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PREFACE.

The pages of this book are the result of bringing to-

gether in a single volume a series of articles on the

practical management and operation of sewage disposal

plants, which have already appeared monthly in the

Municipal Journal during the pasl year. During that

time there have been received, both by letter and word
of mouth, numerous statements from plant attendants

and designing engineers, in regard to the practical value

of the articles and requesting that they be assembled and

published in book form.

It is, therefore, in response to such requests that this

material is republished, in the belief that it may form a

handy and useful practical manual; and that it may get

into the hands of many who have not had the oppor-
tunity of reading the monthly installments.

It will be noticed that the book is lacking in an account

of the detailed results of the many kinds of sewage dis-

posal processes, and also in a setting forth of the details

of the effects upon the various outputs caused by various

types of construction and their different modes of man-
agement and operation. This is because of the fact that

reliable every-day data are not available. Such informa-

tion is needed and greatly desired; and to show its im-

portance and to urge its accumulation has been one of

the purposes of the author.

The main purpose, however, is to assist the plant at-

tendant by pointing out to him many things he shoiild

do and some he should leave undone, in order that he

may be able to keep his plant up to its highest state of

efficiency at a minimum expenditure of cost and energy.

Likewise, it has been endeavored to show that poor de-

signs are troublesome, costly and inefficient, in the ho^je

that in the future more attention will be paid to details

which have a direct bearing on the operation, as well as

those which have a direct bearing upon the fundamental

principles of the treatment processes.

The text has been based entirely upon the author's

own personal observation and experience for several



years, upon almost all known types and combinations of

units, and the photographs, except perhaps two or three,

were taken by him. For the pictures contributed the

author's thanks are here expressed.

Notwithstanding a year has passed since some of this

work has been written, and although it is almost impos-

sible to keep printed matter on these subjects up to date,

it is nevertheless hoped that these pages will be carefully

read and properly construed, so that some benefit may
be derived bo,th by the plant attendant and the designing

engineer. FRANCIS E. DANIELS.
Trenton, N, J., November, 1914.



THE OPERATION

SEWAGE DISPOSAL PLANTS

INTRODUCTION.

Dr. Thresh, medical officer of health for the county of

Essex, England, in an address before the Association

of Managers of Sewage Disposal Works, made a state-

ment which has often been quoted as follows : "I have

so repeatedly seen excellent works give bad results on
account of inefficient management, and very defective

works give fair results on account of the efficiency of the

manager, that I have come to regard the manager as

being even more important than the works." The truth

of this statement has so frequently been brought to the

writer's attention during his personal observation of the

sewage disposal plants of the state of New Jersey that

when the editor of the Municipal Journal requested him
to write for publication his experiences with the opera-

tion of sewage disposal works, he decided to describe

briefly the general principles to be considered by the

man in charge of a sewage disposal plant, and to point

out to him some of the things to do and some to be left

undone. In addition he hopes to make plain, from the

point of view of the operation, some defects in design

or construction, with the idea of offering helpful sugges-

tions to the designing engineer. In this connection he

wisTies it to be known that his statements are for the
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purpose of aiding those who wish to profit by his experi-

ences, and not for the purpose of criticising those who
appear to have made a mistake. A designing engineer

should not be surprised, however, if a plant receive un-

just criticism, if he has put into it some new departure,

the purpose of which is not likely to be understood and
has quit the job without leaving a record of what he de-

sires it to accomplish, or how he proposes his "inven-

tion" shall be operated.

Almost any human being will sooner or later do the

wrong thing when an emergency arises if he has been
working simply as a machine, without understanding the

principles underlying his operations. For instance, the

writer has known the chief engineer of a state institu-

tion to mix, for disinfection, the required number of

pounds of hypochlorite in a tankful of water. The so-

lution was allowed to settle and the clear liquor was
drawn off and used. Instead of putting in a fresh quan-
tity of hypochlorite for a new solution he merely filled

the tank with water, because, as he said, there,was plenty
of "lime" left in the bottom. So there was, plenty of

inert lime, but the active hypochlorite had all been dis-

solved and drawn off the first day, so that no disinfec-

tion was obtained after that time until nearly a month
later, when the facts were brought to the writer's atten-

tion, although the tank had been filled and emptied daily

in a purely perfunctory way. On the other hand the
writer once knew an old Irishman who had been a faith-

ful plant attendant for one of our New Jersey towns for

sixteen years. This old man could neither read noi-

write and his ideas on many subjects were decidedly

primitive, but he had an excellent understanding of the

whys and wherefores of his particular plant, and kept
everything in a fine and tidy shape, free from nuisance,
and with proper alternation of flow on the beds.

We fieed in immediate charge of every sewage disposal

works an intelligent man who thoroughly understands
the fundamental principles of sewage disposal and who
is personally familiar, with every detail of his particular
plant. He must fewpw when every unit is performing it9

functions properly and what to do in case of emergency.
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He must be able to tell when his tanks are beginning to

let over an undue amount of suspended matter, indicat-

ing that a removal of stored up sludge is desirable or

necessary. He must know when his various forms of

feed or dosing apparatus are working properly, and how
to make proper adjustments as soon as a siphon or other

apparatus gets out of order. In one of his rounds the

writer discovered a suspicious appearance at the outlet

of one of four contact beds. The attendant assured him
that each bed was working perfectly as he had been at

the plant daily for weeks. Upon close investigation the

writer found that the discharge siphon in the bed noted
was out of order so that at every round this bed did not
hold but allowed the dose to run right through without
any purification. This had been going on for weeks,

almost undoing the work of the other three beds, which
were turning out a good effluent, and the attendant was
none the wiser.

In order to get the highest efficiency from our sewage
disposal plants as they now exist, the attendants must
be taught the necessary fundamentals or be displaced

by specially trained men. Many a plant when new does

not appear to require skilled attention because it is usu-

ally of such a size that a future growth of the town for

which it was built has been provided for and, therefore,

the duty imposed upon the- treatment units is compara-
tively light. The final effluent of such a plant is usually

excellent, although in many cases the writer has seen

this produced almost wholly by the final sand filters be-

cause the preliminary treatment units or the contact

beds had not been operated so as to perform their share

of the work. Sooner or later such a plant becomes more
heavily loaded and then trouble begins and corrective

measures are oftentimes costly.

On the other hand, we have a sewage plant in the

state of New Jersey which has been so overloaded for

years that in the hands of an ordinary attendant it

would have long since become a menace to health and a

public nuisance; but a laboratory is maintained at the

works and the plant is under the constant personal su-

pervision of a specially trained man. By this means it

has been possible to prevent the plant from becoming a
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nuisance and to have it turn out a very fair effluent in

order to tide over the delay in rebuilding, due to finan-

cial and legal difficulties.

If the plant attendants of any state or section of coun-

try would unite themselves into an association - for the

purpose of discussing daily practical problems and in-

terchanging ideas on subjects dealing with sewage dis-

posal, I believe much mutual benefit could be secured.

Such an association exists in England and- much helpful

information is acquired at the meetings, both from the

papers presented and in the informal discussions of the

various problems arising at the different installations.

The general public and even town officials have no
conception whatever of the variety of subjects with

which a successful plant superintendent should be ac-

quainted. Raikes in his book. Sewage Disposal Works,
says: "The proper technical training of a competent
manager is therefore a gradual process, since it should
include both a theoretical and practical knowledge of the

whole sewage disposal problem, which can only be
gained by constantly reading all available literature on
the subject, and carefully studying different types of

sewage works in actual operation; but in addition to

this, he should possess some knowledge of agriculture,

chemistry and bacteriology, as well as hydraulic and me-
chanical engineering, before he can be considered tech-

nically qualified to undertake the' control of the costly

works now required for purifying the sewage from our
large towns.

"It can hardly be expected, however, that the sewage
works of small communities should receive the undivided
attention of a fully qualified manager, and in such cases

the difficulty arising through the inability of a partially

trained man to take full responsibility may be largely

overcome by appointing a. competent consulting special-

ist to exercise a general control of the works^ who would
make periodical inspections, and whose experience would
enable him to advise as to the best means of checking
any tendency to deterioration which he might detect,

either in the works themselves or the quality of the
effluent, thus preventing the permanent damage which
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would Otherwise ensue and ultimately involve consider-

able expense to rectify.

"A similar course might also be adopted with advan-

tage in the case of many larger communities where diffi-

culties frequently arise through local authorities expect-

ing their surveyor to undertake the whole responsibility

involved by the maintenance of sewage works in addi-

tion to all the other duties of his office, which may be

more than sufficient to occupy his full time and atten-

tion; and by occasionally obtaining the opinion of a

specialist, who would emphasize the importance of im-

proved methods or any structural alterations necessary,

the disastrous results of false economy might be averted

to the mutual benefit of all concerned."

The Board of Health of the State of New Jersey en-

deavors, in its supervision of the sewage disposal plants,

to instruct the plant attendants as much as the present

facilities will permit; but it is impossible for such a cen-

tral body to detail men to remain at the works long
enough so to instruct the men in charge that they will

be prepared for every emergency which may arise. There
is, therefore, right in our state as well- as elsewhere, a

field for the "traveling expert" such as Raikes refers to

above. This consulting specialist could have a circuit

of plants to care for and he would have opportunity of

remaining at each one long enough to learn fully the

local conditions; and by frequent and extended tests

and records he would, with the help of the local attend-

ants, be in a position to keep each unit up to its require-

ments, to have the final effluent as satisfactory as possi-

ble, and to give valuable advice in regard to changes or

improvements. That men fully qualified for this kind of

occupation are available the writer knows, because some
of them have expressed to him their desire to go into

just such work.

If in the succeeding pages of this discussion the writer

shall set forth any information which will be of benefit

to the plant attendant who is not an expert, but one

who is conscientiously striving to do his utmost to pro-

duce satisfactory results and endeavoring to overcome
his difficulties, he will feel that his efforts have not been

wholly wasted. The plan of the discussion will be from
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the point of view of a complete modern sewage treat-

ment plant; taking up the various units and processes

step by step from the sewer outfall to the point of final

discharge of the effluent. Furthermore, only plants re-

ceiving sewage from sanitary systems on the separate

plan will be considered because the operation of works
handling sanitary and storm water sewage combined is

sorhewhat different and not so generally applicable to

the American practice.



GRIT CHAMBERS AND SCREENS.

Grit chambers are usually small tanks through which
the sewage flows immediately upon leaving the outfall

before entering the treatment works proper. The pur-

pose of these chambers is to remove sand and the heavier

mineral matters which by themselves are inoffensive to

the senses and not capable of being worked over by the

subsequent biological processes, but which are highly

undesirable in either tanks or contact beds because of

the space taken up and the difficulty of removal. Grit

chambers are not intejided to retain sludge or other de-

composable organic matters.

The usual method of obtainmg the results desired is to

adjust the size and shape of the grit chamber to the sew-
age flow so that the velocity oi the sewage passing

through the chamber will ht slow enough 'to allow the

%r\\. to settle and yet fast enough to carry through the

organic matters. This may or may not be easy. With
a system of tight sewers and only the hourly, daily or

seasonal variations of flow the problem is not so diffi-

cult; but with a system of leaky sewers and uncertain

flow fluctuation, it is almost impossible to have a grit

chamber which will not at times hold back putrefactive

matters and at other times allow sand and grit to escape

unless it is given the utmost watchfulness and attention.

While grit chambers may not be necessary or even de-

sirable on some of our better constructed sanitary sewer-

age systems, they are on others quite advantageous if

properly designed and properly cared for. We have in

some of our New Jersey towns sewerage systems from
which in time of storm it is impossible to keep out sand
and detritus. At the inlet end of one of our so-called

septic tanks after only a few weeks' run the writer found
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a deposit of sand and heavy mud, several feet wide, ex-

tending across the tank and nearly up to the flow line.

There must have been- several cubic yards of this mate-
rial so tightly packed that it was difficult to get a rake
down into the mass. Since this deposit had gone into
the tank and had to be removed through manholes in the
cover the writer advised the installation of a grit cham-
ber and such other measures as could be taken to keep
out of the sewers as much sand as possible, to prevent a
continuance of this performance.

The duty of the plant attendant in regard to grit

chambers is to give them frequent attention. Remove
the contents often enough to prevent the possibility of
grit being washed out, and in some cases it will be neces-

sary to clean these chambers out every little while to

prevent local nuisance.

At one of our plants there existed a large double grit

chamber which was cleaned out several times a year, yet

in summer this was the source of sufficient disagreeable

odor to create a considerable nuisance in the neighbor-
hood. Although the size was so great that considerable

organic matter was detained, "yet it would hardly have
been safe to have made the chamber smaller because at

times of showers, when most ef the grit came in, the

increased flow of sewage would have washed the sand
through the chamber and into the septic tank.

In this case more attention should have been paid to

the sewer system to prevent the entrance of storm water.

Low manholes should have been raised and at some
points where the street grade would not permit a man-
hole sufficiently high to keep out storm water, tight cov-

ers should have been sealed on and sewer ventilation

provided for in other ways. Too little attention is still

being given to the construction of tight joints in sewer
lines and to the prevention of the entrance of storm
water into sanitary sewerage systems which takes in with
it entirely too much sand and dirt.

Grit chambers are and should always be built in dupli-

cate so that the process of cleaning can go on without
interrupting the sewage flow. In the large installations

dredging apparatus is used to remove the sediment;
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while at the smaller plants, and usually at those not
handling storm sewage, the contents of the grit chambers
are taken out by shoveling. The material removed can
usually be dumped into some low place or spread out
on the ground at a point where it is not likely to cause
nuisance. If, however, it is foul with organic matter it

had best be buried or disposed of along with the tank
sludge. As screens are often placed at the outlets of

these chambers, they are thereby converted into combi-
nation grit and screen chambers. Only one plant of the

130 now in operation in the State of New Jersey has a

bona fide grit chamber; all others having appurtenances
of this kind arrest the sand in the screen chambers.

SCREENS.

In regard to the screen the first question the attendant
must ask is, What is it there for? or what is it supposed
to do ? Having asked the jquestion, then let him find

the answer; because, before he can manage the screen

intelligently he must understand thoroughly the purpose
for which it was installed.

The purpose of a screen may be one of many, depend-
ing not so much upon what comes down the sewer, for

that is legion, as upon the processes which follow. They
may be used to remove such things as would break or

cause stoppages in the pumps; or to arrest a large

amount of suspended matters which would cause undue
clogging on filtering areas; or to remove light suspended
matters which would cause excessive formation of scum
in septic or settling tanks (the use of fine screens will

entirely prevent the formation of tank scum) ; or to re-

move such a large proportion of the suspended matters

that only a clarified liquid remains to be discharged or

disinfected.

Coarse screens are usually bar screens or gratings.

These are made of wooden slats or iron bars or rods set

in a frame. They are made either stationary, or mova-
ble so that they can be hoisted up for cleaning, and are

placed in a vertical, inclined, or horizontal position. Prob-

ably the best are the stationary bar types inclined down
stream at an angle of about 30 degrees or more with the

vertical. These may easily be cleaned by means of hand
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rakes. The vertical ones are sometimes cleaned with
rakes while in position, or sometimes they are hoisted
out, cleaned off and replaced. The horizontal ones are
often more or less in the form of baskets which are
hoisted out for cleaning.

Fine screens are usually of woven wire, and by reason
of the nature of construction are difficult of being prop-
erly cleaned, some of the larger revolving types requir-
ing a constant playing of jets of water to keep the meshes
clear.

Perforated metal sheets have been suggested for use
as sewage screens so that cleaning could be done by
means of a hand squeegee. The writer has not had any
personal experience with this kind of screen except in

one instance. In this case the screen consisted of a flat

sheet of iron perforated by holes nearly one inch in di-

ameter. This sheet was placed in a horizontal position
over the receiving compartment of the settling tank and
up against the bottom of the sewer outlet, so that the
sewage solids from the institution soon piled up around
the mouth of the sewer. The first time the attendant
forgot to clean off the screen the stoppage continued up
the sewer and the water closet in the basement of the
building overflowed. The plumber had then to be sent

for to clear out the sewer line. The trouble in this case,

however, was due not so much to the perforated metal aS
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to lack of forethought. The writer has seen exactly sim-

ilar instances in manholes, into which side connections

have been brought through the wall just above the flat

bench or bottom. All solids of any considerable size

stranded upon the flat surfaces and complete stoppage of

the branch sewers resulted.

Occasionally the writer meets designers who advocate

and wish to install upward flow screens or filtering ma-
terials into which the flow enters from beneath, the

claim being that the screenings will, after being inter-

cepted by the obstruction, fall back into the screen pit.

This the writer can hardly vouch for because he has not

seen it happen. The general testimony is, however, that

the screenings stick and are in a position not readily ac-

cessible.

The only upward screens in use in New Jersey are at

Lakewood. These consist of two frames of coarsely

woven wire, between which is placed a layer of straw or

salt hay. This strains the sewage quite effectively if

properly cared for, but requires close attention and fre-

quent renewal. An objection is that, in addition to the

material removed from the sewage, the accumulation of

the used hay must be removed and disposed of. Further-
more the upward pressure often breaks holes through
the layer and then a considerable flow of sewage passes
unscreened.

In regard to the actual management of screens, the
fundamental principle is to assist each to perform its

proper function and to see that the proper result is ob-
tained. This will usually require daily attention, al-

though in some plants at times the screens have to be
cleaned several times a day. Probably the ideal plan is

to have some economical mechanical appliance to be
constantly at work removing the screenings as fast as
they accumulate. Such ingenious and elaborate mechan-
ical screening devices as are in use in Germany and Eng-
land require special instruction in regard to operation.
There are some types of mechanical screens in this coun-
try, notably the one at Reading, Pa. In this one the
sewage passes through a wire cloth of 40 meshes to the
inch, which is kept clean by means of jets of water. At

U
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the time of the writer's visit the installation was per-

forming good service. However, he has been informed

that upon a recent tour of inspection made by a man in

the middle west it happened that of the mechanical

screens visited in the United States and Canada not one

was found in operation. He only mentions this to show
that all of the difficulties in this direction have not yet

been satisfactorily overcome.

The writer does not believe it is wise to allow the

screens to hold back organic matter which could be bet-

ter taken care of in the tank. This will not happen with

a properly designed apparatus if the screenings are re-

moved often, nor will there be danger of overflows or

deposits in the outfall due to backing up of the sewage.

The attendant should be very careful to keep the prem-

ises around his screens tidy and cleanly. Screenings

should be removed as soon as possible and not allowed to

accumulate so as to cause nuisance. They may be buried

or composted with lime or otherwise disposed of accord-

ing to local conditions.

The writer would like here to call the • attention of

those concerned to the danger of infection from fresh

sewage material, such as may be removed from screen

chambers. Some of it may, and probably does, contain

disease germs, which are still in a very vigorous state.

This material should never be carted through streets in

open or leaky vessels, nor left exposed in places accessi-

ble to flies and domestic animals. The attendant should
exercise the utmost care to prevent infecting his food
and drink or transporting infection to his household. He
should also be careful of cuts or abrasions upon his per-

son while handling this kind of material.

The care to be taken of the screen chamber is also an
important part of the attendant's daily duties, and the de-

sign of the chamber plays an important part in the screen-

ing process. If grit and detritus are arrested in the screen

chamber then it must be cleaned out at frequent and reg-

ular intervals. For various reasons the cross-section of

the screen chamber must be greater than the cross-sec-

tion of the sewer; but if the chamber be too large, an
undue amount of organic matter will be retained which

14
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would be better taken care of in the tanks. This has to

be removed, usually by letting it flow upon the sludge

bed, and it forms an offensive sludge which is somewhat
difficult to handle.

At one of our towns a fifteen-inch outfall sewer empties

into a screen chamber some 10 feet by 12 feet in plan,
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nuisance from odors that the screen had to be removed
and the sewer connected directly to the pumps. The sew-

age is now pumped into the septic tank without odors or

local nuisance. When the screens were in use at certain

times in the year they had to be cleaned off every few

minutes.

The writer recently visited a plant and found condi-

tions such that he advised the attendant not to clean the

screen until it became necessary. The plant was 3 disin-

fection plant and the sewage passed through bar screens

before entering the disinfection tank. There was no dan-

ger of backing up the flow into the sewers, nor of local

nuisance from odors, and the screen had not been cleaned,

probably, for months. Feces and other matters were be-

ing held back by the screen and dfgested so that a much
clearer liquid was obtained to be acted on by the hypo-
chlorite, and for this reason the disinfecting action was
much more complete than would have been the case had
the screen been cleaned daily.

The writer has always opposed the use of screens except

where it is very necessary to have them. Heretofore their

use has always resulted in the settlement of large amounts
of organic matter in the screen pits, which would be better

off for all concerned in the tanks.

The nuisance of screen pits is usually caused not so much
by the things which the screen removes as by the sub-

stances which are deposited solely on account of the

lessened velocity in the pit.

In considering the matter it has occurred to the writer

that in many cases the screens could be arranged over the

end of the tank and then only what was really desired

would be arrested. All other matters could pass along a

steep sloping bottomi, and slide into the tank along with the

rest of the settled matter. In this manner some objec-

tionable objects might be caught without the usual dis-

agreeable features of screen pits.

16



II

TANKS.

Skimming, Sedimentation, Septic and Imhoff Tanks

—

Principles of Operation and Design—Sludge Dis-

posal—Tank Sampling Apparatus.

Our American domestic sewages usually carry about

200 to 800 parts per million of sold matter, of which
only about one-third is in suspension. While this

amounts to only a minute fraction of one per cent,

nevertheless the separation, treatment, and subsequent

disposal of the suspended organic matter of domestic

sewage still constitutes a considerable problem. The
removal of the heavier and coarser suspended solids

by grit chambers and screens has been discussed in the

first article of this series. It is the purpose here to con-

sider the removal and digestion of the finer materials

in suspension, for which numerous forms of tanks have

been installed; but before taking up the discussion of

the commoner forms of these devices a brief mention
may be made of skimming tanks.

Skimming tanks are small chambers so constructed as

to allow suspended matters which will float to rise to

the surface. These floating materials, consisting of

grease, soap, rags, sticks, paper, feces, etc., are skimmed
off and removed immediately or composted with lime.

They should receive daily attention, and care must be

exercised in the handling and disposal of the materials

collected.

There is one such installation in the state of New
Jersey. The tanks are surrounded by a clump of ever-

green trees and the skimmings are composted with lime,

together with some screenings collected at the same
place. In this way quite a considerable amount of ma-
terial is removed from the sewage and no nuisance con-

cerning the process has ever been reported.

The ordinary sewage tanks are primarily for the pur-

pose of clarifying the sewage, that is, separating as far

as practicable the suspended solids from the liquids in

order to lessen the danger of nuisances and to provide
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an effluent suitable for the subsequent processes of

treatment. In addition they may be used to hold and

digest more or less completely the organic matter which

has subsided. We have, therefore, settling or sedimenta-

tion tanks, liquefying or septic tanks, Emscher or

Imhofif tanks, not to mention those for other purposes,

such as disinfection, dosing, storage, etc.

SEDIMENTATION TANKS.
The skillful management of sedimentation tanks re-

quires an accurate knowledge of the results to be ob-

tained, close observation and good judgment. The

OPEN SEDIMENTATION TANK.
Scum formation beginning In first (right hand) compartment.

Tanks may he operated in series or parallel.

first object is to remove suspended matters from the

sewage flow; the second is to collect the sludge in the

most advantageous manner for subsequent disposal; and
the third is to operate without the production of nuis-

ance.

This type of tank is built either as a single compart-

ment or in multiple units. In the opinion of the writer,

it should always consist (except, perhaps in very small

installations) of multiple compartments with the proper

channels and gates so that the chambers may be run
either in series or in parallel, and that one or more com-
partments may be cut out altogether.

In practice there is no sharp line between a sedimenta-
tion tank and a so-called septic tank; and whether it is

advisable to allow some putrefaction or so-called septic

IS
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action or to prevent it altogether depends upon local

conditions, and what the next step in the treatment of

the effluent is going to be. In any case the attendant

must study his tanks, and, above all, keep a careful

watch upon the effluent.

The writer is aware of some of the adverse criticisms

of the German conical settling glasses; but he is also

personally acquainted with men who are using them

daily and who are

strongly in favor of

them. In the ab-

sence of a better

substitute to place in

the hands of the

usual attendant, a

more extended use

of such apparatus is

advised. These glass-

es are of a tall coni-

cal form and hold

one liter each. At
the bottom are grad-

uations enabling the

observer to read off

the number of ,cubic

centimeters of mat-

ter which has settled

out within a given

time per liter. By
taking a fair sample
of the influent and a

corresponding sam-
ple of the effluent

CONICAL SETTLING GLASSES. r. ., j j. ^•
after the detention

time of the tank has elapsed, and allowing each to stand

the number of hours it takes the flow to pass through
the tank, an approximate idea of the percentage removal

of matters capable of settling will be obtained. While
this method of testing may be of more practical impor-

tance in the operation of Imhofif tanks, yet it is believed

it can be used to advantage elsewhere.
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In this connection let it be emphasized that the plant

attendant should keep a "log" and make daily entries

of everything bearing upon the operation of his works.

More complete and extended data which could easily

be furnished by wideawake plant managers are greatly

needed. In New Jersey two plants have laboratories

and are supervised by trained chemists. At perhaps a

score of others the plant attendants are taking consid-

erable interest and are making daily tests. At some
other places, however, the attendants seem to be incapa-

ble of learning how to make tests or of keeping records.

A case in point comes to mind. At one of our plants

sewage was emptied from the outfall sewer into a large

double concentric tank. In the outer compartment
there was considerable septic action which also continued

in its inner well. Furthermore, on account of the low
connection between the outer and inner compartments,
the level of the liquid in the tanks rose and fell ten feet

or more with the intermittent action of pumping oper-

ations. The pumps lifted the sewage from the inner

well and the discharge was foul smelling and full of

finely divided particles. These particles quickly clogged

the contact beds, which necessitated the washing of the

stone. In order to protect the beds a settling tank was
built to receive the pump discharge. This was subse-

quently enlarged to several times the former capacity,

and while the efHuent from this tank was considerably

clearer it did not improve in odors.

The writer always seriously questioned this method
of operation and advised a radical change in the plant,

claiming that the pumping should never be in the mid-

dle of a sedimentation process but that the pumps
should handle either the fresh sewage or the final ef-

fluent. He believes that the churning up of a partly

digested sediment results in a very considerable length-

ening of the time required for the clarification by sedi-

mentation.

Quite recently changes at this plant have been made.
The outer compartment has been partitioned off and the

sewage, after passing through a bar screen, goes di-

lectly into the pump well and is lifted into the sedimen
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tation tanks. The odors at the point of discharge seem
to have disappeared and the effluent from the tanks cer-

tainly looks much clearer than before. The plant at-

tendant claims that there has been a decided improve-

ment; but records of tests and accurate observations

are lacking to confirm his views or upon which to base

definite conclusions. This is rather unfortunate because

the procedure of operation may have to be quite mate-

rially changed to meet the new conditions.

It is difficult to give definite directions in regard to

the operation of sedimentation tanks, as individual cases

almost always require special methods of procedure.

In general, however, let the plant attendant by study

?nd trial arrange the flow either in series or in parallel,

whichever will give the better efHuent, using only

enough compartments to accommodate the quantity of

sewage delivered.

In some of our coast towns the summer population

greatly exceeds that in winter. This necessitates the

cutting in or out of tanks to adjust them to the sew-

age flow. Too few tanks in use results in only partial

sedimentation while the use of too many causes the ef-

fluent to be dark in color, foul smelling and full of black

and finely divided suspended solids.

To run a sedimentation tank without any septic action

whatever will require a very frequent discharge of

sludge, and it will often be better in the end to permit

septic action for a short time rather than clean out so

often. This will, however, depend upon local conditions.

At one of the New Jersey plants the sedimentation tank

is cleaned out and scrubbed with a broom every Satur-

day. This tank never has a chance of causing a nuisance,

and while this is no doubt a commendable practice such

a procedure would hardly be feasible in most sewage
works. In many of our so-called sedimentation tanks

cleaning is done only once or twice a year. These, in

the writer's opinion, virtually become septic tanks and

will be discussed in the next section under that topic.

The sludge removed from sedimentation tanks is slimy,

offensive, does, not dry easily, is difficult to handle and

if allowed to accumulate is very likely to cause serious
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SHALLOW SETTLING TANK CLEANED WEEKLY.
This is the same tank shown on page 10.

local nuisance. Whenever possible, the water drained

from undigested sedimentation sludge should be returned

to the sewage flow and passed through the secondary
treatment. This is done in several of the New Jersey

plants. The writer believes that most sedimentation, as

well as septic tanks, should be built so as to have reserve

compartments, so that whenever one tank needs clean-

ing it can be cut out but not emptied until needed again.

This will allow the sludge to decompose and digest.

Sludge digested in this way compares more favorably

with the much talked of Imhoff sludge and is decidedly

more easily handled and without the nuisance attending

fresh sludge.

Sedimentation tanks, like septic tanks, may be open

or covered. If covered, there should be plenty of open-

ings so as to facilitate cleaning and inspection. Ample
provision should also be made for drawing off or other-

wise removing sludge and supernatant liquid. The cut-

ting of reinforced concrete to provide for extra man-
holes and sludge pipes has been a troublesome operation,

but it has had to be done in several cases in our state.

Some tanks produce a relatively large percentage of

icum. When this occurs it is often better to remove it

from the top, especially if it has dried and become hard.

There is usually no advantage in breaking up this kind
of scum and mixing it with water so that it will run
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through the sludge pipe, which only results in an in-

creased volume to dry out again on the sludge bed.

On the other hand, at our coast towns sludge and
scum alike are broken up with a fire hose and the whole
tank contents are flushed out to sea in the early spring.

This, however, applies more especially to tanks run on
the septic principle.

At each of- two installations in the state of New Jer-

sey, the large tank (sedimentation or septic, as you
please) was built with a division wall separating it into

two compartments, which could be used singly or to-

gether. When it became necessary to clean them out

it was very provoking to find an opening in the dividing

wall left for the purpose of equalizing pressure. It was
desired to clean one compartment at a time; but the

opening allowed the other side to empty simultaneously.

Furthermore, the designing engineer had stated that it

was not safe to close the opening to empty one side and
keep the other full, as the division wall was not designed

tor this. With no way to by-pass the incoming sewage
this sort of an arrangement is rather trying, and in the

face of so many difficulties the useful purpose of such

construction is not clear. In one case both sides were
drawn down together. In the other, however, the at-

tendant took the chance, closed up the opening and
cleaned one side at a time.

All walls should be designed and constructed so as to

withstand any pressures likely to be encountered. At
i..ne of our plants a man lost his life by the failure of

h division wall while cleaning out one side of a tank

when the other compartment was full of sewage. In

addition to this, the designing engineer should always
include in his plans and specifications a fence or other

protection around all deep open tanks. Several animals

and an eight-year-old boy have been drowned by falling

into unprotected sewage tanks in New Jersey.

SEPTIC TANKS.

By the term septic tank the writer means a one-story

sewage settling tank, which, in addition to clarifying the

liquids, retains the solids and allows them to be digested.
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The compartments are not cleaned until they become so

filled with solids that the increased velocity of the flow

causes it to carry over an undue amount of suspended

matters and more space is needed.

As there is no sharp line of demarcation between sedi-

mentation tanks and the septic variety, much of what
has been said concerning the former applies with equal

force to the latter. The plant attendant must study his

tanks, his local conditions, and the exact kind of efflu-

ent to be obtained.

The compartments must be arranged to give the best

practical sedimentation. This can usually be determined

by trial. Put in service a sufficient number of chambers
to give a good clarification ; but too many compartments
should not be in use or else the liquids will become
unduly saturated with the products of the decomposition

of the settled solids, and local nuisance result. They
should, therefore, be cut in or out to adjust the capacity

of the works to large fluctuations in the sewage flow.

Precautions should also be taken to prevent the back-

SEPTIC TANK UNDER A CITY STREET.
Note vents at curbs. No complaints from tills tank have

ever been received.

ing up of sea water into septic tanks, as serious nuisance
from odors sometimes happens if this is allowed to occur.
As mentioned before, some tanks produce a large

amount of 'sludge and little scum, some a very thick
scum with little sludge, while others have about equal
quantities of both. In one of our tanks after a run of
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about two years there was no sludge and only about

an inch of sand and grit in the bottom. But a very

thick scum formed which had to be removed by shovel-

ing ofif every few months. At another place the writer

lound less than a foot of sludge in a tank which had

been in use for sixteen years.

If possible, septic tank sludge should be allowed to

digest thoroughly before it is disposed of. There are

three methods of doing this: One is to cut out a full

tank and allow it to stand for six months or more
before emptying; another is to draw off the bottom

layers of the decomposed materials in small portions at

frequent intervals; and a third method is to transfer

the solids to other tanks built for the purpose of digest-

ing the settled substances.

OPEN SEPTIC TANKS, SCUM AND SL.UD GE REMOVED IN
TRAVELLING BUCKET.

In the first method the scum usually softens and dis-

integrates, especially if the tank be covered; but even

in this case it would be well for the attendant to help

the process along by breaking up the floating layer if

he can conveniently do so.
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The second method requires caution unless the tank

is constructed with this particular end in view. The
sludge will not run rapidly toward the outlet pipe, and

channels carrying clear liquids are likely to develop

unless care be taken. If, however, a small portion be

lun out at a time and the material left behind be

allowed to level itself somewhat, a considerable amount
of good sludge may thus be drawn off. But care must
also be taken to avoid an undue agitation in the tank

which would result in a cloudy effluent, to the detriment

of subsequent treatment units. Multiple outlet pipes or

a pipe with a movable inlet arm are sometimes of

E-.dvantage in this connection. It is impracticable to

construct an ordinary horizontal flow septic tank with

a sufficient slope to the bottom to enable the sludge

to flow to one point; but hopper bottoms are useful

whenever possible.

Jn regard to separate sludge-digesting tanks the writer

has had no personal experience in New Jersey, although

from present indications he may advise a trial of that

kind of treatment at one of the plants in this state very

saon. There are. such tanks at the sewage works in

Baltitnore; but recent, data in regard to their operation

are not at hand.

IMHOFP TANKS.

We riow come to the much talked ofEmscher or

Iriihoff tank. This form is certainly a decided improve-

ment orf the previous types of apparatus for the pre-

'iminary treatment of sewage; but while it has many
good features and advantages it must be borne in mind
ihat it is an apparatus for preliminary treatment only

rnd not a complete "system" of sewage disposal. In

many cases the effluent from an Imhoff tank would be

quite good enough to be discharged into the stream; in

others, however, further treatment of the effluent is

needed either for the prevention of nuisance or for the

elimination of bacteria. In addition to the patent fee

attached, Imhoff tanks are usually more costly to build

than those of simpler design. Furthermore, they require

such careful management and frequent attention that,

in the opinion of the writer^ in small installations or in
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out-of-the-way locations, where fiequent attention may
be lacking, they had better be omitted and one of the

simpler forms of apparatus used.

Notwithstanding the above limitations, however, the

principles of the Imhofif tank are good, and the practi-

cal results of the process are excellent. Briefly, the first

purpose of the apparatus is to clarify the sewage by sedi-

mentation without allowing the liquids to become foul,

and the second is to digest the solids thoroughly so that

they may be disposed of as easily as possible, and with-

out offense. The former is accomplished by allowing

the sewage to flow through an upper story or comipart-

tpent, whose base consists of steep slopes so arranged

as to form an inclined slot in the bottom so that the

settling solids may slide through into a lower story or

sludge digesting chamber, while gases liberated from the

decomposing sludge cannot reach the fresh flowing sew-

age in the upper compartment because as the bubbles

lise they will be deflected to one side by the projecting

slopes and pass out of gas vents arranged for the pur-

pose. The latter aim of the tank is brought about by

holding the solids in the lower compartment until prop-

erly digested and ripened. By means of the appropriate

deep design with steep bottom slopes the properly di-

gested sludge may- be drawn out from the bottom of

the pile at frequent intervals without disturbing the

naif-digested or fresh materials in the layers above.

The upper compartment should be so adjusted .and

proportioned that the sewage is held therein for a com-
paratively short time, say, two to three hours or less.

In this period practically all of the suspended solids

capable of settling within a reasonable time will be de-

posited; but if the sewage is held for a longer time there

is danger of putrefaction beginning in the liquids with

but little or no additional clarification. Fresh sewage,

therefore, entering an Imhofif tank should pass through
rnd emerge in an inoffensive condition.

This important point should always be borne in rtiind

l.y the plant attendant. The bubbling of gases or the

belching up of solids within the flow chamber is a sure

sign that something is wrong; but he should not wai(
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for such indications, because some damage may be done

before these things become apparent. Materials lodged

upon the slopes generate gases, some of which are dis-

solved in the liquids and some are trapped under the

solids until the pressure is sufficient to cause an up-

heaval. This results in the contamination of the flow-

ing liquid by both gases and solids and defeats one of

the fundamental purposes of Imhoiif tanks. The attend-

ant should see that the slopes are kept clean and that

the slots are not obstructed. The slopes should be built

with surfaces as smooth as practicable, and as steep as

possible consistent with other requirements, so that the

lodgment of solids will be a minimum. The slots would
be quite wide, say, about 10 inches, but they should

be well overlapped. Footways should be provided so

that the attendant can easily reach all parts of the

slopes to clean them down with a long-handled squeegee

and to push entirely through the slots any solids which
have accumulated on the slopes. This cleaning of slopes

by the attendant should be done frequently, say every

day or two, depending upon local conditions; but care

must be exercised not to agitate the flow chamber or

else more harm than good may result. Unless the squee-

gee is manipulated cautiously some of the finely divided

matters will not be pushed through the slot but will be

stirred up by the swirling liquids, and then either de-

posited back where they were or carried out in the tank

effluent. A piece of galvanized iron pipe makes a smooth
han'dle for the squeegee and its weight helps to hold

down the tool against the buoyancy of the water. It

can also be bent into convenient shapes if desired.

To check uneven distribution of flow, baffles are often

placed in tanks so as to allow the suspended solids a

better chance to settle out, but care must be exercised

in the design and arrangement of these or else more
harm than good will result. A deep scum board or

baffle is likely to cause a rapid current under it which
results in stirring things up and retarding sedimentation.
Another disadvantage of deep baffles is that they often

cause uneven deposits which cover over slots very
quickly.
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After all, it is very questionable whether baffles are

needed or even advisable. The writer has already ad-

vised the removal of baffles from one set of Imhoff tanks
in the hope of correcting some of the troubles referred

to above.

The attendant, however, should not make any struc-

tural change in his tanks until he has made careful tests

and records of conditions and results so that he may be

in a position to know whether the change is beneficial or

not. If possible, changes should be made only with the

advice and consent of the designing engineer. Every
plant should be operated so as to carry out the purpose
of the design unless there is good reason for doing oth-

erwise.

Shallow scum-boards may be of service in catching

light materials on fresh sewage. These floating sub-

stances the attendant should skim off and dump over into

the gas vents, as no decomposition should be permitted
within the flow chamber.

In designing Imhoiif tanks the plan and arrangement
of the gas vents should receive careful consideration.

Unless the sewage is very carefully screened before

entering the tank, the gases liberated by the decompos-
ing sludge will bring up with them considerable quan-
tities of solid matters. These will form a thick stratum
in traps or pockets under slope walls and in all the vents

unless the gases are released therefrom. Therefore, all

slope walls should be brought up well above the flow

line in such a manner that there are no traps or pockets

and in positions to be easily accessible to the plant at-

tendant. In the opinion of the writer, the solids within

a mass of scum strongly charged with gases cannot
decompose so readily or properly as they would if the

gases were removed and the solids allowed to sink to

the bottom. Furthermore, the accumulated trapped gases

take up valuable space by displacement, and should they

for any cause be suddenly set free there is greater

danger of unpleasantness. Some of the gases liberated

from a mass of decomposing scum are quite oiifensive

and others, such as marsh gas, hydrogen, and hydrogen
sulphide, burn, and when mixed with the right propor-
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tion of air are quite explosive. While there is no danger

in this regard in open tanks, care should always be exer-

cise'd in entering unventilated closed sewage tanks of

whatever type. (The same caution applies to un-

ventilated sewers or manholes, and illuminating gas

sometimes leaks into the sewerage system and causes

explosions.)

The attendant must, therefore, give frequent attention

to the gas vents to keep the scum down and the gases

liberated. In the absence of a better scheme, the writer

has used a pole with a short piece of board nailed across

the end and manipulated in the manner of the old-fash-

ioned churn dasher. By this means a scum over eight

feet thick was completely disintegrated and caused to

settle in a short time. If a good water pressure is avail-

able, a series of jets may be arranged or a hand hose

used to play upon the surface of the liquids in the gas

vents to keep down scum formation. In this case daily

attention is required right from the start, as the method
will not be effective if at any time a heavy scum is

allowed to form.

If the distributing inlet channel to a single Imhoff

tank or battery of such tanks is large and deep, heavy

deposits occur in it, and if these are not frequently

removed decomposition sets in and the flow is unneces-

sarily contaminated; also when the flow is reversed

(which should be done frequently to allow a more even

deposit of solids), some of this material will be washed
out in the effluent.

Several of the features above mentioned are well illus-

trated by the writer's experiences with the Imhoff tanks

in New Jersey. At one place the manholes were inade-

quate to allow of proper attention and after some
months it was decided to remove the entire concrete

cover. This was done and the eight feet of scum which
had accumulated was churned down, as before men-
tioned, by pushing down the "dasher" through the mass
to make a gas vent and then breaking up the scum from
the bottom. A very little attention now prevents its

reappearance. It was then found advisable to build up
the vent walls to prevent the flooding and mixing of

30



TANKS.

the contents of both flow and sludge compartments dur-

ing heavy sewage discharge at times of showers. The
tank has also large distributing inlet channels which col-

lect a considerable deposit. There being no provision

for draining the deposit into the sedimentation chamber,
cleaning has to be done by bailing the material over
the inlet weir while the sewage is flowing in; for if

this is not done before the flow is reversed the accu-

mulated solids are washed into the contact beds. The
installation now, with only a very little daily attention

from the careful man in charge, is giving excellent

results.

At another plant, after a short run the tank had
about four feet of scum in the gas vents, which was
churned down as in the case just described. Considerable

grease and soapy materials in rounded masses remained
floating, and if they do not eventually sink they may
have to be removed by skimming. The attendant states,

however, that even these particles do disintegrate and
sink. Certainly the layer does not increase in thickness,

although no material has been removed. A scum was
beginning to form on the flow chambers, and upon test-

ing the slopes the slots were found covered over with

a very deep decomposing mass of settled solids, the

slightest disturbance of which caused a violent ebulli-

tion of gases and an upheaval of solids charged with

bubbles. After having a longitudinal bridge built across

the tank to make the slopes accessible, instructions were
given to push the solids through the slots and keep the

slopes clean by frequent attention. At the next visit

of the writer there was still some deposit on the slopes;

but no doubt this was because the tool did not fit the

slots so as to shove all of the solids clear through into

the lower compartment. At the present writing the tank
is in fine condition, and only a little attention is needed
every other day. The flow chamber is now free from
scum and only a thin layer floats in the gas vents.

Figures 2 and 3 are tracings showing the slope arrange-

nent of two-story tanks from two sets of sewage dis-

posal plans on file. Fig. 2 is a section through a circular

tank, 30 feet in diameter. The flow is outward, as in-
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FIG. 2. PLjVN submitted FOR IMHOPP TANK.

FIO. 3. PLAN SUBMITTED FOR IMHOFF TANK.
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dicated. In this the central gas vent is good but no
bridge is shown to make the vent easily accessible.

Unless little things like these are provided for in the

beginning, the operation is likely to be neglected, and
this type of tank should receive proper attention from
the very start. There may have been some particular

reason which led the designing engineer in this case to

allow the straight vertical connection between lower

and upper stories. The writer would have preferred to

have avoided the upward passage of gases by one of the

standard methods, such as a contraction of the lower
chamber, a fillet-like thickening of lower wall, or another

slope with extra gas vent. In a tank of this design it

would seem that the greatest deposit of solids. will be

in a ring near the wall and not at the center where
the sludge outlet pipe is located.

In Figure 3 we have a section of a circular two-story

tank, IS feet in diameter. This tank is covered and
is almost wholly inaccessible. The flow enters at one

side into a trough extending around the tank and over

a circular weir, radially toward the center and out by
way of a central cylinder, as indicated. The central

cylinder is to receive also a disinfectant. It will be no-

ticed that there are two scum traps or pockets, one

under the central cylinder and one under the main cir-

cular slope. There are four 8-inch gas vents to the

larger pocket and two 4-inch vents to the smaller pocket.

The writer believes these pockets will fill up with scum,

which may interfere with free passage of gas through

the slots.

This plant was built square instead of round, was
covered with a concrete roof, and the 8-inch vents were
brought together under the cover and connected to a cen-

tral ventilator. There is now no way of determining what
is going on in the lower chamber, not even by sounding

down a vent pipe. A heavy scum forms in the upper
compartment and when cleaning is done the sewage has

to be by-passed and the entire contents of both upper

and lower chambers pumped out from below. On ac-

count of the heavy deposits accumulating in it, the inlet

channel was removed entirely. Recently the tank was
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cleaned out by the attendant, but little can be learned

of the actual conditions within. At present a new scum

is forming upon the sewage in the upper compartment

and the slot is covered over with a deep mass of solids

which cannot be pushed through because the slopes are

inaccessible.

Although this plant gives under the present conditions

a very fair effluent, it would appear that the real pur-

pose of the two-story design has been defeated.

In another horizontal flow Imhofif tank the central

slopes were brought together like a sharp gable roof

with only two chimney-like vents. The writer believes

—I Sewage SelHing Tank.
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newer deposits. This will require some care and good
judgment on the part of the attendant. He must learn

by experience when to draw and how much to let out

at a time, and every plant may have to have a slightly

different routine. Sounding with an iron plate on a

wire or some other convenient method may be used to

determine the depth and rate of deposit. If sufficient

storage capacity has been provided, the top of the de-

posit should not be allowed to reach nearer the slots

than about two feet for fear of the denser strata overly-

ing the sludge extending into the upper chamber and
the possible diffusion of decomposition products. The
sludge should be withdrawn at frequent intervals and
only so much let out as can be conveniently handled
en the drying bed, or until there is the slightest indica-

tion that only partly decomposed materials are beginning

to flow out. The drawing should be done slowly and
carefully so as to allow the sludge to settle evenly and
not cause a breaking through of fresher materials into

the inlet end of the sludge pipe. The attendant will have
to learn the difference between good and bad sludge.

Good sludge should be dark in color, more or less granu-

lar and not sticky or pasty, should not have offensive

odor, should be somewhat frothy and a good deal like

black garden soil mixed with water. If a pailful be

poured out and the pail put in an inclined position, what
was in contact with the surfaces of the pail will separate

and clear streaks will appear upon the metallic surfaces.

Bad sludge is only partly decomposed, is usually lighter

in color, has offensive odor, does not dry rapidly, and
is somewhat sticky or pasty. This should not be with-

drawn, but should be kept in the tank to ripen.

After withdrawing sludge, all sludge pipes should be.

flushed out with clear water or clarified sewage so as

to prevent stoppages from dried deposits. It is also

well to backfill the sludge pipes with water or clear

sewage if it can be done.

FOAMING.
During the present summer two very interesting oc-

currences have taken place at two New Jersey sewage
disposal plants. The happenings were similar, although

one tank was new while the other had been in .operation
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for about two and a half years. In both cases excessive

foaming or frothing occurred in the gas vents, which for

a time caused considerable trouble and uneasiness. In

one case the froth would boil over the vent walls in a

couple of hours and cover the settling compartments,

causing a perceptible increase in the turbidity of the ef-

fluent. In the other case, on account of the very high

walls, the froth did not get over, although it became five

or six feet thick during the times it was left undisturbed.

Ordinarily there is no foaming whatsoever in the gas

vents of the Imhoff tanks. The solids which are brought

up by the gases, when broken up by means of a paddle or

jet of water, settle very quickly except for such particles

as grease, match-sticks, tomato peels and certain fresh

materals which have not yet become sufficiently disinte-

grated. Under this layer of floating matter is a stratum

of comparatively clear and watery liquid, which is incap-

able of sufficient surface tension to hold the gases in the

form of bubbles to constitute a foam.

The sudden behavior of these two tanks was naturally

watched with interest and it must be confessed that at

present the writer is not in a position to state positively

what the cause really was, but after describing events

leading up to the occurrences, he will give what he be-

lieves to have been the cause in each case, and the pre-

cautions to be taken to prevent such happenings in the

future.

Take the first case. Here conditions were somewhat
abnormal. The plant was constructed at the end of a

comparatively short sewerage system, with a new outfall

which was almost perfectly water tight. On the day the

plant was put in operation the ground water flowing in

the outfall was less than a quarter of an inch deep. The
tank itself was empty. The sewage, which up to this time

had been disposed of on a large broad irrigation area,

was of a very strong character and heavily charged with

suspended matter.

The connection leading to the old field was broken and
the strong sewage was turned into the empty tank on
April 1, 1914. For a while nothing unusual happened
and the attendant was instructed to break up the scum
as it formed. Upon the advent of hot weather the tank
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got the better of the attendant and the writer was asked
for advice. It was then noted that matters were getting

serious. The scum had become several feet thick in the

side vents and in the center vents it was over thirteen

feet deep. There was no sludge whatever at the bottom
of the tank. The side vents are wider than ordinary,

which is a very good feature, considering the sewage at

this place. The central vents, however, are chimney-
shaped and but three in number, located over the A-
shaped central slope. This is very unfortunate, as it is

impossible to clear out the accumulated scum under the

central A-shaped slopes. The troubles are further aggra-

vated by flat horizontal beams under the slopes, which
seem to catch and hold scum. Also the work on slopes

and vents is interfered with by numerous and very wide

concrete foot-ways across the tank. The accumulations

had become so great that ebullition was taking place up
through the slots.

Since the tank was single, and no portion could be cut

out, something had to be done quickly to relieve the situa-

tion. The flow was reversed and with the aid of an

extra man the scum which could be reached was churned

down. It was unfortunate that a water pressure was not

available, as this would have been of great assistance.

Even a portable pump, using some settled sewage, would

have helped. The side vents gave little trouble, but the

central chimneys began to foam with great rapidity. Lit-

tle difficulty would have been experienced with this had

a supply of clear water been available, as the foam is

easily subsided by a spray of clear water. In order to pro-

tect the settling chamber the attendant decided to dip off

and remove the foam every day, although it ran over dur-

ing the night. In a few weeks the tank began to show
signs of being quieter, especially as the summer flow of

sewage was comparatively light. The attendant was told

not to remove any more scum unless there was danger

of an overflow. Conditions are now getting to be more
nearly normal, although on account of lodged scum under

the slopes there is a constant bubbling of gas along the

line of the slots.

While the writer has no positive proof as to the cause
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of the foaming, he has this theory : The filling completely

with such a strong sewage put so much matter in the

sludge compartment that, when violent ebullition oc-

curred, the liquids were so viscous that the gas bubbles

would not break and a froth resulted—-the whole mass
"working over" much like a barrel of cider. After the

tank has "worked" itself out, the supernatant liquid loses

its viscosity and the gas bubbles break without causing

any foam. Then as new matters come in they are not

added fast enough to upset this equilibrium, and in this

regard the tank takes care of itself. If, however, it should

be drawn down very low and refilled with raw sewage, a

repetition is likely to occur, as will be shown presently.

The writer believes that before the tank was put in

commission, a fire hose should have been turned into the

sewer and the tank filled with clean water, after which

the sewage should have been turned on. This would
have given a supernatant liquid of low viscosity from the

start, which would have allowed the gas bubbles to break.

It is further believed that even after the foaming had
begun, had clean water been available and about a half

tankful carefully run into the gas vents, the troubles

would have been lessened, or the foaming could have

been effectually kept in check by a constant or frequent

spray of clean water.

Usually there is considerable ground water in a plant

before starting, but where this is not the case it would
appear that the tanks should be filled with clean water

before turning in the sewage.

On account of the lack of water and the trouble caused

by the foaming, the writer was unable to test out his

theory.

It might be mentioned that kerosene breaks the bub-

bles and keeps down the foam excellently for a short time,

but as solid matters are brought up they mix with and
absorb the oil, so that the remedy is only temporary and
foaming again begins. The scum mixed with the oil is

also harder to settle. The application of lime seemed to

have no beneficial efifect in reducing the tendency to foam.

Close observation of this new tank has tended to

strengthen the writer's views which he has before ex-
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pressed, viz.: that the gas vents should be of ample size

and easily accessible; that the under sides of slopes

should be made smooth and without any projecting

ledges or pockets; that the chimney form of vent should

be discarded and the vent opened up for the whole length

;

that wher&ver -possible a supply of clean water should

fe furnished, and that in designing tanks the character

of the sewage should be considered more carefully than

now is usually the case. A tank that will work excellently

with one sewage may become almost a failure when tak-

ing a sewage of a different character.

The second case was with a tank that had been running

two and a half years and had never foamed. Just before

the hot weather this tank was drawn down for some re-

pairs and allowed to refill with raw sewage during a dry

time, after which violent foaming occurred. The writer

happened to make the plant a visit just at this time, and

after trying several things, advised the use of a stream

of settled sewage from a portable gasoline-engine pump
which is kept at the^ plant. By this means the foam was
quickly settled and kept down until the tank had "worked"
itself ofif. In this case the writer believes it would
have been better to have refilled the tank with settled

sewage from one of the other tanks, or, better still, with

the supernatant liquid from an adjoining tank which had

been standing idle for some time.

The other tanks at this plant, which had not been dis-

turbed, worked right along without showing the slightest

indication of foaming.

DISTRIBUTING CHANNELS.

Recently the writer, in observing the operation of a new
Imhofif tank, was struck by the dissimilarity between con-

ditions in the terra cotta sewers and in the concrete con-

ducting and distributing channels at the tank. It is now
well recognized that sewers should be smooth and with

as small a wetted perimeter as practicable, yet little if any

attention is paid to those requirements at the tank. In

this case the concrete was very rough, the conduit was
rectangular, and the fastest particle moving in the flow

was traveling at the rate of but four inches a second. It

is needless to say that an enormous amount of sedimenta-
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tion was occurring in the channel, which no amount of

stirring could prevent in this eighteen-inch depth of sew-
age. It occurred to the writer to wonder why it is that

such channels are not made very smooth and semi-cir-

cular or egg-shaped, instead of rectangular.

It is recognized that the lack of head necessitates cer-

tain constructions which would not otherwise be permit-

ted, but, other things being equal, sewage should be trans-

mitted and distributed with a cleansing velocity until the

settling chamber of the tank is reached. While the writer

has usually advocated the use of pipes for distributing

purposes, it seems that some such conduit as suggested

might be made more satisfactory than those of the pres-

ent practice.

It might be interesting to mention that shortly after

making the above observation the writer happened to

drop in on an engineer and noticed that this engineer

was at work on a set of plans for a new sewage plant

which was to have semi-circular distribution channels.

The large rectangular channels across the ends of Im-
hoff tanks, separated from the settling compartment by a

weir, cause no end of trouble, and while the writer has

usually advocated a pipe for inlet and a weir for outlet, it

has occurred to him that a semi-circular channel with a

long slot in the bottom, might be a good combination for

inlet and outlet for reversible tanks. The slot could be

formed in glazed terra cotta or moulded in smooth con-

crete.

Sewage and solids would pass through the slot and a

sweep of a broom now and then would dislodge and push

through anything caught. Rectangular channels with

holes and plug valves have been used, but it seems that

these long slots would be an improvement over the holes.

The effluent would also travel up through the slot and

the flow line could easily be controlled by a short weir

across the end of the outlet channel.

SLUDGE BEDS AND SLUDGE DISPOSAL.

While the sludge bed is a very important adjunct to

a sewage tank, its management should not be a difficult

matter. It should be quite porous, well underdrained
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and not too deep. Distributing troughs are of no praC'

tical use and are only in the way.
Beds containing freshly settled or only partially di-

gested material are likely to cause oiifense from odors,

and it often becomes necessary to cover such deposits

with lime or earth to prevent nuisance. On the other

hand, well-digested or good Imhoff tank sludge has very

little odor.

Sludge can be handled faster by letting out a com-
paratively small quantity at a time, allowing it to dry,

and then removing it from the bed before the next

portion is drawn off.

Sedimentation tank sludge will probably require con-

siderable time before it will be in a condition to remove
from the bed, while well-digested and especially Imhoff
tank sludge dries so rapidly that it may be removed in

a few days. In cold weather, sludge is often advan^ge-
ously removed in a partly frozen condition. In the same
manner shallow open settling tanks may be cleaned out.

The liquids are drawn off and when the solids are

partly frozen they are shoveled out.

The disposal of sludge will depend upon local condi-

tions. It may be put on land, dumped into some low
place or disposed of in other ways, according to circum-

stances. But care must always be exercised in handling

or disposing of freshly settled or partly decomposed ma-
terials or else a nuisance is likely to occur. Good judg-

ment on the part of the attendant, however, will usually

take care of this part of the sewage disposal problem.

TAKING SAMPLES IN TANKS.

It is often desirable to take samples at various depths

in sewage tanks, for the purpose of ascertaining the

exact condition of the tank contents at different eleva-

tions, and to determine the position of the sludge line.

Several methods for doing this have been employed,

notably at those plants where laboratories were near

at hand. But the writer often has use for a simple port-

able apparatus which can be easily rigged up and used
anywhere, and after use discarded, except those parts

which can be easily cleaned and carried.
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In thinking the matter over the idea occurred of

attaching bottles at known intervals to a rod or pole;

by standing such an arrangement upright in the tank,

samples could be taken almost simultaneously in a ver-

tical line at known distances from the bottom. The
next step was to devise the simplest possible opening

and closing device for the bottles, and in consultation

with R. B. Fitz-Randolph, chief of our bureau, he sug-

gested the use of a brass plug with a central rod and
toggle. This suggestion was immediately acted upon,

and the writer made up sixteen plugs to fit our regula-

tion putrescibility sample bottles, as shown in Fig, 1.

The bottles are what are known as 4-ounce Philadelphia

ovals, with glass stoppers. The brass plug can be made
in a few minutes, as follows : A piece of J^-inch brass

rod is sawed oiif one inch long, and thi-ough the center

rod is bored a y^-inch. hole. A piece of %-inch brass rod

is cut off four inches long, and driven through the hole

in the ^-inch piece. This is then put in the lathe chuck

and the stopper portion turned to fit the taper of the

bottles, which is sufficiently exact to make the plugs in-

terchangeable. An increased taper is given the bottom

HOTTLE AND BRASS STOPPER. ROD AND TOGGLJa.
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ROn WITH BOTTLES ATTACHED.

end, SO it cannot catch upon the top of the bottle when
it drops into position. A hole is bored through the top

of the center rod and the bottom end is slotted to receive
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the toggle. The toggle is sawed from a strip of brass

with a side tongue, through which it is pinned in the

slot of the center rod, as shown.
A convenient number of bottles so fitted up can be

attached to a strip of board, say % inch by 3 inches by

any convenient length. The attachment is made by

driving into the board a wire 10-penny finishing nail,

and bending the end upward, under which bent end the

bottle is pushed, and rests upon the body of the nail

with the flat side of the bottle against the pole. The
nail and a string tied around the neck of the bottle and
the pole hold the bottles quite securely. The bottles

are spaced at desired intervals, and cords are led from
each stopper to the top of the pole and fastened to

tacks in positions corresponding to the position of the

bottles.

After affixing the bottles to the pole, with the brass

stoppers inserted and the cords arranged, the whole
apparatus is put down into the tank and allowed to

remain some minutes, until the tank becomes quiet again.

-Then the top cord is pulled, which releases the air in the

top bottle. When the bottle is full the cord is let go,

and the brass stopper falls into place by means of its

own weight, the toggle having prevented it from being

withdrawn from the bottle. The other bottles are filled

in rotation from the top down (to prevent agitation

around a bottle, due to the escapement of the air from
the bottle below), after which the whole apparatus is

taken up and washed off, if necessary. The bottles are

cut loose and the brass stoppers removed by turning

the toggles against the flat side of the bottles, which
causes them to remain upright and slip out. If desir-

able, a preservative may be added and the glass stopper

replaced when the samples are ready for transportation.

The brass plugs are washed and taken along, but the

rest of the outfit may be left at the plant for future

use, or thrown away. It is well to use rather large-

mouth bottles below the sludge line, and if samples for

dissolved oxygen are required, the bottles may be filled

with an inert gas or with some light oil in place of air.

To get a series of samples in intermediate positions
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the bottles need not be rearranged upon the pole, but a

series of stops can be attached to its lower end.

The apparatus has been found to work well in practice,

and already other workers have stated their intentions

of having some made for use.
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FILTERS.

Contact, Sprinkling and Sand Filters, Land Treatment
and Sub-surface Irrigation.

In many localities the mere straining or clarification

of sewage is insufficient for the prevention of nuisance

or pollution of watercourses. It has been stated that

the removal of only the suspended matters from a well

mixed sewage eliminates but one-seventh of the organic

impurities, while six-sevenths remain in solution.

CONTACT FILTERS.
During the past twelve or fourteen years contact

filters have been used for the purpose of treating sew-

age liquids in America, and although they are now giv-

ing way to the more rapid sprinkling filters, over two
dozen sewage treatment plants equipped with contact

beds have been installed in the state of New Jersey

alone. The disadvantages, such as area required, cost

of maintenance, etc., and the advantages, such as low

operating head, less danger of nuisance from odors and

flies, are fully discussed in books on sewage disposal, and

the advisability of building contact beds is always con-

sidered except in the cases of large installations.

The contact bed consists of an uncovered water-tight

tank, or compartment, filled with broken stone, coke,

slag, or coarse gravel, to which clarified sewage may be

applied until the interstices are filled. After the sewage

has stood in "contact" for a time it is withdrawn.

The process, therefore, has four phases, namely, rate

of filling, time of contact, rate of emptying, and period

of rest. For a long time the action of a contact bed was

not properly understood, and no doubt many failures

can be directly attributed to the fact that the relative

importance of the phases mentioned have not always

been recognized. The process is aerobic, and shutting

off air by keeping the voids of the stone filled too long

sets up anaerobic action, and defeats the purpose of the
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filter.. After a bed has been in service for a time jelly-

like films form upon the sut'faces of the stones, and
while the sewage is in contact with these films important

changes in the liquids occur by a process known as ad-

sorption. As this process is comparatrrely rapid, the

bed is soon drained to allow the entrance of a plentiful

supply of air to enable the organisms in the filter to con-

tinue the process of oxidation, and to regenerate their

bio-chemical activities. This empty or resting phase

is of prime importance, and sufficient time should always

be allowed between fillings to enable the filter to be-

come fully prepared for the next dose.

Although little is known of the actual bacterial types

in a contact bed, there seem to be at least three reac-

tions involved—hydrolysis and denitrification during the

full period, and nitrification during the empty period.

In addition to the bio-chemical processes touched

upon, there is also more or less sedimentation in a con-

tact filter. This part of the work, however, is purely

physical.

The effluent from a contact bed in good working or-

der is fairly clear, and often non-putrescible. It is quite

different from the liquids which entered the bed, al-

though it is often passed through secondary contact fil-

ters or sand beds for further treatment. In this way
sewage may be successfully handled at rates in the neigh-

borhood of half a million gallons per acre per day.

It should hardly be necessary to mention that walls

and foundations should be designed to withstand all

pressures encountered; but the writer has at present un-

der observation a filter which has to be emptied and re-

paired on account of a failure of its foundation. The
walls should also be tested for leaks, and if there are

any they should be repaired before the filter is put in

commission. An apparently insignificant; leak in a con-

tact bed so interfered with the automatic control appar-

atus of one of our plants that it went practically out of

business.

Good results have been obtained from using crushed

stone, hard coke, furnace slag, or good hard clinker for

a filtering medium. Stone is perhaps more durable and
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not SO likely to disintegrate. Coke and clinker often

give better results at first,«but as such substances choke
up more quickly, they have to be removed and cleaned

sooner than stone.

On account of the greater surface area of the par-

ticles, fine filtering material gives better results than

coarse; but as fine filters clog up much more quickly

than coarse ones, the tendency now is toward the coars-

er material. A rather homogeneous mass consisting of

particles about an inch and a half in diameter gives good
results, although fof secondary beds the material may
be somewhat finer.

While four or five feet are considered good depths for

the stone, beds are often made much shallower than

these depths on account of lack of the necessary fall.

Some of these shallow beds are doing good work.

The total volume of the interstices or voids in a new
filter usually ranges between 40 and 50 per cent of the

whole. This is reduced more or less quickly by one or

more factors, such as settling together of the material,

disintegration, growth of organic films, deposition of in-

soluble sewage substances, and impairment of drainage.

As the percentage of voids during operation may be

decreased to 20 or even 10 per cent, it is evident that

good hard material of proper sizes should be selected to

start with.

Since a bed should be emptied quickly after its period

of contact, rapid drainage should be provided for. The
best filters are now built with a false bottom of drain

tile, supporting a layer of coarse stones, above which is

the filtering material proper. This allows quick and
complete drainage, prevents the formation of objection-

able deposits of suspended matter, and aids in aeration.

The sewage in the false bottom does not get much
purification, especially in underfed beds, as it does not

come in contact with the filtering media, but this ob-

jection is insignificant compared to the benefits derived

from the better drainage and aeration.

The size of the outlet should be ample and so located

that the bed drains clean after every dose.

48



FILTERS

p-^



OPERATION OP SEWAGE DISPOSAL PLANTS.

"However well a plant may be designed, if it is not well

and skilfully managed it will become a nuisance and
bring discredit on the engineer who designed it. The
disposal of the liquid filth of a great community has an
enormous potentiality for evil, and if town authorities

believe it necessary to avert this by expanding large

sums of money on constructional work, it is their bond-
en duty to see that the plant is placed in the most com-
petent hands. Local authorities are by no means suffi-

ciently alive to this aspect of the question, with the re-

sult that too many works are left to the management
of untrained men. Hitherto anybody has been deemed
good enough to look after a sewage work, but the day

has now come when the manager should be a highly

trained technical expert if local authorities hope to get

full value out of the sensitive entity which we call a

bacteria bed."

While the above is quoted to emphasize one of the

fundamentals of sewage disposal, it is by no means in-

tended to discourage any conscientious person in charge

of a sewage treatment plant. Let the plant attendant

study the principles of his filters, all the local conditions

involved, and the desired end to be obtained. He should

work according to standard methods of procedure, but

should always be on the lookout to make changes there-

from whenever results justify. His records should be

so kept that they will demonstrate the advisability of

any departure from the usual practice.

New contact beds require a certain time in which to

ripen or become efficient. This may take days or even

several weeks, depending upon the temperature or what-

ever else affects the growth of the bacterial films on the

surface of the substances which are used to make up the

filters. Until these growths are established there ^yil1

be little or no purification, and during the ripening

period it is well to throttle the outlet valves and emptv
slowly because a very rapid or violent draining tends to

retard the formation of the films.

The time of filling a contact bed will of course depend
upon the relation of its capacity to the rate of flow of

the incoming sewage. The actual filling time, however,
should be reasonably shorty say about an hour, but in
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many plants this time is often exceeded without serious
consequences. Since the process of adsorption requires
only a relatively short time, holding sewage in contact
beds beyond this period tends to set up undesirable
anaerobic conditions, which are detrimental to both the
beds and the effluent.

When the bed is too large, partial filling may be adopt-
ed. This is either regulated by hand, or the automatic
control apparatus is adjusted to change over the feed
when the proper depth of fill has reached that deter-
mined upon. Some beds have partition walls, the gates
in which can be opened or closed to adjust the capacity
of bed to sewage flow. One or more beds are some-
times cut out, using only enough to give the proper ro-

tiition.

It must be borne in mind, however, that the main
process of oxidation is done during the empty or resting

period, so that the time of filling should not be cut

down in order to cause too rapid rotation of beds, for

this would interfere with proper aeration on account of

shortening the periods of rest.

Formerly it was thought that at least two hours stand-

ing in contact were quite necessary. This time has now
been considerably reduced. Some authorities recom-
mend a holding for only fifteen or twenty minutes, while

a few start to empty the beds as soon as full. In gen-

eral, the writer prefers a standing-full period of about a

half-hour, but there are many circumstances that may
arise which will justify a slight change in this period.

The time of emptying should be short and the drain-

ing should be complete. This is important, as by so do-

ing aeration is aided and the accumulation of sediment
is retarded, thereby maintaining the efficiency and pro-

longing the life of the bed.

At one of our plants the attendant changed the point

of cut-off of the outlet siphons, which retained about

seven inches of sewage in the contact beds. When this

was discovered and the siphons repaired so that the

beds drained completely, a large amount of collected

sediment came out of the beds at the first discharge.

The importance of the period of rest is not always
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recognized. It is during this period that the bulk of

the oxidation process is carried on, and the regeneration

of the bio-chemical activities brought about. About
. two or three filhngs per day is considered good practice,

although sometimes this rule cannot be adhered to.

The regular rotation of the beds is important, and when
the best routine is determined upon it should be care-

fully followed. The writer does not approve of the

practice employed at some places, of storingtMe"wagid''in

one or more beds over night. It is difficult for beds so

treated to recuperate.

Notwithstanding the foregoing, it may be interesting

to call attention to the performance of one of our con-

tact bed plants. The four beds received the effluent

from a septic tank through a pair of alternating siphons.

The hand gates were changed at 6 A. M. and at 6 P. M.,

so that for twelve hours the discharge emptied into two
beds and for the next twelve hours the discharge went into

the other two beds. The outlet valves were partly closed

so that the intermittent discharges of the siphons would
fill up the beds considerably, but would not cause them to

overflow. The beds were composed of comparatively fine

slag and cinder, and for years gave an effluent which was
clear and non-putrescible. As time went on the sewage
flow so increased that the siphons would not break, so

that a continuous flow entered the beds for a period of

twelve hours. Even then the plant turned out a non-
putrescible effluent for about eight hours after each
changing of gates at the enormous mid-day rate of six

million gallons per acre per day. For a single contact

plant this seems somewhat remarkable.

Although the underfeeding of contact filters has ad-

vantages, the writer prefers, when possible, to have the

beds top fed, especially if the effluent is not discharged
into settling basins. He does not attach much impor-
tance to the distribution of the dose over the top of the

bed, nor does he approve of a layer of fine stone over the

coarser material. On the other hand, if there is much
suspended matter in the influent the attendant can ar-

range a small crib or barrier of cinder or stone, which
will strain out a very large proportion of the suspended
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CINDER BARRIERS ON CONTACT BEDS IN WINTER.

matters. This arrangement, if given frequent attention,

is easily cared for, and at some of our plants is produc-
ing good results. Elaborate systems of trough and tile

distributors are unnecessary, and in the end do more
harm than good.

It is often the misfortune of a conscientious street su-

perintendent to be put in charge of a set of contact beds
equipped with some form of automatic control appar-

atus. When he examines the outfit he sees a mass of

pipes, valves, and what not. What he does not see is

under water, stone or concrete. He should have an ac-

CONTACT BEDS WITH WOODEN TROUGH DISTRIBUTION.
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curate drawing in a frame behind glass, hanging in the
control house, but he hasn't; and there is probably no
such drawing in existence. These forms of apparatus
are often so changed in the setting that it is difficult for

even an expert to explain the purpose of every part off-

hand. In addition to this drawing, the attendant should
have posted a brief set of instructions in regard to the
apparatus. This also applies more or less to the whole
sewage plant. In an emergency it is often difficult to

locate the right valve without a correct diagram. Many
times the approved plans on file in the office of the cen-

tral state authority are utterly worthless in this regard.

A discussion of the good and bad points of sewage
control apparatus and of the many difficulties experi-

enced with them would fill the pages of a book. The
writer does not condemn them, but wants it clearly un-

derstood that they must be watched, and carefully ad-

justed if they get out of order. They cannot be trusted

to run themselves. Worn parts must be replaced, air

AIR LOCK AUTOMATIC CONTROL APPARATUS FOR
CONTACT BEDS.
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leaks stopped, stoppages removed, metal parts painted,

etc. These things are self-evident. But every little

while the flow fails to change over, a siphon fails to

hold, a feed fails to lock off, and many times it seems
impossible to locate the cause. The best the attendant

can then do is to adjust matters and trust to luck to find

out the cause next time. Sometimes the apparatus is

affected by circumstances over which the attendant has

no control, such as storm, high tides, etc. At such times

his personal attention is again demanded. The attend-

ant must, therefore, find out in any way possible the pur-

pose of every bell, pipe, valve, lever, float or bucket mak-
ing up "the control apparatus, and what to do in case of

failure of operation. He must not wait until something
happens to do this, but must be prepared to do the right

thing in case of emergency. It is difficult to trace out

pipes after everything is overflowing. But whenever
possible he should determine and remove the cause of

failure to operate. He should also study the limitations

and possibilities of the control apparatus so as to be

able to make adjustment in order to work the beds to the

best possible advantage. A properly installed and
looked after control apparatus will work quite satis-

factorily; but unless it is in competent hands a plant is

better off without it.

The surfaces of contact filters should be kept free

MECHANICAL AUTOMATIC CONTROL APPARATUS FOR
CONTACT BEDS.
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from weeds and soil formation. Everything which closes

up the spaces between the stones cuts ofif the free access

of air by so much. The same is true of fungous growths.
Surfaces which remain wet soon become coated with
fungus and blue-green algae. Whenever possible these
should not be allowed to form, and if the surfaces are

kept clean so that they will dry between doses these
growths will be largely prevented. The writer has in

some cases advised the cautious application of chloride

of lime to keep down these objectionable formations.

When a bed becomes much overworked it is advan-
tageous to cut it out and let it rest for a few weeks.
This will give it a chance to recuperate and allow a good
deal of the accumulated matter to dry up and unload.

Sooner or later, usually in about five or six years, de-

pending upon local conditions, the filtering material of

contact beds has to be removed and cleaned either by
washing or by drying and screening. This is an expen-
sive operation, and every effort should be made to keep
the beds in good condition as long as possible. Every
bit of suspended matter kept out of the beds means
something towards increasing their life.

No sewage works is complete unless there is provision

for reading the flow of its incoming sewage accurately

and conveniently. Among other things, the attendant

should keep daily records of the sewage flow and times

required to fill the beds. By this means he can watch
the decrease in capacity of each bed. These data will be

useful as the beds begin to age. He should also note

any unusual appearance of the effluent so that it can

be correlated with other results. More will be said

later concerning tests and records, but _ it may be

mentioned that every plant attendant should at least

keep daily records of putrescibility tests. This test is

easily performed by almost anyone. A sample of the

effluent is taken in a glass-stoppered half pint bottle

filled to overflowing. One or two drops of a one per

cent solution of methylene blue are added and the stop-

per inserted by a twisting motion to avoid breaking

the bottle and without allowing a bubble of air to re

main. The bottle is then kept tightly stoppered at the
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ordinary temperature and observed every day. The blue

color should remain fourteen days or more, but a color

remaining five or six days indicates that considerable

purification has been accomplished while the disappear-

ance of the color in a day or two shows that something
is decidedly wrong.
Two forms of methylene blue have been used and rec-

ommended. One is the usual laboratory stain, while

the other is the zinc double salt used in dyeing. The
latter is much stronger in color. Avoid using too much
blue for fear of interfering with the test. Add only

enough to give a good color, and record the first dis-

appearance, as the color sometimes returns.

We have in New Jersey a plant which has filters that

have been called both contact beds and trickling filters.

They are composed of rather fine gravel, and receive

doses from siphons which discharge into a system of

distributing troughs. The effluent from the primary beds
passes through similar secondary beds, and its deten-

tion in the beds is very slight. When operated within

its capacity, this plant gives good results. Such a plant

forms a connecting link between contact beds and sprink-

ling filters, and, as in the case of sprinkling filters, even
distribution of the dose is of prime importance.

SPRINKLING FILTERS.
In many respects sprinkling filters are very similar to

contact beds; in fact, the Columbus filters are built

so that they can be operated as contact beds if so desired.

On account of the high rates of operation, they are con-

siderably cheaper than other kinds of installations for

secondary or oxidation treatments of sewage, and they
are now always considered in the designing of works
for the larger cities.

Briefly, sprinkling filters consist of a pile of moder-
ately coarse stone or similar material upon which is

sprayed, or delivered in fine jets, the clarified sewage to

be acted upon. The beds must be well underdrained
and well ventilated so that a plentiful supply of air per-

meates the filters at all times.

Although this type of treatment had been established

in England for a few years, the first recommendation
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of its adoption in this country was made in 1903. For
lack of funds, however, the plant was not built for near-

ly ten years thereafter. In the meantime, sprinkling fil-

ters were built at a few other places, and at present

there are in New Jersey three such plants in operation,

with several others in the process of construction.

The filtering material generally used in this country
is crushed rock, although several other materials are

good, provided they are hard and not susceptible to

disintegration. The writer has had experience with cheap

salmon brick for this purpose, and while the purification

of the sewage was fair the frost during the winter caused

a very excessive crumbling of the bricks.

Although the size of the particles is important, this

depends upon several factors. Fine material presents a

greater total surface area, but there is greater tendency
for the interstices to become clogged with sediment or

growths. In sprinkling filters both processes of contact

beds, adsorption and regeneration, take place simultane-

ously. Therefore there should be as great a surface as

possible presented to the sewage and nothing should be

allowed which will interfere with the proper aeration

of all parts of the beds. In general, good hard crushed

stone, from one to three inches in size, is considered

good filtering material. About six feet is considered a

good depth, although here again there may be a variation

according to circumstances.

The underdraining is of very great importance, and
the writer advises a false bottom construction so ar-

ranged as to permit the least obstruction to free drainage

and ventilation.

In order that the filter shall work at its maximum
efficiency, there must be even distribution over the sur-

face so that all particles will receive their proper share

of the dose. To accomplish this, several forms of dis-

tributors have been devised. Rectangular traveling dis-

tributors and revolving perforated arms have been ex-

tensively used in England and Germany, while Ameri-

can engineers have generally adopted some form of fixed

spraying nozzle. These are so arranged that the area

of the stone is quite evenly covered by the inverted.
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conical sprays, especially when provision is made for

varying the head during the dose. The variations in

head are brought about by a butterfly valve worked by

a cam, or by a tapering dosing tank emptied by means
of an automatic siphon. The maximum head on the

nozzle is from five to eight feet. This is reduced as

the discharge goes on, so that the spray becomes con-

tracted and wets the stone nearer the nozzle. Then
the flow is suddenly cut oif for a few minutes until the

next dose. While this undulation may be of little ad-

vantage to the process of purification, as shown by

constant discharge upon splash plates working beside

the other process, it nevertheless permits of a better

surface distribution, and allows the use of a nozzle with

a larger opening. There are now several good nozzles

on the market, and in selecting one for an installation

its distribution, liability to clogging, chance of becoming

detached from its riser, and how it is to be cleaned

should be considered. The writer once, when visiting

a plant to take a picture of the nozzle sprays, found

some nozzles blown out; others held down, each with

a stone upon the spreader, and 90 per cent, of the rest

partially or completely stopped up.

At one of our factory installations the distributing

pipes are above the stone, and the nozzles are inverted

with the rims of the spreaders upturned. These give

SPRINKLING FILTER WITH INVERTED NOZZLES,
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good sprays, and whenever the discharge ceases the

whole system drains, which not only prevents freezing

at night but also retards the formation of fungous
growths in the nozzles. Although the character of the

sewage may partly account for it, these nozzles do not

require any attention oftener than once or twice a year.

In order to reduce the clogging of nozzles and surface

of the bed, the sewage delivered should be well clarified,

and rags, lint, hair, leaves, match sticks and the like

should be especially guarded against.

As the final effluent always contains more or less sus-

pended matters unloaded from the stones, a final settling

tank is often advisable, especially if the effluent is to

receive further treatment. This suspended matter is

highly putrefactive when collected together, although a

sample of the effluent, as it leaves the filters, may be

entirely non-putrescible.

The writer does not believe that covers to sprinkling

Biters are necessary or even advisable in this latitude.

He knows of an uncovered sprinkling filter working suc-

cessfully at a temperature of 16 degrees below zero.

From the foregoing it can be seen that it is the duty

of the plant attendant to keep every nozzle doing its

work; to keep the surfaces of the beds free from any
growth, ponding, or other accumulation which will tend

to obstruct either even flow down through the stones or

free ventilation ; to watch the condition of the effluent

as to both its putrescibility and amount of suspended
matter; to keep valves and other appliances in good
order, and to be on the lookout to prevent troubles of

any kind. The process, being continual, needs daily

attention. The nozzles should be examined every day;

growths may be corrected by the judicious application

of a disinfectant, such as chloride of lime; the flow of

sewage should be read and recorded daily, as also the

results of putrescibility and sediment tests. The putres-

cibility test is performed by means of methylene blue as

described under contact beds, and the sediment test

as described under tanks. Ponding is often the result of

a partially clogged or a blown-out nozzle, and when
this occurs repairs should be made at once.

61



o

M

H
CO

H

O
O

Q
H
m

Q

<;

o

Pi



FILTERS.

There are other systematic analyses which should be

made by the trained attendant with a laboratory, but

these will be taken up later.

In putting a new filter in service the attendant should
keep a record of its work, for some mature rapidly while

others take a longer time. The writer has now a non-

putrescible sample from a sprinkling filter which has

been in operation only four weeks, during which time

there had been several days of zero weather.

FINAL, SETTLING BASINS.
As intimated above, these are generally installed to

receive the effluent from sprinkling filters, and often to

receive the effluent from contact beds. For this pur-

pose the writer prefers the Imhoff type, if possible,

although plain settling tanks answer very well, provided

they are cleaned out frequently. If they are operated

continuously for a long time, putrefaction sets up, re-

sulting in a scum formation and a deleterious effect upon
the effluent. The sediment should be drawn off, drained

and disposed of as sludge.

SAND FILTERS.
Sand filters are often used for the treatment of the

liquid effluent from other processes of sewage disposal

as well as for the treatment of raw sewage. Such a

treatment, if properly managed, gives an excellent efflu-

ent which is highly oxidized, free from suspended matter,

perfectly stable, and with a very low bacterial count.

One of our sand filter plants which receives sewage from
settling tanks gives at times a perfectly clear and stable

effluent, with a total count of less than 200 bacteria to

the cubic centimeter. Effluents of that character have

often been drunk directly from the discharge of the un-

derdrains, but the writer does not recommend or advo-

cate, under any circumstances, the drinking of the efflu-

ent from any of the present systems of sewage disposal.

Sand filters originated in England over forty years

ago, and since that time they have been extensively em-
ployed in that and other countries. It was largely due

to the work of the Massachusetts State Board of Health

that the process of intermittent sand filtration was
brought to a high degree of development, and for years
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the annual reports of that body have contained valuable

information and data concerning sand filters and the re-

sults of their use.

SEWAGE BED OP NATURAL SOIL WITHOUT UNDER-
DRAIN.

Wherever cheap sandy areas have been available, in-

termittent sand filtration has been considered a very ac-

ceptable method of sewage purification, and until recent

years it was practically required that the output of a

sewage treatment plant, if discharging into a small

stream or into one used for a water supply, be an efflu-

ent from a sand filter or its equivalent. This often ne-

cessitated the transportation of sand, screened or natural,

for considerable distances. In the state of New Jersey

alone there are about three dozen plants equipped with

sand filters of one kind or another, ranging from natural

soil areas to artificial beds composed of carefully se-

lected screened filtering sand.

Notwithstanding the fact that this process gives an
effluent the characteristics of which are almost ideal, the

cost of such treatment is prohibitive for large quanti-

ties of sewage because of the expense of the area of

ground necessary and of the sand required for the fil-
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ters. Often in the neighborhood of cities a suitable site

of sufficient area is not to be had at any price. Under
those conditions other methods of treatment, some of

which require one-tenth or less space, must be adopted.

The filtering material for intermittent beds may be,

as before intimated, almost any porous soil, or other

fine grain material. For instance, we have in this state

beds of natural sandy loam with a few underdrains, beds

of natural sand and gravel with no artificial underdrains

whatever, beds with underdrains over which has been
placed sand carted in from the pits just as it was ex-

cavated, and beds composed of sand carefully screened
according to specifications.

While any of these types of beds will work, good re-

sults depend largely upon the operation, which is some-
what different for each kind. If a natural area has to

be used, then the only thing to do is to adjust the opera-

tion to the local conditions; but whenever artificial beds

are constructed, several factors should be carefully con-

sidered. The size of the sand is important, as it has a

direct bearing upon rates of application, free drainage

and aeration. Fine sand gives an effluent with a low
bacterial count, but unless very small doses are applied,

with long periods of rest between, the substances in so-

lution will not be oxidized, and a putrescible effluent will

result. On the other hand, coarser sand will give non-
putrescible effluents at higher rates, but at the expense
of the bacterial reduction. An effective size of 0.25, 0.3,

or 0.4 millimeters, therefore, becomes a matter of choice.

The sand should, however, be as homogeneous as possi-

ble, with a low uniformity coefficient and not stratified in

layers, except, perhaps, around the underdrains where
gravel or fine stone may be placed. Stratification inter-

feres with the proper aeration of the bed, and a coarse

layer overlying a fine one results in a clogging which is

difficult of removal. For this reason new or cleaned sand
should never be put on a dirty bed. The bed should be

first scraped down to clean material and then clean sand

applied. Care should be used to exclude, if possible, all

fine dirt or clay material, as such substances by holding

water very seriously obstruct free drainage and aeration.
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AM the- bulk of the purification is done in the upper

layer's of the bed, a depth beyond two or three feet is

liardly justifiable. Still, a deeper bed can be cleaned

more times before it becomes necessary to replace the

sand than can a shallow one.

The underdrainage of sand filters is very important,

and if the natural drainage is insufficient, then artificial

drains must be provided. No set rule can be given for

spacing underdrains, but enough must be provided to

insure a complete and rapid removal of the water as fast

as it can get through the sand. The drains should be

so laid that the water has free access to the pipes. The
writer has already had the experience of having to have

removed from underdrains obstructions of muslin and

tar paper, . which were wrapped about the underdrain

joints when laid.

ARTIFICIAL. SEWAGE BED.
Receives Septic Tank Effluent.

66



Filters.

Unless it is impossible to do otherwise, sand filters

should never be located in wet or marshy ground so

that the bottoms of the beds are soaked and water-
logged. Under such conditions the lower portions of

the beds become black and filled with muck, and a good
effluent is not produced. The writer also prefers not

to have the underdrains discharge under water, or so

located that high water in the stream backs up into

drains or beds.

It certainly should be evident that if parts of the bed

do not receive any sewage those parts are not doing any

work, and consequently the capacity of the bed is re-

duced by just so much. This, however, does not seem
to be always realized, for the writer frequently finds sand

beds with 30, _ 50 or even 80 per cent, of the sand not

receiving any of the dose, while the wetted areas are

very much overworked. In many cases there had been

no provision made for even distribution. Even distribu-

tion over the surface of the bed is of great importance

and if the flush of sewage is insufficient to cause the

bed to be covered, then some form of distributing sys-

tem must be provided, which may be composed of tiles,

wooden troughs, furrows, or multiple inlets.

All gates or valves controlling the flow onto the beds

should be of a type which will close easily and be tight.

A slight leak or dribble upon a portion of the bed keeps

that part wet, induces growths of troublesome organ-

isms, and effectually puts that much of the bed out of

commission. Hand gates consisting of stop planks

against which the attendant has to pile dirt are only

make-shifts and are to be deplored.

In many cases automatic appliances for dosing the

sand beds are employed and when supervised by a com-

petent person are quite satisfactory and effective. What
was said concerning dosing apparatus for contact fil-

ters will apply to the apparatus for sand beds, as in

many cases the types are identical.

Sand filters are by no means "fool proof" and unless

operated in a careful and intelligent manner they may
become a source of nuisance and a total failure.

The successful management of sewage sand filters de-
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pends upon the fact that they must be operated strictly

in accordance with the natural laws which underlie the

process. In every case failure is traceable directly to the

violation of one or more of the fundamental principles,

and the plant attendants have almost invariably believed

that the beds were for the sole purpose of straining out

the suspended matter. Too often the term "intermit-

tent" in its proper sense is entirely lost sight of. Since

the process is one of oxidation it necessarily follows that

the doses must be applied in small quantities for short

periods of time, and the beds allowed to drain and air

between applications. The continuous application of

sewage to sand beds for over 24 hours at a time will

have serious effects upon the effluent, and will so in-

jure the beds that a very abnormal length of time will

be required for the beds to recuperate. No bed should

be used longer than a day at a time and it would be

much better in many cases to change the flow twice a

day, especially in warm weather. When automatic dos-

ing apparatus are used the successive charges should go
upon separate beds in rotation, except perhaps in the

case of small plants in which the bed will have, time to

drain and air before the next dose has accumulated.

Even under such conditions it would, perhaps, be better

to have a greater number of smaller units so that the

dose would not be held so long as to get foul before being

applied to the sand.

It will not be necessary to go into a discussion of the

chemistry and bacteriology of sand filters, as these sub-

jects are taken up more or less in treatises upon sewage
disposal. The attendant should, however, realize that

important chemical changes must be produced in the or-

ganic substances passing through the beds. These
changes will not occur in sterile beds nor in those in

which the proper kinds of organisms have not been al-

lowed to develop or thrive.

The organic substances are oxidized, nitrogen appear-
ing in the form of nitrites and nitrates, and carbon and
hydrogen as carbon dioxide and water.

The organisms responsible for these changes are aer-

obic and belong to two groups; viz., Nitrosomonas,
the nitrite formers, and Nitrohacter, the nitrate formers.
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They are sensitive to their environment and if de-

prived of air or interfered with by anaerobic conditions

their activities cease. It, therefore, becomes necessary

for the attendant to see that the sand bed gets an even
dose of sewage of short duration, and a sufficient period

of rest before the next application, for the process is not
merely one of straining out the suspended matter.

The writer once visited a sand filter plant, the beds of

which received the effluent from a septic tank. The sew-
age was about a foot deep upon the beds, and in it

SECONDARY SAND BEDS.

was a considerable growth of algae and large numbers

of mosquitoes in all stages of development. The efflu-

ent from the beds was perfectly clear and with almost

10 odor, yet the substances in solution had undergone

no purification whatever. The liquids were highly put-

rescible, and when incubated over night they developed

an odor which was extremely offensive.

Considerable skill is necessary in managing beds hav-

ing sluggish drainage, ynder such circumstances the
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attendant must make the best of a bad bargain. Ho
must arrange to give each bed the shortest dose consist-

ent with the longest period of rest, bearing in mind that

it will not do to dose the bed for several days, although

a longer rest is to be provided. Neither is it proper to

rotate so often that all of the beds are wet practically all

of the time.

The bed must dry, especially on the surface, at frequent

intervals, and preferably between applications. Unless
this is done very objectionable growths of fungi, blue-

green algae, or green algae are bound to occur. These
growths cause undue clogging of the surface of the sand,

hinder the drying of the bed, and add considerably to

the cost of cleaning. Preventative measures are by far

more advisable than curative. Although these growths
cannot exist on dry surfaces, it sometimes becomes advis-

able to kill them out as they begin to form. Chloride of

lime is useful in destroying fungi, and copper sulphate

has been used to keep down growths of algae on some
of our sewage beds.

From the foregoing will be seen the necessity for tight

valves and gates, and the attendant should be sure that

the flow is completely cut off when a valve or gate admit-
ting the dose is closed.

Sand beds should be kept continually free from weeds
and vegetation, a's such things "constitute a perpetual

plague." It is not unusual to see a neglected bed cov-
ered with a crop of tomato plants grown from seeds

deposited by the sewage.

No set rule for cleaning sewage beds can be laid down,
but the accumulations must be scraped up and removed
as soon as they become sufficient to interfere in any way
with the proper working of the beds. Nothing should
be allowed to retard the entrance of the water into the
sand. Under normal conditions the layer of deposits

cracks and curls as it dries, so that it can be removed
easily without taking up much sand. When large areas
of natural soil are employed it is usually only necessary
to plow a.nd harrow the ground at frequent intervals.

In these cases it is often well to have a flat clean area,

over which the sewage may flow before reaching the
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beds, and upon wMch the solids may be deposited to be

scraped up and removed, unless the sewage has previous-

ly passed through a settling tank.

Some soils are improved by plowing in sewage humus,
but in most cases precautions should always be taken to

prevent as far as possible the working of sewage humus
down into sand beds.

It is necessary that the sand or soil be kept in a loos-

ened up condition to enable the sewage to pass through
rapidly and a sufficient quantity of air to penetrate as

deeply as possible. This is an important point and one

which is often overlooked. A plow, harrow, or cultiva-

tor may be used, depending on the nature of the bed;

but if the bed is to be cleaned before the next plowing,

the surface should be left as smooth as possible to facil-

itate cleaning without removing much sand.

The winter management of sand beds in cold climates

requires judgment and forethought on the part of the

attendant. In New Jersey the winters are usualjy not

severe enough to be troublesome. For one or two years

some of our northern beds were operated by the Brock-

ton method of furrowing them so as to have ridges to

support the ice which formed. The beds could then be

worked in the furrows under the ice. .At the beginning

of a cold snap the bed is flooded so that the sand does not

freeze, and after the ice has formed it affords protection.

For the last three or four winters the furrowing has been

dispensed with, the temperature of the sewage and proper

management being sufficient to keep the beds open. When
the beds are not ridged in cold weather, care must be

taken to prevent the sand from freezing to such a depth

that the next dose of sewage will not thaw it out; and
also, should a layer of ice form, this must not be let

down upon the surface of a flat bed aiid allowed to-

freeze fast, or else the bed will go out of business until'

warm weather. One of our plant attendants let his fil-

ters freeze up this winter, which put them out of com-
mission for some time. This would have been prevented

by the application of sewage at the proper time.

The Worcester method of scraping the surface into lit-

tle piles on the beds when cleaning in the autumn has
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merit in that the top of the bed is left flat while the piles

form a support for the ice, and the cost for the subse-

quent cleaning is less than that of furrowed beds.

The winter operation must be somewhat different from
that in summer. Higher rates often have to be employed
and longer rests given to the beds. Consequently, under

those conditions the effluents are not likely to be as good
as in summer; yet with sufficient area and proper man-
agement very good results can be obtained in cold

weather. During cold weather large doses should be ap-

plied suddenly in order to thaw out the frost, for a slow

discharge is likely to freeze as soon as it spreads itself.

In some cases it will be well to cut off the distribution

system, and direct the flow under the ice in a sufficiently

large stream to prevent freezing. In very cold weather
it is well to use only a few beds, adding others whenever
a sufficiently warm spell occurs, and resting some which
have been hard worked. In regard to these points much
will depend upon the attendant's knowledge of the local

weather conditions, his foresight, and good judgment.

The writer has had several opportunities of demon-
strating the advisability of plowing up and removing veg-

etation from areas set off for sewage disposal purposes.

In one instance the beds were composed of stiff soil and
clay. In order to increase the drainage, large ditches had

LAND FILTRATION AREA, RECEIVING RAW SEWAGE.
Kept plowed and free from vegetation—corn is sometimea

raised on the idle beds.
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been opened up over the underdrains, and filled with
cinders and porous material. The plant was then allowed
to take its course, with the result that the beds became
flooded, and overflowed. What went through the under-
drains was clear but highly putrescible. A considerable

amount of grass and weeds had grown on the beds, and
mosquitoes were abundant. The effluent ditch was in a

very bad condition, and showed evidences of serious pol-

lution. This is the condition the writer found at his first

visit. It was very difficult to get the attendant to plow
up the beds because he said it would make matters

worse. The authorities were finally induced to plow
and harrow the beds frequently, to alternate the doses,

and to provide for better distribution. Good results

were immediately produced. The ditch cleared up, the

effluent became non-putrescible, and the mosquito-breed-
ing place disappeared.
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At another place, after much effort, the attendant was

induced to plow up his sewage beds, which consisted of

soil and more or less disintegrated red shale rock. The
first plowing was quite difficult and was not completely

done, but iriiprovements were so apparent that the at-

tendant volunteered to repeat the plowing later on. Now
the beds are plowed and harrowed regularly, and are pro-

ducing an excellent effluent.

Another plant is now under observation, where for

years sewage has flowed over the vegetation upon the up-

per portions, and has formed ponds upon the lower parts.

The removal of grass and a thorough plowing was ad-

vised. Tests of the scheme were made last summer by

the owners of the plant, and as a result the plan is to be

adopted for the whole plant this year.

LAND TREATMENT.

The disposal of sewage on land, sometimes known as

Broad Irrigation or Sewage Farming, is, perhaps, the old-

est method of sewage treatment. It is probable that in

China and Japan human excreta have been utilized on
land for thousands of years, while as early as 1559 a sew-

age irrigation area was established in Prussia. Later on
considerable attention was given to sewage farming in

England, and afterwards irrigation areas were estab-

lished in many places on the Continent. In 1876 the first

area for the city of Berlin was put in operation, to which
other areas have been added, until the farms now are the

largest in the world and cover nearly 50,000 acres of

ground.

BROAD IRRIGATION.
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The objections in regard to area required for the pro-

cess of intermittent sand filtration apply with more
force in the case of broad irrigation, for the reason that

a much larger area is required for the treatment of a

given quantity of sewage by the latter method than by
the former. Usually only about 10,000 gallons per acre

per day can be successfully treated upon a broad irriga-

tion area, while ten times that amount can be taken care

of upon a good sand bed. Unless carefully managed, the

process is likely to be objectionable if near built-up com-
munities on account of odors, flies and unsightliness.

However, 4,000 people actually reside on and take care

of the sewage farms of Berlin, and considerable quanti-

ties of forage, cereals, and vegetables are raised. Even
fish are raised in some of the ponds and drains, and are

made to yield a revenue. In some other localities good
crops have been raised, notably in California, but take

it all in all, sewage farming is not a paying operation,

and it is rapidly going out of favor, except, perhaps, in

very dry regions.

There are only two sewage plants in the state of New
Jersey which may be called broad irrigation plants, and
upon these only a limited amount of hay is cut. The sew-
age is run out into furrows or ditches and very little sys-

tematic attention is given to the areas.

A low or marshy area should never be selected to re-

ceive sewage, because under such conditions there is

danger of a nuisance without a purification of the sew-
age. Light, sandy or loamy soils with free drainage are

the most suitable, while stifif clay is almost worthless.

The areas should be laid out with some system, so as

to dispose of the water to the best advantage. If crops

are raised, good judgment must be used in the selection

of the kinds which will be the most suitable under each
particular local condition. The attendant must know
just how much water each crop can stand, and to pre-

serve the proper balance between the raising of crops and
the disposal of the water often requires considerable skill

and experience. Usually in wet weather, when the crops

need the least added water, the sewage flow is the great-

est; hence its disposal at such seasons is more difficult.
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Filters.

Grease and the larger suspended matters should be

excluded, as these often seriously interfere with the

growth of certain crops. The furrows or ditches should

be laid so that the sewage is distributed evenly over the

area, and in such directions that the ground is not washed
in gullies in time of^showers. The flow should be fre-

quently changed from one area to another to prevent

any part of the field from getting "sewage sick."

Corn and forage crops are raised and sometimes fruits

and vegetables, but there is quite a sentiment against

the growing of crops for human consumption upon sew-
age farms. Certainly berries, salad greens, celery, and
low growing fruits and vegetables, which are eaten raw,

should not be raised.

Although somewhat apart from the subject, it may be

well to mention that extended sewage areas often have a

direct effect upon neighboring wells. Such wells should

be frequently examined, and in the location of new
works the wells in the vicinity should be considered.

English researches "have shown that specific bacteria

may pass for a distance of two miles in less than three

days through chalky soil of a porous nature."

SUB-SURFACE IRRIGATION.
For small estates and institutions a system of ramify-

ing lines of open-jointed tile pipes, laid from one to two
feet under the surface of a porous soil, provide a very

suitable method of disposal of the liquid wastes. As
much grease and suspended solids as possible should be

retained in cesspools or tanks. The overflowing liquids

should be discharged into the pipes and allowed to soak

away. The discharge should be intermittent, preferably

by means of a dosing tank and siphon. The total area

should be laid out in units so that the doses can be di-

verted from one to another in rotation at intervals of a

few days. When an automatic dosing apparatus has not

been installed, the attendant must change the flow by
hand at frequent intervals.

Such a system should never be placed in a low or

marshy piece of ground. The writer once visited such a

plant, taking sewage from an institution. The sewage
and ground water had completely saturated the land and
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had risen above the ground in a pond of stagnant filthy

mass of sewage. The plant had to be abandoned. A dry,

free draining location, with porous soil, should be se-

lected and great care should be used in laying the laterals,

or else there will not be even distribution. Some inge-

nious terra cotta connections hav^ been made for join-

ing laterals to main distributors so as to enable equal

portions of the dose to flow into each lateral. There
should not be any trees nearby, as the tiles will become
completely stopped up with roots. As bacterial action is

best near the surface of the soil, it follows that the pipes

should not be deeper than necessary to place them be-

yond disturbance and severe frost.

There is one comparatively large installation of this

type in the state of New Jersey which takes care of the

entire sewage from a county institution. In addition,

there are quite a number of smaller sub-soil irrigation

plants for private estates and residences, and those lo-

cated in suitable ground are giving satisfaction, with
comparatively little attention.
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IV

DISINFECTION.
Purpose and Principles—Condition of Liquid Necessary

for Success—Applying Hypochlorite—Liquid

Chlorine. .

.

The methods and processes previously described have

had to do mainly with the primary object of sewage puri-

fication—its conversion into a stable form, so that it will

not putrefy and create a nuisance, brought about by the

oxidation of the organic matter. True it is that the older

and slower processes, such as slow sand filtration, com-
bined with the oxidation of the organic matter a very

substantial bacterial reduction. But the more rapid

methods, such as the contact or sprinkling filter proc-

esses, have comparatively little effect in reducing the

numbers of bacteria, although the organic oxidation may
be quite complete.

On the other hand, the process of sewage disinfection

has for its sole purpose the destruction or elimination of

bacteria, particularly the objectionable bacteria and the

germs of diseases likely to be found in sewages or dis-

posal plant effluents.

The pathogenic organisms are, after all, the direct

sources of danger in the use of sewage-polluted waters,

although an excessive amount of unoxidized sewage is

fatal to fish life on account of its elimination of the nec-

essary dissolved oxygen. Furthermore, shellfish are

often so seriously contaminated by pathogenic organisms
in sewage-polluted waters that disease results when these

contaminated shellfish are eaten in the raw state. While
long storage or other treatment of a moderately polluted

water practically renders it safe for potable purposes,

there has not yet been found a very practical and relia-

ble method of disinfecting shellfish. And although the

transfer of shellfish from polluted to pure water has a

marked benefit upon their sanitary quality, yet the de-

struction of all pathogenic organisms at the mouth of

79



OPERATION OP SEWAGE DISPOSAL PLANTS.

the sewer would certainly aid in safeguarding the sani-

tary quality of the shellfish within the adjacent waters.

A great variety of processes for the disinfection of

sewage and sewage effluents have been proposed from

time to time. Obviously the ones most desirable are those

which are efficient at a reasonable cost. Among the

agents proposed may be mentioned, heat, lime, acids

ozone, permanganates, salts of the heavy metals, and

chlorine and its compounds. The actions, comparative

results and costs of these agents have been discussed

more or less at length by Rideal, Dunbar, Phelps, Kinni-

cutt, Winslow, Pratt, and others.

In New Jersey only three of the above agents have

been used, namely, compounds of chlorine, sulphate of

copper, and ozone. One ozone plant was established but

later condemned and discarded. At another plant copper

sulphate was used as a disinfectant for a contact bed ef-

fluent. It was found impractical and too costly to apply

a sufficient quantity of copper sulphate to do effective

work, and now plans are being made to substitute liquid

chlorine. It is, of course, well known that copper sul-

phate is very efficient in the treatment of water supplies

for the removal of algae, and it is also extensively used

at one of our sewage plants to keep down excessive

growths of the blue-greens.

The methods of sewage disinfection have for one or

more reasons been limited to the application of chlorine

or some of its compounds, notably calcium hypochlorite,

or bleaching powder. The action of this substance upon
bacteria has been known for a long time, although the

first large scale experiments were conducted by the writer

at Red Bank, New Jersey, in 1907, under the direction

of Prof. E. B. Phelps. In that run the sewage from the

whole town was treated for ten weeks, full accounts of

which have already been published. In 1907-1908 the

writer also carried on with Professor Phelps, in Boston,
extensive disinfection experiments on crude sewage and
sprinkling filter effluents with both chloride of lime and
other compounds of chlorine.

It was during a series of these comparative experi-

ments in the autumn of 1907 that the writer needed a
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quick and sensitive indicator for available chlorine, in

order to determine the rate of decrease in available chlor-

ine after the addition of bleach to sewage. He and Pro-

fessor Phelps, in trying the contents of various bottles

and test tubes from a dusty closet, found a substance in

a tube, which gave a strong color with bleach. Upon
deciphering the label it proved to be Ortho-Tolidin. The
writer believes that this was the first time Ortho-Tolidin

was used as an indicator for bleach, and although Pro-

fessor Phelps told several investigators about the test,

an account of the "discovery" was never published. The
substance dissolved in hydrochloric acid makes a very

SEWAGE TREATMENT PLANT AT RED BANK.
In the house marked + the first large scale disinfection

experiments on sewage were carried on in 1907.

convenient quantitative as well as qualitative test for

chlorine.

In 1909 the first chloride-of-lime sewage disinfection

plant was built at Stone Harbor, New Jersey, accounts

of which have been published in the annual report of the

State Board of Health. Since that time disinfection has

been established at two dozen or more sewage disposal

plants in that state, treating raw sewage, tank effluents,

contact bed effluents or final sand effluents, as the cases

may require.

Unfortunately, in many cases, the nature and limita-

tions of the process of disinfection are not well under-

stood, and too much is expected from the treatment.
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Disinfecting chemicals are added for the purpose of de-

stroying bacteria or germs, nothing else. In some cases

odors are lessened, but the elimination of odors by

ineans of chemicals is an expensive and impractical proc-

ess, and it is far better to prevent the formation of the

odors than to correct them with chemicals after they

appear. One often finds persons and even town officials

who suppose that the "chemicals'" are for the purpose of

"eating up" or consuming all the sewage matters, and
when this is not done the plant is declared a rank failure.

We recently found a plant attendant who had developed

the practice of lifting a lid of one of the sewer manholes

FIRST CHLORIDE OF LIME SEWAGE DISINFECTION
PLANT IN NEW JERSEY, BUILT IN 1909.

and dumping in a pail of chloride of lime once a day.

Such a practice is not proper disinfection because for a

short time more chemical than is needed is used up while
for the rest of the day there is none at all. As a chain is

no stronger than its weakest link, so a disinfecting plant

must be kept running properly at all times. Every result

should be good, regardless of averages over stated inter-

vals of time.

CONDITION OF LIQUID TO BE DISINFECTED.
For good results two conditions of the utmost impor-

tance must be fulfilled. First, the material to be disin-

fected must be in proper condition to receive the treat-
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ment, and second, the dose must be constantly applied.

In regard to the first condition, little difficulty will be en-

countered with good tank or bed effluents, but with

crude or raw sewage the suspended matters must be re-

moved or else thoroughly broken up or disintegrated into

very fine particles, as there is no penetration of the disin-

fectant into masses of organic matter. Failure to recog-

nize this has been the cause of failure in more than one

of our disinfection plants. Coarse screens or improperly

designed tanks have allowed fresh feces and masses of

other organic matter to pass out of the range of the

chemicals before there was any action upon the bacteria

within.

It has been very unfortunate in several cases that in

Professor Phelps' account of the Boston experiments the

term "crude sewage" has been taken to mean sewage
just as delivered from any sewer whatsoever. The Boston
"crude sewage" and the crude sewage from the outfall

sewer of a small town are two entirely different things

from a disinfection point of view. While we obtained

good results on the Boston sewage with eight parts

per million available chlorine, a like disinfection of the

sewage at some of our small towns cannot be obtained

with one hundred parts, simply because of the condition

of the suspended matter.

In the Boston experiments we pumped the sewage
from the large Massachusetts avenue outfall sewer
through a suction hose with a strainer on the end, which
nearly always was more or less completely clogged with

rags and paper. The sewage as delivered into the tanks

was only slightly turbid on account of the removal and
disintegration of the suspended matter. After the addi-

tion of the bleach the sewage was repumped for two
hours through a circulating pump. Samples were taken

and tested at the end of one hour and two hours re-

spectively. Note how different such conditions are from
those obtainned in the gravity outfall sewer of a small

town.
And right here let it be emphasized that the results

obtained at experiment stations must be carefully con-

sidered with regard to all of the conditions under which
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such results were obtained. It is very common to set up
an experiment station for the purpose of determining the

action of screens, tanks, beds, filters and what not upon
the local sewage, and then deliver to the station for the

experiments a little sewage pumped from the outfall

main. The results obtained in this way are likely to dif-

fer in many respects from those obtained in a full-sized

plant taking the whole gravity flow. An experiment sta-

tion, to be of the most value to any particular case,

should be of fair size and work under precisely similar

conditions to those under which the big plant will have

to operate. From the results of such a plant reasonably

safe conclusions can be drawn. Further discussion of

experiment stations will be given in a subsequent chapter.

In the management of a sewage disinfection plant,

therefore, the attendant must see that the liquids are

properly screened, settled, filtered, or otherwise clarified

so that the chemicals are able to reach the bacteria in

accordance with the foregoing principles. In one of our

plants the sewage is passed successively through screens

of graded sizes, from coarse bar screens to woven-wire
cloth of forty meshes to the inch. These screens are

kept clean by an attendant who is in constant daily at-

tendance, and the screenings are removed in tight re-

ceptacles and carted away. The accompanying illustra-

tions show the appearance of the plant. The screens are

reached through trap-doors. The chloride-of-lime is

mixed and regulated in the rear room. The dosing is

controlled by m.eans of a variable head orifice which is

raised or lowered in a constant level box, so that the dose
of chemical is delivered into the last screen compartment
proportional to the flow of sewage passing.

There is no odor or nuisance about this plant and
everything is especially neat and tidy.

SIZE OP DOSE.
It is the care and management of the application of the

hypochlorite that demands skilled supervision and atten-

tion. Several factors must be taken into account. First,

the size of the dose. This is determined by the char-

acter of the sewage or effluent to be disinfected, and the
degree of bacterial elimination desired. Stale septic sew-
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SCREENING AND DISINFECTING PLANT.
Attendant in Uniform.

INTERIOR OF SCREENING AND DISINFECTION PLANT.
Trap doors at the left of rug. Bleach is stored in the cabi-

net under the potted plant. Mixing and dosing are done in
the rear room, where the dosing device can be seen.
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age requires a much greater dosage than good effluents

to obtain the same bacterial reduction.

In order to determine whether or not the dose is ac-

complishing its purpose, frequent careful bacterial tests

must be made. These are the usual plating and pre-

sumptive fermentation tests, concerning which more will

be said later, as they are laboratory tests and require

certain laboratory facilities. The plating tests give the

numbers of bacteria per cubic centimeter in the liquid

before and after treatment, and the fermentation tests

indicate the number of B. coli-like organisms before and
after treatment. Thus the reduction in organisms by the

treatment can readily be determined. It must be borne in

mind, however, that the results are more or less relative

and not absolute, because many other organisms are pres-

ent in the sewage which are not shown by the above
methods. Biological studies have shown that the path-

ogenic organisms are so susceptible to the action of the

disinfectants that long before complete sterilization has

been reached the disease-producing germs have been
killed. This is most fortunate because in most cases a

bacterial percentage reduction well up in the nineties may
be obtained at a reasonable expense, while the complete
elimination of the remaining few is practically impossible

on account of the excessive cost of the required treat-

ment.

It might be well to add a word of caution in regard to
the use of the term "percentage reduction." A ninety-
nine per cent, reduction in a sewage carrying ten million
bacteria per cubic centimeter will still leave one hundred
thousand per cubic centimeter or five thousand bacteria
in each and every drop^quite a number. Again, if in

the treated liquid there are suspended particles of human
excreta, into which the disinfectant has not penetrated,
it is fair to assume that there is a chance of dangerous
organisms escaping unharmed. Proper conclusions can-
not be drawn from bacterial figures unless they are relia-

ble and the true conditions are represented.
It is customary to speak of the dose as so many parts

per million of available chlorine. This means that enough
pounds of the hypochlorite are added to a million pounds
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of sewage to give the stated number of pounds of chlo-

rine. For instance, in the analysis of the hypochlorite,

which consists of calcium, oxygen and chlorine, the chlo-

rine is liberated and its amount determined; and as

the total quantity of the hypochlorite is proportional

to the chlorine it contains this is a convenient way of

designating the strength of the material. Thus, if the

chloride-of-lime contains about one-third chlorine then
twenty-five pounds in a million gallons of sewage will

give a dose of about one part per million of available

chlorine.

APPLYING HYPOCHLORITE.

Having determined upon the size of the dose, the next

thing is to apply it to the sewage or effluent at a uni-

form rate. The best practice is to dissolve the required

number of pounds in. a given amount of water and feed

the solution at a definite rate proportional to the flow

of liquid to be disinfected. This is not so simple as one
might at first suspect. Several things have to be looked

out for. The commercial dry powder varies in strength

and loses strength considerably when exposed to the

air. There must be sufficient water to dissolve out the

hypochlorite, and care must be used in mixing the solu-

tion. The solution is corrosive and acts on tanks, pip-

ing, valves, etc., and it also forms incrustations which
cause frequent stoppages in pipes, valves and feeding

devices.

Unless it is feasible to analyze each lot of bleach, it

should be bought with the available chlorine specified

by the dealer. As the material deteriorates upon open-
ing, the contents of a whole container should be mixed
at once if possible. In many plants, however, this can-

not be done; in such cases the unused material must
be kept tightly covered in a cool dry place. While the

larger sized containers hold about 700 pounds, at a

slight increase in price hypochlorite can be obtained in

3S0-paund or 100-pound drums, and in many cases the

smaller sizes are to be preferred, both because of con-

venience in handling and to avoid the keeping of large

. quantities exposed to the atmosphere.
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In the mixing of the bleach, the active hypochlorite

is dissolved while the inert lime and other insoluble im-

purities remain. Usually the bleach is thoroughly mixed

with a small amount of water into a paste or cream so as

to break up the lumps, then more water is added and

the whole transferred to the solution tank, and agitated

until a thoroughly homogeneous solution is obtained.

As it is very important that the solution be of the same

strength throughout, and as this mixing is a laborious

process, a power mixer should always be installed ex-

cept, perhaps, for very small quantities. After all the

hypochlorite has been dissolved and the solution once

properly stirred up, the strength remains the same
throughout the tank.

In some plants the contents of a whole container of

bleach are washed out into the solution tank by means
of a stream of water from a hose, and the whole agitated

until a thorough solution is obtained. In the mixing,

care must be used to get the material thoroughly broken
up and agitated so that all the hypochlorite will be dis-

solved or else a considerable amount of material will be

wasted. The writer has known of over fifty per cent

waste, due to improper methods of mixing. He has

suggested a mixer in the form of a mill or grinder, so

that the bleach could be fed through and ground with

a stream of water. This he believes would break up
lumps and hasten the process.

One should not attempt to dissolve too much hypo-
chlorite in a given amount of water. The solubility of

bleach is only about five per cent, and a five per cent
solution is difficult to obtain and difficult to handle. It

is much better, when possible, to use a weaker solution,

say two or three per cent.

It is usually better to keep the solution the same
strength by mixing the required number of pounds ac-
cording to the strength of the dry powder, and to vary
the dose by changing the feeding device. A rod should
be laid off, showing the number of pounds to be used
for different depths of water in the tank, from the top
down, so that if all of the solution is not run out the rod
will show immediately the number of pounds to be used
for the amount of water necessary to fill up the tank.
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Whatever may be the claim of the manufacturers of

the bleach, the attendant should know the value of the

solution he is using. This he can easily determine in a

few minutes by simple chemical tests with inexpensive

apparatus. The standard solutions for the test can be

obtained from chemical supply houses or made up by

a chemist, and the methods of using them are described

in standard books on volumetric chemical analysis.

The State Board of Health is always ready to in-

struct attendants how to make the determinations re-

ferred to.

The writer has met with many unscientific methods of

managing solutions of chloride of lime and faulty ways
of applying the disinfectant to the sewage flow. The
principles and limitations of sewage disinfection are so

little understood and the plants are so frequently out of

order that the writer has almost come to regard a hypo-
chlorite plant for the treatment of sewage as a necessary

evil. At one installation a quantity of chloride of lime

was mixed and the clear supernatant liquor fed out the

first day. On succeeding days water alone was added to

the settled sludge which was only inert lime and im-

purities. The solution was allowed to settle and the clear

liquor again fed to the sewage. This was repeated for

about four weeks without the slightest suspicion but

that everything was done properly although all of the

hypochlorite ran out the first day, leaving nothing but

a little lime water for the rest of the month. At another

plant a solution was made up and about one-third of the

tankful used the first day. Instead of using the remain-

der in two portions the next two days, the tank was filled

with water, thus diluting the solution. This trick was
repeated for a few weeks until the writer explained to

the man in charge the fallacy of such a procedure. These

two instances are cited not so much for criticism as to

show how easy it is to go wrong in these matters if

the principles are not well understood. The first plant

was run by the chief engineer of one of our large state

institutions, and the second was under the direct super-

vision of a prominent city official. At another plant

the disinfecting solution was found running into a "dead"
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compartment of the storage tank so that practically none

whatever was getting into the flowing sewage.

Mention has already been made of the practice de-

v/eloped by one plant attendant, of applying the chemical

by dumping a shovelful of it once a day into a manhole

in the outfall sewer. A similar scheme for the disin-

fection of the sewage of an entire town has been pro-

posed; namely, to haul around the bleach solution in a

cart or tank wagon, and apply a little periodically to one

or more of the manholes in the sewer system. The
reasons why these schemes are bad have been explained

above.

Although sewage disinfecting plants have been in oper-

ation in New Jersey for several years, it has been only

in very recent time that an inspector from the State

Board of Health could make a chance visit and find a

plant working as it should. Invariably something would
be found wrong and the excuse would be that it "just

happened." A valve would be corroded, the flow cut

off by stoppages, supply of bleach exhausted, ejector or

pump out of order, or one or more of a dozen other

things which put the plant out of commission. In addi-

tion to skilled supervision, disinfection plants need al-

most constant attention day and night. Recently, how-
ever, the owners of some of our disinfection plants have

taken hold of the process in earnest, and keep an at-

tendant almost constantly on the premises. Such plants

are giving good results.

Tanks for hypochlorite solutions should be made of

concrete or iron. Wooden tanks, if lined with cement
mortar, are fairly satisfactory. There are on the market
paints and coating materials for wooden tanks, which
are said to withstand the action of bleach, but the writer

has not used them personally.

Whenever the slighest leak develops in a wooden tank
it should be stopped immediately, as the flow of bleach
through the leak cuts away the wood very rapidly. Some
of our tanks are made out of sections of terra cotta sewer
pipe, with a cement bottom. As stated above, solution
tanks should be of ample size, and if possible equipped
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with power agitators, as the proper mixing by hand of a

large batch of hypochlorite is a laborious process, and the

entire contents of the tanks should be thoroughly agitat-

ed to insure a homogeneous solution. To facilitate dosing

through small orifices, the litne sludge is allowed to set-

tle out and only the clear supernatant liquid used. The
clear liquor is either drawn off into another tank, from
which it is fed out while another batch is being pre-

pared, or the two tanks are placed side by side and used
alternately. The unused lime sludge is drawn off as

often as necessary and run into the sewage tank to be

disposed of along with the sewage sludge.

To control the flow of the clear liquor several forms
of apparatus have been used. Some are good and some
are bad. Valves and spigots attached to tanks so that

the head of solution on the valve decreases as the tank
empties, are unreliable. A constant head feed box should

always be provided. The level in this box can easily

be maintained by means of a bronze float valve, after

the pattern of those used in water-closet flush tanks.

When such a valve was not available the writer has

used a rubber tube, one end of which was slipped over

the down-turned end of the inlet pipe, and at the other

end a float attached. The float upon rising kinked the

tube and cut off the inflow. When the liquid ran out

and the float dropped, the tube allowed an inflow which
was discharged into the box through a hole cut in the

side of the tube. Another good arrangement is to feed

the solution into the orifice box from an air-tight tank,

arranged so that an air pipe leading from the top of

the tank just touches the liquid in the orifice box. When
the liquid lowers and frees the end of this pipe, air is

admitted and enough solution is emptied into the box
to cut off the air and stop the flow. This principle is

illustrated by the well-known drinking fountains for

chickens, and in emergencies can be quickly rigged up

with tight barrels. The discharging device may be a

conical plug valve with a scale and pointer for regulat-

ing or, better yet, an orifice. Valves are objectionable

because the flow through them cannot be seen; hence

slight stoppages are not readily detected. They have
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to be cleaned frequently, and at such times the flow has

to be stopped and the valve taken apart. Globe valves

are especially bad and are difficult to regulate on small

flows.

The better types of orifice boxes are made of iron,

and lined with porcelain enamel. They are equipped

with float valves made of special bronze, and so oper-

ated by a glass or hard rubber float that the solution is

maintained at a constant depth. In some the orifice is

situated in the bottom and is capable of being readily

adjusted and set by means of a calibrated dial or drum.

In another style the orifice is near the free end of a

pivoted hard rubber tube which is raised and lowered

automatically, by means of a float or pressure tubes from

ONE TTPE OF HYPOCHLORITE FEED BOX.
Orifice is raised or lowered automatically iby wires regulated

by pressure tubes from Venturi meter.
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a Venturi Meter, to vary the depth of solution above
the opening so as to compensate for variations in flow

of the sewage. The size of the orifice may be adjusted
by moving a lock-nut which travels on a thread over
the slit in the pipe, which forms the orifice. In this

type the slit should be of such a width that the opening
is somewhat square and not long and narrow. This
lessens the danger of stoppages from scales of carbon-
ate, etc. Scales and incrustations by calcium carbonate
form rapidly when bleach solution is exposed to the air,

especially if the solution be strong; thus all surfaces wet
with the liquid and exposed to the air quickly become
incrusted. Pipes flowing partly full sooner or later be-

come filled up with the coating. An automatic dipping
cup at one of our water plants accumulated an incrus-

tation over an inch thick in a short time. A little muri-
atic acid dropped on the orifice now and then quickly

dissolves off the coatings which form and diminish the

size of the openings, and a little kerosene or parafiine

ONE OF THE TYPES OP ORIFICE BOXES IN USB FOR
FEEDING CHLORIDE OP LIME SOLUTION.
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oil on the solution in the orifice box helps to prevent

the formation of the troublesome scales of calcium car-

bonate. These scales get into the orifice and cut off the

flow, especially if the orifice is small. This is not so

frequent when dilute solutions and large orifices are

used, but small orifices with strong solutions are ex-

ceedingly difficult to keep in order. Dilute muriatic acid

may be used to flush out feed pipes now and then to

reduce the incrustations.

One thing the makers of orifice boxes have not yet

done—they have not provided for easy cleaning out.

There should be a slope or sump in the bottom and an

opening so that all sediment could be emptied and
washed out in an instant. As these tanks have to be

washed out every few days, under the present arrange-

ment much time is unnecessarily consumed during which

the flow of the solution must be stopped.

As is generally known, the flow through the orifice de-

pends upon its size and the depth of liquid over it.

Therefore, the attendant must know how to regulate the

flow to deliver the required amount of solution in a

given time. This is best done by referring to a table

or chart calculated beforehand for the particular appa-

ratus. A check upon the discharge apparatus should

always be kept by calculating the capacity of the tank

and noting the rate of drop of the liquid in the tank by
means of a pointer on a scale. For this purpose the

writer has used a scale laid off in hours and minutes,

and whenever the tank was started the scale was set by
the clock. Thus variations in flow could be detected at

a glance.

As the hypochlorite fumes and solutions are very cor-

rosive, all exposed metals should be kept painted, and
moving parts should be watched and renewed as often

as necessary.

The piping conducting solutions should be of ample
size, and should always be run in easily accessible places.

Unless made of hard rubber or other non-corrosive ma-
terial they are liable to give out with little warning.
Stoppages are also liable to occur and for that reason
the pipes should be frequently washed out. Lead is more
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durable than either iron or brass, but as all pipes carry-

ing small flows are subject to incrustation, and conse-

quent stoppage, it may be as well to use a cheaper mate-

rial and renew it when necessary. The conducting of

the solutions through long lines of piping should be

avoided whenever possible, and if renewals cannot be

made in a very short time the pipe lines should be run

in duplicate so as to keep one line always in reserve.

Duplicates of all parts liable to have to be replaced,

such as valves, pipes, nipples, fittings, etc., should be

kept on hand nearby.

While it would not be objectionable to use lead piping

in sewage plants, the writer has always hesitated to ad-

vise the use of lead pipes at water plants to conduct
hypochlorite solutions into potable water. There may
be no danger of lead poisoning from this source, but

it is always well to be cautious where lead is concerned.

Whenever possible, the hypochlorite .solutions should

be diluted with a flow of water or clarified sewage im-

inediately upon leaving the orifice box. This will lessen

the corrosion of pipes, enable the pipes to flow full,

thereby lessening incrustations, and aid in distribution.

No pumps, compressors, engines, motors, switch-

boards, or any machinery having exposed metal parts or

belts should be located in the same room or near where
hypochlorite is mixed, handled or stored in open con-

tainers.

LIQUID CHLORINE.

At one of our sewage disinfection plants liquid chlor-

ine apparatus has just been installed as a substitute for

bleach, for the disinfection of a tank effluent, and if the

change proves advantageous another plant in the same
town will be changed. At another installation the appa-

ratus is ready to go in but on account of some delay it

has not been set. A fourth installation for sewage has

already been decided upon. In addition to these, two
plants have been installed upon one of our large water-

sheds, each of which treats the entire flow of a small

stream into which more or less pollution enters. From
all accounts these have been quite successful.
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Measured in terms of available chlorine, the relative

efficiency of liquid chlorine and bleach seems to be about

equal when comparatively large doses are used, as for

sewage work; but with very small doses the liquid

chlorine seems to be more efficient. More experimental

data on these points are needed.

The principal advantages of liquid chlorine over bleach

are less cost of operation and less space required for

both apparatus and storage of material. There is no

loss of strength, no mixing tanks are required, no lime

sludge to bother with, and no empty drums to get rid of.

Some of the types of control apparatus are comparatively

expensive and all these things, together with the cost of

chlorine at about 10 cents per pound as compared to

bleach at twenty-five dollars per ton, should be consid-

ered in making a choice for a sewage plant. For water

disinfection the writer prefers liquid chlorine in most
cases.

Liquid chlorine comes in steel tubes, or cylinders, hold-

ing about one hundred pounds, and under a pressure of

something less than one hundred pounds per square

inch. As soon as the pressure is released the chlorine

immediately volatilizes, and issues in the form of a green-

ish, pugent, and highly corrosive gas. The gas is not

explosive but is very suffocating and attacks most every-

thing, especially if there is present the slightest trace of

moisture. Great care should be taken to prevent even

the slightest leak in the storage or handling of the ma-
terial. Not long ago one of the cylinders of chlorine

developed a leak in the storage room of a water plant,

which caused considerable trouble for a while. Al-

though every precaution should be taken to avoid the

possibility of a leak, it is well not to have other appa-

ratus or machinery in the same room, on account of

some unavoidable accident.

The main problem in the application of chlorine has
been in developing an apparatus which will accurately
control the dose and at the same time withstand the
corrosive effects of the gas. Several types of successful
apparatus are now on the market, some of which dissolve
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the gas in water and feed

the solution, while others

feed the gas directly to the

solution to be disinfected,

distributing by means of

porous earthenware, car-

borundum or other non-
corrosive material. It

might be mentioned that

solutions of chlorine
should be kept in the

dark, as strong sunlight

causes a reaction. The
same applies to hypochlo-
rite, and strong sunlight

should never be allowed

to shine on solutions of

bleach.

The duties of the plant

attendant in regard to

chlorine apparatus are not

very exacting. He must
know how to set and regu-

late the apparatus ; see

that all parts are kept in

good working order, and
be on the lookout for

leaks. Valves should be

tested now and then, and
not allowed to become cor-

roded and stuck, and ex-

posed metal parts kept

painted. The presence of a

leak can be located by holding a little strong ammonia
near, as the ammonia and chlorine form dense white

clouds. Except for the substituting of full cylinders for

empty ones, the attendant has little to do. With those

types of apparatus which regulate by means of the pres-

sure of the gas, a check on the regulation should be kept

by keeping the cylinder on scales, and making a record of

the periodic loss in weight.

It might be of interest to mention an incident which

LIQUID CHLORINE DISIN-
FECTION APPARATUS.
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is somewhat akin to the subject of disinfection. The
writer noticed at one of the sewage disposal plants, the

effluent of which goes into a potable water supply, that

at the outlet of the underdrains sewage red worms had
begun to appear. Quick lime and even chloride-of-lime

was tried, but, according to the attendant, with little

success. He then procured a barrel of crude carbolic

acid, and sprinkled a dilute solution of this over the
filtering areas, with a watering pot. The worms were
turned black and effectively destroyed by the process.

At other plants organic growths in underdrains are

cleaned out and prevented by the application of a handful
of copper sulphate now and then. At still others trou-

blesome growths of the blue-green algae are kept down
by means of copper sulphate.
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LYTIC TREATMENT.

Precipitation Produces Considerable Sludge with No
Commercial Value—Useful for Certain

Trade Wastes.

The principle of chemical precipitation is the bringing

together in solution of two or more soluble substances

which combine with each other to form an insoluble

compound that settles out. During this process suspended

matters are caught and carried down with the precipi-

tate. The process is, therefore, preliminary only and has

its limitations. It does not remove many of the sub-

stances that are in solution, and in consequence of which
the eifluent is left in a state capable of putrefaction

which may result in objectionable deposits and local

nuisance. Such a treatment, then, comes within the same
category as fine screens, septic, sedimentation, or Imhoff

tanks. In some cases, however, when larger quantities

of chemicals are used, sufficient disinfection may occur

to delay putrefaction until some large body of water is

reached so that the risk of local nuisance is lessened.

This is usually more apparent in the treatment of cer-

tain trade wastes.

Proposals to use such a process on sewage date back

over a hundred years. As early as 1762 a patent was
taken out "for the purification of dirty water by a chemi-

cal process." It was not, however, until the necessity

for the treatment of town sewages and trade wastes in

England arose that chemical precipitations became of

much practical value. Even then an impetus was given

by the attempts toward utilizing the manurial value of

domestic sewage. Hundreds of chemical precipitation

processes were patented and the number of chemical

agents proposed was enormous. The hopes of financial

gain, however, were not realized. "Of 234 towns which
had adopted the chemical process, 204 had incurred ex-

penditures without realizing any income whatever; the

remaining 30 had indeed obtained an income, but this

was often only a few shillings which had been received
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for a few cart loads of sludge. In no case had a profit

been realized."

However, the splendid results obtained in laboratory

experiments and specially constructed experimental

works led the authorities of English towns to persevere

with experiments. Salford has at different times tried

13 different methods, Birmingham 7, and almost every

large English town can boast of a similar experience.

A few German towns tried chemical precipitation with

the same results as those obtained in England. There
was effected a satisfactory removal of the suspended mat-
ters, but the effluent was putrescible and deposited solid

matters in the bed of the stream. The process was very

expensive and produced much larger quantities of sludge

than did simple sedimentation. The sludge was unsale-

able and owing to its putrescent character created local

nuisance. Sludge presses were installed in the early '80's

and are still in use. The presses convert the sludge into

solid cakes, which are at least transportable.

Notwithstanding the failure of the biological methods
to do everything claimed for them, chemical precipitation

has been gradually given up until now it is only found
in exceptional cases. In Europe it is still used as a pre-

liminary to biological purification, while in this country
it is occasionally used in the treatment of a trade waste
or of a town sewage containing a large percentage of

some particular factory pollution.

The first chemical precipitation plant for sewage in

America was established at East Orange, New Jersey.

The operation was considered too expensive, however,
and some years ago the plant was abandoned, so that

at the present time the only sewage plants using chemical
precipitation in this state are a few small installations

taking care of special trade wastes. In fact, about the

only plants of this description in the United States men-
tioned in the treatises on sewage disposal are those of

Worcester, Massachusetts, and Providence, Rhode Island.
The Worcester plant was put in operation in 1890 and
the Providence plant in 1901.

As it is not the present purpose to discuss in detail the
process of chemical precipitation, the reader is referred
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to the many books on sewage disposal, each of which
takes up this subject more or less at length. In 1890

the Massachusetts State Board of Health published an

extensive report on the chemical precipitation of sew-

age based upon a very large and comprehensive series

of experiments and investigations. To this work the

reader is also referred.

As stated above, almost innumerable substances and
combinations have been tried for the chemical precipi-

tation processes, some of which work better than others

under different conditions; and because of the difference

in the various local conditions and compositions of dif-

ferent sewages, no one substance can be selected as best

for all cases. In the Alumino-Ferric process a mixture
of ferric and ferrous salts with aluminum sulphate, alone

or with lime, is used. The International process con-

sists in adding a compound called "ferrozone" to the

sewage, and filtering the effluent through "polarite."

These two substances are obtained by patented processes

from iron deposits in South Wales. The A. B. C. process

originally included (among a number of substances)

alum, blood and clay, but later alum, clay and carbon
were used.

Taking everything into consideration it seems that the

chemicals best adapted to the treatment of sewage are

ferric sulphate and lime. Aluminum sulphate is better

than ferrous sulphate; but as ferrous sulphate is more
easily and cheaply obtained it is generally used instead

of either ferric or aluminum sulphate. In many cases

copperas (ferrous sulphate) and lime together give nearly

as good results as ferric sulphate, while lime or alum
used alone is not quite so satisfactory.

When ferric sulphate or aluminum sulphate is used the

addition of lime is unnecessary and the application of

the chemicals is by means of proper regulation of con-

centrated solutions. Within certain limits, the greater

amount of the chemicals used the better clarification will

result, the alkalinity in the sewage being sufficient to

cause the precipitation.

With lime, however, considerable care must be used

to apply just the right amount to secure the best results.
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When too little is used the process is inefficient and when
an excess is added it is wasted. With a large excess of

lime the clarification is accomplished by the settling of

the undissolved calcium hydrate. When smaller quan-

tities' are used the carbonic acid of the sewage combines

with the lime to form calcium carbonate, which in set-

tling causes the clarification. As calcium carbonate is

somewhat soluble in sewage containing carbonic acid,

enough lime must be added to combine with all of the

carbonic acid to get the full effect of the calcium car-

bonate. Except, perhaps, in the cases of certain acid

sewages "the lime process has little to recommend it."

A large amount of lime water is needed, a very accurate

adjustment of lime to the sewage is necessary, and a

very close supervision of the operation is required lo ob-

tain good results. If, however, the sewage contains a

goodly proportion of iron pickling liquors, as at Wor-
cester, the addition of lime alone produces good results.

The lime is ground up with water and fed to the sewage
in a milky consistency. In general better results are ob-

tained with fresh sewage than with stale.

The precipitation with copperas also requires skill and

close supervision. The chemical is not precipitated by

the alkalinity of ordinary sewage and a small amount of

lime must be mixed with the sewage before the copperas

is applied. "The quantity of lime required depends upon
the composition of the sewage and the amount of cop-

peras used, and can be calculated from a titration of the

sewage. When copperas is added to the sewage alone,

no precipitation takes place, and the result is no better

than when sewage settles alone. The addition of enough
lime to combine with the excess of carbonic acid over

the amount required to form bicarbonate, and to com-
bine with the sulphuric acid of the copperas, is necessary

for precipitation; for, while sewage is alkaline, its alkali

is all in the form of bicarbonate, and alkali as normal
carbonate or hydrate is required to precipitate the iron.

When this amount is added, the acid number with phe-

nolphthalein will be zero. To insure a rapid action, a

little more than this should be added. No better result

is obtained when more lime is used. If much less is
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used, the iron will not be precipitated. If enough or too

much lime has been used the mixture will color phenol-
phthalein red, while if too little has been used no color

will be produced. This test affords an easy and accurate

method of applying enough lime and of avoiding an ex-

cess. Very imperfect results are obtained with too little

lime, and an excess is wasted when too much is used.

With a suitable amount of lime the more copperas used

the better the results; but with more than one-half a

ton per million gallons the improvement does not com-
pare with the increased cost. The amount of iron left

in the effluent is much greater than with ferric sulphate,

owing to the greater solubility of ferrous hydroxide."

The sludge resulting from the precipitation with lime

and copperas is more easily handled in sludge presses

than that from alum, although an excess of lime with

considerable water causes some of the sludge to become
emulsified, which makes the pressing of it well nigh im-

possible. The addition of lime to the drained sludge,

however, makes it more easily pressed.

The efficient and economical management of a chemi-

cal precipitation works requires in constant attendance

a trained man who must detect the changes in the sew-

age and ac'curately adjust the application of the chemicals

to meet each change as soon as it occurs. The frequency

of such occurrences will depend upon local conditions;

and as these vary so widely the attendant must make a

careful study of his plant, the processes involved, and the

results to be accomplished. In general, the attendant

should know just how much chemical is required and
the exact strength of his solutions. Excesses of precipi-

tants should be avoided, both on account of the waste of

the material and for fear of injuring fish life in the

stream. Most fish are extremely Senstitive to chemicals

and an overdose is likely to cause the death of the fish

m the adjacent parts of the stream.

After the sludge has settled, the clear liquids are

drawn off and the sludge removed and disposed of as

any ordinary sludge. Frequently it is forced into spe-

cially constructed sludge presses and pressed between
layers of canvas or sack cloth. The pressed cake is more
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easily handled. In some instances it is used for land

filling and in others it is dumped into deep water.

SLUDGE PRESSES AT WORCESTER, MASS.

In order to make the status of chemical precipitation

more plain it may be well to quote the following resume

from George W. Fuller's excellent book on "Sewage

Disposal"

:

"Chemical precipitation affords efficient clarification,

but the removal of finely suspended matter, due to coag-

ulation, does not permit a stable efifluent to be obtained

from ordinary city sewage. The effluent is freer from

organic matter than that obtained by plain sedimentation,

and this allows a smaller degree of dilution when dis-

persed in water, and of a higher rate of filtration, other

things being equal. But present evidence shows strongly

that the improvement in the quality of the effluent over

that obtained by plain sedimentation is not commensurate

with the cost involved."

For ordinary sewages the day of chemical precipitation
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plants is rapidly passing. In the case of certain trade

wastes there may be a field of usefulness for this method
of clarification. With good management this method of

treatment has not given much trouble as to odors, but

it has developed complications as to the clogging of fine

grained filters, as will be mentioned in connection with

intermittent sand filters.

Comparing it with plain sedimentation in two-story

tanks, chemical precipitation does not now give promise

of being a serious competitor in the treatment of fairly

normal sewages.

ELECTROLYTIC TREATMENT.

In some respects electrolytic treatment of sewage is

closely allied to chemical precipitation, while in others it

resembles disinfection.

Briefly, the process consists in passing the sewage be-

tween a system of electrodes, arranged in a channel con-

ducting the flow. When the electrodes are 'active, such

as iron or aluminum, they are gradually dissolved and

quite a precipitate is formed therefrom. This aids in

clarification. With passive electrodes, such a,s carbon,

disinfecting substances, such as hypochlorites, are formed

from the salts found in the sewage. <;

The underlying principles of the process are the fun-

damental laws of electrolysis and electro-chemistry, and

the plants must be constructed and operated in accord-

ance with those laws.

Twenty-five years ago the Webster process of treating

sewages by electrolysis attracted some attention in Eng-

land. More recently the Santa Monica and Oklahoma
City plants have been more or less exploited and since

then the new process of W. B. Bull has been made the

subject of experimentation.

In New Jersey several attempts have been made to

induce sewage companies and municipalities to install

plants for the treatment of sewage by electricity, but up

to the present time little has been accomplished. Both

the process of precipitation by the use of active electrodes

(iron or aluminum) and the application of ozone have been
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proposed. A plant using aluminum electrodes has been

installed in Maryland for the treatment of creamery

wastes, and the writer has been informed recently that

the results are very satisfactory and at a very small cost.

The ozone installations have not been so successful al-

though at present extensive experiments with ozone are

still being carried on in New Jersey.

In regard to the practical management of electrolytic

plants for sewage treatment little can be said other than

to urge the man in charge to familiarize himself thor-

oughly with all the fundamental principles regarding the

process of treatment. Unless every stage is operated with
care and intelligence, unsatisfactory results will be ob-

tained and the cost will be excessive. The writer has

upon several occasions come in contact with men who
were straightforward and conscientious, but who were
almost entirely prevented from making their experiments
succeed because of ignorance of the fundamentals.

In regard to electrolytic treatment also the writer

would quote from Fuller's "Sewage Disposal"

:

"Electrolytic treatment does not seem to afford a prac-

tical means of direct oxidation of organic matter in sew-

age so that the latter will be stable or non-putrescible.

In fact, a substantial removal of organic matter is not a

function of this process as applied up to this time.

"To some extent, however, oxygen is given off and this

may aid in deodorizing sewage and reducing the quantity

of unstable organic matter.

"As an aid to sedimentation, electrolytic treatment with

iron electrodes is capable of practical use. There is no
economy in this over the use of salts of iron now on the

market. Aluminum electrodes are prohibitively expen-

sive.

"The Bull process of using electricity to separate the

acid ions of salt solution for use in making perchloride of

iron, with a recovery of caustic soda as a by-product,

seems to offer some hope of practical merit. It is not

beyond the experimental stage.

"With any form of electrolytic treatment, sedimenta-

tion with or without filtration should be employed.

"Direct oxidation of the fairly unstable organic mat-
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lers of sewage may be secured with the aid of electrolytic

treatment through the preparation of hypochlorites, as

described later. This is essenitally a sterilizing procedure

and not aimed at the production of a stable effluent.

"Electricity may also be used in sewage treatment

through the preparation of ozone. This has received

considerable discussion at intervals, but it is not on a

working practical basis at the present time."
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TRADE WASTES.

The waste waters from the various trades and manu-
facturing processes are so complex and diversified in

character that in order to secure the best results in the

purification treatment, each waste is often made the sub-

ject of experiment.

When the waste is of a relatively small amount and of

a character which will permit of its being discharged

into the sanitary sewerage system, it usually has little ap-

preciable effect upon the regular treatment at the dis-

posal works. At one of our factories in which pipe fit-

tings are made, all the iron pickling liquors, oils and

soap waters from the tapping machines are (Mscharged

into the sewer along with the toilet wastes from the

employees. The resulting sewage is very satisfactorily

taken care of in a disposal plant of the ordinary style,

consisting of pumps, sedimentation tank, dosing tank,

sprinkling filters, secondary settling tank and sand beds.

In fact, almost every city sewerage system carries unob-
jectionable trade wastes from manufacturing establish-

ments. These wastes when in large quantities often have

to be considered in the choice of the type of disposal

works, and they often modify the operation, but usually

little difficulty is experienced.

On the other hand, when the wastes are of such a

character as to exclude them from the sanitary sewer or

when the factory is in an isolated location, special works
for their treatment must be established. These works
must of necessity be designed and modified to meet the

needs of each particular case, and it will be impossible

at this time to lay down definite rules or instructions to

be followed, because, as intimated above, each installa-

tion must be the result of special consideration, study
and perhaps experimentation.
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When the ordinary biological processes are not suffi-

cient, applications of chemicals or electricity are often

resorted to as an aid in the preliminary treatment. In

order that such treatment may be effective with the

least possible expense, each case must be considered,

both as to the character of the wastes and to the quality

of effluent required. Care must be exercised in the selec-

tion of the proper chemicals and also in the intelligent

and scientific application of them to the solutions to

be treated.

At some plants which take care of wastes from milk
bottling establishments, chemical precipitation with wa-
ter-slaked lime works fairly satisfactorily if the attendant

carries out the instructions faithfully. In these cases the

waste waters are heavily charged with some of the com-
mon washing compounds, consisting for the most part

of alkaline carbonates. The carbonates unite with the

lime, forming a precipitate of calcium carbonate, which in

settling clarifies the solutions. The resulting liquid is

then treated on a filter or run directly into some body of

water. If, however, insufficient soda or washing powder
has been used or if the lime has become air-slaked or

if the lime is just thrown in without slaking it properly

in water, little if any good is accomplished. The writer

has met with all these faults becauses the attendant did

not realize the importance of carrying out his instructions

to the letter.

For the treatment of milk wastes, a combination of

alum and lime works better than lime alone, but addi-

tional precautions in the operation are necessary. The
alkalies should be added and well mixed with the wastes,

before the addition of the alum, in order to secure the

best effect of the reaction.

For milk wastes in moderately small quantities, the

writer prefers as a preliminary process a long septic

tank treatment of a week or more in duration. By this

means the organic matters are given an opportunity to

be broken down and the objectionable intermediate prod-

ucts of decomposition are allowed to go over into more
stable and less offensive compounds.
This is in accordance with the manner in which the
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decomposition of many organic substances takes place.

In order to prevent nuisances, either the intermediate

decomposition products must not be allowed to form or

they must be undisturbed until they have been broken

down into their final compounds.
The effluents from such a process may be treated on

land or on filters, or under some circumstances may be

discharged into bodies of water.

The wastes from dye works, paper mills, tanneries and
such establishments are often precipitated with chemicals

as a preliminary treatment, while the grease from wool
scouring processes is recovered by the application of

sulphuric acid.

As it will be impossible to go into details as to the

management of trade waste plants, on account of their

diversity in character, it will be sufficient to urge that

the man in charge thoroughly acquaint himself with his

plant and with the principles underlying all the processes

involved, and that he carry out the operation strictly in

accord with the principles in every detail.
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VII

TESTING STATIONS.

Sewage testing stations are often called experiment sta-

tions. In fact, they are both. Reference has already been
made to these works in regard to having them operate

under precisely the same conditions under which the

final plant will have to work and also it was pointed out
that data and results obtained at such stations must al-

ways be considered in conjunction with the conditions

under which such results were derived. There are still

other important features connected with testing stations.

It would seerA that the mere establishment of a sewage
testing station presupposed maintenance funds; but the

writer has seen much valuable time and many important

data lost on account of the lack of some simple and com-
paratively inexpensive facilities for grasping the oppor-

tunities. The writer knows of a testing station with al-

most unlimited funds back of it, but the manager is so

handicapped with red tape that 'should something hap-

pen to a pipe and his one wrench, it would take about

six months to get through a requisition for the purchase

of a new wrench to fix the pipe, so that the station could

continue to operate. At this plant experiments are often

delayed for weeks because some little carpenter work is

needed and the only available man, although quite capa-

ble of doing the work well, is prevented from doing it

because he is rated on the Civil Service list as a painter,

or some other knight of the trade. In experimental work
emergencies cannot be foreseen, therefore supplies and

facilities should be provided to take care of break-downs

and things likely to happen, while a sufficiently large

petty cash fund should always be set aside and the man-
ager given full power to expend as much of the funds

as may be necessary in emergencies. If the manager
cannot be trusted to do this, then get another manager;

for if he does not have sufficient leeway, liis data and
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results are likely to be very incomplete and oftentimes

worthless. The purpose of a testing station is to find

out data bearing on the subject in hand. If this is not

done fully and properly, time and money will surely be

wasted.

The man in charge of a sewage testing station should

be a good all-round man in his line. He should have had
training along all the lines of sewage disposal and should
have a fair knowledge of chemistry, bacteriology, biology,

microscopy and allied sciences, not to mention the differ-

ent branches of sanitary engineering. He should be
wide-awake, resourceful and always ready to grasp the

opportunities and meet the emergencies as they come

EXPERIMENTAL, FILTERS AT THE M. I. T. EXPERI-
MENT STATION.

along. Some good managers can hardly drive a nail, and
when this is the case a good "handy man" should always
be around. Things need fixing at experiment stations
mighty often and many times work must be done quickly
and at the same time well. Structures, although tempo-
rary, must be made so as to be safe and not endanger
life or limb.

Good and reliable chemical, bacteriological and engi-
neering work must be done and likewise the work of
taking samples must be faithfully and conscientiously
performed. Inclement weather often seriously inter-

feres with experiment station work, and it is usually at
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such times that results are most needed. Every effort

should be made to have the station run properly under
those conditions.

At isolated experiment stations it is often difficult to

obtain supplies or have made up special pieces of appar-

atus. It is upon these occasions that the resourcefulness

of the laboratory man is called upon. While, of course,

every laboratory should possess a blast lamp, such is not

always the case. At one time^ the writer was called upon
to construct a complicated piece of glass apparatus in-

volving the sealing and bending of large tubes, capillary

tubes and stop-cocks. He constructed a blast lamp out

of an ordinary glass test tube and a small piece of glass

tubing, and furnished the blast by pumping the air and
water from a small faucet suction pump into a bottle,

using the air for the blast and allowing the water to

flow off into the sink. With this apparatus quite con-

siderable glass blowing was successfully done. This is

mentioned to show how things at hand may be utilized,

when necessary, in place of more elaborate and costly

apparatus.
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VIII.

MAKING TESTS.

Standard Methods of Making Physical, Chemical and Bac-

terial Tests of Sewage and Effluents.

A man in charge of a sewage disposal plant should

know what each unit of his works is doing every day.

A skilled observer may detect faults and short-comings

with some degree of certainty by mere inspection; and
if the output is bad and a heavy pollution is occurring

or a local nuisance is resulting, it is not at all difficult

to recognize the trouble. If the break-down -has been

sudden and due to a wash-out, a broken bed or wall or

some other equally obvious cause, an expert is not need-

ed to diagnose the case. But suppose the output of a

plant or of some of its units is gradually falling below
the requirements. In that case the gradual decline can-

not be detected by observation and in order that one
may know what is actually happening, tests are made. If

frequently performed and recorded in a convenient
scheme for comparison, much valuable information is

obtained and a close check can be kept upon each and
every unit of the plant, in order to head off or delay the

necessity of extensive and costly renovation, which is

bound to occur unless proper attention is g^ven in time.

Careful attention paid to tank effluents will delay for

years the expenditure of thousands of dollars for the
removal, washing and replacing of the stone in contact
beds. Poor effluents discharged upon sand beds cause
clogging quickly, which results in undue expense for

frequent cleaning and often the sand filter effluent is

seriously impaired.

To the trained man in charge of a plant equipped with
a laboratory, little advice is necessary. His training
and facilities enable him to keep close check upon his
charge; but for the good of the cause he is especially
urged to do routine work along the standard lines and
so record it that his results can be of use to others be-
sides himself. His tests should conform to the require-
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raents laid down in the "Standard Methods of Water
Analysis", published by the American Public Health As-
sociation. At the present writing a committee of that

association is at work upon a report setting forth a

uniform and comprehensive scheme of tests and records

for sewage treatment works, so that results and data

obtained by one observer may be compared with those

derived by another. The publication of this forthcoming
report is awaited with eager interest. It is hoped that

it will develop a systematic and more widely spread

corps of observers, while at the same time tend to check
much comparatively useless routine, energies upon which
might be more profitably spent in other directions.

To the untrained or partly experienced plant attend-

ant who is anxious to learn, a few simple tests may be
explained, which if carefully performed and recorded will

not only become of great use in connection with the

works at hand, but will also be of considerable benefit

to the general cause of sewage treatment.

Reference to some of these have already been made in

the foregoing pages under the several topics concerned,

but for the sake of easy reference these will be repeated

briefly in this chapter, and tTie attendant is urged to per-

form such as will enable him to run his plant in the most
intelligent and efficient manner possible.

One of the prime requisites for all classes of plant

attendants is a keen eyesight, coupled with a well-devel-

oped sense of perception. Close observation will teach

him from what, where and when to take samples for his

tests. Unless this is properly done and recorded with

sufficient explanation to describe the sample accurately,

the results mean nothing; and in addition, are danger-

ously misleading in the hands of the inexperienced or

unsuspecting.

The tests given below have for the most part been

taken bodily from the pages of the "Standard Methods"
(to which the reader is referred), although in some cases

slight modifications have been made.
TOTAL, SOLIDS.

Procedure.—Ignite and weigh a clean platinum dish and
into it measure 100 c.c. of the liquid. Evaporate to dryness
on a water bath, dry in an oven, cool in a desiccator and
weigh. The increase in weight gives the total solids.
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LOSS ON IGNITION.
Heat the platinum dish containing the residue in a "radi-

ator" which consists of another platinum dish large enough
to allow an air space of about half an inch between the inner
and outer dishes, the inner dish being supported by a tri-

angle of platinum wire laid on the bottom of the outer dish.

Over the inner dish is suspended a disc of platinum foil large
enough to cover the outer dish, to radiate the heat into it.

The larger dish is heated to bright redness, until the residue
is white or nearly so. Allow the dish to cool in a desiccator
and weigh. This weight gives the fixed solids and the dif-

ference between it and the total solids gives the loss on
ignition. An electric muffle furnace may be used for the
ignition. Care must be used and the temperature not al-

lowed to get too high or else some of the mineral salts will

be volatilized.
TOTAL SUSPENDED MATTER.

Procedure.—Filter a definite quantity of the liquid, de-
pending upon the amount of suspended matter contained,
through a tared gooch crucible by means of a suction ap-
paratus. Dry in an oven and cool in a desiccator and weigh.
This gives the total suspended solids.

Carefully ignite, cool in desiccator and weigh. This
weight gives the fixed solids and the difference between it

and that of the total suspended solids gives the volatile

suspended solids.

SUSPENDED MATTER WHICH WILL SETTLE. BT VOLUME.
Apparatus.—Tall straight-sided or conical glass vessels

of 1 liter capacity, having a tapering interior at the bottom
which is graduated in cubic centimeters.

Procedure.—Fill the glass to the liter mark with the sew-
age or effluent. After the specified time read the volume
of the sediment by means of the c.c. graduations at the
tapering bottom. During the settling carefully dislodge by
means of a wire or glass rod any particles caught on the
sides of the vessel.

For comparison of tank influent and effluent, take a repre-
sentative sample of influent and, after the "flowing through"
time has elapsed, a sample of the effluent should be taken.
The results of the two samples may be compared to show
the tank removal of suspended matter. The physical char-
acteristics of the sediment should be observed as carefully
as possible and recorded so that there may be less chance
for errors in drawing conclusions.

CHLORINE.
Reagents.—1. Standard salt solution. Dissolve 16.48

grams of fuzed sodium chloride in distilled water and make
up to one liter. Dilute 100 c.c. of this stock solution to one
litre in order to obtain a standard solution, each c.c. of which
will contain .001 gram of chlorine.

2. Silver nitrate Standard. Dissolve about 2.40 grams
of silver nitrate crystals in one litre of distilled water. One
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c.c. of this will contain approximately .0005 gram of chlorine.
Standardize this against the standard salt solution.

3. Potassium chromate. Dissolve SO grams of neutral
potassium chromate in a little distilled water. Add enough
silver nitrate to produce a slight red precipitate. Filter and
make up the filtrate to one litre with distilled water.

Procedure.—Use 10 c.c. of the sample in a white six-inch
porcelain evaporating dish when the chlorine content is not
excessively high or low. Dilute to SO c.c. with distilled

water and add a definite quantity of the potassium chromate
solution as indicator. Titrate with the silver nitrate solution,
under similar conditions as to light, volume, temperature
and indicator as were used in standardizing the silver nitrate
solution.

TOTAL ORGANIC NITROGEN.

Reagents.—1. A 30 per cent solution of copper sulphate.

2. AS per cent solution of potassium hydrate.
3. Concentrated C. P. sulphuric acid.

Procedure.—Take SO c.c. of the sample and add S c.c.

concentrated C. P. sulphuric acid and 3 or 4 drops of a
30 per cent solution of copper sulphate. Digest in a
Kjeldahl flask over a flame under a hood until colorless.

While hot add a few crystals of potassium permanganate
until a heavy green precipitate persists in the liquid. Cool,
Dilute to 2S0 c.c. and mix. Allow to stand until the man-
ganese compounds have well settled out, otherwise a
greenish solution will result upon the addition of potassium
hydrate. Pipette out 20 c.c. of the diluted mixture and
add an equal amount of S . per cent potassium hydrate.
Filter and pipette out an aliquot portion into a Nessler
tube. Make up to the mark, mix and nesslerize in ten
minutes. Read by comparison with Nessler standards and
calculate in parts per million (see "Standard Methods").
Should the solution be turbid upon the addition of the 5
per cent potassium hydrate, use an 8 or 10 per cent solu-
tion. The S per cent solution is not strong enough for
some sewages.

It is advisable to run a blank and apply the proper cor-
rections if necessary.

NITROGEN AS FREE AMMONIA.
Reagents.—1. A 10 per cent solution of copper sulphate.
2. A 10 per cent solution of lead acetate.
3. A SO per cent solution of potassium hydrate.
Procedure.—Fifty c.c. of the sample are mixed with an

equal volume of water, and a few drops of the copper sul-
phate solution are_ added. After a thorough mixing, one
c.c. of the potassium hydrate solution is added and the
contents are again thoroughly mixed by shaking. The so-
lution is then allowed to stand for a few minutes, when a
heavy precipitate should fall to the bottom, leaving a col-
orless supernatant liquid. Neslerize an aliquot portion of
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this clear liquid. Usually 4 c.c. of the mixture will be suf-

ficient to fall within the range of the Nessler standards.

Many samples containing hydrogen sulphide require the

use of lead acetate in addition to the copper and with
others a little magnesium chloride is said to be of service.

NITROGEN AS NITRATES.

Reagents.—1. Sulphanilic acid solution. Dissolve^ 3.3

grams of sulphanilic acid in 750 c.c. of water by the aid of

heat. Add 250 c.c. of glacial acetic acid and make up to 1

liter.

2. A-naphthylamine acetate solution. Boil 0.5 gram of

solid a-naphthylamine in 100 c.c. of water for S minutes.
Filter through a plug of washed absorbent cotton. Add
250 c. c. of glacial acetic acid and dilute to 1 liter.

3. Sodium nitrite stock solution. Dissolve 1.1 gram
silver nitrite in nitrite-free water; precipitate the silver with
sodium chloride solution and dilute the whole to 1 liter.

4. Standard sodium nitrite solution. Dilute 100 c.c. oi

solution (3) to one liter, then dilute 10 c. c. of this solution
to one liter with sterilized nitrate-free water, add one c.c.

of chloroform and preserve in a sterilized bottle. One c.c.

= 0.0001 mg. nitrogen.
Procedure.—Take 10 c.c, of the sample and 90 c.c. of

water in a low form 100 c.c. Nessler tube and add 2 c.c.

of each of reagents Nos. 1 and 2 and mix. Let stand and
read in 10 or IS minutes by comparing with temporary
standards made from reagent No. 4 or permanent standards
made as follows:
Cobalt Solution.—Weigh out 24 grams of cobaltous

chloride (C0CI2.6H2O) and dissolve it in distilled water.
Add 100 c.c. strong HCl and make up to one litre with dis-
tilled water.
Copper Solution.—Weigh out 12 grams of dry cupric

chloride (CuCl2.2HzO) and dissolve it in distilled water.
Add 100 c.c. of strong HCl and make up to one liter with
distilled water.
Make up standards in 100 c.c. tubes by running in the

amounts of cobalt and copper solutions given in the table
and filling up to the mark with water. Label each tube
with its corresponding nitrate number.

Standard
C.C. Cobalt Sol. C.C. Copper Sol. Nitrate Number

1.1 1.1 1

3.5 3.0 3
6.0 5.0 5
8.7 6.9 7

12.5 8.0 10
20.0 8.0 15
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Phenolsulphonic Acid Method.

Reagents.—1. Phenolsulphonic acid. Mix 30 grams of
synthetic phenol with 370 grams of C.P. concentrated sul-

phuric acid in a round bottom flask. Put this flask in a
water bath and support it in such a way that it shall be
completely immersed in the water. Heat for six hours.

2. A 25 per cent solution of potassium hydrate.
3. Standard nitrate solution. Dissolve 0.72 gram of

pure recrystallized potassium nitrate in one liter of distilled

water. Evaporate cautiously 10 c.c. of this strong solution
on the water bath. Moisten quickly and thoroughly with
two c.c. of phenolsulphonic acid and dilute to one liter for

the standard solution, one c.c. of which will equal 0.001 mg.
of nitrogen.

Procedure.—Evaporate 10 c.c. of the sample in a small
porcelain evaporating dish on the water bath; removing
it from the bath just before it has come to dryness. Let
the last few drops evaporate at room temperature in a
place protected from dust. Add one c.c. of phenolsulpho-
nic acid and rub this quickly and thoroughly over the
residue with a glass rod. Add about 10 c.c. of distilled

water and stir with a glass rod until mixed. Add enough
of the potassium hydrate solution to render the liquid alka-
line. Transfer the liquid to a 100 c.c. Nessler tube and fill

to the mark with distilled water.
If nitrates are present there will be formed a yellow

color. This may be compared with permanent standards
made for the purpose, by putting the following quantities
of the standard nitrate solution into 100 c.c. tubes and
making up to the 100 c.c. mark with distilled water adding
S c.c. of strong ammonia or potassium hydrate to each
tube; namely, 0, 1, 2, 4, 7, 10, IS, 20, 25, 30 35 and 40 c.c.

These standards may be kept for several weeks.
Compare the sample treated as above described with

these standards by looking down vertically through the
tubes at a white surface so placed in front of a window
that it will reflect the light upward through them. ' If the
figures obtained by this comparison be divided by the
number of c.c. of the samples which were evaporated, the
quotient gives the number of parts per million of nitrogen
in the form of nitrate.

If the color is too high to fit the standards, take an
aliquot portion, dilute to 100 c.c. and compare.

Note.—As all permanent standards in tubes should be
protected against dust and evaporation, covers made of discs
of clear glass cemented on the tops of the tubes with a mix-
ture of paraffin and bee's-wax are a great convenience.
If desired, the tubes may be made with a small flat flange
at the top to permit of a stronger seal.

When the chlorine content is above 30 the reduction
method is recommended.
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REDUCTION METHOD FOR NITRATES.

Reagents.—1. Potassium hydrate solution. Dissolve 250
grams of the hydrate in 1.25 liters of distilled water. Add
several strips of aluminum foil and allow the action to

proceed over night. Boil down to one liter.

2. Aluminum foil. Use strips of pure aluminum about
10 cm. long, 6 m.m. wide and .33 m.m. thick, and weighing
about 0.5 g.

.Procedure.—Put 100 c.c. of the sample of water in a
300 c.c. caserole. Add 2 c.c. of the hydrate sohition and
boil down to about 20 c.c. Pour the contents of i he caser-
ole into a test tube about 6 cm. lone and 3 cm. in diam-
eter and of approximately 100 c.c. capacity. Rinse the
caserole several times with nitrogen-free water and add the
rinse water to that already in the tube, thus making the
contents of the tube approximately 75 c.c. Add a strip of
aluminum foil. Close the tube by means of a rubber stop-
per through which passes a "V" shaped glass tube about
5 m.m. in diameter. Make the short end of the tube flush
with the lower side of the rubber stopper, while the other
end extends below the surface of distilled water contained
in another test tube. This apparatus serves as a" trap
through which the evolved hydrogen escapes freely. The
amount of ammonia escaping into the trap is slight and
may be neglected. Allow the action to proceed for a
minimum period of four hours, or over night. Pour the
contents of the tube into a distilling flask, dilute with 250
c.c. of ammonia-free water, distill and collect in Nessler
tubes and nesslerize. When the nitrate content is high,
collect the distillate in a 200 c.c. flask and nesslerize an
aliquot portion. If the supernatant liquid in the reduction
tube is clear and colorless, the solution may be diluted
to a definite volume and an aliquot part nesslerized with-
out distillation.

OXYGEN CONSUMED.
Reagents.—1. Concentrated C. P. sulphuric acid.
2. Standard potassium permanganate solution. Dis-

solve 0.3952 gram of the crystallized chemical in freshly
boiled distilled water, and make up to one liter. Check
against an ammonium exalate solution. One c.c. is equiva-
lent to 0.1 mg. of available oxygen.

3. Ammonium oxalate solution. Dissolve 0.888 gram
of the substance in distilled water and make up to one
liter. One c.c. is equivalent to 0.1 mg. of oxygen. Pre-
serve with chloroform.

Procedure.—Measure into a flask 10 c.c. of the sewage
and 90 c.c. of distilled water. Add 2 c.c. of the sulphuric
acid and 10 c.c. of the permanganate solution. Place im-
mediately in a bath of boiling water and digest for 30
minutes to the exact second. A few seconds before the ex-
piration of the time remove the flask from the bath and
exactly on the expiration of the 30 minutes fun in 10 cc.
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of the oxalate solution. Then titrate back with the per-
manganate solution to a faint but permanent pink color.
Run a blank on 90 c.c. of distilled water under precisely

the same conditions and make the necessary corrections.
The amount of the permanganate used in the determin-

ation minus the blank, is the amount actually consumed
by the organic matter.

If the volume of the permanganate is insufficient for
complete -oxidation, use a larger quantity, as it should al-
ways be in excess.

DISSOLVED OXYGEN.
Winkler Method.

Reagents.—1. Manganous sulphate solution. Dissolve
48 grams of manganous sulphate in 100 c.c. of distilled

water.
2. Sodium hydrate and potassium iodide solution. Dis-

solve 36 grams of sodium hydrate and 10 grams of potas-
sium iodide in 100 c.c. of water.

3. Sulphuric acid. Specific gravity 1.4 (dilution 1:1).
4. Sodium thiosulphate solution. Dissolve 6.2 grams of

chemically pure recrystallized sodium thiosulphate in dis-

N
tilled water and make up to one liter. This gives a —

40
solution, each c.c. of which is equivalent to 0.2 mg. of
oxygen or 0.139S c.c. of oxygen at 0°C. 760 mm. pressure.
Inasmuch as this solution is not permanent, it should be

N
standardized occasionallly against an — solution of

40
potassium bichromate as described in almost any work on
volumetric analysis. The keeping qualities of the thiosul-

phate solution are improved by adding to each liter S c.c.

of chloroform and 1.5 grams of ammonium carbonate be-
fore making up to the prescribed volume.

5. Starch solution. Mix a small amount of corn starch
with cold water until it becomes a thin paste. Stir this

into ISO to 200 times its weight of boiling water. Boil for

a few minutes and preserve by adding a few drops of
chloroform.
The product known as soluble starch is more convenient

to use, being more easily dissolved and made up into a
clear solution.

Collection of the sample.—The sample should be col-

lected with the usual precaution against the entrainment
or absorption of any oxygen from the atmosphere. As-
pirator bottle apparatus are sometimes used, although the
sample bottle may be filled with a light mineral oil and
lowered beneath the surface with the stopper in place.

The stopper is then removed and the sewage allowed to

fill the bottle by displacing the oil. From a running ef-

fluent a satisfactory sample may be obtained by allowing
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the bottle to be filled by means of a rubber tube._ One
end of the tube is held in the stream and the other insert-

ed into the bottle to the bottom. The flow of liquid

through the tube quickly fills the bottle and after the bot-

tle has been. allowed to overflow a few minutes the tube

is slowly witlhdrawn, care being used to prevent any bub-
bles of air being caught and passed into the bottle during

the filling. The bottles should hold about 250 c.c. and
should have solid glass stoppers.

Procedure.—Remove the stopper from the bottle and add
2 c.c. or less of the manganous sulphate and an equal

amount of the sodium hydrate-potassium iodide solution,

delivering both of these solutions beneath the surface of

the liquid by means of pipettes. Replace the stopper and
mix the contents of the bottle by rapidly turning the bot-
tle upside down several times. Allow the precipitate to

settle. Remove the stopper and add about 2 c.c. of the

sulphuric acid and mix thoroughly. After the precipitate

is completely dissolved pipette out 200 c.c. into a flask

and titrate with the N/40 sodium thiosulphate solution

usings^a few c.c. of the starch solution toward the end of

the titration. Titrate until the first disappearance of the
blue color. Some analysts titrate 100 c.c. in which case
an N/80 solution of sodium thiosulphate is used.

In each case the number of c.c. used gives directly the
dissolved oxygen in parts per million. For accurate work,
however, there are a number of corrections to be applied.
(See Standard Methods.)

It is usually best to make the complete determination in

the field unless the laboratory is nearby, because the titra-

tion on some sewages will not permit o-f being delayed
even after the addition of the sulphuric acid.

TURBIDITY.
The simplest form of apparatus for this work is the can-

dle turbidimiter (see Standard Methods, oage 7). An in-

candescent electric lamp may be compared with and sub-
stituted for the candle. This is more convenient and does
not heat the turbidimiter tube.

The sewage is poured into the tube until the outline of
the light is indistinct. The turbidity is read directly from
the graduation at the top of the liquid.

SEDIMENT.
A figure for sediment rnay be obtained by taking the

difference between the turbidimiter reading of a, settleji

sample and the reading of the same sample after shaking.

PUTRESCIBIL.ITT.
Samples should be collected in well fitting glass-stop-

pered bottles of about 4 to 8 oz. capacity. No special pre-
cautions are ne.cessary in collecting samples of ordinarily
good effluents that are fairly high in dissolved oxygen.
If the dissolved oxygen be low, precautions similar to those

122



MAKING TESTS.

used in collecting dissolved oxygen samples sho-ld be ob-
served.
A one-tenth per cent solution of methylene blue, Merck's

double zinc salt, BX, is used as an indicator. One-half
cubic centimeter of this solution is added to the sample
and the stopper is inserted by means of a twisting motion,
so as to make it tight without any bubble of air remaining
in the bottle. The sample is incubated at 20° C. for four-

teen days, and observations made at least once a day. As
soon as the sample has become decolorized the number
of days standing blue are recorded and the sample dis-

carded. For relative stability table see "Standard
Methods."
For convenience a one per cent solution of the blue may

be used, in which case only one or two drops, depending
on the size of the bottle, are necessary.
The medicinal form of blue may be employed, although

it is not so strong in color as the dye.

AVAILABLE CHLORINE IN BLEACHING POWDER.
Titration by Sodium Arsenite (Penot).

Reagents.—1. Sodium Arsenite Solution. Dissolve 4.948

grams of the purest sublimed arsenious oxide in a few c.c.

of strong caustic soda, acidulate slightly with HCl and
add 30 grams of sodium bi-carbonate and make up to a

liter. This gives a tenth normal solution.

Note.—Sutton in his new edition on Volumetric Analysis,,

p. 139, gives the following new method to which the reader
is referred: Dissolve 4.948 grams of the purest sublimed
arsenious oxide in about 250 c.c. of distilled water in a
flask with about 20 gm. of pure sodium carbonate. The
mixture needs warming and shaking for some time in

order to complete the solution; when this is accomplished
the mixture is diluted somowhat, cooled, then made up to

a liter.

This gives a tenth normal solution and may be checked
with a tenth normal solution of iodine.

2. Iodized Starch Paper. This is made by moistening a
piece of filter paper with a starch solution in which a few
crystals of potassium iodide have been dissolved.

Procedure.—The sample is well and quicklv mixed, and
7.09 grams weighed out from a stoppered test tube into
a_ porcelain mortar, and the powder ground with succes-
sive portions of water tmtil it is well triturated and washed
into a liter flask without loss, and the mortar washed
quite clean. The flask is then filled to the mark with
water, well shaken and SO c.c. rf the milky liquid (= 0.3456
gm. bleaching powder), are taken out with a pipette, ob-
serving the precaution that it shall contain its proportion
of the suspended matter.
This is titrated in a beaker with the tenth normal arsen-

ious solution, until a drop of the mixture, taken out with
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a glass rod and brought in contact with the iodized starch

paper, gives no blue stain.

Each c.c. of the arsenite Used gives the percentage of
available chlorine in the bleaching powder.

Bunsen's Method.

The chloride of lime solution prepared as above is meas-
ured into a beaker and an excess of a solution of potassium
iodide added. The mixture is then diluted somewhat, acidi-

fied with acetic acid and the liberated iodine titrated with
N/10 thiosulphate and starch; 1 eq. iodine so formed rep-

resents 1 eq. chlorine.

Solutions for Field Work.

For titrating solutions of bleach at disinfecting plants,

it is more convenient to have the solutions of arsenite or
thiosulphate of such a strength that 1 c.c. will be exactly
equivalent to a definite number of milligrams of chlorine.

For example: if 1.3944 gm. of AszOa per liter are made up
according to the method given above, one c.c. of the solu-

tion will be equal to one milligram of chlorine. With such
a solution the calculations are simpler and more quickly
made.

In place of the iodized starch paper, large drops of the
iodized starch solution may be placed separately upon a
piece of clean porcelain or white glass. These are touched
in succession with the stirring rod as the titration pro-
ceeds. As soon as a spot fails to turn blue the end-point
has been reached.

If preferred, toward the end of the titration, which may
be done in a porcelain dish, a drop or two of the iodized
starch solution may be added to the contents, causing a
pale blue color, which disappears as soon as the end point
is reached.

Bacterial Tests.

Bacterial tests on sewage and efifluents are not of great
importance except at those plants where disinfection is

carried on. In some cases, however, it is very useful to

know how the efifluents are running and what the several

units are doing in the bacterial reduction.

Of the tests usually performed, the total count on agar
at 20° C, the total count on litmus-lactose-agar at
37° C, the number of red colonies on the same plate, and
the presumptive test for B. coil are the ones most gen-
erally made.
The details in regard to the apparatus, collection and

care of samples, the preparation, handling and storage of
various culture media, conditions of incubation and ex-
pression of results, are all carefully laid down in the
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"Standard Methods of Water Analysis" to which the
reader is referred because all details of standard tech-

nique must be closely followed if results for comparison
are to be obtained.

In general the technique for making plates is as fol-

lows:

The sample collected in a sterilized bottle is thoroughly
shaken and one c. c. is withdrawn with a sterilized pipette

and delivered into a sterilizeti Petri dish. If there be

reason to suspect that the number of bacteria is more
than 200 per c. c, mix one c. c. of the sample with 9 c. c.

of sterilized tap or distilled water. Shake thoroughly,

and with another sterilized pipette transfer one c. c. of

this mixture to another 9 c. c. of sterile water and so on
until the proper dilution has been obtained. The first

dilution will be 1:10, the second 1:100 and so on. In

case of an unknown sewage or effluent it is advisable to

use several different dilutions of the same sample. To
the liquid in the Petri dish add 10 c. c. of standard agar

at a temperature of about 40° C. Mix the medium and
water by tipping the dish back and forth, and spread the

contents uniformly over the bottom of the dish. Allow
the agar to cool rapidly on a horizontal surface and
transfer to the 20° C. incubator. Incubate the culture

for 48 hours at a temperature of 20° C. in a dark well-

ventilated incubator where the atmosphere is practically

saturated with moisture. After the period of incubation

place the Petri dish on a glass plate suitably ruled, and
count the colonies with the aid of a lens which magnifies

at least five diameters. So far as practical the number
of colonies on a plate shall not be allowed to exceed 200.

As sewages and tank effluents usually have to be plated

at a dilution of one to one hundred thousand and other

effluents at one to a thousand or ten thousand, it is con-

venient to indicate the dilution by a sub-figure instead of

a fraction or sign of ratio. Thus Sj would indicate that

a sewage sample was plated at a hundred thousand dilu-

tion, and if 75 colonies were found, the addition of five

ciphers to the 75 would give 7,500,000, the number of

bacteria per c. c. Likewise E, would indicate an effluent

at one thousand dilution and three ciphers are to be add-

ed to the count obtained on the plate.
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For the 37° count the same procedure is followed ex-

cept that the medium is litmus-lactose-agar, the temper-

ature is 37° C, and the time of incubation is 24 hours.

In addition to the total count on this plate, the number
of red colonies also is recorded.

For the presumptive test for B. coli, standard lactose-

peptone bile is used in test tubes containing a small in-

verted -test tube about tliree inches long. This tube is

dropped in on the bile before being plugged with cotton

and in the process of sterilizing becomes filled with the

bile in its inverted position. One tube is inoculated with

one c. c. of each of three or more dilutions, so selected

that at least the highest dilution will be negative. The
tubes are incubated at 37° C for 48 hours and all tubes

showing 20% or more gas in the small inverted tube are

called positive.

If desired the number per c. c'. may be estimated by
taking as the number the factor of the highest dilution

which is positive. Thus of three tubes, if E^ and Eg are

positive while E^ is negative, then the B. coli figure per

c. c. would be 1,000.

In inoculating the tubes care should be used to see

that the inner tube is not stuck and that the bile under
it is inoculated also.

If desired, after fermentation begins in an enrichment
medium such as lactose broth or lactose-bile, some of the
liquid may be tested out on Endo medium plates. The
Endo plates confirm the gas formation in the tubes and
the B. coli can be estimated as above.
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IX

RECORDS OF PLANT OPERATION.
What Should Be Recorded and How—Charts and Tables

—General Remarks.

Every plant attendant should be capable of keeping in

an orderly manner some systematic form of record and
every plant should have its daily, "log." This is of infin-

itely more value to all concerned than the visitors' book
so often found. At most of the smaller plants no record

of anything is kept, and for this reason much valuable

information is lost. Furthermore, the lack of such in-

formation is a serious drav^rback in many cases where ad-

vice is needed. As already stated before, many com-
plaints, fancied or exaggerated, lose much of their force

when brought face to face with a well kept daily record

of the works.

Every effort should be made to have things handy, so

that the least pos'sible work, is necessary to obtain data.

The records, whenever possible, should be put down on
ruled pages, in the form of charts or tables, so that the

entries reqiiire the minimum amount of writing. The
charts should also be arranged as graphically as possible,

so that one can interpret the results at a glance. As far

as possible all headings should be printed, even days of

the week and month and perhaps time of day.

The use of solid lines of appropriate colors prolonged

from day to day across the page, in many cases form
effective entries.

As every plant has individual characteristics it will be

impossible to design a simple form of record to fit all

cases. Each case must be studied carefully and the

charts must be prepared in a logical manner to fit the

case while at the same time conforming to the standard

requirements, so that comparisons can be made.

In order to furnish suggestions, a few of the matters

which should be observed and recorded are named, as

follows

:

Sewage.—Volume, character, condition of suspended

matter, collection of samples, record of analysis.

Screens.—When cleaned, amount and character of

screenings removed, condition of screen-pit.
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Tanks.—Tank in service, time of flow through tank, c. c.

of settling solids in influent and effluent, per cent re-

moved, sludge and scum in tank in feet and cubic yards,

cubic yards of sludge and scum removed, condition of

gas vents and settling chambers, collection of samples
and records of analysis.

Contact beds.—Rate of dosing, cycle of operation, con-

dition of stone, percentage of voids, rate of decrease of

voids, cleaning stone, character of effluent, collection of

samples and record of tests.

Sprinkling filters.—Rate of filtration, dosing cycle, col-

lection of samples and record of tests, removal of growths.

Sand filters.—Rate of filtration, dosing cycle, distribu-

tion, care of beds, material removed, material replaced,

character of effluent, collection of samples and records of

tests.

Settling basins.—Hours of retention, ebullition of gas,

cubic yards of sludge removed, collection of samples and
records of tests.

Disinfection.—Number of pounds of disinfectant,

strength of disinfectant, strength of solution, rate of flow

of solution, dose in parts per million of available chlor-

ine, pounds of bleach per million gallons of sewage, col-

lection of samples and records of tests.

Miscellaneous.—Rainfall, temperature of atmosphere
and of sewage) odors, pumping records, and a full account
of all costs, including machinery, apparatus, chemicals,

tools, raw materials, labor, routine expenses, repairs and
improvements. Notes should be kept of all 'unusual oc-

currences and troubles. It is often impossible to diag-

nose a case if depending solely upon the uncertain mem-
ory of the man in charge.

GENERAL, REMARKS.

It is hoped that it will not be out of place to endeavor
again to impress upon all concerned the importance of

the proper care and management of sewage treatment
plants. Successful sewage disposal plants must conform
to fundamental laws of gravity, chemistry and biology.

The myriads of living organisms which are constantly
at work upon the organic matter are of many kinds, each
susceptible to the slightest changes in environment. Fre-
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quently very different results are obtained upon what
appears to be an insignificant change in daily routine.

As all of these things become more fully understood,
the reasons for proper operation will become more appar-
ent and works will not be operated in such a manner
that conditions will be produced under which it will be
impossible to obtain the desired results.

"The old adage as to the impossibility of putting a
quart into a pint pot applies with equal force in sewage
works." Outgrown plants cannot thrive. When a plant

becomes so overloaded that one unit has to be rested at

the expense of more serious overwork upon the remain-
der, little if any good is accomplished. There is nothing
to do but enlarge the works.

Continuous attention to small things, as pointed out
in the chapters on screens, tanks, beds, etc., distributes the

care into a systematic routine which tends to maintain

the plant in a good condition at all times. This does
not mean that certain performances need be overdone.
A process of putrefaction and decomposition, depending
upon an element of time, is not hastened beyond a cer-

tain point by agitation. The breaking up of sewage scum
is of practical benefit only up to a certain point, beyond
which further agitation produces little good until time
has been allowed for further decomposition.

The attendant should always be on the lookout for

improvements, both in operation and design. By so

doing he may be able to lighten his burdens arid improve
the results. But he should be extremely careful of any
changes which may in any way become detrimental and
unless he knows thoroughly what is likely to happen he

should always consult a competent adviser before going
ahead. Some seemingly minor changes often have far-

reaching efifects, on process both preliminary as well as

subsequent to the point of change. This is well illustrat-

ed by the case of the raising of a weir wall of a settlirig

basin to give greater head on the sand beds, which

raised the flow line in the settling basins, thereby putting

out of commission the contact beds by rendering the

outlet siphons inoperative. The cut-off line of the siphons

was then raised, which prevented the contact beds from
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draining,, thereby causing stagnation and an accumula-

tion of filth in the contact beds. When a mistake is

made, go, back and rectify it. Never attempt to offset

one mistake by making another.

The ideas of the attendant, however, should be con-

sidered by his superiors, and he should be encouraged in

his attempts to produce better results. One of our plant

superintendents has found that, in pumping sludge, the

placing of the "foot valve" on the platform beside the

pump is a great convenience. A flexible suction hose is

then attached and by moving it around in the tank the

sludge is removed without any difficulty. He has also

found that when he pumps sludge out into his lagoon the

whole layer of soil, supporting a dense growth of grass

and weeds, is lifted and floats upon the sludge. This

forms a complete covering and no nuisance whatever is

produced.

The design, construction, care and maintenance of the

sewerage system have also a direct- bearing upon the dis-

posal works. The sewers should have smooth interiors,

should maintain a cleansing velocity and should be kept

,
flushed clean and well ventilated. The manhole heads
should be high enough to exclude surface wash and grit.

The sewer joints should be tight to exclude ground water
and tree roots. It is believed that the enormous growths
of Leptomitus occurring in some sewers is in some way
connected with the excessive infiltration of ground water.

The admission of certain trade wastes, steam, inflam-

mable oils and vapors, excessive amounts of grease,

wastes containing lint, wool fibres or other things liable

to cause stoppages or injury to the sewers, should be
carefully regulated.

The house connections should be carefully laid with
no trap or obstruction between the street sewer and the
top of the vent stack of the building. At seashore re-

sorts, where the grades of the sewers are usually very
flat, small sand traps may be installed on the premises,
as a great deal of beach sand, tracked in by the bathers,
finds its way into the sewers. Such traps should not run
full, thereby cutting off ventilation; and they should be
cleaned out with frequent regularity.
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Many phases of the sewage treatment problem arp

still unsolved and unexplained. Considerable scientific

research and investigation are needed. In the tank as

well as in the oxidation processes, careful study is needed
to determine what goes on and the exact characteristics

of the environment which influences the various changes
of the matter undergoing treatment. Just what part is

played by 'the bacteria, just what by enzymes, just what
by the higher organisms, has not yet been determined.

We would like to know how to control to a better degree
the different species of effective bacteria. Every little

while a new form of tank or similar structure is brought
out, based solely on some theory or belief. If it gives

the desired result the theory is taken as proved, regard-

less of the fact that an entirely different design may give

the same result.

The question to what degree it is necessary or even
desirable to remove the products of decomposition in a

sludge digestion chamber, needs further scientific investi-

gation.

These and many other problems are not engineering

problems but bio-chemical problems, and the scientific

laboratory man is needed to work them out. Too often

the engineer attempts to diagnose a case which more
properly belongs to a brother specialist. It used to be

that every sanitary question was submitted to the doctor;

the chemist also was often called upon to decide the whys
and wherefores of things entirely foreign to his pro-

fession. Now -it is the engineer who is being consulted

on every hand. When he makes a test on a piece of

steel or a structure of concrete of known dimensions

and composition, he gets a definite result. From such
tests he is able to calculate the requirements of a com-
plicated structure with considerable accuracy. When he

designs a sewage disposal plant, he too often begins to

theorize and guess when considering some of the chem-
ical and biological problems involved. He often experi-

ments by doing several things at the same time, and if

the desired result is accomplished, he assumes that every-

thing done was necessary to success. By cutting out

superfluous attachments, apparatus, or processes, many
designs have been simplified and the same results ob-

tained.
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Scientific research is needed on many of the processes

of sewage disposal in order to learn the causes and en-

vironment of the bio-chemical reactions, so that more
intelligent designing niay be done and our works simpli-

fied both in structure and in operation, instead of being

made more costly and troublesome by useless complica-

.tions.

It must not be taken that the engineering profession

is blamed for the present status of the sewage disposal

problems. Far from it. Since someone else has not

gathered the data for him, the engineer must work out

for himself what he can, and get along without the rest

as best he may. He has no time to dwell on too many
little details when the big things are waiting.

All praise to the engineers, who have saved thousands
of human lives by preventing diseases while other spe-

cialists were investigating causes, characteristics and
remedies. As a result, from the two points of view, we
now have water purification to remove the cause and
inoculation to protect the individual from attack.

Many engineers follow closely for some time the work-
ing of the plants they design. It would be well if this

were more generally the custom. In this way defects

are realized and corrected and the attendant can be
instructed to bring out the best results from some special

feature or innovation. Experience so gained will greatly

assist in making the modifications necessary to adapt
some standard process to a peculiar set of local condi-

tions.

The above suggestions have been given solely for the
purpose of reminding the designing engineer that the
nearer he can get his design to fulfill the correct re-

quirements, the better it can be operated and the better
will be the results. And every detail worked out to
lighten the burden of the operator will be appreciated
and will be an incentive to faithful care.

Lastly, it is urged that the plant attendants keep full

and complete records of their works, so that the de-
signer may be kept posted as to the exact outcome of
his efforts and that reliable operative data may be avail-
able for the good of all concerned.
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