonia treatment; by superchlorination followed by dechlo
rination; by the use of activated carbon in either powdered 
or granular form; or by the addition of potassium perman
ganate. 

Troubles from algae can be prevented most effectively by 
proper application of copper sulfate to the water. The removal 
of tastes and odors caused by algae is best accomplished by 
the addition of powdered activated carbon. Superchlorination 
or treatment with ammonia and chlorine is often satisfactory, 
and aeration is helpful in some cases. 

The common treatments for the elimination of tastes due to 
organic matter are the use of chlorine, with or without ammonia, 
and the application of powdered activated carbon. Aeration 
is sometimes effective for this purpose, and potassium per
manganate is occasionally used. 

Tastes caused by wastes from petroleum-refining plants are 
efficiently removed by the use of fullers' earth. 

CONTROL OF F LUORINE 

67. Removal of Fluorine by Means of Magnesium and 
Lime.-A water supply containing more than 1 part per mil
lion of fluorine is generally considered unsuitable for drinking 
purposes, because of the injurious effect of the fluorine on the 
teeth of young children. H-owever, the removal of excessive 
quantities of fluorine is not easily accomplished. \i\lhen the 
water also contains magnesium, the fluorine content may be 
reduced by softening the water · by the use of lime. The 
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remo~al of a large amount of magnesium is required to bring 
about a comparatively small reduction in ·the fluorine content. 
According to Scott, of the Ohio Department of Health, the 
number of parts per million of magnesium that are removed 
in the reduction of the fluorine content is approximately equal 
to 200 times the square of the ratio of the fluorine removed to 
the original fluorine content. For example, if it is required to 
reduce the fluorine content from 3 parts per million to 1 part 
per million, the approximate amount of magnesium that is 

needed in the water is 200x (
3

; 
1
)

2

=89 parts per miUion. 

Many waters do not contain the required amount of -mag
nesium, and the deficiency can be supplied by adding this 
element, usually in the form of magnesium sulfate. 

68. Removal of Fluorine_by Calcium Phosphate.-Fluorine 
can also be removed from water by bringing the water into 
contact with calcium phosphate [Caa(P04 )2], which is some
times called tricalcium phosphate. Good results have been 
obtained by passing the water through a mixture of hydroxy 
apatite [3 Caa(P0-1)2. Ca(OH)2] and calcium phosphate. The 
calcium fluoride ( CaF2 ) that is carried in solution in the water 
combines with the calcium phosphate to form fluorapatite 
[3 Ca3 (P04 )2. CaF2 ], which is precipitated and can be removed 
by filtration. When so much of the calcium phosphate has 
combined with calcium fluoride that the amount available for 
further removal of fluorine is insufficient, the material can be 
regenerated by washing it first with a solution of sodium 
hydroxide and then with carbon dioxide. 

PROTE CTION OF TRE ATED WATER 

69. Covering and Fencing Reservoirs.-Sunlight is neces
sary for the growth of algae. Therefore, dear-water wells, 
smaU reservoirs, and tanks should be provided with tight-fitting 
covers to exclude sunlight and thus prevent these plants from 
growing. A cover also prevents birds, animals, and human 
beings from dropping or throwing things into the water. 'When 
the reservoir is below the ground level, a cover keeps out con-
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taminating substances that tend to enter from the surro~nding 
ground. The cover may be made of wood, steel, or concrete. 
It is often fastened rigidly to the sidewalls. 

Large storage reservoirs do not generally require either a 
cover or a fence, as the water will be subsequently treated at 
a purification plant. However, where an uncovered reservoir 
is built in the ground, it is desirable to have a fence around the 
edge. A wire fence around a reservoir should be made of mesh 
with holes about i or t inch square and should be at least 17 
inches, and preferably 24 inches, high. Such a fence will pre
vent frogs, newts, and salamanders from reaching the water. 

T ABLE I ll 

APPROXIMATE QUANTITIES OF DI SINFECTANT REQUIRED TO P ROVIDE 
DOSE OF ABOUT 50 PARTS PER MILLION OF CHL ORINE 

Diameter 
Ounces of Disinfeclant per Dose 

of Number of Chloride of Lime 
Pipe Feet of Pipe (25 Per Cent High· Test H)•pochlorite Liquid 

Inches per Dose of Available (65 Per Cent of Chlorine 
r.blorine) Available Chlorine) 

4 64 1.0 0.5 0.3 
6 64 2 . .5 1.0 0.6 
8 48 3.0 1.5 1.0 

10 64 7.0 2.5 1.8 
12 48 7.5 3.0 2.0 
16 32 9.0 3.5 2.5 
18 36 12.5 5.0 3.5 
20 24 10.5 4.0 3.0 
24 24 15.0 6.0 4.0 
30 24 23.5 9.0 6.0 

70. Disinfecting Newly-Laid Mains.-Each length of new 
pipe should be carefully cleaned of all dirt and loose material 
before it is laid. However, during the handling and laying of 
pipe, the interior of the pipe is almost certain to become con
taminated in some way. In order to prevent the spread of 
disease from such contamination, it is necessary to disinfect 
newly-laid or newly-repaired pipe lines with a sterilizing mate 
rial, such as liquid chlorine, hypochlorite of lime, or high-test 
hypochlorite. 
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Th~ ~sua! dosage of chl~rine for newly-laid pipe is SO parts 
per m1llion. Table III, which was compiled from data obtained 
from Bulletin 22, entitled Water Suppl)' Co11trol, of the New 
York State Department of Health, contains the recommended 
dosages in ounces for various sizes of pipe. In the first column 
are listed the sizes ~f pipe, and in the second are given the 
number of feet of pipe that will be disinfected by each dose 
of cWorine. 

EXAMPLE.-:'fow many pounds of (a) chloride of lime, (b) high
test hypochlonte, and (c) liquid chlorine <.re needed for disinfecting 
1,000 feet of 20-inch main? 

SOLUTJON.-(a) In Table III, the dosage is given for each 24 fl of 
20-in. main .. Since 10.5 oz. of chloride of lime is needed for a dose, the 
amount requtred for 1,000 ft. of main is 

1,000 10.5 
24Xl6=27.3 lb. Ans. 

(b) The amount of high-test hypochlorite is 

1,000 4 
Z.f X 

16 
=10.4 lb. Ans. 

(c) For liquid chlorine, the amount is 

1,000 3 
--X-=7.8 lb. Ans. 

24 16 

71. Vvhere liquid chlorine is used for disinfecting a new 
pi~ line, the chlorine is forced into the line as it is being filled 
wtth water. The usual procedure is as follows: 

The old pipe line is tapped near the connection between the 
old and the new lines, and a corporation cock is screwed into 
the hole thus formed. Also, a rigid silver tube is connected 
to t~e corporation cock by means of a stuffing-box that is 
specially cons~ruct:d for use with chlorine, and flexible tubing 
of copper or s1lver IS used to connect this rigid tube to a cylinder 
of chlorine. The tubing and the necessary connections can be 
obtained from a manufacturer of chlorinating apparatus. The 
new pipe line is then flushed out with water in order to remove 
any loose dirt that may have accumulated in it. For this pur
~ose, an outl_~t valve or hydrant at the far end of the new pipe 
Js opened Wide and a gate valve on the supply main is also 
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opened wide to permit water to flow rapidly through the new 
pipe. When the water issuing from the pipe appears . clear, the 
valve on the supply main is closed and all the water IS allowed 
to escape from the new pipe. The interior of the pipe is 
inspected for deposits that may not have been removed in the 
flushing process. 

After the new pipe is thoroughly cleaned, the hydrant or 
valve at the far end is partly closed and the gate valve on the 
supply main is partly opened, so that the water flO\vs through 
the pipe at a slow rate. The pressure in the pipe should not 
exceed 30 pounds per square inch, as a greater pressure would 
prevent the ready flow of chlorine from the cylinder into the 
water. When the pressure and the flow of water in the main 
are satisfactory, chlorine is fed into the water. The water issuing 
from the main is tested with orthotolidin at intervals, and the 
flow of chlorine and water is stopped when a strong red color is 
obtained in the test. The main is kept filled with the chlorinated 
water for about 12 hours, and at the end of that period it is 
flushed with water until there is no longer any odor of chlorine 
and the water is clear. If the pipe has a dead end, all the 
service taps in the buildings supplied by the pipe should be 
kept . open until the chlorine odor disappears. The pipe can 
then be put into service. 

Where chloride of lime or high-test hypochlorite is used, the 
dose for each section should be placed in the pipe as it is laid. 
The section of the main that is to be sterilized should be closed 
off, and the water should be admitted slowly until the section is 
completely filled. Then the water and chemical should be 
allowed to stand in the pipe for at least 12 hours. At the end 
of that time, all hydrants and valves in the portion of the line 
being disinfected are opened in succession, the one nearest the 
supply end of the pipe being opened first, and the main is 
flushed thoroughly with water. 

72. Disinfection of Newly-Constructed Tanks.- Before a 
new storage tank or reservoir is put into service, its walls and 
bottom should be carefully scrubbed with a strong solution 
of chloride of lime. Then, with the blow-off valve open, the 
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entire inner surface should be flushed thoroughly with water 
so as to remove all dirt and loose material. Just before the 
tank or reservoir is put in service, it should be disinfected in 
either of the following two ways. ( l) The structure is filled 
with water, liquid chlorine is added until a strong chlorine 
residual is obtained, and the chlorinated water is allowed to 
stand for several hours. (2) Sufficient chloride of lime is 
placed in the empty structure to provide at least 8 parts per 
million of chlorine in the water to be treated, the structure is 
immediately filled with water, and the treated water is allowed 
to stand for several hours. In either case, the tank is then 
emptied and is immediately refilled for service. 
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PUMPS AND PUMPING 

DESCRIPTIONS OF PUMPS 

TYPES OF PUMPS 

73. Pumps are required when the elevation of the source 
of water supply is such that the water will not flow by gravity 
into the mains, when the pressure in the mains must be 
increased, or when the water must be raised from one level to 
another. The types of pumps most used in water supply are 
classified as displacement pumps, centrifugal pumps, and air
lift pumps. In the usual type of displacement pump, which is 
known as a reciprocali11g pump, a plunger or piston is operated 
so as to draw water into a closed chamber and to e..xpel it into 
a pressure main. There is a type of displacement pump, 
known as a rotary pmnp, which has cams or gears that revolve 
in a close-fitting case and force the water around and out at 
each revolution; but this type is seldom used in water-supply 
work. In a centrifugal pump, a revolving impeller imparts 
velocity to the water and causes it to flow into the main by 
centrifugal force. In the air-lift pump, compressed air is 
released in a column of water, and the water and air then 
rise because the specific gravity of the miJ<.."ture is less than that 
of water alone. 

DISPLACEMENT PUMPS 

74. Operation of Single-Acting Reciprocating Pump.- The 
principle of operation of a reciprocating pump is iJlustrated in 
F ig. 13, which is a cross-section of a single-acting plunger pump. 
The essential operating parts of the pump are the wheel a, the 
crankshaft b, the connecting-rod c, the piston, or plunger, d, 
the intake valve e, and th~ outlet valve f. As the wheel is 
rotated by the source of power, the crankshaft moves the 
connecting-rod, which in turn forces the piston up and down 
in the cylinder g. \i\Then the piston is raised, a partial vacuum 
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(Corrrle$y Goulds Pu~nps, Inc.) 

F'JG. 13 

265 

is created in the chamber h, and some water from the supply 
main i is drawn through the vaJve e into the chamber h to 
fiJI the space left by the receding piston. When tl1e piston is 
pushed downward, some of the water is forced from the cham
ber h through the outflow valve f into the chamber j that 
leads to the distribution main. An air chamber k is provided 
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at the outflow valve to reduce or eliminate entirely the other
wise dangerous effects of water hammer in the pipe line. 

75. Double-Acting Reciprocating Pump.-A pump of the 
type shown in Fig. 13 discharges water only during one-half of 
each revolution of the wheel. Consequently, the flow is inter
mittent and rather unsteady. Some of this unsteadiness may 
be overcome by the use of a double-acting plunger pump, in 
which there are two sets of intake and outlet valves, as sho)vn 
in Fig. 14. The parts of the pump above the piston rod a, 
which are not shown here, are similar to the corresponding 

parts of a single-acting pump. 
\Vhile the piston is moving 
downward, the intake valve b 
is open, and water is admitted 
from the supply main c into 
the part of the cylinder that is 
above the piston. The outlet 
valve d1 is also open, and 
water from the part of the 
cylinder below the piston is 

FtG. 14 discharged into the distribution 
main which is attached at e. The intake valve b' and the outlet 
valve d are kept closed during the down-stroke of the piston. 
\Vhen the piston moves upward, the intake valve b and the outlet 
valve d' are closed, and the intake valve b' and the outlet valve d 
are open. Water is thus drawn from the supply main into the 
part of the cylinder that is below the piston and is forced out 
from the part of the cylinder that is above the piston. There
fore, while water is being drawn into one part of the cylinder, 
it is being forced out from the other part of the cylinder, and 
the total amount of flow for a down-stroke and an up-stroke of 
the piston is twice as great as with a single-acting pump. 

76. Duplex and Triplex Reciprocating Pumps.-If a 
reciprocating pump is provided with more than one cylinder 
and piston, the flow will become more uniform. A pump with 
two double-acting cylinders is called a double-acting duplex 
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pump; a pump with three single
acting cylinders is a single-acting 
triplex pump; and one with three 
double-acting cylinders is a double
acting triplex pump. 

77. Reciprocating Pumps for 
Deep-Well Pumping.-A type of 
reciprocating pump that is par
ticularly suited to pumping water 
from deep wells is shown in Fig. 
15. Its most important part is a 
cylinder a, called a working barrel, 
which is about 10 feet long. The 
working barrel and the pipe b, to 
which it is screwed and through 
which the water is pumped, are 
lowered into place within the well 
casing c so that the working barrel 
reaches into the water to be 
pumped. The water enters the 
working barrel through the strainer 
d at its lower end. Within the 
working barrel are two pistons, 
e and f, each of which is attached 
to the end of a rod, called a pump 
rod. The rod g, which may be 
either hollow, as shown, or solid, 
is attached to the lower piston e 
and works within the hollow rod 
h on the upper piston f. The rods 
are so connected to the pump 
machinery above ground that one 
piston moves upward while the 
other piston moves downward. In 
the upper part of each piston are 
valves i to regulate the ftow of 
water past the piston. 

(Cot4rluy A. D. Cook, Inc.) 

FiG. 15 
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In Fig. 15, the pistons are shown close together, e being at 
the top of its upward stroke and f at the bottom of its down
ward stroke. A complete cycle of the pump may be outlined 
as follows: The piston f, with the valves in it dosed by the 
weight of the \\'ater, travels upward for the length of its stroke 
and lifts the water above it. l\Ieanwhile, the piston e, with its 
valves open, travels downward through the water in the work
ing barrel, and water passes through those valves to the upper 
side of the piston. When the piston f reaches the top of its 
stroke and starts downward, its valves open. At the same 
time, piston e, with its valves closed, starts upward and lifts 
the water above it. 

78. Chara cteristics of Reciprocating Pumps.-Since there 
is a definite displacement of liquid at each stroke of the piston 
of a reciprocating pump, the total discharge depends on the 
number of r.p.m., or revolutions per minute, of the pump. The 
speed of a reciprocating pump is comparatively low, the num
ber of revolutions per minute seldom being more than 100. The 
power required to start the pump is high, since the quantity of 
liquid. displaced and the head against which the pump works 
are the same at the first stroke as at all other strokes. It must 
be kept in mind that the load on a 
reciprocating pump is applied as a 
series of impulses and that the 
power employed to operate the 
pump must be suited for such ser
vice. Generally a flexible coupling 
is employed to minimize the effect 
of the variations in pressure. 

There is always a certain amount 
of leakage of water through the 
valves and around the piston of any 
pump. This leakage is called the slip. 
condition, the slip should not exceed 3 
quantity of water pumped. 

F IG. 16 

For pumps in good 
to 5 per cent of the 

79. Applicability of Reciprocating Pumps.-Reciprocat
ing pumps are most efficient for pumping water against high 
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heads. For installations handling great quantities of water, 
large steam-driven or electrically-operated pumps of this type 
possess many advantages. The smaller reciprocating pumps 
are best suited for relatively small volwnes against high heads. 
"'ith low heads and large capacities, other types of pumps are 
more efficient. 

80. Rotary Pumps.-One type of rotary pump is illustrated 
in Fig. 16. The liquid is drawn into the pump at the inlet a, 
is carried around the inside of the casing b by the rotating lobes 
c, and is forced out at d. This type of pump is little used in 
water-works service and is not suitable for pumping large 
volumes of water. Its favorable characteristics are its sim
plicity of construction, its durability, and a uniform rate of 
discharge. 

CENTRIFUGAL PUMPS 

81. Operation of Centrifugal P umps.-In Fig. 17 is shown 
a cross-section of a typical single-stage centrifugal pump. When 
the shaft a is rotated, water is drawn into the pump through 
the eye, or suction passage, b; from there it flows through the 
annular opening c and enters the rotating wheel, or impeller, d. 
The rapid rotation of the impeller imparts both pressure and 
,·eJocity to the water and causes it to be thrown ouh\'ard to 
the case e, from which it is forced through the discharge line 
by way of the passage f. 

As the impeller does not fit tightly in the case, it does not 
merely push the water. Instead, it imparts to the water a 
centrifugal force, which creates a pressure head that forc~s the 
water tJuough the discharge pipe against the action of gravity. 
The diameter of the impeller and its peripheral speed determine 
the head against which the pump will work. In practice it is 
not economical to use the ordinary single-stage centrifugal 
pump for heads greater than about 300 feet. 

82. Multi-Stage Centrifugal Pumps.-Where a centrifugal 
pump is to be used for a head of more than 300 feet, a multi
stage pump is employed. In such a pump, two or more impel
lers are connected in series, so that the discharge passage of one 
impeller forms the suction passage of the succeeding one. In 
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Fig. lS is shown a cross-section of a three-stage centrifugal 
pump, with the three impellers a arranged in series. In ordi
nary practice, five or six stages are about the limit that can be 
used on one pump casing. The use of a greater number of 
stages introducf'.s mechanical difficulties that interfere with 
efficient operation, the chief difficulty being the extremely long 
dri,·e shaft required. Therefore, when more than six stages 
would be required, the usual practice is to utilize two or more 
pumps. 

83. Double Suction.-Centrifugal pumps for pumping 
large quantities of water under low head are commonly con
structed with double suctions. In Fig. 19 is shown a type of 
double-suction centrifugal pump. The suction opening, which 
is not shown in the illustration, is in the flange a and leads to 
the suction passage b on opposite sides of the impeller c. \Vhen 
the shaft d is rotated, the water from the suction passage b 
flows through the annular openings e into the impeller c. As 

(a) 

(b) 
Ftc. 20 

the impeller has two annular openings e, it receives water 
simultaneously from both sides, but from the same source. On 
leaving the impeller c, the water flows through the case f and 
then to the discharge pipe at g. 

84. Types of Impellers.-Impellers of centrifugal pumps 
a re of two general types, namdy, open and enclosed. As 
shown in Fig. 20 (a), the open impeller consists of a hub a 
with vanes b attached to the hub. In the enclosed impeller, 
shown in view (b), the vanes b are set between two shrouds, 
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or plates, c. The open impeller is better suited for use witb 
liquids that carry solids, such as drainage water or sewage. The 
enclosed impeller, however, is more efficient in operation and, 
therefore, is preferable for water-supply purposes, although it 
is slightly more costly than the open type. The choice between 
the two types of impellers will depend on the cost of available 
power and the required pump efficiency. 

85. Characteristics of Centrifugal Pumps.- The centrifugal 
pump is essentially a high-speed pump, normally operating at 
speeds of more than 1,000 r.p.m.; in some cases, efficient 
speeds of 3,500 r.p.m. are possible. The discharge is uniform 
and consequently the pcwer requirements also are uniform. 
Because of the high speed of the pump, its direct connection 
to an electric motor is possible. 
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The discharge of a centrifugal pump is fixed by the design 
and by the speed. In Fig. 21 are shown typical operating 
curves for a centrifugal pump operated at a constant speed 
under various conditions. The pump was designed to deliver 
3,000 g.p.m. against a 185-foot head with an efficiency of 85 
per cent. Therefore, as shown by the curves for head and 
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efficiency, the pump operated most efficiently when discharging 
th.at volume of water against the specified head. The pump 
wtll also operate efficiently within a wide range of conditions. 
Thus, if the head were increased to 200 feet, the efficiency 
would be about 81 per cent, but the discharge would be only 
about 2,300 g.p.m. If the head were decreased to ISO feet 
the efficiency would be about 79 per cent and the capacit}; 
would be increased to about 3,750 g.p.m. I t should be noted 
that for this pump the brake horsepower, which is a measure 
of the power developed by the pump, increases as the discharge 
increases. The speed at which the pump operated to obtain 
data for plotting the curves in Fig. 21 was 1,750 r.p.m. For 
other speeds, similar curves could be plotted. 

In order to start a centrifugal pump, a valve in the discharge 
line is dosed, and the power is turned on. The head or pres
sure that will be built up, as the pump attains a maximum 
speed, is limited by the particular design. I n the case of the 
pump for which the operating curves are shown in Fig. 21, the 
maximum head is 208 feet. After the pump has reached its most 
efficient operating speed, the discharge valve is opened, and dis
charge begins. The load on the pump at the time of starting 
with the discharge valve closed is only from one-fourth to one
half of the load on the pump when in actual operation. Conse
quently, the centrifugal pump is much easier to start than is the 
displacement pump. A centrifugal pump should be lubricated 
in accordance with the manufacturer's directions. 

86. Advantag~s of Centrifugal Pumps.- The centrifugal 
pump has a wide range of usefulness in water-supply systems, 
as it is re1atively cheap, compact, and simple, and is adaptable to 
various kinds of power. 

87. Turbine Pumps.-A turbine pump operates in the 
same way as a centri fugal pump, but the cl1annel into which 
the water is discharged by the impeller is of uniform cross
section. \Vhile somewhat higher efficiencies are obtainable 
with a turbine pump than with the ordinary centrifugal pump, 
the first cost is higher and the cost of maintenance is g reater 
for the turbine pump. 
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The turbine pump is particularly adapted to deep-well pump
ing. In Fig. 22 is shown a common type of deep-well turbine 
pump. The ve•·tical drive shaft a is attached at the top end to 
a motor and at the lower end to a series of impellers b. As the 
impellers revolve, water is drawn from the well casing c through 
the strainer d, and is forced through the discharge line e. 
Turbine pumps are lubricated with either oil or water, as 
specified by the manufacturer. 

AIR-LIFT PUMPS 

88. Description of Pump.-The air-lift pump is particu
larly adapted for use in wells that are drilled through roc'k or in 
wells in which the water level is at a considerable depth below 
the surface of the ground. In Fig. 23 are shown the main parts 
of an air-lift pump. The eduction pipe a, which is about an inch 
smaller in diameter than the casing b, is inserted inside the casing 
so that its lower end is well below the level of the water to be 
raised. Within this eduction pipe is a smaller pipe c to which 
is joined an outside pipe d that leads from an air compressor. 
The pipe c makes an air-tight connection with the flange e, and 
its lower end reaches nearly to the bottom of the eduction pipe. 
Compressed air is supplied from the compressor and escapes at 
the lower end of the pipe c through perforations. At the begin
ning of the operation, the water is at the same level inside and 
outside of the pipe a. \ iVben air is forced down the pipe c, 
it rises through the water in the pipe a, which then contains a 
mi.A1:ure of water and air. Since the weight of a column of this 
mixture is less than the weight of a column of water of the same 
dimensions, the pressure inside the p ipe a is reduced below the 
pressure in the casing, and the water rises in the pipe a. \Vhen 
a sufficient quantity of air enters the pipe a, the water flows out 
through the outlet f. 

89. Features of Operation.-Where the lift is not more 
than 150 feet, the operation of an air-Lift pump for all rates of 
water discharge and air supply is most efficient when about two
thirds of the eduction pipe is submerged, that is, when the 
distance from the bottom of the eduction pipe to the water sur-
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(Courtesy Johnston Pump Co.} 
FIG. 22 

d 

FIG. 23 

e 

111 
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face in the well is about twice the distance from the water 
surface to the point of discharge. For lifts greater than ISO 
feet, the submergence should be between 40 and SO per cent of 
the length of the eduction pipe. 

The quantity of water delivered by an air-lift pump in a g iven 
interval of time depends on the rate at which air is supplied. 
For economic operation, the volume' of a ir required to raise 
water at a given rate may be found by the formula 

V=Qh 
125 

in which V =required volume of air at atmospheric pressure, in 
cubic feet per minute; 

Q =water required, in gallons per minute; 
h= vertical distance between water surface and point 

of discharge, in feet. 

The air should be under a pressure slightly greater than that 
due to a static head equal to the d istance from the bottom of 
the air-supply pipe to the water surface in the well. 

90. Advantages an d Disadvantages.-An air-lift pump has 
the great advantage that no moving parts are in contact with 
the water. Consequently, it is particularly adapted to the 
lifting of dirty or gritty water, and strong acid or alkaline water 
that would cause rapid corrosion in displacement pumps or 
centrifugal pumps. A lso, if the well hole is crooked, an air-lift 
pump may be the only kind that can be operated. T he disad
vantages of an air-lift pump are tl1at its efficiency is low, 
especially for very deep wells, and that the well must be carried 
to a considerable depth below the surface of the water, in order 
to obtain sufficient submergence for the eduction pipe. 

GENERAL FEATURES OF P UMPING· I NSTALLATIONS 

91. Suction Lift.-The theoretical maximum suction lift 
for pumps is approximately 34 feet; but, because of various 
losses of head, this limit can never be reached in practical work. 
The elevation of any pump above the source of supply should not 
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exceed 22 feet, and for a centrifugal pump the practical limit is 
about 15 feet. The suction pipe should be short and straight. 
. ~Vhen a centrifugal pump is set above tl1e level of the supply, 
Jt IS necessary to prime the pump in order to start the flow. 
This can be accomplished by either feeding water into the 
suction pipe {rom an auxiliary source or exhausting the air from 
the suction pipe by means of a vacuum pump. However, it is 
often preferable to set the centrifugal pump somewhat below 
the level of the liquid to be pumped so that it will remain primed. 
The pump may then be placed in a dry well or pit that is below 
the water level. Once a displacement pump has been put in 
service, it remains always primed. 

92. Power f or Pu.mping.-Steam engines, gasoline engines, 
Diesel engines, and electric motors are commonly used to drive 
pumps. The choice of motive power for a particular water
works pumping station is determined by economic factors, 
which include the size of the plant, the costs of coal, gasoline, 
oil, and electricity, and the cost of the attendance that is 
required by each type of motive power. 

For the larger installations, the ability of the modern steam 
engine to produce power at a low cost, and the durability and 
flexibility that are characteristic of this type of engine are impor
tant. For the medium and small plant, dectric power has the 
advantage of low first cost, even though such power requires the 
provision of gasoline engines or some oilier source of reserve 
power for emergencies. The use of electrically-driven pumps 
reduces materially the amount of care and attention necessary. 

Oil, gas, and gasoline engines have developed rapidJy as a 
source of reliable power for pumps. Except for very small 
installations, gasoline engines are usually too e.'pensive in 
operation to justify their use. Diesel and semi-Diesel engines, 
burning a low grade of fuel oil, are economical in operation and 
are well suited to pumping installations, especially where the 
load is fairly uniform and the pumping is continuous. 

93. Stand-by, or Reserve, Power.-No matter what type 
of power is employed, it is desirable to provide some extra pump 
units for use in case of breakdown or when repairs to the regular 
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pumps are necessary. \i\Then electric current ts the motive 
power for continuous pumping, stand-by power units must be 
provided in order to keep the pumps in operation during inter
ruptions that may occur to the regular power supply because 
of storms, breaks in the power-transmission lines, or other 
uncontrollable conditions. Gasoline engines are commonly used 
for reserve power units. The first cost is reasonable, and the 
infrequency of their use minimizes the importance of the 
relatively high fuel cost required for their operation. 

94. Size of Units.-A water-works pumping station is not 
operated at full capacity all the time. This factor has con
siderable bearing on the sizes of the pumps that are installed 
in any particular station. As previously explained, the effi
ciency of pumping engines varies with the amount of load. For 
example, the full-load efficiency of a pump may be 80 per cent; 
the half-load efficiency, not greater than 70 per cent; and the 
quatter-load efficiency, not greater than SO per cent. Conse
quently, the complete pump installation is usually so designed 
that some of the pump units may be operated at full capacity 
all the time, regardless of the variation in demand. \Vhen the 
demand is increased, additional pumps may be started; and, 
when the demand is decreased, some pumps may be stopped. 

95. Remote Control of Pumping Stations.-When electric 
current is used for pumping, it is possible to regulate conditions 
at the pumping station by means of remote control. \Vhen a 
remote-control system is installed, any individual power unit 
or group of units may be stopped or started at a predetermined 
time or under predetermined conditions, and a signal may be 
relayed to a central office if anything goes wrong at a particular 
station. \Vhere there are several pumping stations in series, 
such as a main station and two or three booster stations, or 
where several deep-well pumping stations are required, all of 
these can be operated by one man from a main plant or office 
through a remote-control system. A remote-control installa
tion results in a considerable saving in operating costs for 
isolated pumping stations, which are difficult to reach quickly 
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or are not large enough to justify constant attendance by an 
operator. In many cases, such stations require only weekly 
inspections. 

There are a number of types of remote-control systems, 
involving all variations from automatic control of a single 
device to practically complete automatic operation of the station. 

96. Measuring Discharge of Pumps.- The volume of 
water discharged from a pump may be measured directly in 
Yarious ways. If the discharge is small, the water may be 
directed into a box or tank of known dimensions or capacity, and 
the time required for filling the tank may be noted. A natural 
reservoir, a standpipe, or an elevated tank may be used for 
measuring the discharge of a pump by closing the outlet valve 
and keeping a record of the increase in the depth of water for 
a specified period of time. 

In many cases, it is advantageous to measure the discharge 
by an indirect method. Fairly accurate results may be obtained 
by allowing the pump discharge to flow over a weir, especially 
where provision is made for a quiet and uniform flow without 
turbulence or interference from the pump discharge. Even, quiet 
flow may be obtained by pumping the water into a long box 
or channel. If there is available a nozzle that has been rated 
or checked for discharge, the discharge may be computed from 
the observed pressure in the pipe at the point of attachment 
of the nozzle. Where the pumping is through a pipe line, a 
Venturi meter is very easily installed. This device gives the 
most reliable results of any of the indirect methods. 



BUREAU OF WATER, CITY OF READING PENNA. 

REPORT ON OPERATION OF MAIDEN CREEK RAPID SAND FILTER PLANT 
WEEK ENDING !Jarch 12, 1940 

FILTER OPERATION PHYSICAL TESTS REMARKS 
W~SB WATER LOSS OF HBAD TURBIDITY COLOR ODOR Num.btr of Fitte.rO.aits 

Fil:•£te Row Tr~.lted 6 
lbs. Ito. Wash A•.c. 

A.~ 
Tot&! SUd Area 69114 

MiiUoa SetTice lA Gals. J<o. l<o. WaJb Rite 

~·· "'"'· Sq.FL 
G11lo!l:S Filte.rs W&tcr initW F':;aaJ W:u. Filttt Rr:m. •. Hr. AU Ftltus Minufu iA G.ls. W•tu Raw Seltl•d Filtered Row Filttr<d 
Faltucd FiltHs i.D Strriu p<rSq. FL 111 Loss Lo .. Cold H ot Cold Hot lli:D. Fi!tcr Ibm •• . Hr. Wasbed Wuh<d p<r Sq,. FL Fi1knd per Mia. IOOOG-'a. ft:rldi•. iaFL i.a FL Settlq Basizzs Last 

ca.~. 

SUN. 8.670 96 4 1.29 0 . 2 7 . 0 12 ..................... 
1\JON. 8 .900 96 5 1.32 2 11 .7 233 17. 1 2.6 " " 11 4 0.15 

TUE. 8.751 96 4 1.30 . " 13 6 0.15 l.liD 3!>!ao 0 2C 

WED. 8.433 96 5 1.25 2 12.2 242 17.0 2.9 " .. 10 7 0.14 

TBU. 7 . 158 96 5 1 . 07 1 6.0 113 16.2 1 .6 " " 10 6 0.10 

FRI. 7.648 96 5 1.14 1 6.2 106 14.7 1.4 " " 9 6 0.12 11Jm 311111 0 2C 
SAT. 7.960 96 5 1.18 1 6.2 111 15. 4 1.4 " .. 9 4 0.15 
TOTAL 57.520 672 8.55 7 42.3 805 80.4 9.9 
AVG. 8.217 96 1.22 6.0 115 16. 1 1.4 

CHEMICAL DETERMINATIONS IN P.P.M. 
TOTAL ALKALINfTY CARBON DIOXIDE pH HAIU>IfESS RESIDUAL CHLORJ11:B 

Pumpiac Row FiJ:ter~d Filtered Plu.t E61u.eat PmDJ>i< StatioD 
Row F"dln<d WJOI!Iiuiloc Raw Faltued F'Utuecl Raw Set dod Statioa. Elllomll 8 A.J.I. 4 P..Jd. S A..JI. 4 P..Jd. 

SUN. 
MON. 36 25 3 0 7.5 9.6 0.25 0.42 0.42 
TUE. 36 24 2 0 7 .7 9.7 0.25 0.40 0.40 
WED. 36 26 2 0 7.7 9.6 0.23 0.35 0.36 
THU. 35 23 2 0 7 .7 9 . 5 0.25 0.40 0.38 
FRI. 36 25 2 0 7.7 9.6 0.26 0.40 0.40 
SAT. 36 25 2 0 7.7 9.6 0.25 0.40 
TOTAl 
AVG. 

CHEMICALS APPLIED 
ALUM LIME CARBON COPPERAS CHLORINE .un.tolllA 

Lb. Lb. flo!. G. Lb. Lb.fM.G. Lb. U../!d.G. I. b. Lb.fM.G. Lb. Lb./)oi.G. 
Prdimi.ary ..... Pr•limi.o.uy Posl 

u.. Lb.JM.G. Lb. Llo./M.G. Lb. Lb./MG. Lb. Lb./MG. 
SUN. 1620 186.6 880 101.4 43.0 4.95 13. 0 1.50 8.5 0.98 
MON. 1675 179.4 960 103.0 42.0 4.72 14.0 1.62 9.5 1.10 
TUE. 1630 184.2 1008 113.9 43.0 4.91 13. 0 1.49 9 .0 1.03 
WBD. 1570 186.5 912 108.2 45.0 5.34 13.0 1.59 9.5 1.16 
TBU. 1365 190.7 769 107.3 41.0 5.73 10.0 1.42 7.5 LOG 
FRI. 1330 173.8 768 100.4 38.0 4.97 11.0 1.46 7.0 0.93 
SAT. 1490 177.2 768 096.5 41.0 5.15 11.0 1.40 7.5 0.96 
TOTAL 1278.4 730.7 35.77 10.48 7.22 
AVG. 182.6 104.4 5.11 1.50 1.03 

B B tm--5302 D Ftc. 27 S2233 



BUREAU OF WATER, CITY OF READING, PENNA. 

MAIDEN CREEK RAPID SAND FILTER PLANT 

RECORD O F PLANT O PERATION 
SHEET 2 Of 3 lla rch 11 1940 . 

TIME Cylinders Cb1Ul£;ed 

Seale Readme 
I 1 2 3 4 5 6 7 8 9 10 II 12 Time 

~fore Aftu 

SETTING OF FEEDER NO. 1 

CHLORINE S ETTING OF FEEDER NO. 2 A.M. 34 33 33 33 31 ' 30 

SCALE READlNG 354 351 348 345 341 338 I 

Prelim:inazy SETTING OF FEEDER NO. 1 
Treatn::ent SliTTING OF FEEDER NO. 2 P.M. 34 35 36 36 36 36 

SCALE READlNG 335 331 328 325 3 .21 318 

S ETTING OF FEEDER NO. 1 I 12 11 11 11 10 10 

CHLORINE SBTrlNG O F FEEDER NO. 2 A.M. 
SCALE READING 336 335 334 333 332 . 5 331.5 

P~t SETTING OF FEEDER NO. I 11 12 12 12 12 12 I 
Treatment SETTING OF FEEDER NO. 2 P.M. 

SCALE READING 331 330 329 328 327 326 

AMMONIA 
FEEDER S ETTING A.M. 
SCALE READING I 

Preliminary FEEDER SETTING P.M. Treatment 
SCALE READING 

AMMONIA, FEEDER SETTING A.M. 7.5 7.2 7.2 I 7.2 7.0 6.8 

SCALE READING 347 . 5 347 346. 5 346 345.5 345 

Post FEEDER SETTING P.M. 7.6 8 8 8 8 . 1 8 
T reatment SCALE READING 344.5 343. 5 343 342 341.5 341 

POINT OF TREATED WATER 
Lime Added to Hoppe.n; 

APPLICATION FILTERED WATER Ttme 
Scale Re.a.dinz: 
Bel ore Mler 

SCALE FEEDER NO. I A.M. 1110 1055 I 2555 2505 2445 2385 2320 2270 2205 2150 2095 2045 2-A.J.!. 1055 2615 

READll'fG FEEDER NO. 2 

LIME 
POINT OF TREATED WATER I ! 

APPLICATION ,FILTERED WATER 

SCALE FEEDER NO. l P.M. 1995 1940 1885 1830 1780 1720 1665 1615 3120 3065 3015 2960 8-P.!.I. 1615 1 3180 

READING FEEDER NO.2 I 

P OINT OF TREATED WATER 
Cuboo Add!'d to H.oppers 

APPLICATION SETTLED WATER Tune 
Sale Read..i.ng 

A.M. &fori! After 

SCALE FEEDER NO. l 
ACTIVATED READING FEEDER NO.2 I 

CARBON POINT OF TREAT ED WATER 

APPLICATION SETTLED WATER P.M. 
SCALE FEEDER NO. I 

READING FEEDER JfO. 2 I I 
B n Ol9--5302 D FIG. 25 . 822JJ 



BUREAU OF WATER, CITY OF READING, PENNA. 

MAIDEN CREEK RAPID SAND FILTER PLANT 

RECORD OF PlANT OPERATION 
SHEET 3 OF 3 March .11 1940 . 

SOLUTION FEED PUMPS-Houra ol S<t>k• Jh!XIl'IG No.1 llo. 2 No...J 
CH.UUtSL XXX No. a-1 llo. 1 No.. J . No. 4 No. S No.. 6 rt .. 7 No.8 No. 9 I!SBD 

DISSOLVING TANKS I I I I I I I SETTLING No. I No.2 tica...J 
BASIN USBD XXX XXX 

Tn.IB TO SOLI111011 l!i.ICfiUCITY USBD WBATBER QUJ.Nnl'Y-POU!IDS CH&MICAL USBD TANIC 110. 
Swt Slop TAIIK 1!0. U&ht TEMPERA TI1IUI Pont 

800 copperas 3 12-IA. 3-A.IA. 3 3382 2098 MID. I clear bwWttu I Air 

3381 2096 a A.M. I clear N- 1 MidzllP• 1 :a..,.. 1 ~· 
1 2 .. P.JI. I · c l ear 381 36 I 45 I 37 

SOLUTION TANKS FEEDERS GAGE READINGS 
TIME ~tioa R.awW&ttt 

TANK NO. I TANK NO. 2 TJ.N!C NO.3 Fec4!tr fzom To ol N .dtr HJ4. Hocse llcw Settled Oln.r Filtt.red CJu.r IAJ<e 
s. ..... , T&Dk Coe.dait floc: ' 10,000 GAl. ~ice Sernoe Water Wat«r We~ Watu Wa-ttr pH OAtebw:~ee Depl!a Cbuniul Depch O:luaicaJ Depch Chc.mieal No.. No. Rounoi.r Bui• 

1A.r.1. 4.8 cprs 5.0 cprs 0.0 cprs 2.0 1 1 G 7300 343 270.7 266.7 257. 4 255.3 254.9 9.6 
2 4.6 .. 7325 .. .. .. 255.4 255.0 .. 
3 4.4 5.0 " 7360 .. .. .. .. " .. 
4 .:.2 I .. 7390 .. .. u .. .. .. 
5 .:.o I .. 7425 .. " u Q . .. 
6 3.8 I I . 7455 .. . " .. " .. 
7 3.5 I I .. 7490 .. " . " .. .. 
8 3.4 I n 7510 .. . " .. .. " 
9 3.1 I I .. 7540 .. .. 257.3 " " .. 

10 2.9 I . 7567 .. .. Q .. .. .. 
ll 2.7 I " 7592 .. .. .. .. .. .. 
lfOOll 2.5 .. 7619 .. .. " .. .. .. 
1 P.M. 2.3 .. 7647 .. .. .. .. .. .. 
2 2.1 I .. 7702 .. .. .. .. .. " 
3 2.0 I .. 7730 .. .. .. .. .. n 

4 1.8 I .. 7765 .. .. .. 255.3 254.9 . 
5 1.6 I . 7792 .. .. .. .. .. I .. 
6 1.4 I I .. 7832 ' I .. .. .. .. .. " 
7 1.2 J I .. 7845 I .. .. .. .. .. . 
8 1.0 I . 7883 .. " . .. " " 
9 0.8 I . 7900 .. .. . .. .. .. 

10 0.4 I n 7920 .. .. 257.0 .. .. .. 
11 0.3 I . 7950 .. " 257.3 255.4 255.0 . 
MID. 0.2 .. 7981 .. .. .. .. .. .. 

SUlllr.tARY OF CHEMICALS USED RBM.uutS: 

CHLORmE AMMONIA 
ALUM UllE 

PrelimlD&rJ POSI Pr-elim-iaa:ry P.ost 
COPPEIL\S CARBON 

TOTAL 1330 38.0 1 11.0 I 7.0 768 
Ll!..floi.G. 173.8 4.97 1 1.46 I o.93 100.4 

OPERATORS 

S~ilr: I Giles-Roslin 1 Slout: 2 Palm I SIWI: 3 Saods-Painter 

I I 'E-Exc:ellent <Hiaod f - Fair P..Poot W. Strockbine 
D D 609-5.302 D Ftc. 26 82233 



BUREAU OF WATER, CITY OF READING, PENNA 

REPORT ON BACTERIOLOGICAL TESTS 
WEEK ENDING 3-12-40 

MAIDEN CREEK RAPID SAND FILTER PLANT 
RAW WATL1t SETT1.£D WATER FILTERED WATER CHLORl:tATED E.tU.UE:tT 

Apt l c.c. B. coli pP 100 c..c Apr 1 c.c.. B. COli Ptr 100 c.c.. Apr I c..c.. 8. coli ~r 100 c..c.. Acu 1 c.c. B. coli per 100 c..c. 
• ,. c. 2-4Hr.Gu 48Hr.Gu c...At...s J7'"'C. :ZtHz.Gu iS Rr. GIS Co~d .,. c . 24 H.r. G.u __ l 4S Hr. G.as Cealr.ccl .rc. zt Br. Gu 4SHt. G.u Com)l<<td 

SUN. I 
MON. 33 0 100000 100 7 0 1000()0 0 1 0 10 0 1 0 8 0 
TUE.. 31 10 1000 10 2 0 100 0 2 0 10 0 2 0 8 0 
WED. 31 0 1000 100 7 0 1000 0 1 0 6 0 1 0 6 0 
THU. 29 0 10000 100 4 0 10 0 1 0 0 0 0 0 4 0 
FRJ. 32 0 I 100 10 4 0 100 I 0 1 0 10 0 1 0 6 0 

SAT. 35 100 10 11 100 0 4 10 0 3 6 0 
A\'G. I 

INDMDUAL FlLTERs--con1"umcd Tat for Coli 

FlLTER NO. I FIJ..TER XO. 2 FILTER 110. l FILTER. HO. 4 FILTER l<O. s rr~TER xo. o DETAIL OF B. COLI TEST 011 CHLORINATED .EJ'FLUElCT 

"'"" B.coliflOc..c A&>< B.ooti}IO c.c. Apz B.toli/10<.<. -'&M iB·ooi;JIO<.<. A&.ar B.coliJlOc..c. ""' )l.ooli}IO<.c. B.G.B. I Eosiae r.ttt:hyl.tat- Blue Apr I Gas• Gu• Gr•m F"IICial/ I<.<. ·,~~ ~7~ j,~ I c.c. I c..c:. s,.,-.. 
•rc G.u Coa. Gas Coa. Gas Coe. Gas Coa. J7'"C. Gu c... l7·C. Gn COA. Z41It..,~SHr., Type: Growth Zt Hr. .UH.r. St.U. IOOc..c. 

SUN. I I I 
MON. 0 + - 2 + - 1 + - 0 + - - I • I llo grorth I I 0 

TUE. 2 + - 1 + - 1 + - 1 + - I - I . I I 0 -
WED. 0 + - 2 - - 1 + - 1 + -

- ' - I " I I 0 

THU. l - - 0 + - 0 + - 1 + - - I - .. 0 

FRI. 3 + - 0 + - 0 + - 3 + - - I - .. I I 0 

SAT. 3 + - 2 + - 7 + - 2 + - - I - . I I 0 

AVG. L I 
DISTRIBUTION SYSTEM REMARKS 

Resioi...J Apz G.u B. G.B. £osiM NethJk':nt:: 82ue Apr GAS c .... r..w 
Soouco D&a I C...t~ 2.S loonll.a&. Sporn 'Secoadiaoeulatioo. 

Clliorioc l7'C. ZtHr. 48H.r. 2• Hr. -4aRr. Tne Grewlh z• Hr. .u H• .. 
Stain ICIOc.c. tA• eaco. (Cakvlated) 

I 0 
B. G. B..•Btilliul Gttt.D Lactose 

NEVERSINK Uar. 7 0.01 1 0 100 - - No gi"()Wlh Bile Broth. 

HEGEL-GBHL .. 0.05 1 0 10 . 0 All clll.oria.atftl S~..J~eplu &re col· - - !«:ted im sodia.m • l~os:'Utll.1e 

GLENSIDE .. 0.10 2 0 10 - - .. 0 lnalcd botllCL 

CARPENTER STEEL .. 0.10 1 0 6 - - " 0 

9TH & MARION .. 0.09 2 0 6 - - . I 0 

HIGH SERVICE NO. 2 " 0.00 3 0 0 0 

PENN RESERVOIR " 0.10 1 0 8 - - . 0 
BUTTONWOOD .. 0.16 2 0 8 - - . I 0 

HILL ROAD .. 0.15 1 0 10 - - . I I 0 

WYOMISSING " 0.10 1 0 10 - - " I I 0 
KENHORST " 0.09 2 0 10 - - .. I ' 0 

MONTHLY CHEMICAL ANALYSIS 
AJumi. Cd- )4_ .. Socii .. a..~~ Carbon- Nitrite,lli1rO<e 

...._,~ 

T.-,.r·l I C.•-, I DissoiTC~ a.,, .. 
T ... l Sil;ca u.. .... """' &.-"ca Potauiam ale Biurt.oa.te- Sell.lle1C~ .. . . •tvc ia p!l Diorilk 0~ Coo· 
Solids (SiO,) <Fe) (AI) (C.) O.i&l (Ma+K •• (CO,) (BCO.l tSOJ 101 CNOtl HfO,) Enlty "j 

0.&- C. CCOJ p.p..m. ' 5;, SaL ...... ~ 
Nal 

85 6 .02 .00 13 .7 4.2 4.4 8.4 12.2 18 l 2.8 .oosl 13 24 I 51 3 19.6' 0 112.7 94 1.1 
Si&Joo<l •• W..5tr:ockbine ... 

B B 609--5302 D Ftc. 2S S?233 
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TYPICAL DATA FOR RAPID-SAND-FILTER PLANT 

USE OF RECORDS 

97. Reasons for Recording Data.-In order that improve
ments may be made in the treatment processes at any water
purification plant, it is essential that accurate data showing the 
results of each process be recorded. Such data are useful to 
the operator for the efficient control of the plant and also to the 
engineer in planning for new equipment or for enlargements 
to the plant. Furthermore, in case there are complaints from 
consumers, the records may indicate the probable reasons for 
the complaints or may show that they are unjustified. Some
times the records of plant operation are required to provide 
information for legal decisions. 

The State Deparbnent of Health usually requires only weekly 
or monthly reports of plant operation, but the operator must 
keep daily records on which to base the data listed on the 
weekly or monthly reports. 

98. Types of Record Sheets.-Many types of record sheets 
are in use in different water-treatment plants, but the general 
procedure for compiling plant-operating data is similar in 
nearly all cases. The smaller the plant, the smaller the amount 
of information generally compiled. In Figs. 24, 25, 26, 27, and 
28 are shown five sheets for the l\Iaiden Creek Rapid-Sand-Filter 
Plant at Reading, Pa. The first three of these sheets contain 
the daily data for plant operation and the other two sheets 
show the weekly records that are sent to the Pennsylvania State 
Department of Health. 

The water for this plant is obtained from the creek bearing 
the same name as the plant. The water is first treated with a 
coagulant and is usually prechlorinated. During the week 
covered by the record sheets here shown, copperas (ferrous 
sulfate) and lime were used as coagulants and the water was 
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prechlorinated. Under certain conditions, other chemicals are 
used as coagulants. After the coagulants are mixed with the 
water and the floc is allowed to settle out, the water is passed 
through one of six available rapid-sand-filter units. Finally, 
chlorine and ammonia are added to the effluent from the filter, 
and the disinfected water is passed into the distribution system. 

DAILY RECORD SHEETS 

99. Genera] Features of Daily Record Sheets.-For the 
Maiden Creek plant, the daily record consists of three sheets, 
the sheets for March 11, 1940, being shown in Figs. 24, 25, and 
26. At the top of each sheet in the center is a main heading, 
which shows the location and name of the plant and its type, 
the title Record of Pla11t Operati01~, and the number of the 
sheet. Also, the date is filled in near the upper right-hand 
corner of each sheet. The sheets are kept on file at the plant. 

On Sheet 1, shown in Fig. 24, are given the data for the 
filter performance. The recorded values include the various 
gage readings for loss of head and rate of flow during normal 
operation of the filter and during the washing process; and also 
the times at which the units are put into operation, taken out 
of operation, or washed. 

On Sheet 2, shown in Fig. 25, are given the data for the 
feeding of chemicals, except copperas, to the water. The 
recorded values are the feeder and scale readings and the times 
at which a chlorine or ammonia cylinder is changed or lime 
or carbon is added to a hopper. 

On Sheet 3, shown in Fig. 26, are given the data for the 
feeding of copperas, the total amounts of chemicals used, the 
names of the operators on each of the three shifts, the pumps 
in operation, the amount of electricity used, the weather condi
tions, the numbers of the mixing channels and settling' basins 
in use, the condition of the floc, the air and water temperatures, 
and the readings of the raw-water meter and various gages. 

100. Rec-ord of Filter Performance.-As shown under the 
heading Record of Filter P:erjarmatlce on Sheet 1, or in Fig. 24, 
the gages indicating loss of head, in feet, and rate of flow, ir.. 
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millions of gallons per day, in the filter units are read hourly 
at the Maiden Creek plant. There is a separate horizontal 
division on the report sheet for each gage in each unit, and 
the A. 111. and P. M. hours are also separated, so that a space is 
provided for each gage reading. The first gage readings on 
March 11 for filter unit No. 1 were made at 10 P. M. It may be 
noted in the data under the heading Record of Filte-r Ruu.s, 
in the lower right-hand portion of the sheet, that this unit was 
put into service at 9 P . M., 3-11 (March 11 ) . The last reading 
for unit No. 2 was made at 9 P.M., and the unit was taken out 
of service at that time. Units 3, 5, and 6 were kept in operation, 
and unit 4 was allowed to rest, throughout the day. As indi
cated by the gage readings for units 1 and 5, the loss of head in 
a unit is less than a foot immediately after the sand bed has been 
washed and the unit has been restored to service. The loss of 
head increases gradually while the unit is in service. Thus, 
when unit 2 was taken out of service, after about 4 days and 8 
hours of operation, the loss of head was nearly 7 feet. The 
rate of flow varies somewhat from hour to hour in a given unit 
and is different in the various units at a given instant ; but, on 
the whole, this rate is maintained fairly constant for the 
entire filter. 

The values entered in the right-hand column, headed Wafer 
Filtered, represent the numbers of thousands of gallons of water 
that are clarified in the respective units during the day. Thus, 
the value 340 for unit No. 1 represents a flow of 340,000 gallons. 
As indicated by the asterisk. * after the heading and the note 
under Remarks, these values are obtained from charts showing 
a continuous record of the flow through the various units. Above 
the heading of the right-hand column is shown the total volume 
of water, in thousands of gallons, that was filtered during the 
day by all the units that \vere in operation. This value is the 
sum of the quantities that are recorded for the several lLnits. 
On March 11, the total was 7,648,000 gallons. 

101. Record of Washing Filters.-The data reported at 
the Maiden Creek plant under the heading Record of W asl!iug 
on Sheet 1, or in Fig. 24, include the number of the filter unit; 
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the time at which the washing is started ; the duration of the 
washing process, in minutes; the maximum rate of applying the 
wash water, the recorded value being the rate of rise of the 
water in the filter in inches per minute; the volume of water 
used for washing, in thousands of gallons; the loss of head, in 
feet, just before washing is begun; and the rate of flow through 
the unit, in millions of gallons per day, just previous to washing. 
There are also columns for recording the final turbidity of the 
wash water and the loss of head and the rate of flow just after 
the filter has been returned to service, but no entries were made 
in these columns on the report here shown. 

On March 11, filter unit 2 was washed. The washing was 
started at 9 :Ol P . M., immediately after the unit was taken 
out of service, and lasted 6.2 minutes. The maximum rate of 
applying the wash water was such that the water rose through 
the unit at the rate of 36 inches per minute. The total amount 
of water used for this washing was 106,000 gallons. The 
values of the loss of head and the rate of flow just before the 
washing was started are obtained from the gage readings entered 
for unit number 2 at 9 P. M. under the heading Record of Filter 
Performance. 

102. Record of Filter Runs.-Under the heading Record 
of F11ter Runs in Fig. 24 are included the following data: The 
time-hour and day-at the start of operation of each unit that 
was in use on the date of the report; the time the operation of 
a unit was stopped, if the unit was taken out of senrice on the 
date of the report; the duration, in hours and minutes, of the 
incomplete or completed run of each unit; the total volume, in 
thousands of gallons, of the water filtered by the unit during 
the run up to midnight on the date of the report; and the amount 
of water requit·ed for washing, expressed as a per cent of the 
total amount of water filtered by the unit that was washed. 
Thus, the entries under the heading Time Started show that 
unit 1 was last put into operation at 9 P . M. on March 11; unit 
2 was put into use at 2 :40 A. M . on March 7 ; and so on. The 
only unit that was stopped on March 11 was unit 2, which was 
taken out of service at 9 P. M. Units 1, 3, 5, and 6 were m 
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operation at midnight on March 11, and the length of run up 
to that time for each of these units is entered in the column 
headed Incomplete Run. Thus, the recorded length of run for 
unit 3 is from 1: 13 A. M . on March 9 to midnight on March 11, 
or 70 hours 47 minutes. Since unit 2 was taken out of service 
on March 11, the length of run for that unit is entered in the 
column headed Completed Rm~. The total interval from 2 :40 
A . M . on March 7 to 9 P.M. on March 11 is 114 hours 20 
minutes, but unit 2 was not in continuous operation for that 
period and the actual length of run was 104 hours 20 minutes. 

The value in the column headed Wash Water Per Cent is 
calculated by first dividing the amount of wash 'water used by 
the amount of water filtered during the preceding run, and then 
multiplying the quotient by 100. Thus, the value in Fig. 24 

for unit No.2 is 8~~1 X 100= 1.22, nearly. The zeros recorded 

for unit 2 in the columns headed !"complete Run and Water 
Filtered indicate that this unit was not put back into service on 
March 11. 

103. Record of Feeding of Chlorine and Ammonia.-As 
shown in Fig. 25, or on Sheet 2, of the daily report for the 
1\Iaiden Creek plant, readings for the feeding of chlorine and 
ammonia are taken every 2 hours. With either chemical, the 
feeder setting shows the rate, in pounds per day, at which it is 
intended to feed the chemical; and the scale reading shows the 
combined weight, in pounds, of the cylinder and the chemical 
remaining in it. The total weight, in pounds, of chemical 
actually used during the day is equal to the difference between 
the scale reading at midnight on that day and the scale reading 
at midnight on the preceding day. For example, for the pre
liminary treatment with chlorine, the scale reading at midnight 
on March 10, which is not shown on the report for ·March 11, 
was 356; and the reading at midnight on 1\IIarch 11 was 318. 
Hence, the weight of _chlorine used for preliminary treatment on 
March 11 was 356-318=38 pounds. This value agrees fairly 
well with the feeder setting, which varied between 30 and 36 
pounds and averaged 34 pounds. 
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At the Maiden Creek plant there are two chlorinators. Either 
of them may be used for the preliminary treatment, or the 
chlorination prior to filtration ; and the other is then used for 
the post treatment, or the chlorination subsequent to filtration. 
These chlorinators are designated as feeder No. 1 and fc::eder 
No. 2. On March 11, feeder No. 1 was used for the post treat
ment and feeder No. 2 was used for the preliminary treatment. 
Ammonia is applied either as a preliminary treatment or as a 
post treatment, but not in both ways. Hence, only one ammonia 
feeder is provided at the plant. On March 11, the ammonia 
was applied after filtration. 

It was not necessary to change either of the cylinders of 
chlorine or the cylinder of ammonia on March ll. Therefore, 
no entries are made in the columns under the heading Cyliuders 
Changed. 

104. Record of F eeding of Lime and Activated Carbon. 
The lime is applied to the water at the Maiden Creek plant 
either before the settling process or after filtration. When acti
vated carbon is used, it is applied to the water either before or 
after the water has passed through the basin in which the floc 
is allowed to settle. On tl1e report in Fig. 25, the term trea.ted 
wafer is used to describe the water that is in the mixing channel. 
Two feeders are provided for each of the chemicals, lime and 
activated carbon, and they are given the identification numbers 
1 and 2. On l\larch 11, lime was added to the treated water 
from feeder No. 1 and activated carbon was not used. 

The scale reading for the lime was taken every hour. As 
shown by the entries in the last three columns, lime was added 
to the hoppers at 2 A . M . and 8 P. M. on March 11. T~e total 
amount of lime used during the day could be determmed as 
follows: At midnight on March 10, the scale reading was 1,165. 
This reading was recorded in the report for March 10 and, 
therefore, it does not appear in Fig. 25, which is the report for 
March 11. As shown under the heading Lime Added to Hoppers 
at the right-hand end of the sheet, the scale reading at 2 A. M. 

on March 11, just before the hoppers were filled, was 1,055. 
Hence, the amount of lime used between midnight on March 
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10 and 2 A. M. on March 11 was 1,165-1,055 = 110 pounds. 
Similarly, the difference between the scale reading after the 
hoppers were refilled at 2 A. ~- and the reading before they 
were refilled at 8 P.M. is 2,615-1,615= 1,000 pounds. Also, 
the difference between the scale reading at 8 P . M. after the 
hoppers were refilled and the reading at midnight on March I 1 
is 3,180-2,960=220. Therefore, the total amount of lime 
used on March 11 is 110 + 1,000 + 220 = 1,330 pounds. 

105. Record of Solution Feed.-At the :Maiden Creek 
plant, the coagulant is fed to the water as a solution. In the 
upper left-hand corner of Sheet 3 in Fig. 26, under the heading 
Solutio1~ Feed, are shown the quantity of dry coagulant, in 
pounds, that is used in making up a solution; the name of the 
chemical used ; the number of the dissolving tank in which the 
solution is prepared; the times at which the dissolving process 
is started and stopped; and the number of the solution tank, or 
the tank in which the solution is stored for application to the 
water. There are three dissolving tanks and three solution 
tanks at this plant. 

On the left-hand half of Sheet 3 are shown also the hourly 
readings for the depth of solution, in feet, in the various solution 
tanks; and the feeder setting for the rate of application of the 
solution, the number of the storage tank from which the solu
tion is taken, and the number of the conduit in which the 
coagulant is added to the water. The abbreviation cprs in the 
columns headed Chemical stands for copperas. The feeder 
setting was left unchanged on March f1. 

106. Record of S ummary of Chemicals.-Near the lower 
left-hand corner of Sheet 3 in Fig. 26 is given a summat·y of the 
amounts of the various chemicals that were used during the 
day for treating the water. The upper of the two lines of data 
in this portion of the report contains the total weights, in 
pounds; and the lower line contains the number of pounds of 
chemical per million gallons of water. The values per million 
gallons for the lime, preliminary chlorine, and copperas are 
often based on the volume of raw water that enters the plant. 
However, under normal conditions of operation, the volume 
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of raw water that enters the plant and the volume of effiuent 
from the filters are nearly equal. Therefore, in thi~ report the 
amounts of chemicals that are applied before filtration are based 
on the volume of filtered water as obtained from the rate-of-fl.ow 
'charts. The amounts of chemicals pet· million gallons for post 
chlorination and ammoniation are based on the difference 
between the volume of filtered water and the volume of wash 
water. 

107. Recor d of Miscellaneous Items.-Sheet 3, in Fig. 26, 
contains much other information pertaining to the operation of 
the plant. In the lower left-hand corner are given the names 
of the operators and the shift, or period of the day, during 
which each operator was in attendance. Near the top of the 
sheet is a space for the data on pumping. There are nine pumps 
at the plant, and a division is provided on the report for record
ing the number of hours t4at each pump is in service, but on 
the report for ~!arch 11 no pump usage was recorded. The 
readings of the dectric meters and the amounts of electricity 
used for both power (operation of continuous charts, etc.) and 
light are shown below the spaces for pump data. On the report, 
the meter readings for the beginning of the day are placed below 
those for the end of the day, so that it will be easier to perform 
the subtractions necessary to obtain the numbers of kilowatt
hours of electricity actually used. 

Under the heading JiV eat her, ne..xt to the data on electricity 
near the top of Sheet 3, is given information in regard to the 
weather conditions at midnight, at 8 A. M ., and at 4 P. M. In the 
upper right-hand corner of the sheet are spaces for entries 

.showing which of the three mixing channels for coagulant and 
which of the three settling basins were in use. Also, spaces are 
provided for recording the temperatures, in degrees Fahrenheit, 
of the raw water and the air at noon and at midnight. 

The condition of the floc is observed at hourly intervals 
throughout the day, and entries are made in the colw1m headed 
Conditio11 of Floc. To facilitate recording, the letters E, G, F, 
and P are used to indicate the condition of the floc. As shown 
opposite the asterisk at the bottom of the sheet, these letters 
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stand for excellent, good, fair, and poor, respectively. On 
March 11, the condition of the floc was reported as G, or good, 
throughout the day. In the column headed Raw Water Meter 
are entered the hourly readings of the raw-water meter. The 
recorded values must be multiplied by 10,000 in order to obtain· 
the actual numbers of gallons. The quantity of water metered 
in any interval of time is equal to the difference between the 
meter readings at the beginning and end of the interval. This 
difference for any day should be about the same as the total 
volume of water filtered on that day. 

108. The various values given under the heading Gage 
Readings, with the exception of the pH values, are in feet of 
head. On March 11, only one reading of the gage for the 
hydrant service was taken and the gage for the house service 
was not read. Hourly readings were recorded for the gages 
showing the heads in the raw-water inlet, the settling basin, 
the clear well, the filtered-water reservoir, and the clear-water 
basin. At this plant, there is a small well, called the clear well, 
between the filters and the filtered-water reservoir. This 
reservoir has a relatively small capacity and most of the 
filtered water is stored in a larger reservoir called the clear
water basin. The pH values are taken from a recording potenti
ometer, which gives a continuous record. The gage at Lake 
Ontelaunee had not yet been installed at the time the report in 
Fig. 26 was made up. The third sheet of the daily report is 
signed by the chief chemist at the plant. 

WEEKLY RECORD SHEETS 

109. General Features of Weekly Record Sheets.- The 
weekly records for the Maiden Creek plant consist of two 
sheets, copies of which are sent to the State Department of 
Health. These sheets, which are shown in Figs. 27 and 28, 
contain a summary of the results of the operation of the plant. 
On each sheet there is a genera] heading which shows the loca
tion of the plant and the nature of the information given on 
the sheet. Also, near the upper left-hand corner is a space 
for the date of the end of the week to which the report applies. 
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' Vith few exceptions, the recorded values are daily totals 
or daily averages. On the sheet shown in Fig. 27 are given 
the data pertaining to the following features: The amount of 
water filtered and the average rate of filtration; the quantity 
of water u.seu fur washing and the average rate at which it is 
applied ; the average losses of head at the beginning and end 
of the filter runs; the results of the physical tests and chem
ical determinations; and the amounts of chemicals used. For 
each feature, there is a line for every day of the week, a Line 
for the total weekly amount, and a line for the average for the 
week. On the sheet shown in Fig. 28 are given the data 
pertaining to the bacteriological tests on samples of water taken 
from various points in the plant and in the distribution system; 
and also the results of various determinations comprising a 
chemical analysis that is made once a month. 

110. Weekly Record of Filter Operation.-The data 
entered under the heading Filter Operation in the upper left
hand portion of the sheet shown in Fig. 27 are the following: 
In the column headed Million Gallo1ts Filtered is entered for 
each day of the week the number of millions of gallons of 
water that passed through all the filter units on the respective 
day. The value for any day may be taken from the upper 
right-hand corner of the first sheet of the daily record. Thus, 
the value 7.648 million for Friday in Fig. 27 is the same as 
the value 7,648 thousand given in the upper right-hand corner 
of the sheet shown in Fig. 24. Also, in Fig. 27 are recorded 
the total volume for the week and the daily average, which is 
calculated by dividing the weekly total by 7. 

As shown near the upper right-hand corner of Fig. 27 in 
the column headed Remarks, there are six filter units at the 
Maiden Creek plant. At all times during the week ending 
March 12, four units were in operation. In the column headed 
Hr. Service All Fillers, the value entered for each day is there
fore 96, which is equal to 4 X 24. The value for some days in 
the column headed No. Fillers in Service is 5. However, on 
those days it was necessary to take one or two units out of 
service temporarily for washing, so that only four filters were 
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in operation at one time. For example, as shown in Fig. 24 
for Friday, unit No. 2 was taken out of service at 9 P . M. and 
unit No. 1 was put into service at the same time. 

The value entered for any day in the column headed Avg. 
Filt. Rate in Gallons per Sq. Ft. per Min. is coniputed from 
other given values. As noted under the heading Remarks near 
the upper right-hand corner of the sheet, the total area of the 
six filter units is 6,984 square feet Hence, the area of 
one bed is 6,984-;-6= 1,164 square feet. For any day, the 
average filtration rate in gallons per square foot per minute 
is determined by dividing the total number of gallons of water 
filtered during that day by the product of the number of square 
feet in one filter unit and the number of minutes in the total 
period of service of all filters. T hus, for Sunday, March 6, 

h . d I . 
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In the column headed Remarks, spaces are provided for the 
duration of the maximum filter run, the duration of the· mini
mum filter run, and the date on which the settling basins were 
last cleaned. However, under normal conditions, it is not 
usually necessary to fill in these spaces. 

111. The weekly data for the washing of the filters are 
listed in Fig. 27 in five columns under the main heading Wash 
~Vater. In the first of these five columns is given for each 
day the number of filters that were washed on that day. In 
the second and third of these five columns are given, respec
tively, the total number of minutes required for washing the 
beds and the total number of thousands of gallons of wash 
water required. The daily average for each of these two 
columns is obtained by dividing the sum of the daily values 
by the total number of filters washed, which number for this 
week was 7. Thus, the average time required for washing a 
filter bed was 42.3 -;-7 = 6.0 minutes. 

In the fourth of the five columns under the heading HI ash 
Water is entered the average rate of washing in gallons per 
square foot per minute. This value for any day is obtained 
by dividing the total number of gallons of wash water used on 
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that day by the product of the number of square feet in a 
single filter unit and the number of minutes required for wash
ing. Thus, for Monday, the value in the fourth column is 

233,000 171 
1,164-x 11.7= · · 

The volume of wash water expressed as a per cent of the 
total water filtered is entered in the fifth column under the 
heading Wash TV atcr. This per cent is obtained by dividing 
the number of gallons of wash water required by the number 
of gallons of water filtered and multiplying the quotient by 
100. For example, on Friday, the per cent of the total water 

. 106,000 X 100 
that is used for wash water IS 

7 648 000 
= 1.4. 

J J 

The loss of head in a filter at t he start of a run or the loss 
at the end of a run is seldom exactly the same for two dif
ferent filters or for the same filter on successive runs, but the 
average values of these losses are fairly constant from day to 
day. In the final two columns under the heading Filter Opera
tion in Fig. 27 are given for each day the average initial loss 
of bead, in feet, and the average final loss of head, in feet, . for 
all filter units that were in use on that day. For each day of 
the week ending March 12, the average losses are reported as 
0.2 foot and 7.0 feet, respectively. However, these values are 
not based on the actual gage readings but indicate that the 
general practice at the plant is to wash a filter unit when the 
loss of head becomes equal to about 7 feet and to waste the 
water from a unit that is being returned to service until the 
loss of head becomes equal to about 0.2 foot. 

112. Weekly Record for Physical Tests.-On the sheet 
shown in Fig. 27, the physical tests are grouped under three 
headings, namely, T11rbidity, Color, aud Odor. T he tu"rbidity 
readings in parts per million are recorded daily for the raw 
water and daily C."<cept Sunday for the settled water and the 
filtered water. Color is not important at this plant and the 
color test is made only once a month on the filtered water. No 
color values are recorded on the weekly report that is shown. 
Twice a week, the raw water and the treated water are tested 
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for both hot and cold odors. On Tuesday and Friday of the 
week w1der consideration, the pO values, or odor intensities, 
~£ the raw water were 1 and 3 for cold and hot odors, respec
tn•ely. Also, the odor was moldy, as indicated by the letters 
~m. The treated water had no cold odor and the pO value 
tor the hot odor was 2. This latter odor was grassy, as indi
cated by the letter G. 

113. Weekly Record for Chemical Determinations.-The 
chemical determinations that are Jjsted in Fig. 27 under the 
heading Chemical DetermiHatiOIJ iu P. P. M. include those for 
total alkalinity, carbon dioxide, pH, hardness, and residual 
chlorine. No che.m~cal determinations were made on Sunday. 
Values of the alkaltmty, carbon dioxide, and pH for the raw water 
and the filtered water at the plant are given for the other six 
~ays. ~paces are provided for the total alkalinity at the pump
mg stabon and also at a point, known as \Vyomissing in the 
distribution system. However, no test samples wer~ taken 
at those points during the week ending March 12. Neither 
were tests made during that week for determining the hardness 
of the raw or filtered water. 

Tests for residual chlorine were made or:ce a day on the 
effluent from the filters, and twice a day (except on Saturday 
when only a morning test was made) on the water that i~ 
about to leave the plant. It should be noted that the ammonia
chlorine treatment after filtration produced a marked increase 
in the residual chlorine. Spaces are also provided on the 
report for the amounts of residual chlorine in the settled water 
and in the water at the pumping station, but no tests were 
made for either of those amounts during the week for which 
the report is shown in Fig. 27. 

114. Weekly Record for Chemicals Applied.-Under the 
heading Chemicals Applied in Fig. 27 are listed the amounts of 
chemicals in pounds and in pounds per million gallons of water. 
The values for any day may be copied from the third sheet of 
the daily record, since they are given near the lower left-hand 
~orn~r of that sheet, as shown in Fig. 26. On the weekly report 
m F1g. 27, the average number of pounds per million gallons is 
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also shown. The values in the line opposite the word Total are 
needed for determining the averages and are not really total 
amounts of chemicals. Between the columns for the amounts 
of copperas and chlorine, a pair of columns is left for any other 
chemical that may be used instead of, or in addition to, those 
listed. 

115. Report on Bacteriological Tests.- The top portion 
of the sheet shown in Fig. 28 contains the results of the bac
teriological tests on the raw water, the settled water, the fil
tered water, and the chlorinated effluent. This filtered water 
is really a mixture of the effluents from all the filter units 
that are in operation. The values in the column headed Agar 
1 c. c. 37° C. represent actual counts of colonies of bacteria 
that have developed on an agar plate during a 24-hour incu
bation period at 37° C. The values in the columns under the 
sub-headings 24 lzr. Gas and 48 hr. Gas are obtained from 
the presumptive test for bacteria of the coli-aerogenes group. 
As indicated by the heading Confirmed and Completed, the 
results of the confirmed test for coli-aerogenes are shown for 
the raw water, treated water, and filtered water, and the 
results obtained by a completed test for coli-aerogenes are 
shown for the chlorinated effluent. 

In order to determine the number of bacteria to be entered 
under the heading B. coli per 100 c. c. for raw water or settled 
water, the test san1ples are prepared as follows : A sample 
consists of five portions, and each portion has a total volume 
of 10 cubic centimeters and contains a different dilution of the 
water to be tested. The weakest dilution in which gas is 
formed is determined by test, and the number of bacteria that 
is reported is calculated by dividing 100 by the number of 
cubic centimeters of raw or settled water in that weakest dilu
tion. For filtered .water or chlorinated effluent, a sample con
sists of five 10-c. c. portions of the liquid to be tested, and the 
reported number of bacteria per 100 cubic centimeters is taken 
as twice the number of such portions in which gas is formed. 

116. The results of the bacteriological tests on the water 
from the individual filter units are given in Fig. 28 under the 
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heading Individttal Filters. The number of bacteria in a sample 
is determined by actual count on an agar plate and is entered 
under the heading Agar 1 c.c. 37° C. 

The presumptive and confirmed tests for members of the 
coli-aerogenes group are made only for the purpose of deter
mining whether or not gas is formed. The sign + in a column 
headed Gas indicates that gas was formed within 48 hours 
in the presumptive test and the sign - indicates that no gas 
was formed in 48 hours. Similarly, the sign in a column 
headed Cou shows whether the result of the confirmed test 
was positive or negative. 

The details of the bacteriological tests on the chlorinated 
effluent are also shown in Fig. 28. In addition to the com
pleted test for members of the coli-aerogenes group, tests are 
made with brilliant green lactose bile broth and eosine methy
lene blue agar. No entries are made in Fig. 28 in the columns 
headed Gas 24 hr., Gas 48 hr., Spores, or Gram Staiu, because 
there were no bacteria of the coli-aerogenes group in the final 
effluent. The asterisk * after the word Gas directs attention 
to the note in the column headed Remarks that this determina
tion, when made, is for a second inoculation. 

117. Bacteriological tests and tests for residual chlorine 
are made once each week on the water at specially designated 
points in the distribution system. It is indicated on the report 
in Fig. 28 that such tests were made on March 7. The tests 
for residual chlorine showed amounts varying from zero to 
0.16 part per million. There were small bacterial counts on 
the agar plates of samples of the water collected at each of the 
places designated ; there was no gas at 24 hours; and there 
were small amounts of gas at 48 hours. Also, the results of 
the tests with brilliant green lactose bile broth were negative, 
there was no growth on the eosine methylene blue agar, and 
the final counts per 100 cubic centimeters of sample were zero. 

118. Record of Monthly Chemical Analysis.- A long the 
bottom of the sheet in Fig. 28 are listed the results of the 
various tests that comprise the chemical analysis which is made 
on the filtered water at the plant once each month. The total 
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solids, silica, iron, aluminum, calcium, magnesium, sodium 
and potassium, carbonate, bicarbonate, sulfate, chloride nitrite 
nitrate, alkalinity, and hardness are all reported in p~rts pe; 
million. The symbol t below the heading Hard11ess serves merely 
to caU attention to the note that is inserted in the column headt:d 
Remarks and reads As CaC03 (Calwlated). This note indi
cates that hardness is calculated in terms of cakium carbonate. 

The temperature of the water at the time the sample for the 
monthly chemical analysis was taken is also recorded in Fig. 28, 
and the pH value is included among the 9ther chemical results. 
The dissolved oxygen is recorded in both parts per million 
and per cent of saturation ; and the carbon dioxide and the 
oxygen consumed are recorded . in parts per million. The 
final sheet of this report is signed by the chief chemist at the 
plant. 
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EXAMINATION QUESTIONS 

Notice to Students.-Study the lnstmction Paper tlrorougllly before 
~·o" allempt to aiiS'i.CJer tlrese questio11s. Read each question carefully and 
be sure you understand it; tlren write tire best a11rt.11er you can. Wlreu your 
r~nswers· are completed, e:muri11e them closely, correct all lire errors you car~ 
/i11d, a11d see that every question is answered; t/reiHIIail ycmr work to 11s. 

( 1) (a) N arne the various types of treatment that may be 
used for disinfecting water. (b) State the various purposes 
for which chlorine may be utilized in the treatment of water in 
addition to its use as a disinfectant. 

(2) If the dosage is to be as given in Table III, how many 
pounds of liquid chlorine are required for disinfecting 890 
feet of 12-inch main? Ans. 2.3 lb. 

(3) (a) Explain why the use of chlorine without ammonia 
is undesirable for waters containing phenols. (b) When 
should the ammonia be applied to such water? (c) Why is 
the chlorine-ammonia treatment especially advantageous for 
use in small treatment plants? 

( 4) (a) Give the typical chemical reactions that take place 
in the lime-soda process of softening water. (b) Mention the 
effects of this process on the hardness, alkalinity, and pH value 
of the water. 

(S) (a) Outline the actions that take place when zeolite 
removes hardness from water and when the zeolite is regener
ated. (b) Why is complete softening by zeolite softeners 
advantageous for water that is to be used in laundries but not 
for water to be used in steam boilers? 
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(6) Outline the method you would recommend for applying 
activated carbon to water in heavy doses, stating the point at 
which the carbon would be introduced into the water and the 
forms in which the carbon may be applied. 

(7) How many pounds of copper sulfate should be applied 
to a reservoir that holds approximately 120,000,000 gallons of 
water containing synura, volvox, and asterionella? Ans. 252 lb. 

( 8) Name the types of pumps that are most used in water
supply work and describe briefly how each type operates. 

(9) Explain why more power is required to start a recipro
cating pump than to start a centrifugal pump. 

(10) A raw water with an alkalinity of 112 parts per mil
lion and a carbon-dioxide content of 12 parts per million is to 
be coagulated with 1.5 grains per gallon of aluminum sulfate. 
Determine, with the aid of Fig. 12 of the text, the number of 
grains per gallon of (a) soda ash and (b) lime that would be 
required to prevent corrosiveness. A {(a) 2.5 

ns. (b) 1.8 

Mail your work on this lesson as soon as you have finished it 
and looked it over carefully. DO NOT HOLD IT until another 
lesson is ready. 


