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1. Need for Removal of Grit.-Nearly all sewage contains
sand, grit, cinders, or bits of broken crockery, all of which
are commonly called grit in sewage-treatment operations.
Ordinarily, only small quantities of t hese heavy, inorganic
materials are contained in the sewage from sanitary sewers, but
lhe quantity of sand or grit may be quite large where there is
considerable infiltration of ground and surface water into the
sewers. Storm-water drainage is likely to contain large quantities of gritty matet·ial. Therefore, such material will be found
in considerable amounts in the sewage from combined sewers.
The grit in sewage is carried in suspension and may be
deposited in various parts of the treabnent plant. unless some
provision is made for its removal. If the gritty substances are
not removed, they will cause excessive wear on the pumps that
handle either the raw se"·age or the sludge. Accumulations
of these gritty substances may occur at the valves and gates in
the various pipes and channels and thus may interfere with the
flow of the sewage. Also, the particles of grit may be cen1ented
by the sludge and a stiff mass may be formed in the hoppers
of the settling tanks. The openings in the hoppers may become
dogged with this material and the removal of the sludge may
be preYented. Obviously, the grit should be removed from the
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sewage at the very beginning of the t.reatment process.
removal is accomplished by means of gnt chambers.

This

2. Design of Grit Cbambers.-The function of a grit
chamber is to reduce the velocity of flow of the sewage as it
enters the plant, so as to cause much of the heavy inorganic
material that is carried in suspension to settle out in the chamber.
The reduction in velocity is accomplished by increasing the
width and depth of the channel in which the sewage flows. The
settled material accumulates in the lower portion of the grit
chamber. The bottom of the chan1ber, therefore, is usually
set below the bottoms, or inverts, of the incoming sewer and of
the outgoing pipe or channel to prevent ·interference with the
flow of the sewage. Also, any change in size is generally made
gradual by flaring or sloping the sides and bottom of the chamber, in order that eddies will be avoided. The grit chamber
may be rectangular, as shown in Fig. 1, or square.
The desirable velocity of flow through a grit chamber is
approximately 1 foot per second. At this velocity, most of
the grit will settle out and most of the organic material will
remain in suspension. In order to maintain the desired velocity
as nearly as possible under all conditions of flow, it is customary to provide two or more paraJlel channels, or chambers,
as shown in Fig. 1. During periods of low flow, the sewage
is permitted to pass through only one channel at a time. As the
flow increases, other channels are put into use. Even then,
it is practically impossible to maintain a uniform velocitv and
some organic matter will be deposited; but, in a pt:~perly
designed and operated grit chamber, the quantity of organic
matter that settles out will be small.
The flow into the different channels may be controlled automatically by mechanical apparatus, or it may be necessary for
the operator to open or close valves at the inlets to the channels
so that the number of channels in use will correspond to th~
amount of incoming sewage. The settled material may be
removed by hand methods or by mechanical means. Hand
methods would be used for cleaning chambers of the type
shown in Fig. 1.
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3. Hand-Shovel and Grab-Bucket Methods for Cleaning
Grit Chambers.- In small plants it is usually necessary to
remove the accumulated deposit in the grit chamber by a hand
shovel or by a grab bucket operated on a crane. If a hand
shovel is to be used, the grit chamber must first be emptied of
water. Any water that does not flow out through the sewer
can be remoYed through a special drain pipe or can be pumped
out. 'Yhere only one channel is proYided, the sewage must be
by-passed around the grit cl1amber during the cleaning process;
but, where two or more channels are installed, one channel
may be put out of service for cleaning while others are being
used to collect the grit from the incoming sewage. The grit is
shoveled into a bucket that is suspended by a rope or chain from
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the floor of the plant or from a crane. " ' hen the bucket is
filled, it is raised and the material is dumped into a truck. In
some plants, a crane is equipped with a clam-shell bucket, which
can be lowered into the chamber and filled without hand shoveling. The grit may then be removed while the sewage is flowing
through the chamber.
The period between cleanings will vary with the amount of
grit carried by the sewage. After, and sometimes during, a
storm the grit chamber in a combined sewerage system will
have to be cleaned. At other times the amount of grit should be
determined by means of a graduated pole with a squat·e board
fastened to the lower end so that the plane of the board is
perpendicular to the a..xis of the pole and the board serves as
a base. The pole is lowered vertically into the chamber until
the base rests on the accumulated grit. The depth of the grit
will be the difference between the readings on the pole when
the chamber is empty and when the chamber contains grit, each
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OPERATION OF SEWAGEreading being referred to some permanent
level or index. A grit chamber should be
cleaned when the reading on the pole indicates that the chamber is about half full
of solid material. During dry-weather
flow, a measurement is required at least
eYery 10 days.
4. Mechanical Methods f or Cleanin g
Grit Chamber s.-In sewage-treatment
plants of large capacity, the grit
chambers are cleaned by mechanical
apparatus. Such equipment not only reduces the amount of labor required for
handling the grit but also provides for
washing out the lighter organic matter
that may have settled with the grit.
There are numerous types of apparatus
"' for cleaning grit chambers, but nearly
all are electrically operated and consist
essentially of a scraping device, which
concentrates the settled material into a
pit or hopper, and a moving rake or
helical elevator, which raises this
.g material along an incline and at the same
time agitates the material so that the
organic matter is washed out. The
washed material is deposited in a container at the top of the incline. Most of
these mechanical collectors may be
operated either continuously or intermittently, as desired. Except for routine
inspections and regular lubrication, these
machines require no hand operation or
adjustment.
In F ig. 2 are shown a longitudinal section in view (a) and a cross-section in
view (b) of one type of mechanical grit
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collector, which is manufactured by the Link-Belt Company.
The raw sewage flows from the sewer a into the grit chamber b.
As the sewage passes into the chamber, it strikes a baffle c,
which tends to reduce the velocity. Also, air is admitted through
the diffusers d, one of which is shown in view (b) ; and, as the
air issues from behind the longitudinal baffle e, it imparts a
circular motion to the sewage in the tank. The combination
of horizontal and circular motion creates a spiral flow of the
sewage, and the velocity is kept nearly uniform regardless of
variations in the quantity of sewage. The gritty material in
the sewage settles to the bottom and tl1e scrapers f, view (a),
which move in the direction indicated by the arrow, push ilie
settled solids toward the helical screw conveyor g. \ ¥hile the
solid material is being raised, it is also turned about in the
conveyor and the lighter organic materials are washed out, so
that only the grit is left. At the top of the conveyor, the grit is
deposited in the container h. The sewage, from which the grit
has been removed, passes from the chamber into a sewer, which
is not shown in the illustration.
5. Disposal of Grit.-The material collected from a grit
chamber that is cleaned by means of hand shovels or a clamshell bucket will contain considerable organic matter mixed
with the grit. Since this organic matter will decompose with
odor, the grit must be buried promptly. Usually, an earili
covering that is about 2 feet deep is required.
If the grit is removed by mechanical methods, it will be freed
of organic matter and will be stable. Therefore, ilie grit can be
dried on a sludge-drying bed without causing nuisance, and the
dried grit may be used for fill material around the plant or may
be dumped in some convenient place, as desired.
6. Records of Operation of Grit Chamber.- The complete weekly or monthly reports on the operation of a sewagetJ·eatment plant are prepared on one or more sheets from data
obtained in connection with the operation of the various units
for treating the sewage. An article on the data pertaining to
the operation of each type of unit for primary treatment is
given in this text in conjunction with the other features of opera-
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tion of such a unit. Also, in order to show how the data are
arranged for a complete plant, a typical report for a primarytreatment plant is illustrated and discussed in this text after
the yarious types of treatment covered by the report have been
fully described.

S imilar e..'Cplanations for operating records of

secondary-treatment units and a sample report for a complete
plant in which secondary treatment is included are given m
OperaliOI~ of S ea.:age-Trea/me11f Plants, Part 3.
The record of operation of any grit chamber, regardless of
the method used for disposing of the grit, should show the number of cubic feet of material that is removed from the chamber.
This volume may be computed from the dimensions of the grit
compartment and the difference between the depths of the grit
before and after removal ; or it may be determined from the
volume of the container in which the removed grit is deposited.
If the cleaning is not continuous, it is essential to keep a
record of the dates on which the cleaning is done.
BAR SCREENS AND CHOPPERS

7. Methods of Removal of Large Solids.-In nearly all
types of sewage there are large objects, such as sticks and rags,
that float on the surface or are suspended in the sewage. These
materials tend to block the channels of flow and to clog the
pumps at the plant. Therefore, they must be either removed
from the sewage or chopped into such small pieces that their
presence will no longer affect the efficiency of the operation
of the plant. Removal of the large objects is accomplished by
means of bar screens, or racks, and reduction in size is accomplished by choppers or shredders.
8. Use of Bar Screens.-Bar screens are placed in the
channels of flow at the entrance to the plant, so that all entering
sewage must pass through the screens. \iVhere a grit chamber
is also used, the screens may be placed at either end of the
chamber, but ordinarily they are placed at the inlet end, as
indicated in Figs. 1 and 3. The flat metal bars of the screens
are turned with the narrow edges at right angles to the direction of flow. The clear distance between the bars ranges from
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! inch to 2! inches, depending on the minimum size of material

T he teeth can therefore remove the material that is clogged
between the bars as well as any material that is on the surface
of the screen. At least once each week, the screen chamber
and the screen should be cleaned of all sludge and grease that
has accumulated. This is done with a hose and a squeegee.
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that must be removed from the sewage.
9. Simple Bar S creens.-It is the usual practice to place
bar screens with the bars sloping in the direction of the flow
of sewage, as shown in Fig. 4, the angle of slope being between
30 and 60 degrees. Screens of the type shown in this illustra-

"
''

Plan

Frc. 4

tion are cleaned by a hand rake. These cleanings are made at
least once each day, and more often if necessary to prevent
the incoming sewage from backing up in the outfall sewer.
Ordinarily, a 4 to 6 inch rise of the level of the sewage in front
of the screen. is an indication that the screen requires raking.
Hand raking is accomplished by a man who stands on the
floor of the plant above the screen and pulls the collected
material upward and toward himself with a rake. The rake is
constructed so that the teeth fit between the bars of the screen.

10. Mechanically-Cleaned Bar S creens .-The use of a
mechanically-cleaned screen eliminates the disagreeable task
of rakina the screen by hand and also keeps the bars and the
screen chamber much cleaner. All types of mechanical cleaning devices are practically automatic in operation and are
driven by electric motors. The cleaning mechanism may be
operated either continuously or intem1ittently, as desired. In
some cases the machine is arranged to operate at intervals of 5
or 10 minutes, and in other cases the starting and stopping
device on the machine is controlled by the level of the sewage
in front of the screen. Regular inspection and lubrication are
all that is required for maintenance. Most of the mechanicallycleaned screens are made with flat surfaces similar to those
of hand-cleaned scrtens, but at least one type of screen has a
curved surface.
In F ig. 3 are shown a group of mechanically-cleaned screens
manufactured by the Dorr Company, Inc. On each screen
is a rake that is fastened to endless chains at the sides of the
screen. As the chains are moved by the sprocket wheels at
the top of the screen, the rake is pulled upward and carries
the screenings with it. When the rake reaches the top of the
screen, the accumulated material is dumped onto a platform
in back of the screen or into a receptacle. The rake on the
screen near the right-hand side of the illustration is shown
nearly at the top of the screen.
11. Disposal of S cr eenings.-Screenings decompose rapidly
and, unless disposed of immediately, will give off obnoxious
odors. They also offer good breeding places for flies and are
likely to attract rats. An excellent method of disposing of
screenings from large treatment plants is by burning them in
incinerators. It is sometimes desirable to remove the surplus
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water from the screenings before they are placed in the incinerator.
It is also possible to dump the screenings into a grinder, or
shredder, by which the organic matter is ground to a pulp. The
heavier particles of inorganic matter, which cannot be ground or
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erally, the screenings are placed in furrows made by plowing or
in trenches dug by hand, and are then covered with earth. In
winter, when the ground is frozen, the screenings may be
placed in an open trench where they are treated with a disinfectant such as chloride of lime; then, as soon as the ground
thaws in the spring, the screenings are covered with earth.
12. Operating Record for Bar Screens.-,Vhere bar screens
are used, a record should be kept of the number of cubic feet
of screenings that are removed each day. If hand-cleaned
screens are used, it is necessary to keep a record also of the
dates on which the screen chamber is cleaned.

FrG. 5

passed, are then discharged into a trap at the back of the
machine. ~he organic matter and the fine inorganic matter may
b~ th~own mto the raw sewage or transferred directly to the
d•gestwn tank, as desired. The coarse inorganic matter must
be burned or buried.
In small plants the screenings are usually washed and drained
on a platform above the screen and are then buried. Screenings should be buried at least 2 feet beneath the surface. Gen-

13. Cutting Screens a.n d Shredders.-Various types of
cutting screens and shredders have been developed for the
elimination of the larger materials in sewage. Such a device
may be set above a bar screen on the operating floor or may be
set in the inflow channel instead of a bar screen. In either
case, the large objects are chopped up so that they no longer
interfere with the operation of the other processes in the plant.
In Fig. 5 is shown a cutting screen, known as a commimttor, which has been developed by the Chicago Pump Company. This device consists of a revolving slotted drum that
carries the solids against a toothed plate. They are thus
sliced into particles small enough to pass through openings !
to l inch wide. In the Jeffrey shredder, which is shown in
Fig. 6, the material is chopped by toothed disks that revolve
between bar cutters. The use of such devices does away with
the necessity for disposing of screenings.
FINE SCREENS

14. Purpose of Fine Screens.-Every sewage-treatment
plant includes a method for separating at least some of the
suspended solids from the liquid sewage. Where the sewage
consists of wastes from such industries as meat-packing plants,
hat factories, and te.~tile mills. much of the fibrous matter in the
sewage may be removed by the use of fine screens. Such
screens a re also used in some cases to remove the coarser solids
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where the sewage that passes through the screens is discharged
directly into a river or lake and all the treatment subsequent to
screening is given by dilution in the watercourse. Fine screens
are seldom used in plants in which only domestic sewage is
given further treatment other than dilution, as much of the
suspended matter is finely divided and will not be retained by
the screens. The amount of material that a fine screen will
remove depends on the size of the openings in the screen, the
velocity of flow of the sewage through the openings, and the
type of solid material in the sewage.

inch square. Fine screens must be made of metals that are
resistant to rust and corrosion. Such metals as manganese
bronze brass and monel metal are commonly used.
The' types' of fine screens generally used are known as disk
screens and drum ~c• cen:.. Fine screens are usually operated
continuously and are motor driven; but some are operated
bv the head of the sewage flowing through them, and these
s~reens will move only when the head is sufficien~ to drive. th~m.
The only attention that is ordinarily needed ts a penod1cal
inspection of the apparatus and a regular lubrication of the
mo\'ing parts. The de\'ices used for cleaning the screens should
he adjusted when necessary.
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15. Types of Fine Scr eens.-:Most fine screens a re made of
slotted metal plates, as plates are stronger and more practicable
than wire mesh. The slotted holes in the plates are usually
if to -h inch wide and 2 to -+ inches long. As many holes are
made in the plate as is possible without reducing its stiffness
excessively. \Vire-mesh screens are made with openings i

In Fig. 7 is shown a Reinsch-\ iVurl screen, which is of the
disk type. T he screen consists of a flat circular plate a and a
t runcated cone b o£ perforated metal. It is mounted on an inclined
axis c so that the plane of the plate will make an angle of 10° to
25° with the horizontal. The screen revolves slowly about the
axis, and is so placed that about two-thirds of its surface is submerged in the sewage. As the solids collect on the face of
the screen, they are brought above the level of the sewage
and are removed from tl1e truncated cone by a rotating brush d
that is mounted on a separate axis e. The solids are then swept
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into a trough f by four brushes g, which are mounted on a
revolving spider h. From the trough f, the solids pass through
the chute i into the hopper j. They are discharged from the
hopper through the pipe k.

from the screen, the brushes are moistened with kerosene which
is stored in the tank f.

lOS

16. Disposal of Fine S creenings.-The fine screenings
amount to from 10 to 25 per cent of the suspended matter in the
sewage, and ordinarily there is from lO to 35 cubic feet of
screenings per million gallons of sewage that is screened. The
screenings usually have a moisture content between 80 and 90
per cent. Consequently, such screenings are fairly heavy, weighing about 60 pounds per cubic foot.
All fine screenings should be removed promptly and disposed
of by one of the following methods: ( 1) The screenings may be
mixed \\·ith garbage and burned in an incinerator. (2) They
may be dewatered in presses or centrifuges and then burned or
buried. (3) The fresh screenings may be buried at least 2 feet
deep in the same manner as fresh coarse screenings.
17. Operating R ecord f or Fine S creens.- At a plant where
fine screens are used, a record should be kept of the number
of screens in operation during the day; the number of cubic feet
of screenings removed each day; and the power consumed in
accomplishing the removal.
ROLLING P RESSES AN D I NCI NER ATORS

Ftc. 8

The Tark screen, shown in Fig. 8, is of the drum type. It
consists of a rotating drum a that is made of perforated metal
plates and is mounted on a horizontal axis b set perpendicular
to the direction of flow of the incoming sewage. The drum is
rotated by means of the drive unit c. As the drum rotates, the
solid material is carried above the sewage level by sludge plates
d and is removed by a series of brushes e, which force the screenings into a discharge channel. The screened sewage leaves the
drum through one end. To facilitate the removal of grease

18. Methods of Dewatering Screenings.- It is generally
desirable to remove some of the water before screenings are
burned in an incinerator. The engineers for the \ Vestchester
(N. Y.) County Sewage Commission designed a press consisting essentially of a rubber conveyor belt which runs between
two opposite rollers that are covered with flat rubber tires.
As the screenings pass between these rollers, much of the water
is squeezed out and falls on either side of the belt. The
dewatered screenings are discharged into a hopper or into a
cart. Other types of presses use metal belts and metal rollers,
but the process is practically the same in each case.
At Coney I sland, N. Y., screenings are dewatered by a centrifuging process. A batch of screenings is fed into a steel
cylinder that is rotated at a high speed, and a comparatively
large percentage o( the water is separated from the solids by
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of the centrifuging period the
centrifugal force. At the end
the partially-dried solids are
rotation is discontin~ted and
removed f rom the cyhnder.
. Incinerators for Scr~enin:gs.-Inciner~tion is undou~t19
method for dtsposmg of screemngs. Many dtfedly t he best
.
es
of
incinerators are aYatlable. Some are used for
{erent mak

Fine screenings are so compact that only the surfaces e.."'<posed
to the flames will be burned. Therefore, when screenings are
to be burned in an incinerator, it is necessary to have them
spread out in a thin bed on a grate and to have them worked
over several times during the burning process so that fresh
surfaces will be exposed to the flames. Also, in order to
prevent the escape of gases with objectionable odors, all the
gases that are given off should first undergo complete combustion. This may be accomplished by maintairung the temperature of the incinerator above 1,250° F .
In Fig. 9 is shown a longitudinal section through a Decarie
incinerator for sewage screenings. The screenings are dumped
into the hopper a, from which they are fed into the incinerator
b through the opening c. Heat is furnished by oil burners d,
and preheated air is also fed into the incinerator to supply
warm oxygen for quicker combustion. The oxidation of the
screenings takes place in three stages : namely, the drying on
grate e, the first burning on grate f, and the final burning on
grate g . The grates are water-cooled, and the steam generated
in the water pipes may be used to heat the plant. All gases
that are giyen off during the burning process pass through the
combustion chamber II, in which there is a preheater i. The
air that is to go to the incinerator first passes through the
preheater. The ash from the burned screerungs, the amount
of which is relatively small, falls into the pit j. This ash must
be removed occasionally. It may be dumped in any convenient
place.
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FIG. 9

burning garbage and screenings together, whereas ot~ers are
used for burning only screenings. Although screemngs are
combustible when properly dewatered, it is generally ~ore
economical to add fuel in the form of fuel oil, gas, or pulvenzed
coal than to attempt to burn the screenings alone. O~dinari_ly,
the amount of fuel oil required to burn a ton of screenmgs wtth
70 per cent of moisture is not more than 25 gallons if the
incinerator is equipped with a preheater, and not more tha_n
44 gallons if there is no preheater. The number of cubtc
feet of gas required for the incineration of screenings is about
300 times the number of gallons of fuel oil required.

METHODS FOR REMOVING SETTL E ABLE SOLIDS
TYPES OF SETTLING TANKS

20. Variation in Tank Actions.-The sus pended matter in
sewage tends to settle out when the sewage is held quiescent
or flows slowly. The settling tanks for sewage are of three
general types, which are known as septic tanks; Imhoff, or
Emscher, tanks; and plain-sedimentation tanks. In all modern
sewage-treatment plants, the sewage is allowed to flow slowly
through the settling tank without actually stopping at any
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. e. The older method of filling the tank, permitting
t 101
.
1the
sewage to stand in it, and then drawing off the sewage mvo _ves
a Joss of head equal to the depth of the tank and usually requtres
pwnping. This method _is ~eldom u~ed beca~se of the cost of
pumping and the difficuihes mvolved_111 operatmg_ the tanks. .
In a septic tank, the settleable sohds are permttted to remam
for several months in the bottom of the tank, where they decompose and become septic. The partially-clarified . liquid may
be discharged into a stream, but at a small plant tt preferably
is discharged below the surface of the ground into the soil near
the tank. In an Imhoff tank, the solids settle out as the sewage
passes through an upper chamber. These solids fall into a
lower chamber where they are permitted to remain for a
month or more while decomposition takes place. Thus, the
fresh incoming sewage is prevented {rom coming in contact
with the decomposing solids. The effluent is given further
treatment before being finally discharged into a stream or
lake. I n the case of a plain-sedimentation tank, the solid material is removed from the tank before decomposition can advance
to any degree, and both the solids and the liquid effluent are
given further treatment before final disposal.
In many plants the effluent from the primary or secondary
treatment processes is passed through a final, or secondary,
sedimentation tank before it is finaUy discharged.
21. Sedimentation P eriod.-The amount of solid material
that will settle out from any particular sewage if it is allowed
to stand quiescent for a period of 1 to 2 hours is determined
by the test for settleable solids. O rdinarily, about one-fifth to
one-fourth of the total solids in the sewage will settle out
during the test. However, in the actual operation of a sewaget reatment plant, it is not possible to prevent movement of the
liquid, and consequently there is a greater tendency for the
solids to remain in suspension. Therefore, in the case of
an I mhoff tank or a plain-sedimentation tank, it is customary
to provide for a period of detention of from 2 to 3 hours when
the flow through the plant is a maximum. The detention period
(or a septic tank is usually between 4 and 12 hours.

TREATl\IENT PLANTS, PART 2
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SEPTIC TANKS

22. Details of Construction.-Septic tanks of various
shapes are in common use for treating relatively small volumes
of sewage. The tank may be rectangular, square, or circular
in plan ; and it may be.. comparatively deep or comparatively
shallow. Also, the bottom may be plane and either horizontal
or sloping, or else it may con.t ain hoppers for tl1e settled materia1. The important features are the arrangements at the inlet
and outlet, and the provision of baffles which serve to reduce
the speed of flow of the sewage and to prevent the sewage
from flowing directly £rom tl1e inlet to the outlet.

In Fig. 10 is shown one type of septic tank, which is suitable
for use by a relatively small institution or a summer resort. The
sewage flows through the inlet a, into the settling chamber b;
and the effluent from this chamber passes over the ''"eir c .into
the siphon chamber d, from which it is discharged automatically by the siphon e through the outlet pipe f. A baffle near
the inlet a quickly slows down the sewage that issues from
the inlet, and a baffle near the ''"eir c prevents floating matter
from passing into the siphon chamber. The settled sludge must
be removed at intervals of 4 to 6 months. In large tanks,
facilities for the convenient removal of the sludge may be
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provided by constructing a hopper bottom and running a drain
.
pipe from the lowest point in the ho~per.
Septic tanks are often provided w1th covers. m ord~r t.o keep
the sewage wann in winter, to prevent wmd agttation,. to
lessen orlors, and to prevent people or animals from falltng
into the tanks. As far as operating results are concerned, no
advantage is gained by excluding the air from the surface of
the sewage.
23. Action in Septic Tanks.-The settled matter in the bottom of the septic tank begins to decompose almost immediately.
This decomposition or digestion is desirable, because the
volume of solids is thus greatly reduced and it is possible to
dispose of the digested solids with comparatively little nuisance.
As the decomposition continues, gas forms and bubbles up
through the sewage. This bubbling action tends to interfere
with the sedimentation of the solids in the sewage. Also, particles of solid material are brought to the surface where they
form a scum. Since the new sewage is constantly in contact
with the decomposing material, the sewage tends to decompose rapidly. As a result, the effluent carries in suspension
considerable solid material that has already reached an advanced
stage of decomposition and is extremely o_dorous.. Because ~f
the incomplete stabilization of the sewage m a sep~tc. tan~, thts
method of treatment is not suitable for most mumctpal mstallations. The use of septic tanks is limited almost entirely to
the treatment of sewage from private homes, hotels, and institutions.
24. Operation of Septic Tanks .-Ordinarily, a septic tank
requires little attention. The inlet and outlet should be kept
dean and free from accumulated material at all times. Also,
the effluent from the tank should be examined frequently; and,
if it is found to contain large particles of suspended matter
or a comparatively great amount of settleable solids, the sludge
should be removed from the bottom ot the tank.
Sludge and scum should generally be removed whenever their
combined depth becomes equal to 30 or 40 per cent of the
depth of the tank below the flow line. The sludge may be
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removed from a septic tank by drawing it off through a pipe
that leads from the bottom of the tank. If no pipe is provided,
both the liquid and the sludge may be pumped out.
25. Operating Records for Septic Tanks.- In the operation
of a septic tank, the amounts of settleable solids in the entering sewage and in the effluent should be determined each day
by means of I mhoff cones, and the values should be recorded.
The depths of the sludge and the scum should be measured
once a month, and a record should be made of the observed
values. It is also necessary to record the dates on which sludge
or scum is removed and the number of cubic feet of each
material that is removed. The usual method for determining

Frc;. 11

the volume of sludge removed is by measuring the depth of
the sludge in the tank before and after the removal, and multiplying the reduction in depth by the area of a horizontal section of the tank. \ i\fhere the sludge is placed on a drying bed,
the volume of the wet sludge will also be equal to the product
of the area of bed covered and the depth of the sludge. The
volume of scum may be measured directly in containers, or it
may be computed in the manner described for volume of sludge.
11rlHOFF TANKS

26. General Description.- The Imhoff tank is really a twostory structure, consisting of one or more settling chambers
through which the sewage passes while the solids are being
settled out, and one or more sludge chambers in which the
solids that fall from the settling chambers are permitted to
digest under bacterial action. In Fig. 11 is shown a typical
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Imhoff tank. The middle portion has been removed in order
that the interior construction may be indicated. The incoming sewage in the channel a passes over the weirs b a~d enters
the settling chambers c. The baffles d- cause the velocity of the
flow to be reduced immediately and prevent the incoming sewage from flowing directly to the outlet weirs e. As the sewage
passes slowly through the settling chamber, much of the solid
material sinks. This material slides down the sloping sides
of the chambers c, passes through the slotted openings f, and
falls into the sludge chambers g. As the sludge in the bottom
of the chambers g digests, it gives off bubbles of gas which
r ise into the gas chamber h. This gas may be stored or allowed
to pass into the atmosphere.
One of the sloping sides i of each settling chamber overlaps
the other side of that chamber so as to form a slot, and the
rising gas is diverted by the end of the overlap. In some
tanks, the sides do not overlap one another, but a diamondshaped or triangular beam is placed below the opening to prevent the rising gas from entering the settling chamber and
interfering with the settling process. In either case, the incoming sewage is kept fresh and is not inoculated with the decomposing sludge. The partially-clarified sewage flows under the
baffles j and over the weirs e into the effluent channel k . The
pipes l are used for removing the sludge from the sludge
chambers.
I n order that the sludge may be deposited uniformly over
the bottom of the Imhoff tank, it is usually desirable to reverse
the direction of flow through the tank about once a month.
When it is desired to reverse the direction of flow in the tank
shown in Fig. 11, it is only necessary to mmre four sliding
gates which are placed in the channels around the top of the
tank. The gate m is placed across the end of the channel a
so that the incoming sewage must flow along the channel n.
Also, the gate o is removed so that the sewage can flow into
t he channel k and over the weirs e into the settling chambers c.
The sewage is prevented from passing from the channel k to
the outlet pipe by placing the gate p across the end of the
channel k. T he effluent from the settling chambers c passes
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over the weirs b and into the channel a, and the gate q is
removed so that this effluent can flow along the channel r to
the outlet.
27. Operation of Settling Chamber .- One of the most
important requirements in the successful operation of an Imhoff
tank is cleanliness. At least once each day the scum, which
is mostly grease and refuse, should be removed from the surface of the liquid in the settling chamber. A skimmer, one
type of which is shown in Fig. 12, is commonly used to accom-

Ftc. 12

plish this removal. The wire screen a is 18 inches square on
top and its meshes, or openings, are t inch square. This
screen will hold the scum but will permit the liquid to escape.
A wooden handle b, which is 2 inches in diameter and 10 feet·
long, is fastened between the ends of the strap iron c that supports the screen. The long handle permits the skimmer to be
used for removing scum from all parts of the tank. Generally,
the material removed by the skimmer should be burned in an
incinerator or buried at once. The scum is sometimes placed
in the gas vents of the Imhoff tank, but this practice is not
advisable if experience indicates that it will interfere with
the digestion processes.
The sides, both vertical and sloping, of the settling chamber
must be scraped with a squeegee at least once each week and
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oftener in hot weather. The material that is loosened from
the walls is pushed down through the slot into the sludge
chamber.
28. It is especially important that the slot at the bottom
of the settling chamber be kept open and free from obstruction.
Otherwise, decomposition may begin in that chamber and the
major purpose of the tank will be
defeated. Therefore, the slot should
be cleaned at least once each week.
This cleaning is accomplished by
means of a chain drag, such as is
shown in Fig. 13. The wooden handle a should be long enough to reach
from the walkways over the tank
to the slot at the bottom of the settling chamber. A chain b, about 3
c feet long and weighing not more
than 5 pounds, is suspended from
a ring c at the lower end of the
handle. This chain falls through
the slot and, as it is dragged the entire length of the tank, it clears the
opening of all obstructions. When
the scum is being removed or the
Ftc. 13
slot is being cleaned, the sewage
should be disturbed as little as
possible so that interference with settling will be reduced to a
minimum.

29. Determination of Elevation of Sludge.-At least once
each month the operator of a treatment plant with an Imhoff
tank should determine the vertical distance from the surface
of the sludge to the bottom of the settling chamber. Since the
distance from the bottom of the sludge chamber to the bottom
of the settling chamber is known for any particular tank, the
depth of the sludge can then be readily found, if desired. There
are several methods for determining the elevation of the top
of the sludge. In one method, the type of equipment shown
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in Fig. 14 is used. A rubber hose a is connected to a handoperated pump b, called a pitche-r pump, at one end and to a
4-foot length of steel pipe c at the other end, and the pipe
and the hose are graduated in 2-foot lengths with zero at the
bottom of the steel pipe.
In using the equipment, the pipe and hose are lowered through
the gas vent of the Imhoff tank. After the lower end of the
pipe has reached a depth equal to that of the bottom of the
settling chamber, the pitcher pump should be operated continuously as the pipe is lowered. The material that is pumped
out should be inspected to determine when the first sludge
appears. UsuaJly, the pump chokes, that is, there is a break

Ftc. 14

in the continuity of the pumping, when the end of the steel
pipe comes in contact with the top of the sludge. Then the
sludge begins to appear, and the length of hose and pipe that
is submerged in the tank can be determined from the graduations on the hose. From this submerged length and also the
known distance from the top of the tank to the bottom of the
settling chamber, the distance from the top of the sludge to
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the bottom of the settling chamber can be readily found. If
there is a considerable depth of scum in the gas vent, it is
advantageous to lower the pipe through the slot in the settlinu chamber.
1\ similar type of apparatus, in which the steel pipe is omitted
and the rubber hose is weighted at the lower end, is also used
to a considerable extent. In this latter case the hose is always
lowered through the slot in the settling chamber rather than
through the gas vent.

c

FIG. 15

FIG. 16

30. \Vhere a pump is not available, the elevation of the
top of the sludge may be determined by means of a sounder,
which consists of a plate or disk suspended on a graduated
chain or wire. In Fig. 15 is shown a sludge sounder that is
used in tanks where the buoyancy of the material in the gas
vents is great. Near each corner of the iron plate a, which
is 12 inches square and i inch thick, is attached a chain b that
meets each of the other chains about 8 inches above the plate.
The graduated chain c that is used for lowering the plate is
about 5 feet longer than the distance from the walkway to
the bottom of the settling chamber. The chains should preferably be of the type used for window-sash weights and should
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be galvanized to prevent corrosion. In order to be certain that
the plate a will remain horizontal at all times, a 3-pound sash
weight d is sometimes attached below the center of the plate.
In Fig. 16 is shown a lighter apparatus that is similarly constructed. A wire screen a with t-inch meshes is mounted on
a wire ring b, which is 12 or 15 inches in diameter and is supported at three points by chains c. The graduated chain d
should be very light. In either case, the sounder is lowered
through the gas vent until it reaches the s ludge, where it wiJI
stop because of the density of tl1e sludge. The distance from
the top of the tank to the level of the sludge can then be detet·mined from the reading on the chain.
31. Removal of Sludge.-T.he top of the sludge in the
digestion chamber should not be permitted to come within 18
inches of the bottom of the settling chamber. When the sludge
level is about to reach this maximum elevation, some of the
sludge should be removed. In general, it is advisable to remove
some of the sludge each month, regardless of the depth of the
sludge, because experience has shown that it is better to remove
small amounts at intervals of a month than to remove large
amounts at longer intervals. In no case should all of the
sludge be withdrawn, and usually not more than halE of the
sludge should be remo\·ed at one time. Some old sludge is
necessary to inoculate the incoming solids and to aid in the
digestion process. In order tllat the sludge that is older and
more nearly digested may be removed, the end of the sludge
discharge pipe is located at the bottom of the sludge chamber.
The weight of the sewage above the sludge, or the hydrostatic
pressure, is usually great enough to push out the sludge when
the valve in the sludge pipe is opened. However, in some
plants it is necessary to pump the sludge from the tank to
the sludge bed.
The removal of the sludge should be accomplished at a slow,
regular rate, because rapid or irregular discharge is likely to
cause the formation of a channel through the sludge and the
consequent discharge of material that is only partially digested.
If the sludge has become packed and does not flow readily
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through the discharge pipe, it may be stirred up or loosened
by means of a stirring rod or by water. A long rod may be
inserted near the end of the discharge pipe, and the sludge may
be agitated by moving the rod with a stirring motion. \~Tater
may be applied under pressure either from perforated pipes
permanently installed at the bottom of the sludge chamber or
from a hose lowered through the open end of the sludge-discharge pipe. When the drawing off of the sludge is completed,
the discharge pipe should be flushed out with water or fresh
sewage. If sludge is left in the pipe, it will harden and clog
the pipe.

33. !:>ometimes, the gas and scum in the gas vents form a
froth which rises above the walls of the settling chamber and
flows over into that chamber. This process, which is known
as foaming, tends to interfere seriously with the efficient operation of the plant, because much of the solid material from
the scum chamber is carried out with the effluent from the
settling chamber. Hence, the effluent is unsatisfactory and
";u obviously overburden the equipment used for subsequent
treatment processes. F oaming may be caused by the presence
of wastes from milk plants, canneries, breweries, distilleries,
or wineries; by a deficiency of sludge in the digestion chamber;
by an acid condition in the sludge; o r l>y a high temperature
in the sludge compartment.
If foaming occurs frequently, it is best to obtain advice as
to the proper treatment from a sanitary engineer who is experienced in sewage-treatment work. In case the foaming takes
place only occasionally, one of the following treatment processes
may prove satisfactory : ( 1) Water under pressure may be
forced into the gas vents by inserting a hose, care being taken
to prevent upward flow of solids through the slots in the settling chamber. (2) T he tank may be taken out of service
and allowed to remain idle for several days. (3) The foaming
material may be paddled with long-handled hoes so as to cause
the solid material to sink and to allow more gas to escape.
( 4) Some of the sludge may be withdrawn from the sludge
chamber (except in ~e case where a deficiency of sludge is the
cause of the foaming) . (5) The hydrated-lime treatment mentioned in the preceding article may be applied. (6) The raw
sewage may be treated with from 20 to 50 pounds of chlorine
for each million gallons of sewage.
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32. Operation of Gas Vents, or Scum Chambers.-It is
essential that the scum in an Imhoff tank be broken up or
removed at least once a week in o rder to give the gas a chance
to escape from the surface of the liquid. This may be accomplished by one of the following six methods: ( 1) The scum
may be broken up by means of a hoe or rake. (2) Water,
under pressure, may be applied to the scum by means of a
hose. The addition of water from a hose will raise the level of
the liquid in the scum chamber and, since a liquid seeks its own
level, there will be an upward flow of liquid through the slots
in the settling chamber. If the water is added in too great a
Yolume, this upward flow will carry septic solids back into
the settling chamber. (3) Some of the sewage from the settling chamber or, preferably, some of the liquor from the sludge
chamber may be applied constantly to the surface of the scum
by means of a small pump. ( 4) Holes may be punched in
the scum at intervals of about 2 feet in each direction by means
of a wooden pole 3 inches in diameter and 8 to 10 feet long;
this method is particularly adapted to winter conditions when
the crust may become frozen. ( 5) If the depth of the scum
is 2 or 3 feet, the upper, drier portions may be removed and
placed on a sludge-drying bed. (6) The scum may be treated
each day with 10 pounds of hydrated lime, dissolved in water,
for each 1,000 population served by the tank; this method
helps to maintain a good pH value for the digestion of the
sludge and therefore reduces the amount of scum formation.

34. Operating Records for Imhoff Ta nks.-Efficient operation of an Imhoff tank depends on the maintenance of satisfactory records of operating conditions. Such records include
the following information :
The amount of settleable solids in both the raw sewage and
the tank effluent, as determined by daily tests with Imhoff
cones.
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The dates on which the floating material is remoYed from
the surface of the settling chamber, the slots at the bottom of
the settling chamber are cleaned, and the scum in the gas
vents is broken up.
The depth of the sludge and the:: pll value of the sludge at
regular intervals, at least once each week and preferably
every day.
The dates on which sludge is withdrawn; and, at each withdrawal, the number of cubic feet of sludge removed and the
amounts of total solids and volatile solids in the sludge.
PLAIN-SEDIME NTATION TANKS

35. Types of Tanks for Plain Sedimentation.-Piain sedimentation may be accomplished in horizontal-flow tanks or in
vertical-flow tanks. In a tank of the former type the sewage
flows horizontally, and in a tank of the latter type it passes
downward through a vertical pipe at the center of the tank
and then flows upward. The horizontal-flow type of sedimentation tank is used principally in the United States, and the
use of the vertical-flow type is confined largely to European
treatment plants. In order to prevent septic action from occurring in a plain-sedimentation tank, all of the settled solids
must be removed at frequent intervals. Therefore, most plainsedimentation tanks are equipped with mechanically-operated
cleaning devices.
36. T ypical Sedimentation Tanks.-The horizontal-flow
type of sedimentation tank may be made rectangular or circular,
or square with rounded corners. Good results have been
obtained with tanks of aU three types.
The rectangular sedimentation tank shown i~ longitudinal
section in Fig. 17 was designed for the daily or continuous
removal of sludge by means of a L ink-Belt sludge collector.
The influent channel a is connected by an opening to the trough
b, which is placed above and across the end of the tank. T he
sewage flows from the trough into the tank through two pipes
c. which are provided with reversed elbows and are so placed
that each will distribute sewage to one-half the width of the
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tank at a uniform rate. As the velocity of the incoming sewage
is lessened by striking the end wall of the tank, the heavier
solid material settles into the sump d. The remaining settleable
matter is deposited along the bottom of the tank as the sewage
passes towa•·d the outlet end. A baffle wall e, which holds
back the scum, is placed in front of the outlet weir, and the
partially-clarified liquid flows out through the effluent channel
at f .
The solid matter that is deposited along the bottom of the
tank is scraped into the hopper d by means of a mechanical
sludge remover, which in some plants is operated continuously
but in most p lants is operated once or twice each day for 30
to 45 minutes at a time. The sludge remover is driven by the
machinery at g and the chain ft. The device for moving the
sludge consists of two endless chains i, across which are fastened
horizontal Rights, or scrapers, j at equal intervals. The chains i
revolve about four wheels k in the direction of the arrows, and
the flights j scrape the sludge into the sump d. On the return
trip, the ends of the flights travel on the tracks l; a·nd in this
position the flights project above the surface of the liquid and
push floating materials toward the scum trough m, thus keeping the tank surface clear and preventing the formation of a
surface mat of scum. When the valve 11 is opened, the sludge
is forced out of tl1e sump d through the pipe o by hydrostatic
pressure. In some tanks the sludge must be pumped from the
sump.
37. A cross-section of a square or circular tank, equipped
with a Dorr sewage clarifier, is shown in Fig. 18. The raw
sewage enters the tank through the influent pipe a, the expanding
feed decelerator b, the central feed diffuser c, and the perforated
circular baffle d. As the sewage flows toward the wall of the
tank, the solid materials settle to the bottom and the effluent
flows out over the peripheral overflow weir e into the effluent
channel f and through tl1e effluent pipe g. Since the incoming sewage is admitted to the tank at the center, the heavier
particles of solid material settle directly 0\·er the sludge hopper,
or sump, It near the center. The raking arms k are revolved,
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usually continuously, by the overhead drive unit I and, as they
move slowly, they concentrate the sludge into the hopper h
by means of the blades m. The sJ~dge is d~aw~ off eith_er by
gravity or by pum~ing through the _p1pe 1~, wh1ch IS placed m _the
sump. Pumping 1s more usual wtth th1s type of construction.
Removal of the sludge is usually intermittent, but is sometimes
continuous.
Several other arrangements are also used for collecting sludge
in both rectangular and circular tanks. In one type of collector,
a revolving arm carries a scraping device that consists of an
endless chain on which flights are mounted. In another type,
a traveler carries a scraper, which is lowered to the bottom
of the tank, is moved along the bottom from one end of the
tank to the other, is then raised, and is moved back to the
starting point. Still another type consists of a rotary scraper
that is equipped with fiat nozzles into which the sludge is
forced by hydrostatic pressure. Each type of collector has
particular advantages for certain types of construction and
certain kinds of sewage.
38. Operation of Sedimentation Tanks.-The principal
tasks that require attention in the control of the operation of a
sedimentation tank are the removal of the sludge, the removal
of the floating matter, the cleaning of the tank walls, and the
care of the machinery.
As already stated, the sludge is generally collected into a
hopper, or sump, by mechanical devices. The sludge must be
removed from the sump at least once each day, and, in many
cases, two or three times a day. A rising of gas or sludge
to the surface, or an appreciable increase in the ~ettleable solids
in the effluent from the sedimentation tank, indicates that septic
action is taking place and that the sludge should be removed
more promptly. All of the sludge in the hopper should be
removed each time; but, as soon as sewage appears in the discharge line, the removal of the sludge should be stopped. Sludge
removal may be facilitated br pushing the sludge in the hopper
toward the entrance of the outlet pipe with a long-handled hoe
or rake.
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\Vhere mechanical slcimming devices are in use. the floating
materials are pushed into a scum trough 'yhile the sludge is being
scraped into the sump. However, where hand cleaning is
necessary, a skimmer of the type shown in Fig. 12 may be used
for l'emoving the scum from the tank. In any case, the scum
should be buried, burned, or discharged with the sludge from the
sump.
If solid particles are permitted to remain on the walls of
a sedimentation tank, they will decompose and will become
septic. Therefore, a squeegee should be pushed up and down
along the walls at least once each week in cold weather and
from three to six times a week in warm weather. Any grease
that is deposited along the walls at the water line should also
be removed by means of the squeegee. The walls near the water
line should be washed with a hose.
Mechanical equipment requires regular lubrication, in accordance with the instructions issued by the manufacturer of the
particular apparatus. Either the original instructions or a
copy of them should be posted in a convenient place in the
plant. Adjustments to the mechanical equipment, other than
those indicated on the instruction chart, should not be made
except under expert supervision.
39. Operating Records for Plain-Sedimentation Tanks.
The operating records for plain-sedimentation tanks should
include all the information mentioned for septic tanks. In addition. the pH value of the sludge should be determined and
recorded at least once each week. The records for plain-sedimentation tanks are usually kept in conjunction with the records
for sludge-digestion tanks, and will be given in detail under
the discussion of the digestion tanks.
ACTIVATED-SLUDGE PROCESS

40. Outline of Process.-At a plant that has been in operation for some time, the activated-sludge process for the treatment of sewage is usually carried out in the following manner :
The sewage is first passed through a plain-sedimentation basin
or through a fine screen in order to remove a considerable
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quantity of suspended solids. To this partially-clarified sewage
is then added about 20 per cent by volume of activated sludge, or
sludge previously produced in the treatment of sewage by the
acti,·ated-sludge process; and the sewage and activated sludge
are passed through one or more aeration tanks, or aerators.
In an aeration tank, the sewage and activated sludge are mixed
together and are brought in contact with air either by the
introduction of currents of air or by mechanical agitation.
Exactly what takes place in the clarification of the sewage by
the activated-sludge process is not definitely known. However,
it is believed that the aeration provides an ample supply of
oxygen for the growth and development of the aerobic bacteria
in the sewage and activated sludge and promotes oxidation of
the organic matter in the sewage. Also, the fine suspended and
colloidal solids form a floc. The principal action in the formation of floc is generally assumed to be adsorption, which is an
attraction of particles to the surface of a solid. In other words,
it is believed that the colloidal solids are adsorbed by the floc
already formed and are thus removed from the sewage.
It has been found that the oxidation of the organic matter
in the sewage and the formation of the floc are much more
rapid if activated sludge that has been previously produced
in this process of treatment is added to the sewage at the entrance
to the aeration tank. A plausible reason for this speeding up
of the clarification processes is that the activated sludge contains large numbers of aerobic bacteria which render the sludge
an active agent in oxidizing the sewage.

sludge. The effluent from this secondary tank is clear and stable
and may be discharged without further treatment. Some of the
sludge from the secondary tank is returned to the inlet of the
aeration tank to serve as the activated sludge that is mixed with
the sewage. \\1hen the volume of sludge in the secondary tank
becomes excessive, some must be removed for disposal.
The sludge from both the prirnary and secondary sedimentation tanks must be given further treatment before it is finally
disposed of. Usually, in the larger plants, the sludge is first
either dewatered mechanically or digested in a separate tank and
dried on sand beds. The sludge that has been thus treated is
burned in an incinerator, is used as fertilizer or fuel, or is wasted.
In the smaller plants, the sludge is first digested in a separate
tank, is then dried on sand beds, and is finally disposed of by
dumping or incineration. When the sludge is digested in a
separate tank, the supernatant liquor from that tank is usually
returned to the inlet of the primary sedimentation tank.

4 1. An expensive item in the operation of an activatedsludge plant is the provision of an ample supply of oxygen or
air. The removal of some of the solids from the raw sewage
by preliminary sedimentation or screening reduces the amount
of air required in the aeration process. Also, continuous motion
of the sewage in the aeration tank is essential in order to bring
all the solids of the new sewage in contact with the previouslyactivated sludge and to prevent any settling of the sludge
particles. The agitated sewage is passed through a secondary
sedimentation tank, where the floc is allowed to settle out as

43. Mechanical Aeration.-In Fig. 19 are shown a perspective in view (a) and a cross-section in view (b) of one type of
mechanical aerator; this type is manufactured by the Link-Belt
Company. Before the sewage enters the tank a by flowing over
the weir b, some activated sludge is mixed with it. The sewage
is agitated and given a circular motion by means of the series
of four-armed paddles c, which are turned by a motor. This
circular motion, combined with the tendency for the sewage
to flow longitudinally through the tank, imparts a spiral motion
to the sewage, as indicated in view (a). Other de,·ices, instead
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42. Establishment of Sludge Activity.-Before the regular
operation of a new activated -sludge plant is started, it is first
necessary to produce a supply of activated sludge by preliminary
operation of the plant for a suitable length of time. The time
required for the establishment of satisfactory activity in the
sludge may be reduced if the operation is begun with a supply of
activated sludge from an old activated-sludge plant in the vicinity or with a supply of sludge from a sedimentation tank that
receives the effluent from trickling filters.
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of revolving paddles, are also used to cause agitation of the
sewage.
44. Diffused-Air Aeration in Ridge-and-Furrow Tank.
The two common types of tanks in which diffused air is used

(b)

Ftc. 19

for aeration are the ridge-aud-furrcr& tank and the spiral-flow
lank. In Fig. 20 is shown a typical activated-sludge plant with
an aeration tank of the ridge-and-furrow type. In view (a)
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is shown a plan; in view (b), a longitudinal section; and in view
(c), a cross-section. The sewage enters the plant from the
sewer a, and passes through the manhole b and the sewer c
into the inlet manhole d, where it is mixed with activated sludge
that is introduced through the pipe e. The mixture of sewage
and sludge is raised in an air-lift channel and passes through
the fine screens f. The screened mixture flows through the
trough g, which surrounds the four aerating tanks h, i, j, and
k, and is admitted to the tanks from the trough by means of the
circular openings l, two of which are located in the bottom of the
trough at each end of every tank. There is a special inlet valve
m, view (c), at each opening, and there is a diversion gate 11
in the trough between each pair of adjoining tanks. By means
of these valves and gates, the aeration tanks can be operated
either ia series or ·i a parallel, depending on the desired period of
aeration; that is, the sewage can be passed from one tank into
another until it passes through all four tanks, or else each of
the four tanks may be operated as a separate unit.
As shown in view (c), the bottom of each tank consists of
two longitudinal furrows o with a ridge p between the furrows
and slopes q at the sidewalls of the tank. In each furrow is
a row of diffuser plates. Air is supplied to the diffuser plates
by means of pipes connected to the air manifold r running across
the tanks. After the sewage has been sufficiently aerated and
agitated in the tanks, it is allowed to flow back into the part
of the trough g that is adjacent to the secondary settling basin
s, by opening the valves for the inlets l in that part and diverting the incoming sewage from that part. The gates I leading to
the adjacent trough 11 are also opened, and the sewage flows
first into that trough and then through the openin.;s v into the
settling basins s. By means of the valves for the openings v
and the gates ·w, these basins can also be operated in series
or in parallel. As the sewage enters a basin s, a considerable
amount of its sludge settles into the hopper .r, view (b) ; the
remainder of the sludge settles on the sloping floor of the basin,
from which it is scraped into the hopper by the apparatus y.
The clarified liquid flows over the weirs :; into the effluent trough
a', from which it may be discharged into a stream.
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The sludge in the hoppers x rises through the pipes b' to
the sludge-overflow trough c', from which it flows into the
sludge-distributing manhole d'. A part of the sludge is returned
to the manhole d for mixing with the incoming raw sewage and
the remainder of the sludge is removed for further treatment.
The contents of an aerating tank may be emptied, when necessary, by closing the valves of the inlets l and opening the valves
for the drains e' that discharge into the pipe f. Then, with the
aid of an air jet, the sewage from the pipe f is forced into the
drain manhole b and from there back into the sewer c. The pipes
g' and the valves h' are used when it is desired to remove the
sludge that settles in the furrows o.
45. Spiral-Flow Tanks.-In Fig. 21 is shown a crosssection of half of a Link-Belt spiral-flow aeration tank that is
used in \tVoonsocket, R. I. The tank is divided into four compartments a, each of which is 180 feet long, 18 feet wide, and 12
feet deep; and the compartments are connected in series so that
the sewage flows through 720 linear feet of tank. Air is supplied to each compartment from two porous tubes b that are 3
inches in diameter and extend the entire length of the compartment; these tubes are fed by the 12-inch air-supply pipe c,
and are located along one side of the compartment and about
4 feet below the surface of the sewage. Also, the corners of
the compartments are rounded or beveled. Hence, the air
issuing from the tubes gives the sewage a rotary motion, as
indicated by the arrows; and, since dead areas in the tank
are eliminated, the deposition of sludge is prevented. In combination with the normal longitudinal flow of the sewage, the
rotary motion produces a spiral, or helical, motion. The length
of the actual path traveled by the sewage is considerably greater
than the length of the compartment, and the efficiency of the
air is thus increased.
The circulation of air in each compartment is maintained
as follows: An air-lift channel d is formed by means of the
longitudinal wooden baffle e, which is so placed that it is about
2 feet from the wall f and its bottom is a little less than 2 feet
above the floor of the tank. Since the sewage above the tubes b
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J"ahth· at the throat g in order to mcrease the velocity of dis;~~rg~ from the channel and thus to speed up the flow of the
air and sewage across the top of the aerating compartment a.
Also, to prevent short-circuiting in the flow of the sewage, four
transverse baffle walls h are placed in each compartment, and
the sewage must pass over or under those walls as it flows
through the tank.
In this installation, a special arrangement was made to permit
yariation in the location of the point at which activated sludge
is returned to the tank from the pipe ·i. The part of the tank
that precedes this point is utilized for preaeration of the incoming
sewage. For the sake of economy in construction, the top
portion of the outside wall is made hollow, thus forming a
trough j, which is covered to keep o ut rain-water; any moisture
that may collect in this trough is removed by the drain-pipe k.
46. Operation of Sedimentat ion and Aeration Tanks.
A much closer control is required in the activated-sludge process
than in any of the treatment processes that have been previously
considered. The action in the sewage is biochemical, and for
good results the conditions in the aeration tanks must be kept
nearly standard at all times, regardless of the type of se\vage
that is being handled. Hence, any appreciable variation in the
strength, character, or pH value of the sewage will require an
adjustment of operating conditions.
\'\'here a digestion tank is used, the supernatant liquor from
that tank should be admitted to the primary sedimentation tank
slowly and at a uniform rate. If the liquor from the digestion
tank contains as much as 3,()(X) parts per million of suspended
solids, is black in appearance, and has a low pH value, it may
upset the proper operation of the aeration tank. Under such
conditions, the supernatant liquor should be filtered through a
sludge-drying bed or a specially constructed sand bed before
it is returned to the sedimentation tank.
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For proper aeration, sewage must be treated for about 4 to
6 hours in a diffused-air tank or about 6 to 8 hours in a
mechanical-aeration tank, the actual period depending on the
strength of the sewage. Usually, from 2 to 4 cubic feet of air
at atmospheric pressure are required for each gallon of sewage
in a diffused-air plant. If the dissolved-oxygen test on the plant
effluent indicates the presence of more than 4 or 5 parts per
million of dissolved oxygen, the quantity of air being used in
the aeration tank is too great and should be reduced. The air
supply can be regulated by a system of valves, and the speed of
the agitation mechanism can be slowed down or adjusted by
means of switches. Generally, a much greater amount of air is
needed at the beginning of the aeration period than near the end.
The various tests on the sewage in the plant w·itl help to
determine the proper regulation of the several tanks. Tests
for suspended solids should be run on the raw sewage, and
also on the effluents from the primary sedimentation tanks, the
aerators, and the final sedimentation tanks, in order to determine
the efficiency of each t reatment. Likewise, B.O.D. tests should
be made for each stage in the treatment. The B.O.D. of the
final effluent should be less than 15 parts per million, and the
amount of nitrates present should be about 3 to 6 parts per
million. There should be relatively little settleable material in
the primary effluent and none in the final effluent. If the
effluent is turbid, the plant is not operating properly. The
sludge-index test should give values between SO and 150 for
diffused-air plants, and between 200 and 300 for mechanicalaerator plants.
47. Bulking of Sludge.-An exceptionally large value for
the sludge index generally indicates that bulking is taking place
in the secondary sedimentation tank. This means that the
sludge particles in the tank are large and fluffy and therefore
rise to the surface instead of settling. Bulking is usually due
to one of the following causes: the introduction of a stale, or
septic, sludge into the incoming sewage; an unbalanced condition in the life of the microscopic vegetable and animal matter
in the aeration tank; or the growth of a thread-like fungus.
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treatment should be given for several hours, the !nne bemg
conveniently applied as a solution of hydrated lime. Favorable
results have also been obtained by applying 1 part per million
of copper sulphate to the sewage in the aeration tank, or 7 to
8 parts per million of ferric chloride to the raw sewage.
Since the proper remedy depends on the characteristics of
the sewage, a corrective method that proves satisfactory in one
plant may not be. feasible in anoth:C. In orde~ that the operator
may determine the causes of bulking more eastly and may apply
the necessary corrective measures, he must make adequate control and operating tests for finding the volume and the strength
and composition of the sewage at his plant and must be thoroughly familiar with the types of industrial wastes that may be
contained in the sewage.
48. D esirable Amount of Solids.-The amount of solid
material in the aeration-tank liquor is extremely important for
good operation of that tank. Each operator must determine,
from his own personal experience at his plant, the amount of
solids that gives the best and most economical results. Too
much solid material may cause bulking because of lack of air,
and a deficiency of solids may result in inadequate treatment
and may also cause bulking. Under ordinary conditions, 2,000
to 3,000 parts per million of solids are carried in _the aerat~on-
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tank liquor in diffused-air tanks, and 300 to 900 parts per million
are carried in mechanical-aeration tanks.
The strength and volume of sewage entering a treatment
plant usually vary from day to day, and the rate at which the
activated sludge is returned from the secondary sedimentation
tank to the aeration tank at any time should correspond to the
strength and volume of the se,,·age that is to be treated at that
time. \ iVhen the load on the plant is at its peak during the day
or week, more of the activated sludge must be returned to the
aeration tank than at other times. Hence, a sufficient supply of
activated sludge must be stored in the secondary sedimentation
tank to care for the maximum demand. However, unnecessarily
long storage in this tank should be avoided because the sludge
is liable to decompose before it is returned to the aeration tank
and, as a result, bulking action may take place in the aeration
tank.
49. Operating R ecords for Activated-Sludge Treat ment .
The information that should be shown for each day in the
operating records of an activated-sludge plant, in addition to
the general data on the volume, strength, and pH value of the
sewage, includes the following: The amount of sludge that is
returned from th_e secondary sedimentation tank to the aeration
tank; the results of the tests for suspended solids and B.O.D .
on the raw sewage and on the effiuent from each treatment
unit; and the sludge index. Tests for the turbidity of the primary
effluent and of the final effluent from the plant and also for the
amount of nitrates in the final effluent should be made frequently-preferably every day. Records of the amount of dissolved oxygen in the contents of t11e aeration tank and in the
plant effluent are sometimes kept, as this information is of
importance in the control of the operation of the plant.
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50. The moisture content of the sludge that is drawn from
a sedimentation tank is usually between 95 and 98 per cent.
Also, such sludge is often offensively odorous and may be a
serious nuisance while undergoing decomposition. Unless the
sludge can be disposed of by being carried out to sea and dumped,
it must be treated so as to reduce its ability to cause nuisance.
In many plants, the sludge is permitted to digest in a separate
tank and, after the organic matter in the sludge has decomposed
and become stabilized, the sludge is dewatered by placing it on
a sand bed. The sludge is spread on the surface of the bed
in a layer 8 to 12 inches thick. \Vater evaporates from the
surface and also drains through the sand so that comparatively
dry solid material is left on the bed. Undigested sludge will
not drain readily and cannot be dewatered satisfactorily on a
sludge-drying bed.
In some plants, either digested or undigested sludge is
dewatered by means of mechanical devices. These devices are
of three general types. In one type water is drawn off by
vacuum filtration; in another type water is squeezed out by
pressure; and in the third type water is removed by centrifugal
action. Dewatered sludge may be burned in an incinerator,
utilized as fertilizer, or disposed of in various other ways.
SEPARATE SLUDGE DIGESTION

51. Types of Tanks for Separate Sludge Digestion.
Tanks for separate digestion of sludge may be rectangular, circular, or square in cross-section. In rectangular tanks, the
sludge enters near the bottom of the tank at one end and is
drawn off near the bottom at the other end. Square and circular tanks are so constructed that the sludge enters near either
the top or the bottom at some point on the circumference of the
tank and is drawn off from a sump at the center of the tank.
The sludge that is admitted to a digestion tank undergoes a
considerable reduction in volume by liquefaction and gasification
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in the process of digestion. The supernatant liquor that is
released during the digestion of the sludge is permitted to flow
out over a weir or through an outlet pipe located at one sidE
or end of the tank.
Digestion tanks are usually covered, in order to minimize
the possibility of odors and to facilitate control of digestion.
Floating covers, which rise and fall with the admission and withdrawal of sludge, are frequently employed. Such a cover is
usually provided with a dome for collecting the gas that forms
in the digestion tank, since this gas can be utilized as fuel for
heating devices. In some tanks it is desirable to stir the contents, whereas in other tanks the daily additions of sludge
appear to provide the necessary mixing.
In localities where there is considerable change in temperature throughout the year, it is advisable to heat the sludge.
This heating is done by hot-water coils. It assures digestion in
winter as weJ! as in summer and, since continuous digestion
may be maintained, it prevents excessive digestion activity during the hot weather.

52. Details of Typical Sludge-Digestion Tank.-In Fig. 22
is shown a cross-section of a circular digestion tank that is
equipped with a Dorr digester mechanism. The sludge from
the sedimentation tank is pumped through the pipe a and enters
at the top of the digestion tank. The incoming sludge displaces some of the supernatant liquid, which is forced out
through the overflow pipe b and into the channel c that leads
back to the raw-sewage inlet at the sedimentation tank. A vertical concrete column d at the center of the digestion tank supports a revolving mechanism e from which is suspended a
rotating hollow drum, or cylinder, f. Near the top of this drum
are attached the steel trusses g, which are known as scumbreaker arms; and at the bottom are attached the trusses lr,
which are called scraper arms. As the drum revolves, the
upper arms break up the scum and thus permit the liberation
of the gas that is evolved by the digestion process. The lower
scraper arms agitate the sludge and thereby aid in its digestion.
Along the bottom edges of these arms are fastened metal blades i
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that tend to scrape the sludge toward the opening j through
which the sludge is drawn off when the valve in the discharge
pipe k is opened.
The gas that is formed in the digestion process passes out
through the chamber l and the pipe m. Circumferential pipes "
extend completely around the tank and carry hot water for heating the sludge. There is also a series of pipes o for the purpose of removing samples of sludge from the various parts of the
tank for analysis.
53. Two-Stage Digesters.-In some plants, the final treatment of the overflow from a digestion tank of the usual type
would be troublesome because the overflow would be strong and
would contain a large amount of solids. A clearer overflow can
be produced if the digestion is allowed to take place in two
stages, as indicated in Fig. 23. The sludge first enters a
comparative1y small primary tank a, in which about 75 per cent
of the digestion takes place and most of the gas is produced.
The partially-digested sludge is then transferred to the secondary
digester b through the pipe c. Heating is necessary only in the
primary tank and it is, therefore, possible to economize on heat.
Also, more complete digestion is often obtained by the twostage process and the cost of subsequent treatment is reduced.
Hence, the total cost with two-stage digestion may be no greater
than that for a single digester of the usual type.
54. Floating Cover.-In another type of digestion apparatus, use is made of the floating cover, which is illustrated in
Fig. 2-t The cover a is of structural steel, and its bottom is
slightly higher at the center than at the sidewalls, as indicated
by the dimension b. A rim plate c, which extends about 2!
feet below the ceiling plate d, prevents solids that tend to float
from getting between the cover and the tank wall, and it also
serves as a gas seal. All surface scum is kept submerged. The
gas that is formed in the digestion process collects in the dome
e and is carried from there through the gas line f to the gas
burners. This type of cover maintains at all times a constant and
uniform gas pressure that is sufficient to feed the burners.
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55. Heating Digestion Tanks.-A temperature of at least
70° F., and preferably of 85° to 100° F., is necessary for rapid
digestion of the sludge. The beat for maintaining the desired
temperature is obtained in most plants by burning the gas that
is liberated by the digesting sludge, this gas being largely
methane (CH4 ). By banking the tanks with earth, heat is
consen•ed and a uniformly favorable temperature for digestion
is more easily maintained; in some plants, the tanks are completely covered with earth. During cold weather the temperature of the sludge in an w1heated tank may drop to 45° F.,
even where the tank is well banked with earth.
Satisfactory digestion may require 120 days at 55° F., but
only 30 days at 82° F . Heating thus permits a considerable
reduction in tank size. In general, the amount of reduction
is about SO per cent, but it is greater in northern than in southern
sections of the United States.
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56. Gas.- The proportion of methane in the gas given off
during digestion ranges from 60 to nearly 80 per cent. A
mixture of methane and 8 to 19 times its volume of air is
explosive; but, when methane is properly handled and controlled,
it is safe. Gas production ranges approximately from 0.3 to
1.0 cubic foot per capita per day, varying quite widely in different plants; the average is about 0.6 cubic foot per capita
per day. The gas is collected in the digestion tank, and is piped
through a condensation trap, a gas meter, and a flame trap to
a gas boiler, where it is used to heat water for heating the
digestion tank. In some plants the gas is used to run gas
engmes.
In Fig. 25 is shown a layout designed by the Pacific Flush
Tank Co. for handling gas from the digester. The gas enters
at the right at a, and a regulated amount of it passes through
the meter b for use in heating the tank. The excess gas passes
through the meter c and the relief valve d and is burned in the
waste-gas burner e, where a pilot light is always maintained.
The gas from the meter b passes through a flame trap f and a
thermostatically-controlled gas valve g to the burners under
the boiler h. The hot water from the boiler passes through
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a thermostatically-controlled three-way valve i, which works in
conj unction with the thermostat j to maintain the water temperature at 120° to 130° F. The two-pen recorder k records the
temperature of the water entering the digester through the
pipe 1 and also ~he tempc~aturc .of the return wa.te~ from the
digester in the p1pe m. C1rculabon of the water IS msured by
the pump 11.
57. Operation of Digestion T anks.-Sludge digests more
readily and completely when its pH value is maintained between
7.2 and 7.6. \Vhenever tests on the sludge indicate that the
pH value is below 7.0, or that the sludge is acid, enough lime
should be added to cause the sludge to become alkaline. The
lime should preferably be added as the sludge is being pumped
into the digester, but it may be added to the sludge in the
digester. The required amount of lime can be determined by
trial. It is often difficult to maintain an alkaline reaction in a
newly-established plant.
At a number of plants, the acid condition of the sludge has
been eliminated and digestion improved by the addition of
activated carbon to the sludge as it enters the digester.
\\' here the sludge is heated, a constant temperature should
be maintained. If suitable provision is made for disposing of
the sludge in freezing weather, well-digested sludge may be
drawn from the digestion tank at any time. If an unheated
digestion tank is used in a cold climate, it may be desirable to
draw off as much sludge as possible before cold weatl1er begins,
as there will be little digestion of the sludge in winter. During
cold weather, it is particularly necessary to drain the sludge
pipe after each discharge in order to prevent freezing of the
sludge in the pipe.
The amounts of dry solids in the fresh and digested sludge
should be determined and used as a basis for estimating the
amount of sludge that must be retained in the digestion tank.
l n no case, should so much digested sludge be removed that the
mlume of dry solids in the daily addition of fresh sludge will
exceed one-twentieth o£ the volume of dry solids in the sludge
aln·acly in the digestion tank.
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In case trouble occurs in a tank that has been giving satisfactory service, a search should be made to determine the cause.
If the operator is not e--xperienced in handling such situations,
advice shouid be obtained from an e--xperienced sanitary engineer.
Industrial wastes, such as laundry wastes that are highly
alkaline and creamery wastes rhat are acid, often tend to interfere with the digestion process. In some cases, it is necessary
to neutralize the wastes at the industrial plant before they are
discharged into the sewer.
58. Disposal of Supernat ant Liquor From Digester.~The
contents of a digestion tank comprise digesting sludge m the
bottom, supernatant liquor aboYe this sludge, and a scum of
lighter greasy solids on top of the liquor. The volume of su~er
natant liquor from a digestion tank amounts to about two-t~.1~·ds
of the volume of sludge that is put in the tank, the remammg
one-third being drawn off as digested sludge. Since the level
of the surface of the supernatant liquor is likely to vary with
the addition and withdrawal of sludge, each digestion tank
is provided with some means for permitting the discharge of
.
.
the liquor at different heights.
The supernatant liquor that overflows from a sludge-digestiOn
tank contains a considerable amount of organic matter and very
little oxygen. In most plants, this liquor i~ returne~ to ~he inlet
of the primary sedimentation tank. It~ mtroduct10n. mto the
raw sewage may or may not interfere w1th the operation of the
sedimentation tank, its effect depending on its condition. In
case the liquor appears to be affecting operation, it should not
be returned directly to the inlet of the sedimentation tank. It
should first be filtered through a sand bed or treated with
aluminum sulfate or an i1·on salt. \ ¥hen the liquor is being
returned to the sedimentation tank. the flow should be uniform.
59. Operating R ecords for Sludge-Digestion Tanks.-The
records for the operation of digestion tanks are kept in conjunction \Yith the records for the sedimentation ta.nks that
supply the sludge. These records include the fo.llow•~g: The
daily determination of the settleable solids in the mcommg raw
sewage and in the effluent from the sedimentation tanks, and
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the numbers of cubic feet of sludge that are deposited in and
rcmo\'Cd from the sedimentation tanks each day. \\'here gas
i:s collected and measured, the daily production of gas should
be recorded. The temperature of the sludge in the digestion tank
~hould be obst>rved daily or recorded continuously. At lt>.ast
once a month, measurements should be made of the depth of the
sludge in the digestion tank and the pH value of that sludge.
Jt is also necessary to note the dates on which the digested
sludge is withdrawn, the number of cubic feet withdrawn in
each instance, and the per cent of dry solids in the sludge that
is withdrawn. At some plants, the an10unts of total solids
and volatile solids in the digested sludge are determined monthly
or whenever digested sludge is withdrawn from the digestion
tank for drying. Also, these determinations for solids are
occasionally made on the fresh sludge.

carried to the bed by a trough or in an iron or tile pipe c
and is discharged through one or more elbows f onto a concrete
apron g. The elbows should be elevated at least l foot above
the surface of the bed; and, to insure flow of sludge over the
entire area, the bed should slope away from the point of discharge with a uniform grade of between 0.5 and 1 per cent.
Sludge on a bed dries by both drainage and evaporation. It
is desirable to remove as much of the water as possible by drainage and, therefore, the sand in the bed must be clean and the
underdrains must be able to lead the water away rapidly.
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60. Sludge-Drying Beds.-As shown in the sectional view
in Fig. 26, a sludge-drying bed is built on the general plan
of a sand filter. Usually, a layer of sand a, about 12 inches
deep. is placed on a course b of graded gravel, 6 to 8 inches
deep; and the beds are underdrained with transverse lines of
open-joint tile c, which are spaced about 8 to 10 feet apart and
arc connected to a main d. The average area of uncovered
sludge bed allowed for each person contributing sewage to the
plant is I or 2 square feet. However, this area may vary from
1 to 7 square feet per person, depending on the type of treatment, the estimated rainfall, and the climate. The sludge is

61. Sludge-Bed Covers.-To increase the efficiency in the
operation of sludge-drying beds, glass covers, or greenhouses,
are sometimes installed. A perspective of a typical greenhouse
is shown in Fig. 27. Adjustable windows in the roof and sides
permit proper ventilation and at the same time keep out rain.
\i'lhen the sludge is thus protected from rain and other adverse
weather conditions, drying is accomplished in about one-half
the time generally required on uncovered beds and, therefore, the
area of the bed may be reduced one-half.
62. Operation of Sludge Beds.-The depth of sludge on a
bed should never exceed 15 inches, and in general should not
exceed 12 inches. \\'here the sludge is poorly digested or is
greasy, the drainage is slow; and, in such cases, depths greater
than 7 or 8 inches will not dry properly. The plant operator
will be ab!e to determine the most satisfactory depth of sludge
on the bed after a few trials with different depths. The records
of the amount of sludge placed on the bed, the weather conditions during drying, the season of the year, and the time required
for drying will prove valuable in determining the proper depth
for any particular time.
The time required for drying a deposit of sludge that is
initially 8 to 12 inches ·thick will vary from about 2 weeks to 2
months, depending on the weather conditions. Even after such
air-drying, the sludge will contain 60 or more per cent of
moisture. After properly-digested sludge has been dried for a
few days, irregular cracks will form in it. If, during good
weather, the sludge does not dry sufficiently to permit removal
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from open beds within 2 weeks, either the dosage is too great
and the depth of sludge that is run onto the beds should be
reduced, or else the sludge should be allowed to digest more
completely before it is applied to the bed.
When the sand becomes clogged, the rate of drying is
decreased. It is then necessary to remove a thin layer of the
surface material of the bed. In order to indicate the normal
level of the bed, a line at that height may be marked on the
walls. \ Vhen sand is remoyed as a remedy for clogging, the
bed should be restored to its normal depth by adding clean sand
and the surface should be smoothed off before more sludge is
permitted to flow onto the bed. Under no circumstances
should sludge be discharged onto a bed that already contains
some partially-dried or wholly-dried sludge.
Sludge may be applied to a drying bed even in freezing
weather, if the bed is covered and the sludge has been well
digested in a digestion tank that is heated properly. Although
the sludge may freeze in the bed, some drainage will be
accomplished and the sludge can be left until it thaws and dries
sufficiently. Since there will be very little evaporation during
cold weather, the sludge will not dry so well as that applied to
the bed during warm weather.
63. Removal of Sludge From Drying Beds.-The sludge
should be removed from drying beds as soon as it is capable
of being handled with a fork. A sludge fork should preferably
have at least six tines. A shovel should not be used, as it is
apt to take up too much of the sand bed. \Vheelbarrows
are conunonly used in small plants to cart away the dried
sludge, although trucks are sometimes used. \Vhere the trucks
are to be driven over the drying beds, it is necessary to lay
planks for the wheels of the trucks ; otherwise, the weight of the
trucks will pack the sand too tightly and may crush the underdrains of the bed. In larger plants, the sludge may be placed
either in buckets that are suspended from and are operated on
overhead tracks or in small railroad cars that are moved about
on narrow-gage tracks which pass through or around the drying bed.

148

OPERATION OF SEWAGE-

Some sand adheres to the sludge and is removed when the bed
·1s c 1cat1ed . \Vhen the surface of the sand falls 2 or 3 inches
hdow its normal level, the depth of the be~ should be brought
hack to normal by the addition of new sand.
If sludge-drying beds without covers are used in cold climates,
operating difficulties may be encountered during the winter.
Freezing of the sludge renders its removal practically impos-

FIG.

28

sible, and a heavy snowfall that covers the sludge while it is
still wet may prevent the removal of the sludge for many weeks.
Therefore, in winter, it is often desirable to empty uncovered
sludge-drying beds before the sludge has dried to any considerable extent. Even in winter, however, the sludge may dry
sufficiently on open beds so that it can be removed without picking up too much sand.
64. Vacuum Filtering.-A method for removing the water
from sludge by vacuum filtering is shown in Fig. 28. The
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sludge from the sedimentation process flows, or is pumped.
into the tank a. The filter drum b, the cover of which is made
of filter cloth, revolves about the horizontal axis c in the direction
indicated by the arrow, and the lower portion of the drum
extends into the sludge in the tank a. A vacuum is maintained
inside the drum by withdrawing air through the cotmections d.
Therefore, the water in the sludge passes through the filter
cloth into the interior of the drum, while the solid sludge clings
to the surface in the form of a mat e. As the drum revolves,
the sludge is carried around for about two-thirds of the circumference, or until it strikes the metal deflector plate f. This
plate scrapes, or peels, the sludge from the surface of the drum
and causes it to fall onto an endless belt conveyor g, which carries the sludge either to carts for final disposal or to a bin where
it may be stored for sale as fertilizer.
This type of filter will handle from 3 to 20 pounds of dry
solids per square foot of drum surface per hour, the exact
amount depending on the type of sludge and its previous
treatment. The dried sludge contains about 80 per cent of water,
and the liquid that leaves the filter contains only about 30 parts
per million of suspended solids.
65. Pretreating Sludge With Chem.icals.-ln some treatment plants, aluminum sulfate, ferric chloride, ferrous sulfate, or
some other chemical is dissolved in water and the solution is
applied to the sludge before it is dewatered, because the draining
qualities of the sludge are greatly improved by this treatment.
It is not generally economical to apply cl1ernicals to sludge that
is to be dried on beds; but, where drying space is limited, the
addition of chemicals may be necessary. If a chemical is to be
used with sludge that is to be dried on beds, the usual dosage
of chemical is from 2 to 6 pounds per cubic yard of sludge or
from 40 to 120 pounds per ton of dry solids in the sludge. The
best dosage for a particular plant may be determined by making
a few trials with different amounts of chemical. The chemical
solution is applied as the sludge flows through the pipe line
leading from the sedimentation or digestion tank to the hed,
but as near as possible to the bed,

REPORT TO PE N N S Y LVA N l A

BOROUGH OF NORRISTOWN-MONTGOMERY COUNTY

WEEKLY
OPERAT IO N

SBTTLBABLE

Sewage
Flow
M
d
· ·g. ·

DAY
and

DATE

CO~-

CHLOR1NATI01:1;

~t ~~- o[ l--.---.----cl
SOLIDS
TA<i[
i~l- lected ·Ta~k:
~~•~1\~S~
U
p

SLUDGE RECORD

~ D~wn

Screen-

Cu. ft.

Cu. ft.

m

C. C.
lnf
·

se

C C
er
Elf·• Rem<>Val.
Ceot

1

Pum~

:\o. of Times

Pounds Parts

1

I

GaUoros of Sladgo
Drawn
from Settbog
to Digation Taok No.
[rom
Tank :\o.
D" ti"
11--..:..::::::r..::.;;==.--:--i--:--.-:---.--.--,----,,___~ tges oo
I
2
3
-l
1
~
3
-4
5 I 6
Tank Xo.

Pft"

per

24 Hrs. Million

Pia·--'
"""
on
Bed No.

"'"

T uEs.

6

3.10

RS._:± ::::

:_R_.u_·

9

SAT.

Bed No.

I

2.90
Color

1o.s 4.8

-4-~

.01

99

,r

225 9.o

""

~:~ ~:: ~ : ::~

:

~~

11.2

99

-./ -.r 223

1.6

~~ 5 .

SLUDGE DRYING RECORD
Depth
Depth
Odor
Dry
Wet

.01

:

::

1

== :

111-~~r. ooo - -

---1----11-~-1 'T-1~ T'=-=j-:11_:~_11".-:_:0

4

4

77

60

10

76

67

:

:

~:

55

38

73

~~

:

9.2

3

Black

.

II

None

9!"

-!

4+11

II

II

"

"

"

II

Slulfi;e

1
2

Drying

3
4
5

J

~

6

']

]

Slud~

6
1

Contac:t
Tan its

..
"'..
~

9

Black

11

II

12

"

None

9~"

4+"

"

II

II

II

"

II

l3

...

Sludge

~

"5
0

Dry;ng
Beds

Seftln~

·~

2~
9
10
11
12
13
14
15
16

~o.

ls

2

3

Avg.

4

2 ~

r

Tanks

3

J

Sblge

j

();goslion

4 ;i
4l
5 J

]

Tan.lks

Pumping
Station

----1--..J--11-

6

_'-r

2

3

4

74

Av g .

74

= "ill:_

=~

Sl!XIge Leni io Feet
BdowRooCof
DigestiOn Tar>k :s'o..

Gas

Coll~tod

Cu. (t.

Total

--Gt:.art- Tank No.

e.-age

_9_t_h_:•:...._l..;.9. .:37_;__ _ ____

-

6

. I.

1=- ~====~=ll:-4-='~:==·~:l:;:'=:=':=6=1==l·=2-3= ~~

~~----

21,800

Teap .
---

' ~ ' • ~~

By- Passed

21.~oo --~---I-

::i:: •· ,.. -

I

22,100

74

What disposition is made of screenings ___
Bu
_ r_i_e_d_ _ Grio..t__B_u_r...:i...:e...:d_ __.:Grea..<:e Buried
Supernatant Liquid in
Digestioo Tank No.

~-'-pH

F-

S

?~·
Ga"JJoos

Heating Water

·~••

Te111:p.

61~ 34t6

_ - _- -7-.4!--l--li- -·1---J.--1--1- - -

- --

Avg.

pH

~~------

---

What disposition is made of sludge _ _ _ _ __:S:.:o:.:l:.:d:...._t::o:._:F:...:a::.·r:..:m::.e::..:.rs:::.__ _ _ __ _ __ __
. Date grease traps last cleanPrlcu..._ _ _ _7_-_
2.. ;.7_-36.=. . : ._________________

Any scum on seWing tank Ko. 1 Slight

No. 2 Slig.ht No.3 Sli@".ht

10-3-37

Date oontact tanks last cleaned No. 1

)lo. 2

No. 4 Sli@".ht

10-3- 37

Condition of sewage pump'""----- O_._K_._ _ __ _ _ Sludge pumps _ ___::.F...:a=i...:r__.:_ __
Number of sewer connections. ___7:.. .:. . •3.:..:..73 =------ - - - - - - - - - -- - - - - Any disagreeable odors about plant

Slig.h t H, S

Any complaints

Per cent CO., in sludge gas, digestion tank No. l _ No. 2_ No.3_ Xo. 4 _

No
No. 5_ No. 6_

Remarks (All unusual occurrences should be reported) - - - - - - - - - - - - -- -

61

DANGER!
lnd&Uo¥,l

Avoid explosions, keep all fires and
lights a way from sludge digestion tanks
and gas lines.

Poucds of ChlorineX 120,000

Parts per millioo..
Galloals of Se"•age

~rd

16

SJOJB

~

3

Avg.

__
15_ 1 - - - - - - -1---- 1---- !- - - -B.B. 610

73

-;---

Dilt$tiO!l
TatllL!.

7
8

10

1

pH RBCORD
Date
Removed

Sludge in
Digation Tank

2

).{"

T-•· •

n:-:.... Taoll: No.
~...~·~·

..,.,,...
Tank
Eteuent

£: : -

_
Ma

Wat~r

TE:MPER.ATURES IX DEG. F.

~ ~-~•ing
·"r

1

~=:=;=:~=-.=o:::,=:=ll-=:=::=2= ~~:: 1~6 -:--~-:- ::~ : ~~-:-~-0- ::~ --~----11-1- 1 7 1 1======1---1-1--3-2_1
5 3.20 ~~""1.0-4-s.-~99-:J72z69.4
----ll--~-: : ~ - =_!~,pprox.
WED.

W EE K E N D l N G·_ O_CT
_.

SEWAGE TREATMENT WORKS

REPORT

DEPA RT ME NT OF H E ALTH

Fu;. 29

Orthotoliidio Test {

~ror.~---G~e=-o~-~H~--B~o~o=n~
e_________

+Vibm color is present.
-When color is absent.

31495

150

OPERATION OF SEWAGE-

\Vhen sludge that is dewatered in a vacuum filter is treated
with 120 pounds of chemical per ton of dry solids, the moisture
content of the sludge may be reduced to about 75 or 80 per
cent. Also the period of filtration may be decreased by about
20 per cent, and the amount of sludge that may be handled is
thereby increased 20 per cent. Therefore, where a vacuum filter
is to be used for drying the sludge, the use of a chemical is
practically an economic necessity.
66. Disposal of Sludge.-Sludge from drying beds or
other dewatering processes may be disposed of in any of the
following ways: It may be used for fill material; it may be
buried, or spread upon the ground; or it may be sold, or given
away, for use as fertilizer. Under no circumstances should
sludge be placed where rain-water may wash it into a watercourse. The fertilizing value of sewage sludge is fairly high,
and sludge has been used successfully for fertilizing grass-lands
and golf courses and soil for the growing of leafy plants. However, it is not recommended that sludge be used as fertilizer for
plants that are to be eaten in an uncooked condition.
Sludge does not have the fertilizing value of ordinary commercial fertilizers, but the operator of a sewage-treatment plant
should be able to dispose of the sludge without cost and sometimes even at a small profit.
T YPICAL R E PORT F OR P R IMARY-T RE ATMENT P LANT

67. Features of P1ant.-In Fig. 29 is shown a copy of a
weekly operation report submitted to the Pennsylvania Department of Health by the chief operator of the sewage-treatment
works for the Borough of Norristown. This plant gives primary
treatment only and, during the week that is covered by the
report shown, the plant handled a total of 20,840,000 gallons
?f raw sewage. A line diagram, or index map, of the plant is
mcluded on the report sheet near the center of the lower portion.
T.he raw _sewag.e from the inlet sewe1· ente1·s the pumping
station. Th1s station contains not only pumps for both sewage
an~ sludge but also a bar screen and a grit chamber, through
wh1ch the sewage must pass before it is admitted to the settling

TREATMENT PLANTS, PART 2

151

tanks. Ordinarily, all four settling tanks are in operation and
the sewage is distributed among them. The effluent from the
settling tanks passes into contact tanks, of which there are two;
there it is chlorinated before being discharged into the outlet
sewer. Also, the sludge from the settling tanks is pumped to
the sludge-digestion tanks, of which there are six. The supernatant liquor from the digestion tanks is returned to the settling tanks, and the digested sludge is spread on the sludge
beds, of '"hich there are sixteen. The dried sludge is sold as
fertilizer; and the screenings, grit, and grease that are collected
are buried.
68. Dat a on Coarse and Heavy Solids.-In the first column
on tl1e report sheet in Fig. 29 are listed the days of tl1e week,
starting with Sunday, and the corresponding days of the month
to which the report applies. In the second column are given
the volumes of flow of raw sewage into the plant, in millions
of gallons per day; thus, on October 3, the total volume of flow
was 2,620,000 gallons, which is recorded as 2.62 m.g.d. The
third and fourth columns c.ontain, respectively, the volumes, in
cubic feet, of screenings and grit collected each day. Column 5
contains the number of settling tanks in use each day throughout the week.
In the next three columns are listed information concerning
the amount of settleable solids. In column 6, which is headed
C. C. Inf., is listed the number of cubic centimeters of settleable solids in a liter of the influent to the settling tank; and in
column 7, headed C. C. Eff., is shown the number of cubic
centimeters in a liter of the effluent from the settling tank. In
the eighth column is listed the per cent of removal of settleable
solids. Although the removal is nearly 100 per cent, it is
recorded as 99 per cent in order to indicate that there is not
complete removal of the solids.
69. Data on Chlorination.-The number of contact tanks
that are in use each day is noted on the report sheet in Fig. 29
in columns 9 and 10; the numbers at the heads of the respective
columns correspond to the tank numbers on the index map.
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In the next three columns are given information concerning
the use of chlorine in the effluent from the settling tanks. Column
11 contains the number of pounds of chlorine used in 2-1- hours,
and column 12 shows the actual dosage of chlorine, in parts
per million. The number of pounds is determined fro~ ~he
amount actually used, and the number of parts per million
is computed in the manner indicated near the lower right-hand
corner of the report sheet. The thirteenth column shows the
results of the orthotolidin test for residual chlorine. As
explained in the note at the foot of the report sheet, a plus
sign ( +) is used to show the presence of color, or a chlorine
residual ; whereas, a minus sign ( - ) would be used if there
were no color.
Between the records for chlorination and those for sludge
is listed the kind of weather for each day. The abbreviation
ely stands for cloudy.

71. Other Operation Features.-The remaining items
listed in the top half of the report sheet in Fig. 29 also pertain
to the operating conditions that exist in and about the plan_t.
In the first group, under the general heading Temperatures m
Deg. F., the first two columns are for the dail~ maximum and
minimum temperatures of the atmosphere, or au, at th~ plant;
and the third column is for the temperature of the setthng-tank
effluent at a certain time each day. In the next six columns
are spaces for the temperature in each of the six digestion
tanks. However, in this report, the average temperature for all
the tanks for the week was recorded as 90°, and the entry indicates that the temperature remained practically constant throughout the week.
This plant is not equipped to measure the loss in temperature
of the heating water, and consequently slight modifications are
made in the printed headings pertaining to the heating water.
Under the corrected heading Inlet Se-wage is given the temperature of the sewage entering the plant. In the next six columns,
under the heading Heati11g Water, are spaces for the temperatures of the water that is used to heat the digestion tanks. During the week considered, the temperature of the hot water was
maintained approximately constant and an average figure of
110° was recorded for the entire week and for all the tanks.
Two columns are provided under the heading Water Circulated. These are for the quantities of water, in gallons,
circulated around the digestion tanks, and the volume for tanks
1, 2, and 3 may be recorded separately from the volume for
tanks 4, 5, and 6. In this report, however, the total volume
for all six tanks is listed as a single quantity. It may be
assumed that each tank obtains an equal share. There are
also two columns under the heading Gas Collected for recording
separately the number of cubic feet of gas produced in digestion
tanks 1, 2, and 3 and the number of cubic feet produced in
tanks 4, 5, and 6. During the week for which the report is
shown, the gas was not measured, as indicated by the note
"By-Passed Meter" on the report.
The remaining six columns in the upper part of the report
are for the distance from the roof of each digestion tank to
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70. Sludge Record.- The next group o f items on the report
sheet in Fig. 29 contains information concerning the sludge.
The first main division in this group, which comprises four
columns headed by the numbers of the settling tanks on the
index map, shows how many times during the day sludge is drawn
from each settling tank. The next main division, consisting of
six columns headed by the numbers assigned to the sludgedigestion tanks, shows the vohtme of sludge pumped to these
tanks. On the sample report, the approximate total volume of
sludge per day was recorded instead of the volumes for the
individual tanks, and it may be assumed that each tank received
one-sixth of the total amount.
In the next column is shown the number of the digestion
tank from which sludge was drawn on the particular day. During the week for which the sample report was made, sludge was
withdrawn from each tank. However, the withdrawals are
not made according to any regular schedule, and the number
of withdrawals in any week will depend on the rate of digestion
of the sludge in the tanks. The column of the report sheet
that is headed Placed on Bed No. shows the number of the
sludge-drying bed on which the sludge was spread.
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the surface of the sludge in that tank. As measurements to
th~ sludge were not taken during the -week covered by the sample
report, these columns were left blank.
72. Sludge-Drying Record.- .\t the left side of the lower
half of the report in Fig. 29 are shown the records of the
sludge-drying beds. In the first column are listed the respective
numbers of the beds; in the second column, the color of the
sludge; in the third column, the odor, if any, of the sludge;
in the fourth column, the depth of the wet sludge, in inches;
and in the fifth column, the approximate depth of the sludge
when it was dried. The last column is for the dates of removal
of the sludge from the beds. These dates are not shown on the
official report, but they are usually filled in on the copy that is
kept for the plant record.
73. pH Record.-Just to the right of the index map on the
record sheet in Fig. 29 is a series of columns for the listing of the
pH Yalues of the sludge and of the supernatant liquid in each
digestion tank. On this report the values were grouped under
the two headings for all the tanks and for the entire week, and
average pH values of 7.4 and 7.3, respectively, were recorded
for the sludge and the supernatant liquor. Immediately below
these tabulations is a notice or warning concerning the danger
of fire around explosive gas such as accumulates in digestion
tanks and is carried in the gas lines.
74. Miscellaneous Items.-In the lower right-hand corner
of the report sheet in Fig. 29 are grouped several items that do
not lend themselves to tabulated form but are essential in a
complete report. The entries regarding the disposition of the
screenings, grit, grease, and dried sludge are self-explanatory,
as is also the date on which the grease traps were last cleaned.
The amount of scum on the various settling tanks is here
reported as slight in each case.
The other items that are filled in include: the dates on which
the contact tanks were cleaned; the condition of the pumps for
pumping both the sewage and the sludge; the number of build-
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ings connected, or the number of connections, to the sewer
system ; and the presence of disagreeable odors of any kind.
In this case, a slight odor of hydrogen sulfide (H..S) was
reported, but no complaints were registered. There are also
spaces for recording the per cent of carbon dioxide (co:!) in
the sludge gas in each digestion tank, and for unusual occurrences
during the week, but these spaces are not filled in on the sample
report. In the extreme lower right-hand comer are spaces for
the operator's signature and the signature of the person in
responsible charge. In this instance, the chief operator made out
the report and his signature is sufficient.
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EXAMINATION QUESTIONS
Notice to Students.-StrrdJ• tire Justructio11 Paper thorouglrl')• before
attempt to answer these Qllt.'slions. Read each question carefully and
be sure you understand it; thcu write tire best answer :rou can. IVile11 your
arr.s-wers are comp/eted,e~amine them closelj•,correct all tlze errors you c011
fiud, aud see that every question is answered; tlzeu mail sour 1.'0rk to 11s.

')'Oil

( 1) Explain why the grit from a mechanically-cleaned grit
chamber may be used for fill material around the plant. whereas
the grit from a chamber that is cleaned by hand methods must
be buried.
(2) What methods are commonly used at a small plant for
the disposal of screenings, (a) in summer and (b) in winter?
(3) (a) How are grease and other solid deposits removed
from the walls of a plain-sedimentation tank ? (b) How often
should such deposits be removed ?
(4) (a) Name three possible causes of foaming in an
Imhoff tank. (b) Outline three possible remedies for infrequent foaming without using chemicals.
(5) Describe one method by which the distance from the
bottom of the settling chamber in an Imhoff tank to the top of
the sludge in the sludge chamber may be determined.
( 6) (a) What functions are believed to be served by the
provision of oxygen in the aeration tank in the activated-sludge
process of sewage treatment ? (b) Why is it desirable to keep
the sewage in the aeration tank continually in motion?
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( 7) (a) Men tion the usu~ causes ~f bulking ?f the sludge
in the secondary sedimentation tank m the act1vated-sludge
process. (b) N arne three chemicals that may be .used to eliminate bulking, and state where each should be applted.
( 8) (a) \ 'Vhat consideration governs the amount of digested
sludge that may be removed from a digestion tank in any one
day? (b) \\'hat use may be made of the gas that is produced
during the separate digestion of sludge?
(9) (a) What factors should be considered in determining
the depth to which sludge should be placed on a drying bed?
(b) H o\\· may a clogged sludge-drying bed be restored to normal
condition?

( 10) (a) Give the advantages of applying chemicals to
sludge that is to be dewatered mechanically. (b) Mention the
,·arious possible methods of disposing of dried sludge.
Mail your . work on this lesson as soon as you have finished it
and looked it over carefully. DO NOT HOLD IT until another
lesson is ready.

