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TRI CKLI NG FILTERS 

1. General Features of Trickling Filters.-A trickling 
filter consists of a bed of broken stone contained within a rec
tangular or circular enclosure that has a concrete bottom and 
concrete or stone walls. The depth of the bed is usually 6 to 
10 feet and the particles of broken stone are between 1 t and 
3 inches in size. The entire bottom of the filter is covered with 
tile drains that lead to a single outlet pipe. Effluent that is 
obtained from.any type of sedimentation tank is usually sprayed 
onto the surface of the filter bed by means of stationary nozzles 
or moving distributors and is allowed to trickle down through 
the broken stone and into the underdrainage system. In Fig. 1 
are shown stationary nozzles in use, and in Fig. 2 is shown a 
revolving distributor. In a few plants, use is made of an over
head traveling distributor, which consists of a trough that is 
carried back and forth from end to end of the bed. 

The primary function of a trickling fi lter is to reduce the 
biochemical oxygen demand of the sewage; that is, the object 
is to change the character of the suspended matter so as to 
render the effluent less putrescible than the influent, rather 
than to remove such matter. Hence, the filter need onJy retain 
the suspended matter long enough to permit oxidation to take 
place. In fact, the amount of suspended matter in the effluent 
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from a trickling filter is usually as great as, and at certain 
periods of the year is even greater than, the amount in the 
influent. 

After a trickling filter has been in operation for a few weeks, 
a gelatinous, slimy film forms on the surfaces of the stones. 
Aerobic bacteria develop in the film and, as the sewage passes 
over the film, these bacteria oxidize the particles of organic 
matter in the sewage. In order that the aerobic bacteria will 
receive sufficient oxygen to live and continue their work, the 

FIG. 3 

sewage must be applied intermittently and in small doses. After 
each application of sewage, ai·r is allowed to circulate in the 
filter between the stone particles. 

It is not advisable to treat raw sewage by means of trickling 
filters, because the solids would clog the sprinkling devices and 
would form a mat on the surface of the filter that would prob
ably prevent the filtering action in a short time. The usual 
capacity of a trickling filter is about 300,000 gallons of sewage 
per acre per day for each foot of depth, or about 42 gallons 
per square foot per day for a bed 6 feet deep. 

2. Arrangement of Nozzles or Orifices.-Trickling filters 
with either stationary nozzles or overhead traveling distributors 
are usually rectangular in plan. The arrangement of the nozzles 
and the distributing system for a small plant with stationary 

TREA Tl\IENT PLANTS, PART 3 161 

spray nozzles is shown in Fig. 3. The sewage is delivered to the 
spray nozzles a, which are usually -! or 1 inch in diameter, 
through a lateral b. The cast-iron risers c carry the sewage up 
to the level of the nozzles. There are several styles of station
ary nozzles; a circular type is shown in Fig. 4 (a), and a square 
type in view (b) . The area of the filter bed that wi II be covered 
by the spray from a stationary nozzle depends on the head 
under which the sewage is fed to the nozzle. This head is made 
to vary between definite limits so that the area of bed around the 
nozzle will receive approximately the same dose during each 
dosing period. 

(a) 

FIG. 4 

A trickling filter with a revolving distributor should be cir
cular in plan. Sufficient motive power for turning a revolving 
distributor is furnished by the back pressure of the liquid 
issuing from the nozzles or orifices on the distributor arms. 
In Fig. 2, the arms a of the distributor are supported by diagonal 
rods b, which are fastened to the vertical column c. This column 
rotates on the based that is connected to the inflow pipe e. The 
sewage flows through the distributor arms and is discharged in 
thin sheets onto the bed of the trickling filter by means of a 
series of flat spray-nozzles f. The nozzles are staggered on 
adjacent distributor arms in order that the sprays will cover 
overlapping areas of the filter bed as the mechanism rotates. 
The bottom of the filter is underdrained by means of half tiles g 
which are laid on the concrete floor h. 

3. Dosing Apparatus.-Trickling filters generally require 
automatic dosing apparatus for proper operation. The most 
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common method of controlling the flow is by means of a dosing 
tank in which an automatic siphon is installed. \\'here station
ary spray nozzles are used, the siphon acts for all rates of flow 
of the sewage. However, with a rotary distributor, the purpose 
of the siphon is to prevent the sewage from flowing into the 
distributor arms when the rate of flow is so small that the 
back pressure which would be exerted by the sewage issuing 
from the orifices in the distributor arms is not sufficient to 
cause those arms to turn. The sewage is then stored in the 
dosing tank until there is sufficient head to move the distributor 
arms. As soon as the rate of flow of the sewage becomes 
great enough to cause rotation, the siphon is automatically 
cut out of service. If a very small amount of sewage is 
allowed to flow through the distributor while it is standing 
still, the sewage merely trickles from the orifices onto a small 
area of the filter bed. 

·with stationary nozzles, a single dosing tank may be suffi
cient; but twin tanks, which at'e filled and discharged alternately, 
are preferred when the fluctuations in the hourly flow of sewage 
are apt to be great. In Fig. 5 is shown an arrangement for 
twin dosing tanks; the plan is shown in view (a), and a 
longitudinal section through one tank is shown in view (b). 
Each of the tanks a and b is provided with a separate discharge 
siphon c. \Vhile one tank, say a, is being filled, some of the 
sewage that is being discharged from tank b through the outlet 
main enters the vertical pipe leading from the outlet main to an 
air-tight compression chamber d, in view (b), and the air in 
that chamber is compressed. At the same time, the sewage from 
the influent channel e passes into the channel f through U-shaped 
feeds g and then flows over the weir h into the tank a. \ Vhen the 
sewage in tank a reaches a certain level, the discharge through 
the siphon c in that tank is automatically started. Also, the 
flow into the tank is automatically shut off at the same moment, 
because the pressure developed in the compression chamber d 
is transmitted through a system of piping to the feeds g that 
lead to the tank a and an air-lock is thus formed in those feeds. 
The discharge from the siphon c takes place because the liquid 
finally displaces the air in the siphon. At the instant at which 
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the flow into the tank a is shut off, ~he pressure in a small air 
bell in the compression chamber d IS released and the escape 
o£ the air opens the air-lock in the feeds g ~hat lead to the tan~ b. 
'H the flow of sewage into tank b begtns when the flow mto 

ence, . · 1 k 
tank a ceases. The pipes that control the vanous atr- oc s are 
of small diameter and are not shown in Fig. 5. 

As the level of the sewage in the dosing tank falls, the head 

t he spray nozzles or orifices decreases and a smaller area 
on · I el · l d of bed is covered by the spray. When a certam ev IS reac 1e , 

the flow through the siphon c is shut off. In order that all 

rt·005 
of the bed will receive the same amount of sewage, the 

~I "f 
rate of decrease of the head is usually made almost uru orm 
by sloping one sidewall of each tan~ between th: level at 
maximum net head and the low-water hoe, as shown m the sec-

tion in view (b). 

4. Operation of Dosing Tanks.-\'Vhen the sewage con
tinues to flow through the siphon of a dosing tank and there 
is no intemuttent filling and discharging action, either a leak or 
a stoppage in the air-lock piping is indicat~d. It is. usually 
difficult to locate an air leak. If there is a leak m a small mstalla
tion, it is probably best and most economical to repl~ce all the 
small-diameter piping with new pipe. However, m a lar~e 
installation, the replacement of the complete piping system lS 

rather expensive. Therefore, it is usua~ly prefe_rable for the 
operator to check all lines-if possible, w1th the a1d of a repre
sentative of the manufacturer of the siphon-and to replace 

only the defective part. 
The blow-off traps for the feeds and the small-diameter 

piping for the siphons sometimes become cl~gg_ed with grea~e. 
\Vhen this seems to be the cause of trouble, It 1s usually desir
able to clean all the pipe lines in the dosing tank. Such clean
ing will require the disconnection of most ~f the pi~i~g. \Yhile 
the piping is being cleaned, all lengths of p1pe and. JOmts should 
be inspected, and pipe that is corroded or defective should _be 
replaced with new pipe. \Vhenever pipe is replaced or new p1pe 
is installed, care should be taken to make sure that all joints are 

tight. 
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Grease also accumulates in the dosing tank, especially at the 
high-water line. If this accumulated grease is not removed at 
regular intervals, it may become dislodged, pass through the 
siphon, and clog the spray nozzles. 

5. Operation of Trickling Filters.-In the operation of 
trickling filters, better results are obtained by applying the 
sewage frequently and in relatively small doses than by applying 
the sewage in larger doses and allowing longer periods of 
rest between applications. \ Vhere the sewage is discharged from 
stationary nozzles, the operator should observe and record the 
lengths of the periods of rest at regular intervals during the 
day, as they will vary with the changes in the volume of flow 
of the sewage. If the rest periods for average conditions appear 
to be too long, it may be advisable to reduce the size of the 
siphon chamber. In some cases it may be necessary also to 
install a smaller siphon. 

\\7here stationary nozzles are used, there are frequent 
stoppages of individual nozzles, and all nozzles should be 
inspected at least once each day. \Vhen a nozzle becomes 
clogged, it should be cleaned during the subsequent rest period. 
Broken nozzles should be replaced. A good method for locating 
clogged or broken nozzles is to indicate on a chart the position 
of each nozzle that does not function properly during the dosing 
period. :Match sticks and other float ing solids cause most 
stoppages. Such solids may be prevented from entering the 
sprinkler system by the installation of a fine screen in the dis
charge channel of the sedimentation tank. As previously men
tioned, grease sometimes gets into the nozzles and stops the 
flow. 

The openings in rotary distributors are usually larger than 
those in stationary nozzles and the stoppages are less frequent. 
However, regular inspection is required once or twice a day, 
and any outlets that are not working properly should be cleaned. 
AJso, the distributor should be lubricated according to the 
manufacturer's directions. 

Yegetation should not be permitted to grow on the surface 
of the filter bed. In some cases, a ponding, or pooling, of the 
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sewage may occur on the bed. Ponding is generally caused 
by an accumulation of organic matter at or near the surface of 
the bed. \\'here ponding occurs, one of the following t\\'0 treat
ments should be tded: ( 1) The stones within a foot or more 
of the surface of the bed should be loosened with a pick and 
should be either washed with water applied under pressure 
from a hose or removed and replaced by clean stones. (2) From 
3 to 5 parts per million of chlorine should be applied directly 
to the surface of the bed or to the sewage influent for 8-hour 
periods on alternate days. 

The sidewalls of the filter should be kept free from dirt and 
slime by washing them with a hose or scraping them with a 
squeegee. 

6. Most trickling filters are so arranged that it is possible 
to inspect the underdrainage system. However, where such 
inspection is not possible, the flow from eacl1 bed should be 
noted at regular intervals. If the normal flow is reduced in 
any drain, clogging of that drain is indicated and it should 
be flushed out or cleaned with a sewer rod. All underdrains 
should be flushed with water or treated sewage at regular 
intervals. 

Each line of distribution pipe is usually provided with a 
plug or a blow-off valve so that the line can be flushed out. 
\Vhere such provision has not been made, the spray nozzle at 
the end of each line may be removed just before the bed is 
dosed. Then the water passing through the line during the 
dosing period will usually flush out any material that has accumu
lated inside the pipe. \\'here revolving distributors are used, 
the seal rings, which are cylinders of water or mercury around 
the bearings, should be inspected frequently for leaks or losses 
of liquid. 

Se\vage that is septic contains hydrogen sulfide, which will 
be liberated with odor when the sewage is discl1arged into the 
air. A greater amount of gas is liberated by the spray from 
stationary nozzles than by the discharge from a rotary dis
tributor. To control odors from hydrogen sulfide, it is necessary 
to eliminate the cause before the sewage reaches the nozzles or 
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orifices. The most effective and most economical method is 
t~ treat the sewage with cl1lorine before it enters the sedimenta
tion tank. 

. 7. A feature that is occasionally troublesome in the opera
tt~n ~nd control of some trickling filters is the Psychoda, or 
tnc.kltng-filter fly. During warm weather, and especially in the 
spnng and late summer, this fly lays its eggs in the gelatinous 
film on the stones of the filter. Under favorable conditions 
these eggs hatch in a short time. The larvae are white, seg~ 
mented, and about -! to i inch long, and the larval stage usually 
lasts about 8 days. The pupae are yellowish in color and less 
than :i inch in length, and the pupal stage lasts 1 or 2 days. 
The adult Psychoda is a moth-like, gray fly with mottled wings. 

:~Vhen produced in large nwnbers, Psychoda create a serious 
nUisance to plant attendants and to residents of the neighborhood. 
They can travel as far as a mile from the plant, and are so small 
that they can pass through the ordinary house screen. How
ever, they do not bite and are not a menace to health. The 
larvae may dog the filter bed or seriously impair the efficiency 
of its action. The presence of the larvae or pupae on the surface 
of the filter bed may be readily detected. It is very important 
for the plant operator to keep a check on their approximate 
number and to start control measures before large numbers of 
adult flies are produced. 

The most ~ective me~hod of exterminating lan'ae and pupae 
of Psychoda IS by stoppmg up all drainage lines leading from 
the filter and flooding the filter completely for 2-t- hours. This 
~oodin? should be repeated every 9 or 10 days. If the flooding 
IS contmued for more than 36 hours, the film on the stones will 
be injured, and the efficiency of the filter will be decreased. 
In s~me cases, but not always, breeding may be prevented by 
treatmg the SC\Yage once a week with a dose of chlorine that 
results in a chlorine residual of 3 to 5 parts per million in the 
effluent. Breeding may also be prevented by adding enough acid 
to lower the pH value of the sewage to about 5 to 6 by sprinklina 
chloride of lime on the surface of the bed, and by ~ther method: 
Insecticides will kill adult flies. but will not accomplish worth-
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while results with the larvae or pupae. Adult flies are some
times destroyed by the use of a gasoline or kerosene torch. 

8. Unloading, or Loss of Gelatinous Film.-About twice 
each year, usually in the spring and in the fall, the gelatinous 
film that has formed on the stone particles sloughs off. This 
process is known as tmloading. The unloading may continue 
for from 2 weeks to more than 2 months, and during that 
period the effluent from the filter will contain considerable 
amounts of suspended matter and will generally be poor in 
quality. The spring unloading usually is more severe and lasts 
longer than the fall unloading. In order to speed up the unload
ing action and thus return the filter to normal efficiency as soon 
as possible, one of the following treatments should be applied : 
The raw sewage should be treated with copper sulfate, this 
chemical sometimes being added to the sewage in the sewer at 
a considerable distance above the treatment plant; the filter bed 
should be treated daily for several days with hypochlorite of 
lime; or the influent should be dosed heavily with chlorine just 
before it is sprayed onto the filter. It is particularly important 
to flush aU underdrains of the filter with water or treated sewage 
after periods of unloading of the filter. 

9. Special Precautions in Cold Weather.-The pipe leading 
from the dosing tank to the filter and also the laterals in the 
distribution system are usually about 3 to 5 feet below the 
surface of the ground or ·the filter bed. In cold climates this 
depth is not sufficient to prevent freezing of the sewage when 
the flow has been stopped. Hence, these pipes should be con
structed with drains through which the sewage can be drawn 
from the pipes and nozzles during the rest periods. The arms 
of rotary distributors generally contain plugs which can be 
removed to permit drainage in case the flow of sewage is dis
continued. The center, or bearing, column in a rotary distributor 
may be wrapped tightly with burlap bags to protect it against 
freezing. 

When stationary nozzles are operated in cold weather, ice 
may form on the e.-..::treme edges of the area reached by each 
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nozzle. Ordinarily, this does not materially interfere with the 
action of the filter. 

10. Results of Treatment.-Trickling filters yield an 
effluent that is practically stable and therefore is not subject to 
further decomposition. By the use of primary sedimentation 
and trickling filters, the B. 0. D. of the raw sewage should'be 
reduced by at least 80 per cent. The effluent from the filter 
should contain not more than 40 parts per million of organic 
suspended solids, and not more than 4.5 parts per million of 
organic nitrogen. Trickling filters remove a large percentage of 
the bacteria in sewage, but the effluent still contains very many 
bacteria. 

11. Operating Records for Trickling Filters.-The oper
ating records for the dosing tanks may be kept in conjunction 
with those for the trickling filters. They include the daily 
readings of the automatic counting device, which is attached 
to the siphon and shows the number of times the beds are 
dosed; and also the dates on which the dosing tanks are cleaned. 

The records for the operation of the trickling filters include 
the following data : the number of beds actually in service each 
day ; the dates of flushing the distribution systems and the 
underdrains; the dates of treating the filter smiace with chemi
cals; the number of nozzles cleaned each day; the results of 
either the methylene-blue test or the test for B. 0 . D., which 
should be made -at least twice each week on the effluent from 
the filter; and the amount of settleable solids in the filter 
effluent, this amount being determined daily either in milli
liters per liter or in parts per million. 

CONTACT BEDS 

12. General Features of Contact Beds.-The action in a 
contact bed is similar to that in a trickling filter. However, 
in the case of a contact bed, the sewage is permitted to stand 
in the bed, or to remain in contact with the stone, for from 1 to 
2 hours. During this contact period, bacteria in the film on 
the stone oxidize the organic matter in the sewage. The sew
age is then drawn off and the bacteria are again permitted to 
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take up oxygen from the air. The rate of dosing per foot 
of depth is much slower for contact beds than for trickling 
filters. Also, the depth of contact beds is usually not more 
than ..J. feet. Since considerably more space is required for 
contact beds than for trickling filters and, in general, the 
effluent from contact beds is not so stable as that from b·idding 
filters, few contact beds have been built in recent years. 

13. Automatic Control for Contact Beds.-Automatic con
trol is used almost entirely in the operation of contact beds. The 
time required to fill a bed may be from 1 to 3 hours; the time 
allowed for the contact period, from 1 to 2 hours ; the time 
needed to empty the bed, about 1 hour; and the time allowed 
for resting, from 2 to 4 hours. Thus, the complete cycle may 
require, on the averag~, from 6 to 8 hours. 

In Fig. 6 are shown several contact beds and the automatic 
apparatus for operating one pair of beds. The beds a and b 
are assumed to be empty and the bed c is being filled. Another 
bed, which is not shown, is fuU. Sewage flows by gravity 
from the dosing tank d through the inlet sluice e and over 
the weir f inside of the bell g. It then passes over the weir h 
into the flow-control chamber i, and compresses the air in the 
bell j, whicl1 is shown dotted. As the sewage rises, the increase 
in pressure in the bell j is communicated through the pipe k 
to another bell coyering the weir l, which is located at the out
let end of the bed and over which the effluent from the bed 
must flow before it can leave the bed. While the bed is being 
filled, the air pressure in the bell keeps the le,·el of the effluent 
depressed and prevents the discharge of the effluent. 

\iVhen the bed is full, the sewage overflows into the inlet lock
ing chamber m and displaces air in the bell 11. This air passes 
through the pipe o to the top of the bell g and prevents the 
sewage from flowing over the weir f. At the same time, the air 
in the bell p is displaced and, passing through the pipe q, 
starts the flow of sewage into the bed b. 

The sewage remains in the bed c until the timing chamber r 
at the outlet from the bed has been filled through the timing 
cock s, which is shown dotted ; this cock is set so as to give 

TREATi\IENT PLANTS, PART 3 171 

the desired time of contact. As the chamber r fills the air in 
the bell t _is c~mpressed and the level of the sewage' to the left 
of the we1r I 1s lowered until it falls below the bottom of the 
bell covering this weir. The air then rushes out of the bell, and 
the sewage starts to flow ove1· the weir l anrl is discharged 
through the outlet pipe 11. 

. After the other beds have been filled in turn, the pressu~e 
m the small bell in the inlet locking chamber of the last bed 
filled blo\~s the seal of the release trap v. The air pressure in 
the bell a 1s thus relieved and sewage is again admitted to the.bed 
c. In order t~ supply air to the bell 11, the chamber m is emptied 
through the stphon w every time the liquid is drained from the 
contact bed. The pipe x leads from the release trap v to the top 
of the bell g and, when the trap is blown, provides an outlet 
for the air held in the bell. The pipe 3' is connected to the 
bell in the inlet locking chamber of the bed that is not shown. 
. The control apparatus is usually housed. In nortl1em climates, 
It shoul_d be protected from freezing. This is best accomplished 
by heatmg the building in which the control apparatus is placed, 
by means of a stove or other heating equipment. 

14. Operation of Contact Beds.-Contact beds should be 
filled and emptied in regular rotation, unless a bed must be 
taken out of service for cleaning or repairs. A careful check 
on the drainage of the beds should be made at regular intervals 
a_s ~omplet~ draining is desirable after each dosage. Also, th~ 
hmmg devices for controlling the flow into and out of the 
beds shou_ld be checked by noting the time required to filJ each 
bed, t~e tJ~e during '~'hich it stands full, the time required for 
empt~,m~ It, an~ the tune during which it rests. If necessary, 
the tJmmg dev1ces should be adjusted so as to give the best 
results. It is _generally advisable to post in the plant a 
large-scale drawmg of the conb·ol apparatus, in order that the 
operator may study the various parts of the mechanism and 
become familiar with the complete operation. This drawing 
should preferably be kept under a glass cover. 

The surface of a contact bed should be kept free from weeds, 
fungous growths, algae, and other objectionable solid matter. 
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Sometimes, the growth of vegetable matter will be prevented 
by sprinkling a weak solution of either chloride of lime or 
copper sulfate over the surface of the bed. The actual strength 
of the solution required can best be determined by trial. 

A bed sometimes becomes overworked. This condition may 
be indicated by poor drainage or a poor effluent. The operation 
of such a bed may be improved by taking the bed out of service 
for a week or two. After a bed has been in service for from 
5 to 10 years, the spaces between the stones become so filled 
with organic matter that the capacity of the bed is reduced 
by as much as 50 per cent. Then the stone in the bed must be 
either cleaned or replaced with new material. " ' hether the 
stone should be washed and then returned to the bed or should 
be discarded and replaced with new material will depend on 
the relative costs of the two procedures. Usually the cost 
of washing and returning the stone is much less than that of 
providing new stone. 

15. Washing Contact-Bed Material.-A good way to wash 
the stone of the contact bed is to pass it, together with a con
siderable volume of water, through an inclined rotating cylinder, 
the lower part of which is perforated. A cylinder of the type 
used for screening stone is suitable. The cylinder should be 
inclined at about the angle used for that work and it should 
be rotated at such a speed that a point on the curved surface 
has a velocity of about 5 feet per second. The stone is washed 
in the upper part of the cylinder, and the water carrying the 
dirt escapes through the perforations. After the stone is 
washed, it is as good as new. 

16. Operating Records for Contact Beds.-The recorded 
data in the operation of contact beds should include the follow
ing values' : the number of beds in service each day; the number 
of times each bed is filled each day; the results of the methylene
blue test or the test for B. 0. D. on the effluent from the contact 
bed, this test being made at least twice each week; and the 
number of parts per million or milliliters per liter of settleable 
solids in the effluent, which value should be determined each 
day. 
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SECONDARY, OR FINAL, SEDIMENTATION TANKS 

17 . . The effluent from either trickling filters or contact 
beds IS ~sually ~ssed through a tank, called a secondar ' or 
final, sedJmentatron tank. The purpose of the d } ' 

sccon ary tank 

~~~·~· . d":fi~l@~~ l~c ~hilttw:s; ... ~-=----=---u-----.:-
Ftc. 7 

is to remove the settleable material that is carried throu h or 
slougl~s o~ £_rom, the stones in the fi lter or contact bed. lu~ a 
tank IS s rmilar t~ a pl~n-~edimentation tank, but is smaller 
because the det~ntron penod IS usually not more than I hour A 
secondary sedimentation tank requires the sam k" d . d 
amo t f t · · e m an un o a tentron m operation as does a prima d" . 
tank ry se 1mentat10n 
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INTERMITTENT SAND FILTERS 

18. General Description of Sand Filters.-A considerable 
degree of purification of sewage can be obtained by filtering 
the sewage through a natural or artificial bed of sand. In 
order that the sand bed may retain its efficiency, the sewage must 
be applied intermittently and rest periods must be allowed. 
The process is, therefore, known as intermittent sand filtration. 
Practically all the material that is carried in suspension in the 
sewage is strained out by intermittent sand filtration, and the 
bacteria in the gelatinous film that coats the grains of sand 
oxidize the organic matter in the sewage as it passes through 
the filter. The resulting liquid contains almost no suspended 
matter. Although intermittent filtration greatly reduces the 
number of bacteria, the effluent still contains large numbers. 
The sewage that is treated by intermittent sand filtration is 
usually the effluent from some form of sedimentation process. 
Raw sewage is sometimes filtered, but the larger solids in it tend 
to clog the filter beds more rapidly. 

In a few localities, natural sand beds are available and may 
be made suitable for filtering by merely removing the top 
soil and grading the surface. More often, however, it is 
necessary to construct artificial beds of sand, from 30 to 42 
inches in depth, with underdrains of open-joint tiles that are 
laid in rows about 30 feet apart and lead to a center drain. 
After a bed has been dosed for one day. it should be permitted 
to rest at least a day and preferably 2 or 3 days. Consequently, 
two beds are absolutely essential and three or four beds 
are desirable. In Fig. 7 are shown a layout for four sand beds 
and also a longitudinal section through one bed. The raw or 
settled sewage flows through the inlet a into the dosing tank b, 
which contains the siphons c for controlling the discharge to 
the beds. The effluent from all the beds is carried to the man
hole d, from which it is discharged into the stream. The sewage 
from the siphon chamber may be discharged onto the surface 
of the bed through perforated metal pipes or wooden troughs 
laid on the surface of the sand, as shown in Fig. 8, or by being 
made to flow over a concrete apron. 
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19. Normal Operation of Sand Beds.- The rate of filtra
tion with sand beds is even slower than that with contact beds, 
the normal rate of application of settled sewage being about 
75,000 to 150,()(X) gallons per acre per day. Normally a bed is 
covered with sewage to a depth of about 2 or 3 inches at one 
application or dosing. Since a depth of 1 inch of sewage _on an 
acre represents approximately 25,000 gallons, a dose 3 mches 
in depth represents 3x25,000, or 75,000, gallons per acre. Such 
an application may be made ~mce or twice a day. The operator 
should make certain that all parts of the bed receive equal 
dosages. This requirement can be met only if the surface of 

the bed is level. 
In order that the bacteria in the filter may obtain sufficient 

oxygen to work efficiently, the beds must be operated inter
mittently, and the rest period between periods of operation must 
be sufficient ly long for the air to circulate through the bed. 
In addition, in order that the nitrifying bacteria will not be 
overworked, each bed should be taken out of service several 
times during the year and dried thoroughly. Operation will 
a lso be improved by frequent raking of the surface of the bed 
to a depth of about 1 inch with a sharp-toothed rake. This 
raking process breaks up the fine material that collects in the 
uppermost layer of the saud and that tends to clog_ the bed. In 
some cases, as where the sand is fine and the sewage contains 
a large amount of suspended matter, it may be necessary to rake 
the surface after each period of operation. Care should be exer
cised to prevent pooling of the sewage on the surface of the bed. 
Pooling indicates dogging and may result in septic action, a 
poor effluent, and obnoxious odors. If raw sewage is filtered, a 
thin scum will form on the surface of the sand bed. This scum 
will have to be removed and the bed will have to be raked 
lightly after each dosing. The growth of weeds, grass, and 
other vegetable matter on the bed should be pre,·ented. 

\ Vhen the filter bed becomes so clogged that it will not 
filter the normal dosage and its efficiency is not improved 
sufficiently by raking, the remedy is to remove about 1 inch 
of surface sand. In no case should the sand be plowed or raked 
too deep, because the fine material on the surface may be trans-
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£erred to a Io:Yer _part of the bed where it may cause clogging. 
If such clogg~ng IS allowed to occur, the remedy is to remove 
and wash the sand or to replace the sand with new materiaL 
" 'hen the surface of the bed has been lowered several inches 
by the removal ~f _sand, it must be brought back to its original 
level by the add1t10n of new sand. The new sand should be 
a~plied immediately after a scraping and before sewage is per
mitted to percolate through the scraped surface. 

20. Winter Operation.-In moderate cl imates there is little 
if any, change in the method of operating sand fiJ'ters in winter: 
H owever, care must be taken never to let the sand freeze to such 
a depth that it will not be thawed out when it is dosed witl1 
sewage. If a heavy snow or a layer of ice is allowed to remain 
on the_ bed wh.ile the bed is being dosed, the mass may freeze 
so solidly that the bed will be rendered useless until warm 
weather returns. 

In climates where severe winter weather is usual, the surfaces 
of the beds, which are normally level, must be reshaped in the 
late fall so as to provide some means of supporting the ice 
a?ove the sewage. This is generally done by forming alternate 
ndges and furrows in the bed, the tops of the ridges being 
about 2 or 3 feet apart and 1 foot above the bottoms of the 
furrows. Care should be taken to construct the r idges and 
furrows so that all the furro\\·s will receive sewage. Sometimes 
instead of forming ridges and furrows, a littl~ of the surfac~ 
material is raked into mounds about 3 feet apart and 6 inches 
high and the remainder of the bed is left flat. I n either case 
when th~ bed is flooded. only the top layer of the sewage freezes; 
and the 1ce thus formed spans between the r idges or the mounds 
and is prevented from settling onto tl1e surface of the bed. T he 
~ewage beneath the ice then percolates through the sand, which 
~s prevented from freezing by the ice covering, and the succeed
mg doses of sewage are applied beneath the ice. 

Sand filters usually. require a much longer rest period during 
cold weather than durmg warm weather, and larger single doses 
of sewage are generally ad\'isable in order to prevent freezing 
of the sand. The bed is usually dosed to the tops of the ridges. 
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Also, the sewage may have to be applied to the beds rapidly, 
as a slow application may permit it to freeze. In very cold 
weather, it may be desirable to use fewer beds and to dose 
them heavily for 2 to 3 weeks. \Vhen the weather becomes 
warmer, other beds may be put into service and those previously 
used may be given a rest. Of course, beds cannot be cleaned 
while covered with ice. As soon as the freezing weather is over 
in the spring, the surfaces of the beds should be cleaned and 
leveled. 

21. Operating Records for Intermittent Sand Filters.-The 
records that should be kept for intermittent sand filters are 
similar to those for contact beds and trickling filters. These 
records include a daily account of the number of beds used and 
the number out of service or resting ; a daily record of the 
number of beds being raked or cleaned and, where raw sewage 
is being filtered, the amount of material removed from each 
bed; and, for artificial filters, the results of the methylene-blue 
test or the test for B. 0. D. on the effluent from the filters, 
which test should be made at least twice each week 

MECHANICAL FILTERS 

22. Purpose and General Features.-The mechanical filter, 
which is mainly a strainer, is used for treating the effluent 
from any of the various sedimentation processes and also from 
trickling filters. The purpose of a mechanical filter is to remove 
suspended solids and to reduce the B. 0 . D. so that the final 
plant effluent is more satisfactory and uniform than it would be 
if such treatment were omitted. The filtering material may 
be crushed magnetite iron ore or sand. 

In Fig. 9 is shown a cross-section through one type of mechan
ical filter, whicl1 is known as the Automatic Magnetite Filter 
and is manufactured by the Filtration Equipment Corporation. 
The filter material a, which is crushed magnetite iron ore, 
is about 3 inches thick and is supported on a non-corrosive 
non-magnetic screen b. As the sewage, which was previously 
treated in a settling tank, passes from the influent channel c 
into the filter chamber and through the magnetite, the fine 
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particles of solids in the sen·age are strained out and retained 
by the crushed ore. The effluent passes out through the 
effluent port d, over the weir e, and into the discharge channel f. 
_ \;\,lhen the ore becomes clogged, the impurities are removed 
m the following manner: A traveling cleaner wh1'ch · bo 
lik ' IS a x-

e structure containing a centrifugal pump g and a solenoid, 
or electromagnet, It, is propelled along the tank by the electri~ 

cally-operated ~rive unit i. As the cleaner moves slowly over the 
bed of magnetite, the operation of the centrifugal pump lowers 
~e _level of the water inside the box; and, since a confined 
ltqUJd seeks its own level, this pumping causes an upward flow 
through ~1e ore. Also, the solenoid alternately magnetizes and 
demagnetizes the ore and thus causes the ore to rise from the 
sc~ee.11 _and fall back again. The impurities are released by 
thts acbon and are sucked into the pump g along with the wash 
water. The wash water is discharged into the channel j, and 
rna! be returned to the sedimentation tank for removal of the 
sohds. 

The flow of the liquid through a magnetite filter may be 
upward or downward, as desired. In general, a magnetite filter 
may be operated at a rate of about 2 gallons per minute per 
square foot of filter surface. 

23. Operating Records for Mechanical Filters.-Records 
covering the operation of a mechanical filter should include 
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the rate of filtration ; the frequency with which the bed is 
cleaned; the B. 0. D. or the relative stability of the influent to 
the filter and of the effluent; and the turbidity of the effluent. 
If the filter is operated only part of the time, the hours of 
operation should be recorded. Also, a record should be kept 
of the date of any addition of filter material and of the amount 
of material added. 

AUXILIARY T REATll'IENTS OF SEWAGE 

CHEMICAL TREATMENT 

24. General F eatures of Chemical Treatment.-\Vhen cer
tain chemicals, known as coagulants, are added to sewAge, a 
flocculent precipitate, called floc, is formed. The floc settles 
rapidly in a sedimentation tank, and carries· with it most of the 
suspended matter and some of the colloidal matter in the sew
age. The effluent from a tank in which chemical treatment is 
applied is usually much better and clearer than is the effluent 
from a plain-sedimentation tank. It may sometimes be dis
charged without further treatment, but is generalJy given 
secondary treatment. The sludge from a chemical-treatment tank 
is digested in a separate tank. 

25. Chemicals Used in P recipitation.- The chemicals used 
as coagulants in the chemical treatment of sewage include ferric 
chloride (FeC/3 ); ferric sulfate [Fe2 (S04)a]; copperas, or 
ferrous sulfate (FeS0 4 ); chlorinated copperas, which is formed 
by adding chlorine to ferrous sulfate; and alwn, or aluminum 
sulfate [A/2(S04)a]. 

The most important considerations in the selection of the 
chemical to be used at a certain plant are the results obtained 
and the total cost. This cost depends on the required dosage, 
the price per unit quantity, and the freight charges. Therefore, 
it may sometimes be cheaper to use a certain chemical that is 
obtained from a source near the plant, even though the price 
of a unit quantity is higher or a larger dosage is needed. The 
reaction and strength of the sewage are also important factors, 
because best results with the various chemicals are obtained 
at different pH values. Ferric chloride coagulates over a very 
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wide range of pH values; ferric sulfate, when the pH value is 
between 6.0 and 8.5; ferrous sulfate, when the pH value is 
above 9.0; chlorinated copperas, when the pH value is below 
7.0; and aluminum sulfate, when the pH value is between 6.0 
and 7.5. 

An_other factor that is important is the total quantity of 
~hemtcal used. \i\fhen the sewage is treated with chemicals only 
m cases of emergency, as during periods of low water in the 
diluti~g stream or during periods of peak load, the quantity of 
chemical may be smaJl and the unit cost of the chemical will 
then be of minor importance. The ease with which the chemical 
may be handled and applied and the precautions necessary for 
storing it may then determine the choice of coagulant. \Vhen 
chemical treatment is used as a primary means of clarification, 
ample dosages of chemicals to produce satisfactory results 
should be used, as it is false economy to apply insufficient 
amounts. 

26. Feeding Chemicals.-The chemicals may be fed to the 
sewage either dry 01· in solution. Ordinarily, aluminum sulfate 
and ·ferric suJfate are fed dry, ferric chloride and chlorinated 
copperas are used as a solution, and copperas is used either way. 

Chemicals must be applied to the sewage in accurately mea
sured quantities, and the rate of application must be varied with 
the volume of the sewage and often with its composition. The 
feeding of chemicals, either dry or in solution, is accomplished 
by a machine that delivers the chemical at a predetermined rate. 
Changes in the rate of application to correspond to variations in 
the volume or character of the sewage may be effected by 
automatic devices or by manual controls. 

27. Feeding Machines.-A dry-feed machine consists pri
marily of a hopper that holds the chemical and a mechanical 
device for feeding the chemical at the desired rate. Among the 
feeding devices that are used are a worm screw ; an oscillating 
hopper; a pushing device that moves back and forth; and a 
small revolving table from which a stationary blade removes a 
predetermined amount of chemical. 
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Another method is to pump the solution and to adjust the speed 
of the pump. In Fig. 10 is shown a typical arrangement for 
feeding ferric chloride. A strong solution of ferric chloride, 
which is produced in chamber a, enters the chamber b through 
the small open spaces in the masonry partitions. From there 
the solution is pumped to tank c, in which it is diluted to the 
desired strength. This tank is connected to the influent channel 
carrying the raw sewage and the amount of flow is regulated by 
the height of the liquid in the tank c. 

(a} (b) 

FIG. 11 

The manufacturer of a feeder will furnish on request a com
plete set of diagrams, descriptions, and illustrations for the 
feeder ; and the operator should become thoroughly familiar with 
the particular type used in his plant. 

28. Mixing Chemicals.-In order to obtain the best results 
with chemical treatment of sewage, the chemical and the sewage 
should be well mixed as soon as they come in contact. Such 
mixing action should last from 3 to 5 minutes. In Fig. 11 are 
shown two types of flash mixers manufactured by the Dorr 
Company. The mixer in view (a) imparts a turbulent motion 
by means of a high~speed impeller of the pump type, and the 
mixer in view (b) imparts motion by a series of revolving 
paddles. 

After the sewage and chemical have been subjected to this 
first mixing action, they are subjected to a less turbulent motion 
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that is somewhat similar to stirring. This stirring brings the 
small particles of floc into contact with one another and they 
combine to form relatively large particles, which settle rapidly. 
Stirring may be accomplished by a series of slowly-revolving 
paddles, mounted on either vertical or horizontal axes; or by air 
that is admitted to the mixing tank under pressure. Good 
results are generally obtained when the stirring is continued for 
8 to 15 minutes. The process of combining the small particles 
into relatively large flakes is known as flocwlation, and the 
apparatus that accomplishes the stirring action is called a 

flocculator. 

In Fig. 12 is shown one type of aero-flocculator, which is 
manufactured by the Link-Belt Company. As the sewage flows 
longitudinally through the tank, air from the air diffusors is 
discharged into the sewage in the air-lift channel. On rising in 
the air-lift channel, the air bubbles carry the sewage in that 
channel upward with them. Thus, an upward current is created 
in the air-lift channel and a rotary motion is produced in the 
tank, as indicated by the arrows. The combination of the 
longitudinal flow of sewage and the rotary motion results in a 
spiral flow through the tank. Transverse, or cross, baffle walls 
are installed in the tank at intervals to cause additional agita
t ion. The air diffusors are placed in pairs, and the supply of 
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air to each pair is controlled by a valve. 
The various valves can be adjusted so 
that the degree of agitation may be varied 
from a maximum near the point where 
th~ ~hemical is added to the sewage to a 
nurumum at the discharge end of the 
tank. 

29. ~n Fig. 13 is shown a longitudi
nal section through a flash mixer, floc
culator, and primary settling tank of the 
type manufactured by the Dorr Com
pany. The sewage flows from the sewer 
a into the well b and under the baffie c 
a~d the chemical is added through th~ 
p1pe d. As the sewage and chemical 
come i~ contact, they are mixed by the 
flash rmxer e. Then the mixture passes 
over th~ ,~·eir f into the flocculator g, 
wh~re tt IS stirred by the paddles h, 
whtch revolve in the direction indicated 
by the curved arrows. Finally, the sew
a_ge ~-sses through the perforated parti
tion ~. mto the clarifier, or settling cham
ber, J, where the sludge is permitted to 
settle. The clarified effluent is alJowed 
to flow over the " 'eir k into the effluent 
~hannel l. The settled sludge is pushed 
mto hoppers at the center of the clarifier 
by the revolving scrapers and is dis
charged through the pipe m . By means 
of a by-pass, some of the sludge is re
turned to the ftocculator where it is mixed 
\\·ith the incoming chemically-treated 
sewage. 

30. Quantity of Chemical Required. 
No definite statement can be made as to 
th quantity of chemical needed for the 
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treatment of a particular sewage. In gene~!, howev:r, aver
age doses of either aluminum sulfate or an tron salt w11l range 
f 500 to 800 pounds per million gallons of sewage. These 
a::nts may be decreased or increased according to th~ strength 
of the incoming sewage and the desired degree of clanty of ~he 

ffi t AJ 0 time or acid may have to be added to provtde e uen. s , . . . 
the proper pH value for good flocculation a~d preap1tatton. 

It · 1 advisable to run a series of tests m the laboratory IS a ways · . . 
in order to determine the approXJmate amounts of chem1cals 
needed for treating a particular sewage. The. dosages thus 
established should then be given a thorough tnal on a plant 

scale. 

31. Operation of Chemical-Treatment Plant.-The ope:a
tion of a chemical-treatment plant includes the usual operation 
processes for a plant in which the sewage i~ ~ed thr~ugh 
a plain-sedimentation tank and the sl~dge ts digest:d m a 
separate tank. In additio~, the ch~m1cal plant r~lllres the 
operation and control of the chemtcal feeders, mtxers, and 
flocculators. It is necessary to charge the hopper of a dry-feed 
machine or to make up and store the day's supply of chemical 
solution. Also, the dosage of chemical must be changed with 
the changes in the amount of flow or in the strength of the 
sewage, and records must be kept of the chemicals used. The 
quality of the floc must be noted and te~ts must be m_a~e on 
the floc to determine its capacity for setthng. The turbtdtty of 
the effiuent must be recorded at regular intervals, and records 
must also be kept of the pH value of the incoming sewage. 

For ordinary plant work, samples for determining the settle
ability of the floc need be collected only in the settling tank ; 
these samples are usually taken at the inlet. It may also be 
desirable to run settling tests on the flocculated sewage from 
various points in the mixing tanks. The samples are placed 
in jars and the floc is allowed to settle. The charac~er of the 
floc particles, the rapidity of settlement, and the clanty of the 
supernatant liquid should be carefully observed. 

32. Operating Records for. Chemical Treatment.-The 
records for a chemical-treatment plant include all the ordinary 
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records for a plant using plain sedimentation with separate 
s ludge digestion. It is also desirable to keep daily records of 
the amounts of chemicals used, the turbidity of the effluent, and 
the pH value of the incoming raw sewage. The required data 
should be obtained at the same hour each day. The best time is 
usually in the forenoon. 

CHLORINATION OF SEW AGE 

33. Uses of Chlorine.-Chlorine is used for various pur
poses in the treatment of sewage. The more common uses are : 
for disinfection, or the reduction of the number of bacteria in 
the sewage; for control of odors by preventing the formation 
of hydrogen sulfide, reducing the amount of hydrogen sulfide 
that is produced, or neutralizing hydrogen sulfide that has been 
produced; and for reduction of the biochemical o:A-ygen demand. 
Chlorine is also used in trickling filters, in order to eliminate 
ponding or to speed up unloading; in the activated-sludge 
process, in order to improve the condition of the sludge that 
is returned to the primary sedimentation tank and thus to pre
vent bulking in the secondary sedimentation tank; and in chem
ical treatment, in co111bination with other chemicals, in order to 
produce the floc. 

34. Forms in Which Chlorine Is Used.-Chlorine is a 
gas at ordinary atmospheric pressures; but, when subjected to 
high pressure, it becomes a liquid. It is usually shipped in 
liquid form, containers of various sizes being obtainable. Small 
plants commonly use 100- or 150-pound containers, and large 
plants use 1-ton containers. 

Chlorine is also available in the form of a powder, known as 
h)'poch/orile of lime, or bleach. In the commercial form, this 
powder contains about 30 per cent of available chlorine when 
fresh. However, the per cent varies and is usually stated on the 
container; also, hypochlorite of lime gradually loses its strength 
as it ages. Another form of hypochlorite, called high-tesl " 'ypo, 
contains about 65 per cent of available chlorine and retains 
its strength indefinitely; this product is commonly sold under 
the trade names H.T.H. and Perc!tloron. 
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35. Methods of Applying Chlorine.-\Vhere liquid chlorine 
is used, the container is attached to a machine, called a clzlo
rinator which takes the chemical from the cylinder, meters it, 
and delivers it to the sewage. The chlorine is in the form of 
a gas when it enters th~ c.hluriua~or, as_ the relati:ety_ high. pres
sure that is produced m the cyhnder zs not mamtamed m the 
chlorinator. There are two general types of chlorinators, 
namely, solution-feed chlorinators and direct-feed chlori~tors. 
By means of a solution-feed machine, a measured quanhty of 
chlorine is mixed with a definite quantity of water before it is 
conducted to the point of application in the treatment plant. 
With a direct-feed chlorinator, a measured quantity of the 
chlorine is fed directly into the sewage "·ithout being previously 
mixed with water. This method of feeding is desirable at a 
plant in which it is difficult to furnish water under pressure. 

\i\fhen hypochlorite of lime is used, the powder is mixed 
with water, the lime particles are allowed to settle out, and 
the mixture of chlorine and water is fed to the sewage at the 
desired point. Hypochlorite is seldom used for disinfection in 
sewage-treatment plants, because liquid chlorine is cheaper and 
can be more easily applied. 

36. Solution-Feed Chlorinator.-Tbere are several types 
of solution feeders for chlorine. ~lost of them operate under a 
vacuum, but there are also semi-vacuum and non-vacuum 
solution feeders. The manufacturer of each piece of apparatus 
furnishes instructions as to the operation and care of the equip-

ment. 
In Fig. 14 is shown a sectional view of a vacuum solution-

feed chlorinator manufactured by the Pardee Engineering 
Company. 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. \Vhen 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 /z is open, water flows into the injector case 
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i. Some of this water flows through the pipe j to the water 
float valve k. \\'hen the level of the water reaches the weir l 

J 

FIG. 14 

the water overflows into the reserYoir m. As the water level 
in the reservoir rises, the float 11 also rises and shuts off the 
flow to the float valve k. Some of the water flows under pres
sure from the float-valve well through the tube o to the meter 
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overflow p and spills into the riser g. A meter tube, or 
manometer, q indicates the rate of flow of chlorine in pounds 
per 2+ 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 dis
charged through the tube t into the sewage. The dosage of 
chlorine may be changed by varying the amount of solution that 
is fed to the sewage or by varying the strength of the solution. 

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 x is 
installed in the water reservoir m in case of accidental flooding 
or breakdown of the apparatus. 

\¥hen the chlorinator is to be started, the valve h should be 
opened while the control valve e is still closed. Next, the 
shut-off valve b is opened and then the control valve e is 
opened just far enough to permit the flow of the desired quan
tity of chlorine. When the chlorinator is to be stopped, the 
shut-off valve b should be dosed 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. 

37. Direct-Feed Chlorinator.-In Fig. 15 is shown a 
diagrammatic view of a direct-feed chlorinator manufactured 
by the \¥allace 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 maintains that flow regardless of temperature or 
pressure changes in the inlet line. Then the chlorine passes 
through the orifice meter d, which is connected to a manom-
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eter e that i~dicates 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 chlorinato:. After 
the chlorine passes through the meter, it is forced through the 

shut-off valve h and into the sight-glass 
u d f . T · 

t. h1s shut-off valve h permits the 
metering device to be disconnected from 
~he sight-glass i in case the apparatus 
IS to be put out of service for some 
time. The sight-glass is filled with 
ant~-flooding material, which prevents 
mo1sture from coming in contact with 
the chlorine that remains within the 
apparatus when it is taken out of 
service. Corrosive action is thus 
retarded. There is also a blow-off 
, ·alve j to relieve the pressure within the 

0 
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chlorinator when any of the various parts must be discon
nected. The chlorine passes from the sight-glass to the check
,·alve, or back-pressure Yalve, k and from there through a silver 
tube I to a special diffuse! m within the sewer 11. This 
diffu:>er is heated by electricity, which is carried in the rubber
covered cable o. 
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38. Feeders for Applying Calcium Hypocblorite.-Calcium 
hypochlorite may be applied by means of small pum~s of corro
sion-resisting metal. Such pumps usually have a vanable length 
of stroke in order to permit regulation of the dosage. Hypo
chlorite is also applied to the sewage by means of a constant
head siphon. In Fig. 16 is shown a line diagram of an apparatus 
of this type. The hypochlorite is first dissolved in water and 

a 
i 

Fto. 16 

the lime is allowed to settle out of the solution. Then the 
chlorine solution is passed to the feeder through the pipe a, 
which is supported in a frame b. As the mixture of chlorine 
and water falls into the chamber c, the float d rises and the 
stopper e at the upper end of the float tends to shut off the 
inflow. Hence, the height of the liquid in chamber c regulates 
the rate of inflow of the solution. The siphon J transfers the 
solution from the chamber c to the container g, and from there 
the solution flows by gravity through the pipe h to the desired 
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point m the treatment plant. The level of the liquid in the 
container g remains constant, and the rate of flow through the 
siphon depends on the difference between the )e,·el of the liquid 
in chamber c and the level in container g. The level in chamber 
c may be raised or lowered by raising or lowering the frame b 
by means of the screw i. 

39. Disinfection With Chlorine.- When enough chlorine 
is added to sewage to produce a chlorine residual of 0.2 to 0.5 
part per million 15 minutes after the chlorine has been applied, 
almost all the bacteria in the sewage are destroyed. Preclzlvrin
alion, or chlorination prior to other methods of treatment, 
is advantageous because it tends to retard or prevent biological 
action in the settling tank and thus helps to produce a fresher 
effluent. On the other hand, the disinfecting results of pre
chlorination are not so satisfactory as the results of chlorination 
of the settled sewage, because the chlorine does not penetrate 
the large particles of solids in the raw sewage. Therefore, when 
used for disinfecting sewage, chlorine is generally applied to the 
effluent from the settling tank. 

It is sometimes advisable to divide the dosage of chlorine 
into two parts, one dose being applied to the raw sewage at the 
entrance to the settling tank and the other dose being applied 
to the effiuent from the settling tank. This is known as split 
cltlori1zalion. \¥ith split chlorination, the final dosage of chlorine 
required to maintain the desired chlorine residual is smaller than 
the amount required for a single dose applied to the effluent from 
the settling tank; but the total amount of chlorine needed for 
split chlorination is usually greater than the amount required 
for a single dose applied to the settled sewage. However, where 
a better control of the operation of the sedimentation tank is 
possible with split chlorination, the additional cost of the chlorine 
is well worth while. In some instances, split chlorination can be 
provided by a single chlorinator, but two machines are usually 
needed to give satisfactory distribution. 

40. Amount of Chlorine for Disinfection.-The amount of 
chlorine needed for disinfecting sewage depends on the strength, 
freshness, and other characteristics of the particular sewage 
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and on the amount of treatment th_at has alrea~y been given to 
the sewage. In general, the requ1red dosage •s much smaller 
for fresh sewage than for stale or septic sewage. Doses of 
chlorine are measured in parts per million. Since water weighs 
approximately 8.34 pounds per gallon, or 8,340,000 pounds per 
million gallons, a dose of 1 part per million of chlorine for 
1,000,000 gallons of sewage will be 8.34 pounds. If it is desired 
to dose 1,000,000 gallons of sewage with 1 part per million of 
chlorine applied in the form of bleach containing 30 per cent of 
chlorine, the required weight of bleach is 8.34-7-0.3 = 27.8 
pounds. If high-test hypo, which contains 65 per cent of chlorine, 
is to be used, the required weight of chemical for the same 
quantity of sewage is 8.3-+-;-0.65 = 12.8 pounds. 

When chlorine is applied for the purpose of disinfecting 
sewage, the required amount of chlorine for any particular 
case is usually determined by the desired chlorine residual. For 
a chlorine residual of 0.2 to 0.5 part per million, the total dosage 
of chlorine ordinarily ranges from 18 to 25 parts per million for 
raw sewage; from 15 to 20 parts per million for effluents from 
settling tanks; from 10 to 18 parts per million for effluents 
from trickling filters or contact beds; and from 6 to 12 parts 
per million for effluents from sand filters. 

41. Chlorination for Reducing Biochemical Oxygen 
Demand.-By destroying nearly all the bacteria in sewage, 
chlorination not only disinfects the sewage to a considerable 
degree, but also retards the normal processes of decomposition 
of organic matter and extends the length of time during which 
the effluent from a sewage-treatment plant will remain stable 
after being discharged into a small stream. The use of sufficient 
chlorine to give a residual of 0.2 to 0.5 part per million after 
a 15-minute period of contact with the sewage will reduce the 
5-day B. 0. D. by 15 to 35 per cent. There is a reduction in 
oxygen demand of about 2 parts per million for each part per 
million of chlorine that is absorbed. When the purpose of 
chlorinating sewage is to reduce the biochemical oxygen demand, 
the entire dose o£ chlorine is applied to the effluent from the sedi
mentation tank. 

TREAT~IENT PLA.l'JTS, PART 3 195 

42. Contact Tan.ks.-Where the application of chlorine is 
the final treatment at a plant, as where chlorine is added to the 
effluent from a settling tank at a primary-treatment plant or to 
the effluent from trickling filters, it is usually necessary to 
provide some means for thoroughly mixing the chlorine with 
the effluent before final discharge from the plant. Small tanks, 
called chlorine contact tanks, are usually installed for the pur
pose of providing the proper contact or mixing of the chlorine 
and the effluent. The flow through a contact tank should be 
sufficiently rapid and turbulent to prevent sedimentation. A 
contact, or mixing, period of 15 minutes is commonly provided. 

43. Chlorination for Odor Control.-Various products of 
decomposition, especially hydrogen sulfide, cause odors in sew
age. Chlorine, in proper quantities, will destroy the bacteria 
that ordinarily break down the suliur compounds in the sewage, 
and thus will prevent, or at least reduce, the odors. Odor 
control is most necessary where the sewage has to travel a con
siderable distance in the sewers and would therefore become 
septic before reaching the treatment plant if it were not chlorin
ated. Under these conditions, it is advisable to treat the 
sewage in the sewer -! mile to 1 mile above the plant. \i\There 
the decomposition in the sewer does not progress so far as to 
produce obnoxious odors at the plant, the chlorine may be 
applied at the entrance to the sedimentation tank. 

\Vhen chlorine is used for the control of odors, a dosage of 
5 to 8 parts per million will generally prove satisfactory. Quite 
often, the odor from a sewage-treatment plant is serious only 
between 7 and 10 o'clock in the evening. The odors in such 
cases may be satisfactorily controlled by chlorinating the sewage 
from 3 to 8 P.~. Naturally, such intermittent dosing reduces 
the required amount of chlorine considerably below that needed 
for continuous chlorination. 

44. Regulation of Flow of Chlorine.-Tests for residual 
chlorine in the effluent from the plant should be made at least 
once a day, preferably when the greatest amount of chlorine is 
being applied to the sewage or when the sewage is strongest. 
Unless the residual is more than 0.2 part per million, the 

• 
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· ed " 'here the chlorinator is chlorine dose must be mcreas · 
automatically controlled, only one setting each day is neces
sary. In the case of a chlorinator that is operated manually, 
it is not practicable to attempt to adj~st the dosage too ~os~ly 
to the demand, as chlorine is comparatively cheap and ord1~anly 

· an1ount will not do any harm. However, 1f the an excess1ve . 
demand during the night is much less th~n the de~nd durn~g 
th d th dosage may be reduced durmg the mght. It wtll e ay, e . . 
then be necessary to make the test for residual chlonne ~w1ce a 
day, once while the demand for _chlorine is gr~atest dur_mg the 
day and once while the demand IS greatest durmg the mght. 

A check should be made each day on the total amount of 
chlorine used. The cylinders that are in use should be kept 
on platform scales, in order that the weight of chlorin~ actu_ally 
fed to the sewage each day may be recorded. This weight 
is checked against the computed dosage to determine whether 
the chlorinators are operating properly. Thus, for a dosage 
of 45 pounds of chlorine per million gallons of sewage an_d a 
daily flow of 5 million gallons of sewage, the loss of we~ght 
per day from the chlorine cylinders should be 45x 5=225 

pounds. . .. 
Before a cylinder of chlorine is attached to a chlonnator, It IS 

advisable to waste about a pound of the chlorine into the open 
air in order to remove any impurities that may have coll~cted 
near the top of the cylinder and to make sure that there IS no 
stoppage. Also, care should be e.xercised to see that the tank 
does not freeze from the release of too much chlorine. If the 
chlorine is drawn from any 100-pound cylinder at a rate greater 
than 40 pounds per day, there will be an excessive drop in 
temperature. Therefore, if more chlorine is needed per day, 
either se,·eral 100-pound cylinders should be connected to the 
chlorinators or a larger cylinder should be used. 

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

45. General Precautions With Chlorine.- To be satis
factory, chlorination must be continuous, and any serious oper-
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ating trouble with a chlorinator should be reported immediately 
to the manufacturer. A supply of spare parts for the chlorin
ators should be kept on hand at all times. Leaks must be 
repaired at once. Chlorine leaks may be detected by using 
household ammonia, the vapor from which will form white 
fumes when combined with the chlorine gas. A special gas 
mask should be worn whenever chlorine apparatus is to be 
tested or repaired, as the inhalation of chlorine gas may produce 
serious after-effects. 

The temperature of the chlorine should never be permitted 
to drop below 50° F. In the case of chlorination for odor con
trol, a small building is usually erected over a manhole in the 
sewerage system, and a chlorinator is installed in this building. 
In cold climates, it is necessary to supply heat to the cylinders 
of chlorine. An electric-heating unit is most satisfactory for 
keeping the proper temperature. Howe,·er, 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 of the chlorinator should be maintained higher 
thai1 that of the cylinders, in order to prevent condensation 
of the gas as it enters the chlorinator. 

46. Operating Records for Chlorination.-Where chlorine 
is used in the treatment of sewage, it is necessary to keep 
daily records of the following: the rate of application of chlorine, 
the volume of sewage treated, the weights of the chlorine tanks, 
and the results of the tests for chlorine residual. Also, the 
dates on which new cylinders are attached to the chlorinator and 
the weight of each full cylinder should be recorded. 

TREATMENT WITH ACTIVATED CARBON 

47. Activated carbon has been used to some extent in 
Europe and the United States to aid in the digestion of sludge, 
and also to improve the drainability of the sludge. In the 
plant at Newark, N. Y., it is reported that both the scum for
mation and the odors due to hydrogen sulfide have been 
reduced by the application of activated carbon. Also, the 
methane production in the digestion tanks has been increased. 
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At the plant at Baltimore, 1\Id., it has been found that the 
digestion of sludge may be speeded up and the heating value 
of the gas may be increased by the addition of from 15 to 60 
pounds of activated carbon per million gallons of sewage. 

PUMPS AND PUMPING 

48. Uses of Pumps in Sewage-Treatment Plants.-Many 
sewage-treatment plants are so located that the sewage will 
flow through the various treatment devices by gravity. How
ever, pumps are generally required for one purpose or another 
about the plant. The two most important uses of such pumps 
are: ( 1) the raising of sewage from a main sewer to an eleva
tion that will permit the sewage to flow by gravity through 
the plant; and (2) the pumping of sludge from the settling 

tanks to the digesters. 
\Vithin the plant there are other uses for pumps. These uses 

may include the circulation of the contents of digestion tanks; 
the· return of supernatant liquor from digestion tanks to set
tling-tank inlets or to other points in the plant; the transfer of 
the drainage from sludge-drying beds to the outfall sewer; 
the circulation of hot water for heating digestion tanks; the 
emptying of various types of tanks; and the handl ing of chem-

ical solutions. 

49. Desirable Characteristics of Sewage Pumps.-Prob
ably the most important requirement of a sewage pump is the 
ability to operate without clogging. Since rags, sticks, glass, 
and grit are commonly present in sewage, the pump must be 
able to discharge such objects. As a further precaution to 
insure satisfactory service, the inside of the pump must be 
readily accessible, so that an obstruction may be removed 
immediately in case the pump should become clogged. Another 
important requirement of a sewage pump is reliability in oper
ation. A defect in the pumping equipment may result in 
serious trouble by causing the sewage to back up in the sewer 
main or to flood the treatment plant. The durability of the 
parts of the pump is also of considerable importance. It is 
obviously undesirable to make frequent repairs or replace-
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ments because of erosion or deterioration. Since the lift, or 
head, on a sewage pump is seldom more than 20 or 30 feet 

the power requirement~ 
are low and the efficiency 
of the pump is not so im
portant as its reliability in 
regard to freedom from 
clogging and stoppage. 

a 

50. Types of Sewage 
Pumps and Usual Driving 
Power.-The classes of 
pumps that are most com
monly used in sewage
treatment plants are cen
t rifugal pumps and recipro
cating pumps of either the 
plunger type or the dia
phragm type. R o t a r y 
pumps are used to a much 
lesser extent. The power 
to operate the pumps is 
usually furnished by elec
trically-driven· motors, al
though internal-combustion 
engines are also used. 
\\'here continuous opera
tion of the pumps is essen
tial for the satisfactory op
eration of the plant, some 
form of auxiliary, or stand
by, power must be fur-

Fie. 17 nished. In many cases, the 
. . regular power is electricity ;d t~e stand-by power IS either gasoline or gas from a sludge

Jgeshon t_a~k. All stand-by equipment should be kept in 
good c~ndlhon, and should be tested by actual operation at 
weekly mtervals. 
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Sl. Centrifugal Pumps.-Centrifugal pumps are used 
• 1 for pumpinu raw or settled sewage. They may be 

mam Y "" F" 17 · h · 1 either vertical or horizontal. In tg. IS s own a sectton~ 
· of a centrifuual pump manufactured by the l\lorns 

VIeW <> • 
Machine \Vorks. The pump and its accessone.:; are supported 
on a heavy metal base a. The shaft _b, on whic~ the impeller c 
is mounted, is supported by the beanng d and ts kept centered 
by glands or packing . . T~1e sewage enters the impeller ~rom 
the suction pipe e and IS dtscharged at f. A handhole g, w1th a 

{b) 

(«) 
FIG. 18 

cover that is shaped to conform to the curvature of the suction 
pipe, is provided in order that clogged material may be removed 
from the pump. A water or grease seal at h prevents the sew
age from rising along the shaft. 

52. The passages through a sewage pump should be large, 
open, and direct; and the pump interior should be easily acces
sible. Several different types of impellers are used for sewage 
pumps. 

An impeller that is used in the pumps of the Chicago Pump 
Company, and also the casing in which the impeller revolves, 
are illustrated in Fig. 18. In order to expose the impeller in 
view (a), the part of the casing that is shown in view (b) is 
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remo,·ed. This impeller has a plate on only one side of the 
vanes a, and is known as an open impeller. It is set in the pump 
so that there is a minimum of clearance between the free edges 
of the vanes and the pump casing. 

(a) (b) 

FIG. 19 

(c) 

In Fig. 19 is represented an impeller of the enclosed type, 
which is manufactured by Fairbanks, t.Iorse and Company. 
As indicated in view (a), the impeller consists of two vanes a 
that are situated between two plates. In order to show the con
struction of the impeller more clearly, it is imagined that the 
impeller is cut in half between the two plates; and the two 
halves thus produced are represented in views (b) and (c). A 
noteworthy feature of either of the 
two impellers shown in Figs. 18 
and 19 is the large space between 
the vanes. As indicated in Fig. 17, 
the sewage enters the impeller 
through a circular opening at the 
bottom and is expelled from the 
space between the vanes by cen
trifugal force. 

FIG. 20 

In some centrifugal pumps, known as screw pumps, the impel
ler resembles the propeller of a ship. In Fig. 20 is shown the 
screw-type impeller which is manufactured by the Morris 
Machine Works. Screw pumps are usually large-capacity pumps. 

53. Reciprocating Pumps.-Reciprocating pumps are val
uable for general usage at a sewage-treatment plant. They 
may be used for handling sludge, dewatering various tanks, mix-
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. 1 d and man)' other purposes. In Fig. 21 is shown mg s u ge, 
a cross-section through a reciprocating pump of the ~Junger 
type, made by the Chain Belt Company. The plunger a IS con
nected to a rod b and a link c, and is moved up and ?ow~ by 
means of gears or a walking beam. As the plun~er a IS ra1sed, 

suction is created in the chamber d, the valve e 1s drawn shut, 
:nd the valve f is opened. The sludge or sewage is thus drawn 
from the pipe g into the chamber d. When the plunger is forced 

FIG. 21 

downward, the pressure closes the valve f and opens the val~e 
e as shown in "the illustration. Hence, the sludge or sewage 1s 
f~rced out of the chamber d into the discharge line /r. 

In Fig. 22 is shown a section through a diaphragm-type pump 
made by A. S. Marlow. The plunger consists of two metal 
disks a, the edges of which are clamped over a rubber diap~ragm 
b. This diaphragm is securely clamped between flanges m the 
casing c, so that there is a tight seal around the plunger_ at_ all 
times. The ball valves d and e operate on the same pnnc1ple 
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as do the hinged valves e and f in the plunger-type pump in 
Fig. 21. 

54. Installation of Pumps.-Tt is best to install a pump 
in a dry well, in order that the various mechanisms will always 
be accessible for lubrication, repairs, and cleaning. In general, 

it is better to have the motor that drives the pump set on the 
floor above the level of the sewage, where there will be no 
danger of damage by immersion. However, in some instances 
such installation is not possible and the motor is installed in the 
dry well immediately above the pump. Small pumps are often 
immersed in the sewage and the motor is installed on the floor 
above, as the necessity for a separate dry-well chamber is thus 
eliminated. Pumps of tlus type may be lifted out of the sewage 
for inspection and repairs. 

In Fig. 23 is shown one type of installation for a sewage pump. 
The pump a is placed in a dry well b, and the end of the suction 
pipe c is located near the bottom of a wet well d into which the 
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l·s d•"scharged from the sewer. Inside the guide pipe c sewage . . 
in the wet well is a copper float that nses and falls \VJth the level 
of the sewage. If the rate of inflow of the sewage exceeds the 

oo 
D~o 

capacity of the pump that is in operation at any instant, the level 
of the sewage in the wet well will rise. 'Vhen the float reaches 
a certain preestablished level, it causes the electric switch f to 
close, and the motor that drives another pump is thus started 
automatically. If, on the other band, the rate of flow of the 
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sewage is less than the capacity of the pump or pumps in opera
tion, the level of sewage in the wet well will fall and the move
ment of the float will open the switch and thus shut off the extra 
pump. In this installation, the motor g is set within the dry 
well, and the control panel h is on the floor above. 

In Fig. 24 is shown an installation in which the solids in the 
sewage do not pass through the pump. 'Vhile the pump is 
not in operation, the incoming raw sewage from the pipe a 
passes down through the strainer b, where the solid matter is 
retained. The liquid then flows through the pump c, and into 
the wet weJI d. " 'hen the level of the sewage in the wet well 
reaches a predetermined height, an automatic control starts 
the pump. The liquid is then pumped from the wet well and is 
forced upward through the strainer b, carrying with it the 
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Sheet No.~-----

Final Settlirtg Tanks Chlori rraliort 
Cu. fl Sludge Remcwed 

Date Lb. 
1 2 3 4 Used 

1 

2 

3 
4 

5 

6 

7 

8 
9 
10 

11 
12 

13 

14 2300 
15 2800 
16 2400 
17 2600 
18 . 

19 
20 

21 

22 

23 

24 

25 

26 
27 

28 
29 

30 

31 

Total 2300 2400 12800 2600 
Av. I 

Max. I 
Min.. I 

*R.B. Denotes Meter Ran Backward 
BB6IQ-S30JC 

Point 
ol 

Applic. 

Sludge Temp. °F 

1 2 3 

86 100 93 
86 101 92 
86 101 93 
86 101 94 
83 100 90 
83 100 90 
83 100 9/ 
83 100 86 
82 101 83 
82 93 83 
85 9/ 83 
83 91 83 
80 90 80 
81 99 81 
82 90 82 
82 90 83 
80 88 8/ 
79 88 81 
80 90 82 
80 88 8/ 
79 88 8/ 
80 88 82 
80 88 83 
80 89 83 
82 90 84 
79 89 8/ 
78 88 80 
77 87 80 
78 88 81 
77 88 8/ 

81 93 84 

Reading, Penna. 
Sewage Treatment Plant 

Operation Data 

Sludge Digesters Sludge Removed 

Hot Water Temp. °F 

Feed Return Lb. Point Digest- Vd. Bed Cbem. ol .. Cu. Fl 
Ghorg~ Used AppUc. No. Wet 1 1 2 3 

/34 120 122 124 
134 120 122 124 
134 121 121 124 
136 120 122 124-
134- 119 120 122 
136 12/ 122 124 
135 120 122 124 3 900 ID 
135 120 122 124 3 800 3A 
134 121 121 124 I /000 38 
134- 120 123 124 I 1200 3C 
135 121 122 124 I 1400 3D 
135 120 122 121 J /000 2A 
135 120 122 120 2 1000 28 
/35 120 120 120 2 /200 2C 
135 120 121 120 2 1400 2D 
135 119 122 119 
134 120 120 120 
/34 120 120 JIB 
134 120 122 120 
/34 120 121 120 

1134 120 122 120 
134 120 122 120 
/34 120 122 120 
134 120 121 120 
135 121 122 122 
135 120 120 120 
134 119 120 JIB 
134 J/7 120 120 I 1000 lA 
135 118 120 120 I 1"100 18 
134 119 120 /20 I 1200 JC 

13500 
135 120 121 121 

F IG. 26 

Mortth~§'_t_,_ _ Year.!.9.}Z_ 

Contributirtg Populatiort .!lf!LJ.!!f!.._ 

Sludge Beds Gas Produced 
Cubic feet ~Raw Air 

Oay; Volume Multiply X 100.000 Cu. fl. ewage "remp. Bed T"JFP-
eteaned on Dry Digester No.. Per OF 

Bed I Cu. FL Capila 
1 2 3 

004 033 050 1. 1 78 78 
008 094 070 2./ 78 78 
RB" RB 176 2 .2 76 74 
RB 000 109 1.4 80 77 
RB 164 006 2.1 78 55 
000 177 014 2 .4- 76 57 

38 1 42 500 RB 102 OBI 2.3 78 6/ 
R8 201 0/8 2.7 78 58 

2D 45 700 RB 004 137 / .8 76 61 
RB 022 114 1. 7 82 59 
RB 123 065 2 .3 80 65 
RB RB 134 /.7 74 56 

18 33 700 RB 060 114 2 .2 78 49 
lA 34 500 RB 226 043 3.4 76 57 

IC 34 600 000 036 147 2.3 74 56 
RB 083 103 2.3 76 "56 
RB 279 027 3 .8 76 47 
RB /30 091 2 .8 76 56 
004 073 089 2.1 76 48 
RB 184 060 3 .1 78 46 
RB 071 141 2 .6 76 47 
010 044 086 /.8 78 47 
RB 202 044 3.1 74 54 
RB 145 042 2.3 76 52 
022 220 049 3.6 78 60 
RB 214 024 3. 76 5 1 
000 081 /03 2.3 74 41 
008 117 056 2.3 76 44 

38 20 500 000 199 034 2.9 74 50 
3A 21 500 000 093 142 2.9 74 48 

"1000 0.6 33.8 23.7 
0.02 / .13 0.79 2.4 77 56 

8685S 
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Sewage Treatment Plant 

Sheet No.l _ _ ____ Operation Data Contributing Population_~ .. ~L-

Sewage Flow Screen Clarifying Tank Trickling Filters 

Peak 
Screenings 

lncinez. Ave. Bed No.1 Bed No.2 Bed No.3 Bed No.4 
Dale Tolal M.G. Pea~ Pump K.I'I.H. Space a tor De ten· No. Vol. I 

M.G. Per Hr. Ho. Per 8etw£en 1'/et Wet Oil tion Times Scum Nozzles Pooling Area in Nozzles Pooling Area in Nozzles Pooling Area in Nozzles Pooling Alea in 
Day M.G. Bars Cu.fl lb. Gallons Period Cleaned Cu. Ft Cleaned %Are3 Use Cleaned % Area Use Clear>ed %Area Use Cleaned % Area Use 

Hr. 

1 8.383 13 1/6 #2 II.J .340 Jf/8 5 450 4 4 16 
2 8.280 14 1/5 "JII211.J 381 Jl/8 6 540 4 4 20 I 
3 8.220 14 1/2 ., "2 371 fl/8 7 630 4 4 18 
4 7.512 II I #I .356 1 '/8 4 360 18 4 4 20 
5 6.258 10 1/4 111 112 358 tl/8 I 90 5 4 20 
6 6.205 10 2 #t 364 tl/8 2 180 5 4 16 
7 8.045 /3 1/6 #I "2 376 11/8 8 720 4 4 16 
8 8.012 /31/2 1/6 "' #z 369 11/8 5 450 16 4 4 18 80 90 
9 7.194 14 1/6 1"'2~- 356 1 1/8 3 270 4 4 X 100 75 
10 7.995 II 1/.2 2 liz 334 fl/8 5 450 13 4 4 22 
11 6.946 10 4 #z 349 11/8 4 360 5 4 14 
12 5.985 9 3 "2 347 I '/8 z· 180 II 5 4 16 
13 7.826 fll/2 4 ttz 348 1 1/8 10 900 4 4 18 
14 7.583 /3 1/2 3/4 #2 #J 359 11/8 5 450 16 4 4 20 I 
15 7.555 II 4 *2 351 1 1/8 5 450 4 4 18 I I 
16 7.433 · II 1/2 2 112113 363 Jl/8 6 540 12 4 4 20 I 
17 7.782 121/2 1/2 *3 1112 358 Jl/8 5 450 4 4 18 I I 
18 6.686 II 1/6 #3 342 fl/8 3 .270 16 5 4 16 
19 5.957 II .21/2 113 356 11/8 3 270 5 4 16 
20 7.978 /3 I 113#2 364 f l/8 10 900 4 4 20 
21 7.741 II 1/2 I "2 350 fl/8 5 450 16 4 4 18 35 50 25 30 
22 7.639 111/2 I #2 344 1'/8 4 360 4 4 20 
23 7.710 II 6 113#2 358 fl/8 5 450 4 4 .27 
24 7.800 II 1/2 2 f/2 •2 347 11/8 7 630 17 4 4 20 I 
25 6.988 II 1/4 ,, #3 365 1 '/8 3 270 5 4 16 
26 5.769 II f/2 1/4 *3 352 I 1/8 2 180 10 6 4 20 
27 7.703 /3 2 #3#2 371 J//8 6 540 4 4 16 
28 7.450 II I *z 355 I 1/8 5 450 10 4 4 X 75 80 
29 7.385 II 2 •2 344 11/8 4 360 4 4 18 77 I I 
30 7.66.3 12 I 113 112 363 J l/8 5 450 4 4 22 /00 I 
31 I i 

Total 1221.683 145 13050 !55 129 120 519 215 I 225 192 185 
Av. 7.389 356 ;g:S/6 435 l 4 I 4 171 I 

Max. 8.383 10 900 I 6 I 4 27 I I I 
Min 5.769 I 90 I 4 I 4 X I I I 

flll610 -5JO.JC 



Analyst _L!!.~~:§!!.~!!:.l!!.x.E!!._ Reading, Penna. 
Approved By_~!!!'!..li ~f.Ef!g _ ___ Sewage Treatment Plant 
Sheet No. _3 __ _ __ Results of Daily Chemical Analyses Month ~YJ.!-.!.!I!c 

Settleable Solids oc/Liter Relative Stability % 
Filter Beds FinJI Setting Basin Fitter Beds F'~l Settling Basin 

Chlorine p. p.m. 
Date Raw Clarifier 

Sewage Elf. 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 Applied Rt$idual 

1 4. .I .z .4 . I .3 .z .I .I . .2 90 90 90 9() 90 90 90 90 
2 5. ./ .3 .3 .2 .5 .3 .2 .2 . I 8() 75 75 75 75 90 80 8() 
3 7. .I .3 .2 .I .4 .2 .3 .2 .3 90 90 90 90 90 90 90 90 
4 
5 

6 
7 6. .I -2 .3 .5 .2 . I .4 .2 .3 90 90 90 90 90 90 90 90 
B 7. . I .3 .4 .3 .2 .2 .3 .2 .I 90 90 90 90 90 90 90 90 
9 6. .2 1.4 1.5 .3 .I .3 .4 .3 .3 90 90 90 90 90 90 90 90 
10 5. .I 1.3 1.5 .2 .I .2 . I .3 .4 90 90 90 90 90 68 68 68 
11 

12 

13 
14 
15 
16 
17 
18 
19 
20 7. .I .2 .4 .5 .2 .I .2 TR .2 21 21 21 21 21 21 21 21 
21 6. .2 .4 .6 .3 .2 .I .I TR TR 90 90 90 90 90 90 90 90 
22 4 . .I .3 .2 .4 . I .2 .2 .4 .I 80 80 80 80 80 80 80 80 
23 5. .2 .4 .6 .5 .3 .3 .2 .3 .2 II J/ II II II II II II 
24 
25 
26 

27 7. . I .2 .3 .2 . I .2 .3 .I .2 90 90 90 90 90 90 90 90 
28 6 . .I . I .4 .I .2 .3 .3 .2 .3 90 90 90 90 90 90 90 90 
29 I 5 . . 2 . I .5 .3 .I .I .2 .3 .3 90 90 90 90 90 90 90 90 
30 3 . .I .6 .6 .4 .3 .2 .2 .2 .2 90 9() 90 90 90 9() 90 90 
31 

Total 
Av. 5. .I .3 .4 .3 .2 .2 .2 .2 .2 79 78 78 78 78 78 77 77 

MaL 
Min. 

BB610-5JOJC Ftc. 27 86855 
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solid particles that were deposited during the downward passage 
of the sewage. The pressure of the pumped sewage closes the 
check valve e and thus preYents back flow into the entrance pipe 
a. The sewage with the contained solids is therefore discharged 
through the pipe f. In order to prevent water hammer in the 
entrance pipe, a relief valve g is placed in that line. 

55. Operation of Pumps and Operating Record.-Pumps 
that handle raw sewage should be inspected daily in order to 
ascertain the operating condition, the need for lubrication, and 
the temperature of the motors and pumps. All screens in front 
of pumps should be cleaned regularly. ·where pumps are used 
occasionally, they should be flushed clean after each operating 
period. 

Records of pumping operations should include the following: 
The dates on which the pumps or motors were lubricated; the 
number of pumps in operation each day and the hours during 
which each pump operated; the amounts of sewage or effluent 
pumped eacl1 day; and the dates on which any repairs to the 
pumps were made. 

OPERATING DATA FOR A TRICKLING-FILTER TREATMENT 
PLANT 

MAKE-UP OF REPORT SHEETS 

56. Outline of Operation of Plant.-In Figs. 25, 26, 27, 
and 28 are shown sheets of a typical monthly report. These 
sheets are substantially the same as those used for the sewage
treatment plant at Reading, Pa., which serves a population of 
80,000. The only modification is the omission in Figs. 25 and 
27 of a few columns in which entries are never made at the 
Reading plant. This plant is at such an elevation with respect 
to the sewer mains that flow through the plant can be obtained 
only by pumping. As the raw sewage enters the plant, it is 
passed through a bar screen, the screenings from which are 
removed by hand and burned in an incinerator. The screened 
sewage next flows through a clarifier, or primary settling tank, 
and the effluent from the clarifier flows to one of four trickling
filter beds, which arc equipped with stationary nozzles. Before 
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Analyst J.Jy.in..F...SJamL_ Reading, Penna. 
Approved By _______ 

Sewage T realment Plant 
Sheet No. __ 4 __ Sludge Analysis 

DATE 9-.J-37 9-10-.37 9-17-37 9-24-.37 Averages 

SPECIAC GRAVITY 
Tank 1 
TankU 
Tankm 

MOISTURE 
Tank) 
TankU 
Tankm 

TOTAl SOUOS 
T•nkl 
TankU 
Tankm 

ASH 
Tanlt I 
Tankn 
Tankm 

ORGANIC MATTER 
Tank) 
TankU 
Tankm 

MINERAL MATTER 

HYDROGEN ION -oH 
Tank I 7.Z 7.1 7.4 7.1 
Tankll 7.2 7.2 7.J Zf 
Tankm 7.2 7.J 7.2 7.1 

TEMPERATURE 
Tank 1 86 82 80 80 
TankU 101 93 88 90 
Tankm 93 B;J 81 8J 

FJG. 28 
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the filter effluent is discharged from the plant, it flows through 
one of four finaJ, or secondary, settling tanks. The sludge from 
the clarifier is carried by means of hydrostatic pressure to a 
separate digester, of which there are three, and the digested 
sludge is dried on open beds. The scum that forms on the 
liquid in the clarifier is raked ~nto a scum gutter and is digested 
with the sludge. 

57. Data f or Monthly R eports.-In order to compile a 
monthly report, it is necessary to keep daily records and, in 
some instances, hourly records of the various operations at 
the plant. For this purpose, each operator is generally supplied 
with a daiJy report blank, on which he indicates his various 
activities by means of a check mark or records readings from 
gages and thermometers. The chief operator then transcribes 
the data from t11e individual reports into his record book and 
files the daily record sheets as a check on the entries in the 
record book. The monthly reports are subsequently based on the 
entries in the record book. 

58. Arrangement of Data on Reports.-Above the tabu
lated data on each of the four sheets that comprise the monthly 
report for the plant at Reading, the following items are entered : 
At the left are given the names of the persons who obtained and 
recorded the data ; the name of the person who is in responsible 
charge; and the number of the sheet. In the center are recorded 
the location of the plant and a general description of the type 
of information that is given on the sheet. Thus, the head
ing on Sheets 1 and 2 is Operation Data, the heading on Sheet 
3 is Results of Daily Chemical A11alyses and the heading on 
Sheet 4 is Sludge Anal)•sis. In the upper right-hand corner of 
each of the first two sheets are given the month and the year 
to which the record applies and the population that is served by 
the sewerage system. The month and year are also given on 
Sheet 3. 

In the first column of the tabulation on Sheet 1, 2, or 3, 
under the heading Date, are listed the days of the month. AJso. 
at the bottom of that column are the following side headings : 
Total, Av., Max., and Min. These headings refer, respectively, 

TREATMENT PLANTS, PART 3 209 

to t~e total for the month, the daily average for the month the 
maxtmum daily value, and the minimum daily value for ' 1 

f h 
. . eac1 

o t e vanous ttems on the sheet. 
On Sheet 1 are listed the data that apply to the primary-treat

ment processes and the trickling filters. These items are grouped 
under the following main headings: Sewage Flow Sere 
Cl 

.
1 

. , en, 
an ymg Tank, and Trickling Filters. 
On Sheet. 2 a.re listed the data applying to the final settling 

~anks, the dtgestton process, and the sludge-drying beds. These 
ttem~ are grouped under the following main headings: Fiual 
Settlmg Tanks, Chlorination, Sludge Digesters, Sludge Removed, 
Sludge Beds, Gas Produced, Raw-Sewage Temperature and 
Air Temperature. ' 

On Sheet 3 are listed the results of the cl1emical analyses of 
the sewage at the plant. These items are grouped under the 
following main headings: Settleable Solids cc/Liter, Relative 
Stability %, and Chlorine p.p.m. 

Sheet 4 is for the data pertaining to the sludge analysis. As 
shown by the notations in the first column, the properties of 
the sludge that may be determined at the Reading plant are its 
specific gravity, its moisture content, the total solids, the amount 
of organic matter, the amount of mineral matter, the pH value, 
and the temperature. 

PRIMARY TREATMENT AND TRICKLING FILTERS 

59. Sewage Flow.-In the first of the five columns under 
the main heading Sewage Flo·w, on Sheet 1, are listed the total 
daily flows in millions of gallons. As already stated, the total 
monthly flow, the average daily flow, and the maximum and 
minimum daily flows are given at the bottom of the column. 
In the second column is given the maximum, or peak, rate of 
flow during each day in millions of gallons per day; and in the 
third column are given the lengths of time, in hours o~ fractions 
of an hour, during which this peak flow occurred. The fourth 
column contains the numbers of the pumps that were used 
each day. In this plant, not more than two pumps are ever 
in operation at the same time; but, on September 2, each of the 
three pumps was in operation at some time during the day. 

6In-ts 
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In the fifth column is given the daily consumption of electric 
power in kilowatt-hours per million gallons of sewage pumped. 

60. Screen.-The first of the four columns under the main 
heading Screen is for the width, in inches, of the spaces between 
the bars of the screen. Formerly, this plant contained two 
screens with different spacings between the bars, but these 
screens have been replaced by a single screen with 1 !-inch 
spaces between bars. The second and third columns contain, 
respectively, the volume, in cubic feet, and the weight, in pounds, 
of the wet screenings. The fourth column contains the number 
of gallons of oil required to aid in incinerating the screenings. 

61. Clarifying Tank.-The information listed under the 
main heading C/arif:yiug Tank, on Sheet 1, includes three values. 
First, there is the average detention period, expressed to the 
nearest whole number of hours. This period is found by first 
multiplying the volume of the clarifying tank, or 1,332,000 gal
lons, by the number of hours in a day, or 24, and then dividing 
the product by the total daily flo\Y in gallons. Thus, for Sep-

2-J. X 1,332,000 
tember 1, the detention period was 

8 383 000 
3.8, or say -J. 

• 1 

hours. Second, there is the number of times the tank was 
cleaned each day; this was 4. Third, there is the volume of 
scum, in ~ubic feet, that was removed from the tank during the 
day; on the 9th and 28th, no scum was removed and a cross 
(X) was inserted in the space for each of those two dates. 

62. Trickling Filters.-There are four trickling-filter beds, 
which are listed by number, and under the number of each bed 
in the tabulation on Sheet 1 are the three following headings: 
(1) No::zles Clea11ed, (2) Pooli11g % Area, and (3) Area in 
Usc. On various days during the month of September, 1937, 
from 25 to 100 nozzles were cleaned on a single bed; and the 
total number of nozzles cleaned during the month was 215 for 
bed 1, 225 for bed 2, 192 for bed 3, and 185 for bed 4. During 
that month there was no pooling on any of the beds. The absence 
of an entry in the column headed .Area in Use indicates that the 
entire bed was used. 
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FINAL SETTLING TANKS AND DIGESTION DATA 

63. Final Settling Tanks and Chlorination.-On Sheet 2 
of the Reading report, the first main heading refers to the final 
settling tanks, of which there are four. The volume of sludge, 
in cubic feet, that is removed from each tank is listed under the 
number of the tank. The sludge was removed only once during 
the month from each tank, as indicated by the entries on the 
14th, 15th, 16th, and 17th. 

Under the heading Chloriuation there are two sub-headings, 
namely, one for the number of pounds of chlorine used each day 
and one for the location of the point at which the chlorine is 
applied on each day. At the time of this report, chlorination 
was not practiced at the Reading plant. 

64. Sludge Digesters.-There are three digesters at this 
plant. The first three columns under the heading Sludge Digest
ers on Sheet 2 of the report contain the daily temperatures, in 
degrees Fahrenheit, of the sludge in the three digesters. 

The next four columns under the heading Sludge Digesters 
contain the temperatures of the hot water that is used to heat 
the sludge. The first of these columns contains the daily 
temperatures of the feed water, or the heated water, that is fed 
to the digesters. The other three columns contain the daily 
temperatures of the water that is being retnrned from the three 
digesters to the hot-water heater. Because of the continuous 
circulation of the heating water, the temperature of the return 
water should be fairly constant. 

The columns for the number of pounds of chemical, as lime, 
and the point, or location, at which the chemical is applied do 
not contain entries on the sample report. This fact signifies 
that the digestion of the sludge was satisfactory without the aid 
of chemicals for pH control. 

65. Sludge Removed and Sludge Beds.-Under the main 
heading Sludge Removed on Sheet 2 are three columns. The 
first of these is for the number of tl1e digester from which 
sludge is removed on any day during the month. In the second 
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column is listed the volume, in cubic feet, of we~ slu~ge that is 

d In tile third column is given the destgnatton of the remove . . 
drying bed on which the sludge is deposited. At thts plant ~he 
beds are in three groups, which, for the purpose of keepmg 
records, are caJied 1, 2, and 3; and each of these groups con
tains four beds, which are called A, B, C, and D. Thu_s, the 
entry 1D for September 7 indicates that the fourth bed 111 the 
first group was charged with sludge. 

The entries under the main heading Sludge Beds are also 
placed in three columns. The first column is for the group num
ber and the letter of the sludge bed that is cleaned on any day 
during the month. In the second column is recorded the nu~
ber of days that the sludge had remained on the bed before 1t 
was sufficiently dry to be removed. The third column contains 
the volume, in cubic feet, of dry sludge that was removed from 

the bed. 

66. Gas Produced.-Under the beading Gas Produced on 
Sheet 2 is the notation that the recorded values should be multi
plied by 100,000 in order to give the total nu_mber of cubic feet 
of gas. A reading is recorded for each dtgeste~ .. In every 
case, the readings are recorded to three figures, but 1t JS assumed 
that there is a decimal point after the first figure. Thus, the 
value ()()4. represents 0.0-tx 100,000=4,000 cubic feet of gas. 
Only one decimal place is recorded in the monthly totals for 
gas produced in each tank. The grand total, as computed from 
the individual totals, is (0.6+33.8+23.7) x100,000=5,810,000 

cubic feet. 
In the fourth column under Gas Prodttced is the calculated 

number of cubic feet of gas produced for each person con
tributing to the sewage. The sum of the values in the first 
three columns for September 1 is 0.04+0.33+0.50==0.87, and 
the total volume of gas produced on that day is 0.87 X 100,000 
=87,000 cubic feet. Since the contributing population is 80,000, 
the number of cubic feet of gas produced per person is 87,000 
-;-80,000 = 1.09, or 1.1. 

The notation RB that is shown m some of the columns is 
an abbreviation for ran backward. Such entries are necessary 
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because of a condition that is peculiar to the Reading plant. 
The gas produced in the digesters is metered as it flows from a 
digester to a special gas furnace that furnishes the heat for heat
ing the circulation water in the digesters. \Vhen the gas pro
duced is more than sufficient to rw1 the furnace, a back pressure 
is built up and digester number 1, or occasionally digesters 
numbers 1 and 2, may be used as relief valves. In other words, 
some gas is permitted to flow back through the meters and to 
escape slowly from digester 1 or digesters 1 and 2. 

67. Temperatures of Raw Sewage and Atmosphere.-The 
last two columns on Sheet 2 contain the temperatures of the 
raw sewage and the outside air. These temperatures are 
observed three times a day and the average of the three readings 
for each thermometer is listed as the daily temperature. 

CHEMcrCAL ANALYSES 

68. Settleable Solids.-Under the main heading Settle
able Solids ccf Liter on Sheet 3 of the Reading report, there 
are ten columns. The first contains the amount of settleable 
solids in the raw sewage, and the second contains the amount 
of settleable solids in the effiuent from the clarifier. It will be 
noticed that the clarifier effects a very large reduction· in the 
amount of settleable solids in the sewage. · These records are 
made for only four days of any week. During one week in 
September no analyses were made, but ordinarily the analyses 
are made every week. 

The values in the third to the si..xth columns, inclusive. under 
the sub-heading Filter Beds are the amounts of settleable solids 
in the effluent from the trickling filters. Since this report was 
made at the end of the summer, there was a tendency for the 
trickling filters to unload and for the amounts of settleable 
solids in the filter effluent to be rather high; in fact, these 
amounts e-xceeded the amounts in the influent in most cases. 

The quantities of settleable solids in the final effluent are 
listed in the seventh, eighth, ninth, and tenth columns, under 
the sub-heading Fiual Settling Basin. In order to obtain a 
check on the operation of each of the final settling basins, a test 

-
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is made on the effluent from each basin. In general, the quantity 
of solids in the final effluent is considerably smaller than that 
in the trickling-filter effluent. The notation TR on the 20th and 
21st is an abbreviation for trace and indicates that there are 
practically no settleable solids in the effluent. 

69. Relative Stability.-Tests for relative stability are 
made on the trickJing-filter effluent and on the final effluent. In 
general, the results for the two effluents are practically identical, 
but occasional differences, such as are shown for September 
10, may be CA-pected. On September 20 and 23, the quality of 
the effluent was affected adversely by the unloading action in 
the filter. 

Chlorination was not practiced at this plant during the 
month to which the report applies and, therefore, the final two 
columns on Sheet 3 do not contain entries. 

SLUDGE ANALYSIS 

70. As indicated by the dates inserted at the tops of the 
second, third, fourth, and fifth columns on Sheet 4 of the Reading 
report, the sludge analysis is made once each week. Ordinarily, 
the tests for specific gravity, moisture, total solids, organic 
matter, and mineral matter are not made. However, these tests 
are made when any unusual condition seems to exist, as when 
there appears to be either excessi\'e activity or lack of activity 
in the digesters. Near the bottom of Sheet 4 are listed the pH 
values and the temperatures of the sludge in each digester for 
each week. 

OPERATION OF 
SEWAGE-TREATMENT PLANTS 

Serial 5303C (PART 3) Edition 

EXAMINATION QUESTIONS 

Notice to Students.-Sittdy tile Instmctio1~ P aper tlzoror~gl!ly before 
''01' attempt to answer these g_11estions. Read each question carefully and 
be sure you understand it; filet~ write the best a11swer yo1t can. TV!ze1~ your 
atwcUers are completed, e.wmi11e them dosely, UJrrect all the errors you ca1~ 
find, and see that every question is answered; tlren mail your work to 11s . 

( 1) (a) Explain why it is advisable to apply sewage to a 
trickling filter intermittently and in small doses. (b) What is 
the purpose of a siphon in the operation of a rotary distributor 
for a trickling filter? 

(2) (a) \ iVhat is meant by unloading of a trickling filter? 
(b) Give two treatments that may be used to stop ponding on 
a trickling filter. 

(3) (a) How may the growth of vegetable matter on the 
surface of a contact bed be prevented? (b) H ow may the 
adjustment of the timing de,·ices that control the flow of sewage 
through contact beds be checked? 

( 4) Describe one method by which intermittent sand filters 
may be prepared and kept in operation during the winter in 
cold climates. 

( 5) ::\Iention the various factors that may govern the selec
tion of the chemical to be used as the coagulant in the chemical 
treatment of sewage at a particular plant. 

(6) (a) What is the purpose of flocculation? (b) Mention 
two methods by which a mixture of sewage and chemical may be 
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subjected to a satisfactory stirring action during the flocculation 

process. 

(7) (a) What is the advantage of prechlorination in the 
disinfection of sewage with chlorine? (b) \Vhen chlorine is 
used for reduction of B. 0. D., where should it be applied to the 

sewage?. 

(8) (a) It is desired to disinfect 8,500,000 gallons of 
trickling-filter effluent with liquid chlorine. If the required 
dosage is 12 parts of chlorine per million, how many pounds of 
chemical are required? (b) If high-test hypo were used, how 
many pounds of chemical would be needed for the same quantity 
of sewage and dosage of chlorine? { (a) 851 lb. 

Ans. (b) 1,310 lb. 

(9) \Vl1at items are usually included in the records of 
pumping operations? 

(10) The total flow of sewage through a treatment plant 
on a particular day is 12,273,000 gallons. Four clarifying 
tanks are used simultaneously, the volume of each tank being 
6-1-0,000 gallons. What is the average detention period for the 
sewage in the four clarifying tanks? Ans. 5 hr. 

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


