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INTRODUCT ION

The History of Sewage Disposal was selected as the
subject for this thesis. The first quarter of the work
deels strictly with the history of the development of
seversge practice, After modern sewage disposal methods
came into operation the theory and operation of the
different processes were condensed to thesis form. The
information in this thesis comes from recognized author-

ities in the field of sanitary engineering.,



HISTORICAL

Curt Menckel, the antiguarian of engineering, dug up
the first record of a sewer on an old Babylonian cylinder.
Layard found some arched sewers in Nineveh and Babylon go-
ing back to the Seventh Century before Christ. Considerable
information on the sewers of Jerusalem has been unearthed by
Schick and Werren., The works of this class in Grecian cities
are fairly well knowvm, and the great underground drains of
Rome have been described repeatedly,

It must be pointed out; however, that these sewers were
not connected to residences. It would have been considered
an invasion of the rights of an individusl to have compulsory
sanitation at that time., Livy states that the Roman building
regulations only stipulated that the house connections were to
be made at the cost of the property owners.

Most of the people used public latrines and the gutters
were probably the chief receptacle of the waste of the city,
vhich was then washed into the sewers, These sevwers rmst have
been extremely offehsive wvhen not flushed for the old Roman
water commissioner Montinus posted this order: "I desire that
nobody shall conduct avay any excess water without having re-
ceived my permission or that of my representatives, for it is
necessary that a part of the supply flowing from the water
costles shall be utilized not only for cleaning our city but
also for flushing the sewers."

The beginning of modern sewerage practice started in

Harburg, Germany after a fire destroyed a part of that city in



1842, The rebuilding of that portion of the city weas intrusted
to an English engineer, W. Lindley, who carried it out in such
a way as to draw warm praise from engineers of a later period
after the test of time had been applied on his plans. Twenty
five years after the sewers were completed they were found to
be clean and almost without odor by a committee of experts.

The sewverage of Hamburg cannot be looked upon as typiczl,
however, In rebuilding the city it wes more the result of
business shrewdness and taking edvantage of exceptional local
conditions to plan sewers enc streets as to the needs of the
comrmnity and the topographical conditions rather than e real
eppreciation of the value of sanitation.

The history of the progress of sanitation in London affords
a more typical picture of sanitation practice around the middle
of the Nineteenth Century in the largest cities of both Great
Britain and the United States.

The legal basis for sanitary works in England in the Nine-
teenth Century was a statute passed in Henry VIII's reign in
1531 and amended in that of ¥illiem znd liary. For three hundred
years sanitation wes not even thought of, evidently. As late sas
1845 there was no survey of the metropolis adeguate as a basis
for planning sewers. The sevwers in adjoining parishes wvere at
different elevations so that junctions were impracticle, Some
of the severs vere higher than the cesspools vhich they were
designed to drain, vhile in others, to be of eany use, the sew-
ege would have to run up hill. There were cases of lerge sew-

ers discharging into small sewers.



John rhillins, the first engineer to neke a comprehensive
study of London severege needs in an official cepacity gave
this report in 1847:

"There are hundreds, I ray say thousaznds, of hcuses in

this metropolis vhich have no drainege tvheatever, and

the greater part of them have stinking, overfloving

cesspools. And then there are also hundreds of streets,

courts and alleys that have no severs; end how the drain-

age and filth are cleaned avey end how the niserable in-

habitants live in such places, it is hard to tell.

In pursuance of my duties from time to time, I have visited

very many places vhere filth wes lying scattered about the

rooms, vaults, cellars, areas, and yards, so thick and so
deep that it was hardly possible to move for it. I have

also seen in such places human beings living end sleeping in

sunk rooms with filth from overfloving cesspools exuding

through end running dovn the walls end over the floorsS....

The effects of the effluvia, stench, and poisonous gcses

constantly evolving from these foul accumulations were

apparent in the haggard, wan, and swarthy countenances

and enfeebled limbs of the poor creatures vhom I found

residing over and emongst these dens of pollution and

vretchedness."

Cholera outbrecks in India in 1€47 scared the 148 Farliament
into creating the lietropolitan Commission of Sewers to improve the
senitary condition of London. That body and ite successors in the
office failed to measure up to their opportunities. They produced
reports shoving cleerly the need of extensive severesge vorks and
built the Victoria sever at great expense, which fell into ruins
not many yeers later., Cholera broke out again in London in the
sumnier of 1848 claiming 4€8 victims. It broke out in the spring of
1849 end before it ended 14,800 deaths vere recorded., It broke out
again in 1852, geined a foothold in 1853, eand in 1&E4 it claimed
10,675 in the least helf of the yecr. A contomincted veater supply
vas credited vith spreadine the disease but it ves slso apncrent
that the filthy 1living concditions in most houses, due to the gbhence
of effective severzge, vaes a great hinderance in combatine the

scourge.



In 1855 Parliament passed azn act "for the better local
management of the metropolis."™ This laid the basis for the
sanitation of London and provided for the lietropolitan Board
of Vorks which soon after undertook an adequate sewerage
system. Tvo men, J. V. Bazalgette end V. Haywood, were re-
sponsible for many of the basic assumptions upon which the
plens were prepared., The work started in 1852 but no action
vvas taken on the plans until 1859 due to so much criticism
from engineers and laymen, In designing the great intercepting
and outfall sewers, Bazalgette adopted a mean velocity of 2.2
feet per second as adequate to prevent silting in a main sewer
half full, The sewage was estimated at the assumed water con-
sumption, 5 cubic feet per capita daily. One half of this
sewage was assumed to flow off within 6 hours. The storm
vater runoff, for vhich provision was made, was a rainfall at
the rate of 1 inch per day received during the 6 hours of
maximum sewage flow, with overflows to discharge the excess
due to larger amounts through some of the o0ld sewers directly
into the river.

As might be expected, these estimates proved too low and
flooding took plece in low-lying districts. The minimum mean
velocity selected is a little higher than that commonly
accepted by present day ehgineers, Prior to Haywood and
Bazalgette's work on the London intercepting sewers, Phillips
and Roe were prominently before the public as severzge experts,
and among English-speaking engineers Roe's Table was used for
many yeers in selecting the size of sewers. It was acknowvledged

to be entirely empirical end wes said to be based on Roe's



observations of the London sewers during more than 20 years.
It gave the arees vhich could be drained by sewers of various
sizes and on various slopes, as indicated by that experience.
Roe's Table was not accepted by some contemporsry London
Engineers, hovever, including V. Hayvwood, engineer of the
city who said there were no relisble gagings of London severs
in existance and that he had never been able to obtain any
accurate information regarding such work from either Phillips
or Roe,

Sewerage progress ves less opposed elsevhere in Englend
apparently.. In 1848 Parliament passed a sanitary code apvlying
to all parts of England and Vales except London, and in 1855
it enacted & nuisance removal lav' for all England, These lavs
were the basis of the subsequent sanitary progress outside the
metropolis for many yeers. The development of severcge under—
takings in Englend wes a direct result of the swakening of the
people by a succession of epidemics of Cholera, for progress
did not begin until that disease had tvice terroized the
country vithin a short period.

The sevierage system of Paris vias also inargurated as a
result of a Cholera epideniic., The first attempt to study the
severage needs of the city comprehensively apperently vas meade
in 1808, when there vere i4% miles of drains vith about 40 out-
lets into the river Seine, and during the next 24 years about
104 miles more of drains were constructed. In 1832 the ravages
of Cholerz avckened the authorities to a partizl reclization of
the city's insanitary condition. The folloving year a topo-

graphical survey was made and, with the aid of the maps bzsed



upon it, five systems or divisions of sewercge were planned,
based on topographical features of the territory rather than
on the asdministrative boundaries vhich ceused so much deley
in the development of rationel severage works at London,

The nev severs built in Paris from 1833 onvard vere made
€ feet or more high vherever possible, in the belief that the
workmen employed in cleaning them would discharge their duties
more efficiently if they could labior vwithout being forced to
teke unnatural positions. |

Although there has been o greast decl of criticism of the
large Parisien sections, it has generally not been teken into
account that the severs of that city were built with a view to
renoving street refuse as well as seviage and rain vater,

An interesting feature of the work inasugurated in 1833
was 1ts recognition of the principle of interception. Long-
itudinal drains of lerge section were laid out parallel to
the river and only 3 of the 40 old mouths of independent
severs were left in service, the remaining systems being made
to discharge into the intercepters, The rzin water felling
on the roofs vas taken at first through leaders to the gutters,
but later was diverted in some cases to the large "house drsins"
vith sections big enough for & man to walk through, connecting
the houses with the severs but used only for delivering veste
vater and not for excrementitious metter, The latter vwas dis-
charged for meny years into cesspools, one freouently serving
for an entire block of houses.

About 1820, after the vhole subsoil of Paris was on the



point of beconing putrid vith cesspit matter, the Parisians
cormited the mistake of insisting on cesspool construction by
ordinance, The odors from the cesspools finally became so
offensive that a new system of sewerzge wes developed,

At that time European sanitarians were divided into tvo
schools, advoceating respectively the "dry" and the "water-
carriage" methods of collecting excrementitous matter, 1In
the former this matter is collected and removed in pails, and
in the latter it is flushed into the sewvers. The "dry" method
wag used only when it was lmpractical to discharge sewage into
the city sewerage system due to topogravhical obstacles
d1fficult to overcome.

Little is knovn of the early sewerage works in the United
States, Often they were constructed by individuals or the in-
habitants of small districts, at their owm expense and with
little or no public supervison.

There was a tendency in this country, as elsevhere to
construct the early sewers of needlessly large dimensions.

One of the oldest sewers in Brooklyn was in Fulton Street.
Although it drained an area of less than 20 acres and was on
a grade of 1 in 36, it wes 4 feet high and 5 feet wide., For
many years the largest sewer in Manhattan was that in Canal
Street, built somewhere between 1805 and 1810; it was 8 by 18
feet in section and by 1850 was in very bad condition.

In some cases, the sewers were not only very large at
their outlets but were continued of the same size to their heads.
It was impossible to secure adeguate velocity in such sewers

unless they were lzld on steep grades, and consequently some of



them became offensive vhen the sludge accumulating in them
undervent decorposition. In some cases, in fect, the sloves
were in the vrong direction.

It should be noted that severs sere constructed orgin-
ally, both here and ebroad, for the removal of storm water,

A1l excreta was excluded from the London sewers until 1815,
from those of Boston until 1833, and Paris until 1880. 1In
1847, the connection of houses and cesspools to the sewvers
vas reouired by law in London, while in Baltimore even as
late as 1922 20,000 houses remained unconnected with severs.

The first application of engineering skill to the design
of American sewvers was in 1857, when Julius V. Adcms vas
appointed to prepere plans for the sewerege of Brooklyn, N. Y.
For meny years thereafter the Brooklyn sewers served as models.,
In 1858 E.S. Chesbrough submitted his first report on a com-
prehensive sewerage system for Chicago, Illinois. In 1874
J. Herbert Shedd established the basic principles for the design
of a sewerage system at Providence, R. I. Two years later s
committee consisting of Messrs. E.S. Chesbrough, Moses Lane,
and Dr. C.F. Folson, reported on the sewerage of Boston, lass.,
advocating the general plan now in effect.

The United States suffered, just as England did at an
earlier date, from the improper design of separate systems of
severage in which the house sewage and rain water are kept
separate., Just who designed the first system of sewers for
removing house éeVage gseparately is not definitely known, but
the principle was advocated as early as 1842 by Edwin Chadwick.
He has been called the "father of sanitation in England", end



unquestionably played an important role in arousing that
country to the need of greater cleanliness, not only in
cities, but in rural districts as well,

Chadwick, then a man of convincing address, treat self
reliance, enthusiasm, and strong imagination, had 1little
technical knovledge. As a result he advocat ed, even in
neetings of engirneers, so-celled hydraulic principles and
some features of desién that were vholly incorrect, vhich
at lost resulted in his being publicly branded as a ocuack
at a meeting of the Institute of Civil Enpineers et vhich
he ves in sttendence,

Hovever, the principle of the separation of house
sevorre from rain veter, sdvocated by Chadviék, ves meritor-
ious for meny places thet it ves developed zlong reational
lines by & member of leeding English engineers, Sir Robert
Revlinson, vhose "Sugcestions as to Plans for Kain Severege,
Drzinage, and Vater Supply", published by the Local Govern-
nent Board did much to prevent the laying of sewers of too
small size and poor alignment, without proper facilities for
cleaning which is likely to be necessary in all such works.

The separate system received much study by American
engineers, as was natural in view of their reliesnce on
English practice for precedent., Fortunately, however, the
difference between the character of the rainfesll in England
and the United States was known here and its influence on the
design of severege vorks was appreciated, The English rains
are more freguent but less intense, and hence our storm-

water drains must be larger for like topographical conditions.
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‘herever the surface drzinage could he cered for sztisfact-
orily at & low cost without the use of lzrge combined sew-
ers receiving both sevege and rzin veter, there vwes a man-
ifest advantsge in azdopting the sepsrate system, provid-
ing only the severs and leaving the building of storm vater
drains for the future. This was done &t about the sume
time (1880), in designs prepared by Zenezette T'illiams
for Pullman, Illinois, and George E. Taring, Jr. for illem-
phis. The lLemphis system ves the most consnicuous zlthourh
a comperative feilure, a Zcct vhich the weople of thet city
neturelly suoprescsed for business recsons for meny ye:srs.
By 1883 the mein lines in soune plcces vere reported

by the city engineer, liiles lierivether, to be tecxed to their
full csapacity. The incdequate capacity of the lirger sew-
ers resulted in the construction of & relief sever during
1885-18868. Engineers femilier vith the conditions vere
convinced that some of Colonel Yearing's favorite details
had proved defective, and that the Rarlinson type of sep-
arate system, vith larger pipes laid without vertical or
horimgontal bends between successive manholes, was prefer-
able. The pertial failure of the so-called Waring system
was demonstrated, therefore, in about 5 years' experience
at Memphis. This wes & little longer than wos required
to demonstrate the same thing at Oroyden, England, 30 years
before the lemphis experiment. The National Board of Health

felt some distrust regarding such systems soon after its



formation, and accordingly it sent Rudolf Hering to
Europe on a tour of investigation, vhich lasted neerly a
yeér. On his return he prepared an elaborate report on
the principles of severage and their exemplification in
the best works of Europe, vhich outlined the respective

fields of the separate and combined systems.

DEVELOPLENT OfF KETHODS OF SEWAGE TREATLENT

Until about 1920 the disposal of the sevage of most
cities, was carried out by the easiest method possible,
without much regard to unpleasant conditions produced at
the place of disposal. Irrigation with sewage was appar-
ently practicdd at ancient Athens, but there is very little
definite information on any methods of disposal on lsnd
down to about three hundred years ago, vhen sevage farm-
ing was successfully introduced at Bunzlau, Germany.
The earliest municipal work of the kind in Great Britein
was on the Craigentinny meadows of about four hundred
acres extent, receiving the sevwege of a part of Edinburgh
for about a century. The subject of disposal received
only occasional local attention, however, until the con-
structions of sewerage systems zfter the cholera epiden-
jca of 1832-1833 and 1848-1849. Owing to the small size
of British streams, their pollution by the sewzge discharg-
ed into them soon became a nuisance, Interference vith
agricultural and manufacturing uses of vwater vas apparent-
ly at first given more attention than possible danger to

health. The comprehenseive Nuiscances Removal Act of 1855



nor the Rivers Pollution Prevention Act of 1876 mede sew-
age treatment compulsory. A royal cormission made these
recommendstions in 1865:

"First, that vhenever rivers czre polluted by a dis-
charge of town sewage into them, the tovns may reasonably
be recuired to desist from causing that public nuisance,

Second, that where tovn populations are injured or
endangered in health by a retention of cesspool matter
emong them, these towns may reasonably be required to
provide a systédm of sewers for its removal.®

In 1880 the discovery of the bacillus of typhoid
fever, by Eberth in Germany, marked the beginning of a
new era in sanitation. Freviously, the relation of =ol-
lution to disease had been but faintly understood, &s
the science of‘bacteriology was in its infancy, and its
application to matters of stream pollution and sewage dis-
posal had not been grasped. In 1877 Schloesing &and liuntz,
in France, and in 1882, Robert Varington, in England, prov-
ed conclusively that the oxidation of ammonia and orgcnic
matter vas affected by the eagency of living orgenisms, &nd
Varington proceeded to devise practical methods tvhereby
living organisms could be utilized for the nitrificetion
of the organic matters in sevege. Later, throuch the stud-
jes =t the Laverence Experiment Station of the lessachus-
etts State Board of Hezlth, the fundamental biological
conditions underlying the oxidation processes of sevage
treatment became established,

Tvo methods of trecsting severe had been in vogue be-
fore this time, The irrigation of land by sevege vas the
older of these, but the precipitation of the solids end

gome of the dis<olved mctter by chemicesl treztment and
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subsequent sedinent:tion attracted more attention oving

to its exploitation by promoters as well s to the fav-
orable opinion of it held by many coreful snd conservative
engineers.

The density of populetion in England end the very snmall
amount of land well suited for sevage farming and filtrat-
ion led to particulesr interest in intensive methods of
treatment, vhereby in plants of comparatively small zrea
the sewage wes rendered suitzble for a firel trectment on
land, vhich was practiceally compulsory for most English
systems discharping into fresh vater. This constraint was
exercised by the Locel Govermment Board, without vhose ap-
proval money could not be raised for public vorks except
by a specicl sct of Perliement. The Board reaquired a final
land trectment until recently. Consequently septic tenks,
trickling filters, and contact beds, which were repidly
developed after the underlying biological fectors hed been
determined, wvere received with acclamation and tested on
a practical scale that wes unwarranted, for instance, in
Germany.

The disposal of sewage in the United Stetes did not
receive so much attention 40 years ago as in Englend,
because the extent of the nuisance caused by its dischecrge
into the relatively large bodies of water weB not so merked,
Also wve had greater zrea of land suitable for broad irrig-
ation or intermittent filtration on beds grated in sgitu,

and because of relztively cheap meaterials suitable for the
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construction of artificial treatment beds in some localities
vhere pollution veas objectionsble, Its importence vas fore-
seen by the llzsscchusetts State Zocrd of Hezlth ecrly in the
seventies, It's secretery, Dr. C.F. Folsom, mezde & cereful
study of dispossl in Europe, vhich resulted, in 1878 in a
report thich ves the moet complete statement that had been

rede of the state of the ert at that time. Irrigation and
filtration vere introduced in & fev pleces, but it veas not
until certuln rivers in ..essachusetts becane cuite offensive
that eny vork on a larpe scele vies uncertecken. The first ex-
teneive trectuent plant utilized chemicsl precipitation and
vas built at Vorcester, less., in 1888-1830, from the plens

of Charles A. allen vith the cdvice of Janes iienseigh of

London snd rrofessor Leonard P. Kinnicutt of Yorcester., It

ves ebout this time (1877), that the lizssachusetts State Eoard
of Feclth, vhich had been given lerge povers of control over
the disnosal of sevace, estahliched the Lewerence Experiment
Stetion for the study of both vater and sevege trectment., The
influence of the resecrch vork cone there has been deep and
far recchirce, es ¢bove noted, beinc particulerly notevorthy

for the prominence given in early vecrs to intermittent
filtretion, & nethod of disoosel neclected in Lnelend on
cccount of the limited tricts of lénd evitable for its prectice,
The incre:sing denand for cevege trectiient end the ivprectic-
2vility of procurings sufficient areas of suitable soil for lend
treatuent in mony localities led to the rather vide scoption of

rnore intensive niethods of treatuent.
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SErabkn™E SLULGL DIGESTION

As the ceconposition or digestion of orgenic metter
is produced by natur«l organisms, the process of digestion
has been in existence since the beginning of life, vhere-
ever ncturel physical, chemicel, or clinmutic conditions
have permitted the developnent of theese organisms in or-
genic meterial, Men utiliced this process in the dieposal
or treestiient of sevege sludce long before he knevw thet 2
micro-orgenism e€xisted or understood its activities. Tre
reduction in volume of solids in privys @nd cesepools un-
der certain favorable conditions and the repnid accumulet-
ion of solids in exnosed vaults or pits during cold vecther,
vere evidences of the activities of the natural process.

Cameron, an English ensineer, is credited as being
the first to discover, in about 18395, thut by settling the
organic metter out of sevige &nd retaining the settled mct-
ter in a tank, certain encerobic orgcnisms would brezk dovn
the orginic compounds into liquid and mineral co:.pounds.

The production of odors, the stule over-septicized ef-
fluents at times, t¢nd the difficulties &ttendcnt vith the
disposal of sludge mixed with undigested matter srising fram
the use of this method of settling and digestion czused
engineers to study end experiment in remedial mecsures
and devices.

In 1899 the first attempt at scientific study of sep-
arote sludge digestion was made ¢t Loverence Experiment
Stetion, liessechusetts. A fev yecrs leter, Trevis, enother

English engineer, designed a two-story hyvdrolytic tank et
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Hampton, England. In 1907, the Imhoff tvpe of tvo-story
tank, designed end patented by Dr. Kerl Imhoff, German en-
gineer, wzs first placed into operation at Recklinghzusen,
Germeny. The Imhoff tenk design wvas & big step in the solv-
ing of mechenical devices for separation of settlezble solids
from the sewege, prevention of over-septicized effluents,
and a method of selecting well digested sludge for drying
on sludge beds. The uneven retes of sludge digestion, thre
forming of the ges vents, odors caused by gases of decomp-
osition, the necessity for providing large sludge storesge
capacities, vhich frequently resulted in excessive const-
ruction costs, led to further scientific research.

The first step vas the design of the true type of sep-
arate sludge digestion plent, i.e., the sedimentation of
the settleable solids in a tank designed for efficiency in
rapid sedimentation, with the continuous removal or remov-
al at frecuent intervals, of the sludge by gravity or mech-
anical methods, to a separate digestion tank. The isolet-
ion of the sludge in a sepsrate tank facilitated the study
end research in the causes and changes of biologicel grovths,
chemical reactions, and other physical factors that speed
or retzrd the process of digestion. The knowledge of these
coverning factors has been ascouired from the vork of chem-
iste, bacteriologists, and research engineers during 1920-
1930, Those scientiste, by asccurate laboratory experiments
and actual operation of plents on a comparctively large
scale, have given the designing engineer definite fornulzae

and facts for use in design of & sludge digestion plant



and‘have furnished the operator vith comparetively simple
devices for tests and instructions for control of fhe chem-
icel and biological baleance.

STRUCTURAL DESIGI FROGRZSS

Through the necessity of disposing of aﬁcumulated
undigested sludge, lagoohing ¥es probebly the first drude
attempt &t separczte sludge digestion. The design ves sinm-
ple-a dug pit or areas surrounded by embankments and "let
nature teke its course", Ample isolation of these lagoons
vas essential. 8ludge legooning is still practiced at =a
few plants. Up until about 1926 it wcs the method of dig-
esting end disposing of sludge from the activeted sludge
plants at Houston, Texas, end is still used at some of the
emaller activated sludge plents ¢es vell as some of the oth-
er types of treatment plente.

The design of the tvo-story tank wes the first dev-
elopment of separzte sludge design. Tﬁé general types cre
circular vith radial flow, rectengular with horigontal flow,
and horizontai flow wvith circular digestion compertrents.
The upper compartment, comprising the settling chember vas
originally designed for a retention period of tvo to four
hours, but later experiments demonstrated that a lerge
proportion of settlezble solids ere deposited in the first
hour, so the period of retention hss been shortened fof the
benefits of a fresher effluent and economy in construction.
The ‘settling chambers were provided with steep sloping bot-

tom walls suspended over the lower lapping openings =t the
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bottom to allow the settling of the solids to pass dovmn
into the digestion chamber and prevent gess-laden sludge
perticles from re-entering the settling compartments.

The cepacities of the sludge digestion compsrtments
in the eesrly designs in Americe, were based upon the ex-
perience and recommendations of Imhoff ¢s adopted for cond-
itions in Germany or approximately one cubic foot capecity
per contributing capita. For conditions in the United
States, it wes soon apperent thet learger capacities were
necegsary due to grezter strength of sewage and perhaps
more sever genersl phyeical znd climatic conditions and
in generzl, the practice has been adopted in this country
of designing sludge digestion capacities for two to two and
one half cubic feet per capita.

Foaming in the ges vents hes brought forth verious de-
vices for scum breaking; liming, ges release by vacuunm,
end design of lerger ges vent areas being some. Among the
first comprehensive studies as to the conclusions mede on
the causes of foaming were those made by Eddy, whose work
end conclusions derived therefrom were published in Trans.

Km. Soc. C. E. 19235 Vol. 88,

The control of ges odors from Inhoff tanks leter brought

about the installation and development of gas collection
&nd burning devices.

As sevage sludge presented an ennoying problem in sev-
ege trectment, the seperction of sludge into sepzrate comp-

srtments for digestion, thereby treating it &s & rore or
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less separate problem, ves probebly the recl recson for the
development of the true sepurzte sludge digestion design.
Although some of the early designs were occasioned by the
necessity of providing zdditional sludge storage due to
under-designed sludge ccpacities of other .types of plants
or the overlooking of older plents.

The design of the settling chcmbers rizy be of the rad-
ial-flow or horizontzl-flow type. The traensfer of the set-
tled sludge to the digestion chamber mey be eccomplished
by gravity from hoppers in the bottom of the tank, or by
mechanical means, operated continuously or at intervals as
the locel conditions may reouire. The latter process is
the most popular and satisfactory in the majority of present
installations.

The form of digestion tank may be rectangular or circ-
ular, depending upon size of plant, local physical cond-
itions and economy of construction.

The early design digestion tanks were without covers
or with only a loose board cover. In more recent installet-
ions the benefits of heating and keeping the scum submerg-
ed for more rapid and thorough digestion, s well as the
collection of gas for odor control, heating, and other util-
ization of the geses have brought forth the use of tight
covers of the floating, or the submerged type.

To accomplish the more rapid end uniform digestion of
sewage sludge, to control the digestion temperature, to
regulate the mixing and seeding, and to control the chem-

ical balence, to control the odors and gases, and to
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utilize the geses for heating end pover, ¢nd to deliver an
innocuous odorless product, these fectors huve trznsformed
the desirn of a sevege treatment plant from the simple lay-
out of a settling basin and decomposing vat, to a design
with the intricacies eand completeness of a modern indust-
rizl plant. Such has been the progress in design.

KESEARCH DEVELOP.L.E.TS

The discovery thzt the decomposition of orgenic mat-
erials was caused by living orgenisms was probably the
first step toward the more recent research experiments and
developments. Biologists classified these orgwnisms ¢s
anerobes. Analysis by chemists determined the resultent
compounds, which were produced by the decomposition process.
Howvever, it has been only vithin the last few yeers that
the research and experimental vork have led to definite,
vorkable information thet is rapidly solving the annoving
problems of sludge digestion #nd disposal.

In the cycle of digestion of fresh sludge, the first
products give &n acid resction, followed in the later stage
by the production of &n alkaline reaction. Rudolfs* deriv-
ed from experiments at liew Jersey Seviage Stztion, that the
most rapid digestion occurs when the reuction is slightly
alkaline, vith a pH of 7.3 to 7.6. Baity** observed from
experiments that repid digestion occurred when the rezction
vas between pH 6.9 wnd 7.4.

*7illem Rudolfs, Chief Dept. of Sewage Dispossl, liew Jersey
Agriculturel Experiment Station.

** G. Baity, Assoc. Professor, Sanitery Engineering, Univ.
of North Cerolina,
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Kerl Imhoff in "The Arithmetic of Sewage Treztment Torks"
recomnends for good digestion a pH velue of 7.0 to 7.86.

In order to maintain a proper belance for most ranid
digestion or to rectify en acid condition, lime is used
in a number of plents. Hovever, in the natural vrocess of
sludge digestion there ore tvo opposite resctions. Rudolfs,
Raity, Feir,* Fischer,** znd others, have demonstrsted in
experiments as well as in actual plant operation that the
devices for seeding, mixing, and pronortioning of fresh
with well ripened eslkaline sludge, this bzlance may be
mzintained without artificial control. Imhoff recommends
the daily addition of fresh sludge not to exceed 10% of the
volume of sludge in the tank. The effects of teumperature
on the rate of sludge digestion is another valuable feactor
that has been demonstrated and proved by research experiments
as well as in the actual operation of plents.

In addition to the established facté for the digestion
of primary sludge, Rudolfs and Heisig*** have experimented
wvith the digestion of screenings and &activated sludge at
Milwaukee, Visconsin, ¢nd have obtained favoreble results.
Their conclusion is that in the digestion of activeted
sludge it digests more renidly than fresh sewage znd no
greater digestion cepacity is recuired. Imhoff recommends
returning the excess activated sludge to the preliminary
*Gordon M. Fair, Assoc. rrof.of Sanitary Engineering,
Harvard Univ,

**ainthony I. Fischer, Resesrch Engineer, The Dorr Co. N.Y.C,

»»sH 1i, Heisig, Research Chemist, Milvaukee Sevace Com-
mission.
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clerifier end providing prectically double cepacity in the
dicester over thet reouired for primary fresh sludge.

I'o phase of sevege treatment has received more study
eand the progress and the improvements hcve been more rspid
in the pest few years, than the problem of sludze digestion.
The leboratory experiments heve been correleted vith actusl
opergtion conditions to determine and estzblish the import-
ant factors in the digestion of sevage solids.

The use of sewvare gas for fuel has come under some
rzther intensive study in recent yezrs. The first use as
a fuel ves in contection with the hot weter boilers vhich
heated digester coils and all or pert of the tre:trent
plent brilaings. Then internel combustion engines vere
developed using severe gas vith only ninor modificctions
from the engines that use licuid fuels. These engines rsre
used mostly for driving renerators, purms, &nd blovers.

"ith the present develonrents being m:de end the
interest teing shovn in sencrzte sevage digestion, ve oy

exoect further progress in the future.



MOLDERIT DEVELOruEITS

Generglly spvecking, oxidation of sevage is eccoripli-
shed by two treztuent processes, (1) filtrztion and (2)
activeted sludre.

Filtretion units may toke the form of (2) intermittent
filters, (b) contact beds, or (c) trickling filters. 4n
intermittent filter is & speciclly prepured bed of send,
or other fine grein muterial, on the surfcce of vhich sev-
cge 1s epplied inter.ittently, :nd from vhich the sevape
is removed by & systern of underdrcins. This treztment is
among, the ecrliest developed, but it has been restricted to
locslities vhere s:tisf:ctory filtering sind is aveailable.
In 1934 at leest 610 nunicipel intermittent sund filter
plents vere in operztion, of vhich 76% vere in 7 states.
The chief advences in this process, duiing its exietence
of 50 years, were in drzinage and methods of dosing, zc-
compnsnied by con apnrecicztion of the velue of wre-settling
to increase the rete of dosing ¢nd thereby decre:se the
required area. The lazrrest number of pleints is to be
found in the smaeller cities of Texas vhere they are cslled
Dunbar beds. Here, a favorezble climete, large wrea, cnd
available filtering matericl offer desireble conditions for
these plants.

The Texes State Depurtiient of Health recommends that
Dunber beds consist of 18 inches of coarse sznd, 12 inches
of graded stone, and 18 inches of 3-inch stone, with the
terra-cotta pipe underdreins. The dosage rete recommended

for settled sevage 1s 1.2 million gellons per acre per day
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to deliver a moderate-grzde effluent.

In the operation of an intermittent sand filter one
dose per day is considered an ordinary rate of applicestion,
although some plants operate with as many es four doses
per day per filter, and others on one dose et long and ir-
regular intervals. It is not always necessary to rest the
filter for any length of time unless signs of overloading
end clogging are shown. The intermittent dosing action
may be obtained by the action of esutomatic siphons, by
other automatic processes, or by the manual operction
of valves. The sewage is distributed on the beds through
a number of openings in the sides of distributing troughs
resting on the surface of the filter. The sewvage is with-
dravn from the bottom of the filter through a system of
undercrains, into which it enters efter its passege through
the bed. There are no control devices on the outlet, s
the rate at vthich sewage is delivered to it controls prod-
uction, The action of the dosing apperatus should respond
cvickly to viriations in sevege flow. As the doses are
apolied to a sand filter, a mat of organic matter or
bacterial zoolea is formed on the surface of the bed, The
mat 1s held together by hair, paper, and the tenacity of
the materials. It may sttain a thickness of & cuarter to
& half inch before it is necessery to remove it. As long
as the filter is draining with sufficient rapidity this
mat need not be removed, but if the bed shows signs of
clogging, the only cleaning that ncy be necessery vill be

the rolling up of the dried mst.



In vinter the surface of the bed should be ploved up
into ridges and valleys. The freezing sevagre forms & roof
of ice vhich rests on the ridges, and the subsecuent sppl-
icetions of se  age find their vway into the filter through
the valleys under the ice. In a properly operated bed the
filtering materiel will last indefinitely vithout chonge.
If & filter is operated a* too hirh a rate, hovever, esl-
though the ouality of the effluent ney Le satisfactory,
it vill be necesscry ¢t some time to rermove the egend end
restore the filter.

The effluent of & properly designed :nd onerated plunt

is clear, colorless, odorless, ¢nd

m

pérkling. It is corzl-
etely nitrified, is steble, and conteins a high percentcre
of dissolved oxygen. The efficiency of brcterigl reroveal
is hetveen 98 end 29 per cent.

A4 contact bed is & viter-tisht tenk filied vit) cowrse
ricterial, the tenk being elternctely filled, elloved to
etand full, emptied, ¢nd «lloved to stand eupty vhile the
solids in the sevure are deposited on the contect naterial
end sursecuently oxidired during the period of standing
eripty. It vus developed by Divdin in Englend in 1893.
Interest in contact filters is mainly historical since the
beds nmark & trensition in the develbpment of sevage treat-
rrent from scnd filters to trickling filtérs. During the
"contact period", tvhen the filter is‘standing full, fresh
suspended matter is deposited on the contzet neteriel end
is vorked on by wnaerobic orgenieams. AT the next contecct

period the meterisl thet hes been expnosed to the tir ond
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heas been oxidized during the period of stending erpty mey
be veshed off the contezct mcaterial and cerried out vith
the effluent on the next emptying of the tenk. The rete
cf filtretion on contact becds, being i¢bout 750,000 gellons
per ecre per day, is reletively slow in consideration of
the poor cuality of the effluent produced. attempts to
increasse this rcte by distributing the seveare over the sur-
face of the bed and elloving it to trickle tkroush the
contact m:zteriel led to the production of the trickling
filter. Ais & result of the success of the trickling filter
and other more satisfectory methods of treutwment, contect
beds are no longer in common use.
TRICKLIUG FILTERS

By a definition & trickling filter is: "An crtificial
bed of cozrse material, such e&s broken stone, clinkers,
slate, slats, or brush, over vhich sevsgre is dis*ributed
end cpplied in drops, films, or sprey, from troughs or
dippers, noving distrihutors, or fixed nozzles and throurh
vhich it trickles to the underdreins giving opv»ortunity for
orgenic noteriel to be oxiuired hv bio-chemiceal tgencies".
The trickling filter ves originally developed to reduce the
area reauired by intermittent scnd filters. Early devel-
ooment vork by Col. George E. Varing, Jr., «nd the lilass,
State Board of Hezlth in 1891 end 1l&t3 ves importent. The
first municipzl tricklin~ filter plent to go into operetion
in this country vwas at Reading, Fa., in 1308 and one of
the earliest and best landscaped American instzlleations

ves the so-called Pennypack plint et rhiludelphia, Pa.,

about 19123.



lluch experimental end demonstrective work ves done be-
tween 1205 and 121€ at Columbus, Ohio; Gloversville, i.Y.;
Brooklyn, ii.Y.; Philadelohia, Pa.; Vorcester, lilass.; Akron
eand Cleveland, Ohio. FHundreds of municipal insteallations
followed in rapid succession.

During the past 50 ye:rs trickling filters have rend-
ered velient service as & device for the secondury trezst-
ment of sevege. They voroduce a highly oxidized and nitrif-
ied effluent of high stsbility, low B.0.D. &nd low susp-
ended solids. A humus sludge is procuced in the filters
vhich discharges continuously or seasonally; this mater-
izl must be removed from the filter effluent by sedimentation
or mechanical straining, leaving a supernztent or filtrate
thet cen be sperkling clesr,

Filters huve demonstrated the ability to handle this
treatment task under adverse conditions of varisble and
shock loadings, weather changes, end other trying conditions.
The problems of operation include: manual mainterance of
distribution facilities, prevention of surface pooling,
contrbl of vsycodo flies, #nd the prevention of odors.

There zre tvo types of trickling filters in general
use today: (1) the stsndard or conventional filter vhich
is designed to receive flovs of cghout 2 m.g.a.d. and an
epplied B.0.D. of something less than 600 1b. per ac. ft.
and (2) high rete filters vhich are designed for volume
locdings from 10 to 30 m.g.a.d. and B.0.D. loadings from
3,000 1b. per azc. ft. upvard. High rzte filters cre rel-

¢tively nev, the first plant scale installation heving

29



been mzde about 1936.

The Biofilter, iAccelo-filter, and aero-filter repres-
ent 3 types of high rcte units. The high rete filters ell
involve the recirculation of the filter or final effluent,
or the finzl tank underflow back to the primery settling
tank or directly to the filter.

The Biofilter process vas developed in the iliddle
T'est in 1927, tkhe first epplication on the Pacific Coast
in 1952 end the ectuezl practical use of the process et S&n
liateo, California in 1236. There are now €0 biofilter
plents in operation. The largest city plant in the Ezet
is at Libérty, i.Y., vhile Fort Bregg vill heve a cepecity
of 4 n.p.a.d. Dorr Company &nd Link-?elt'dompany are lic-
ensed to install this process. The bssic patent involves
the recirculation of the filter effluent through the pri-
m:ry clarifier, this recycling producing high effective
treatment at high caepecity. Dosing retes zre &t 800 cal-
lons per cubic foot of media per 24 hours. The entire bed
ig active and all of the bed is wetted. Bed depths of three
feet are economical and produce high treztment efficiency.
T'here greater treatment is desired, two-stage bio-filtrat-
ion is provided. The beds undergo continuous unlozding
and the filter acts &s a decolloider and as the full eco-
uivalent of the zctivated sludge process.

The history of the Accelo filter goes back to the study
made by <ir Frenklin in 1868 end the further development
by the Laverence Experiment Station, ilass. in 1887. In-

vestigation deronstrated the ability of using stendard beds



for high rate filtretion. The tvo factore involved in
filter operation are the grovth of flora on the medium

and time of contect of sevage with this flora. High rste
filters maintain this flora and do not decrezse time of
contact. Continuous filtering is beneficial and hirh rste
operation flushes the solids from the beds and serves to
reinnoculate the sevage. Repeat pecssages of the sevage
through the filter irproves the efficiency. 1In the 4ccelo
svstem the best filtration rctes cre between 10 end 15 m.g.
a.d. B.0.D. removals will vary from 1.5 to 2.8 pounds per
cutic yard per day. Vith corplete recirculation, the best
raete is 10 nrgad, the recirculction resulting in 20 uged
pessing through the filters. liedia sire is 3 to 4} irch,
vith smaller stone used in the second stzge. Eeds of from
5 to 6 feet in depth are best, but shsllover beds can be
used. The International Filter Conpery hes devised a conc-
rete block mold for the bottom of filters, to assure good
ventilation. The two-zrm distribvtor is preferred since it
gives good flushing action throurh the bed.

The Aero-Filter process provides for recirculation of
clarified filter effluent buck directly to the filter, but
only during periods of low flow, in sufficient ocvantities
to maintein a minimum of 10 to 13 mgad flow through the
filter.

The Aero-Filter distribution system provides for mom-
entsry dosing of 205 of the filter surface by distributor

erms (four arus and eight brenches) «nd 100% by discs,

3/
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classed &s lov rate-high cepacity sction.

hero-filters are designed for 18 mgud, with peak
flows of 30 to 40 rgasd being handled. The filter depth
recormmended is ap roximately six feet. Construction costs
for deep, narrov beds vere described as lover, vith recirc-
ulstion puwining costs hicher, The lLero-filter rFrocess re-
ouires a minirum of such pumping. The use of larpe surfeace
area in clerifiers serving hicgh capacity filters is recon-
mended in order to keen dovn overflov rates.

SLPTIC TAI'’KS

The geptic tenk process came ebout nidvey in the
history of scvar-e disvoszl couing efter trickling filters
¢nd before thé Imhoff tenk. A.ll. Talbot started septic
tenks et Urbane, I11l. in 1&96.

Septic action is a biologicel process caused by the
activity of obligatory or facultetive cnuerobes zs the
result of which certein orgenic cowmvounds ere reduced from
higher to lower conditions of oxidztion, some of the solid
orgsnic substences ere rendered soluble, and a cu:ntity of
gos is given off. Among these guses ¢re: methane, hydrog-
en sulphide, end ammonia. The biologic process in the
gentic tenk renresents thet vortion of the cycle of life
«cnd deeth in vhich corplex org:inic compounds sre reduced
to a more simple condition av:zileble #s food for low forms
of plent life. The treatment of sewage by septic action,
vhen introduced, promised the solution of &1l problems in
sevace treatment. Septic asction is now better understood,

end it is known thet some of the ecrlv claims vere unfounded.
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The principal adventege of sentic cction in sevepe
treatment is the relztively small emount of sludge vhich
mist he cared for compared to that produced by a plein
sedinmentation tenk or by chemical precipitation. The
sludge from a septic tank may be 25 to 30 per cent &nd in
some cases 40 per cent less in veight, and 75 to 80 per
centless in volume, thun the sludge from a plain sediment-
ation tank. The most important results of septic action
and the greatest septic activity occur in the deposited
organic matter or sludge. The biologic changes due to
septic sction vhich occur in the liquid portion of the tank
contents esre of little or no importance. Among the ead-
vantaces are the comperztive inexpensiveness of the tanks
and the small amount of attention and skilled attendence
required.

The septic tank has fallen into disrepute heczuse of
the better results obtesinable by other methods, the oc-
casional discharge of sludge in the effluent ccused by too
violent septic boiling. Occesionally the odors given off
by the septic process are highly objectionable wnd zre

carried for a long distance.
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ACTIVATED SLULGE
' Although the ectiveted sludge treatment is cheract-
erized by high operating costs the method is used by mzny
large cnd small cities. Lerge cities prefer this method
over =zny other vhen complete treztment is required. Sen
liarcos, Texae ves the first to put & full sized activeted
sludge »nlant into successful operction in the year 1317.
About the sume time «t llilvsukee, Chicago, @nd Houston,
extensive resecrch progrems vere carried out. Due to its
¢doption by larger cities, seventy five per cent by vol-
ure of ell seveoges undergoing conplete treatment use this
method. In 1329, tvelve states reported 35 ectiveted
gludece plents wnd in 1236 these stztes reported 85 plents.
In the United Stetes todey there are over 170 activeted
sludge plants. This rcte of grovwth is vhenomenzl vhen one
considers thet Americen Severease Practice is vell in sd-
vence of the theory of the mechunisimm of the process itself,

In the activeted sludee process, sevege flovwing thr-
ough & tenk is brought into intimate contuct vith &air «nd
biologically cctive sludege previously produced by the seme
process,

The process, &s ordinerily cerried out, consists of
adding sludge to the sevage in vroper proportion, introd-
ucing sufficient sir to provide enough dissolvedloxygen to
maintain zerobic conditioﬁs, end egitation of the mixture
until prectically all of the suspended end colloidcl mat-
ter hues been flocculcted or ebsorbed by the floc introduced

into &and forried in the sevege. The umixture is then conducted



to tenks vhere the floc is removed by sedimentation snd the
clear supernaétent vater passes evey as effluent. Thet port-
ion of the sludse vhich is not required for the trectnent
of the irconming sevage is diverted end dis»nosed of. The
theory of ecctivited sludge mecy be sumncrized s follovs:

"The firet end perhepns rost noticecble function of
the »rocess is that of coagulating or flocculating the sus-
pended &nd colloidel matters in the sevage. This zction
is gimiler in effect to the well-knovm chemiczl coegulet-
ion vith sulphete of rlumina or sulphite of iron ¢nd lime,
end the floc resembles the chemical coaculum, psrticulerly
the ferric hydrate from the ferrous iron «nd line treztment.

The floc is & sponge-like mass, or, as ecpressed by
Stein, 'sn open-mesh network' vhich, in the process of form-
ation, may envelop, entrap, or entruin colloidal matter end
bacteria. The sponge-like structure of the floc offers a
very large surface area for contact and this floc appeecrs
to be eble to ahsorb colloidsl mctter, gases, and coloring
compounds. Yhen the floc is driven ebout in the liouid it
has a sveeping action by vhich the colloidal substences mey
be szid to be svept out of the weter or it mey be regarded
as passing a filter throuch the vater instecd of pessing
the vater through a filter.

Thus the process appeers to be primarily of a phys-
ical nature. It has been demonstreated, hovever, that it
cannot be carried out under sterile conditions."

Just vhat the action of bececteria «nd other organisms



mey be is not fully understood. One plcusible theory is
that the bacteriaz *lich ire contzcined in the cell-like
structure of the floc feed upon the very finely divided
matter and thus relieve the floc of its burden of such
substances snd restore its faculty of sbsorvtion to such

zn extent that, when introduced into the incoming sevege,
the floc efficiently performs its function of absorbing the
colloidal matter, vhich elso will be consumed by the liv-
ing organisms vhich thus ciouse regeneration of the floc.

It is bectuse of these properties thet the sludge has come
to be called "zctivated sludge," 2 term suggested by Ardern
end Lockett,

llethods of imwprovine the activated sludge process wure
constantly being studied. OCne recent develcpment is "step-
ceration" provided for in the Bowery Bay viorks in llewv York.
Eech aerztion tenk has four passes. The first pass is used
for the reser:tion of return sludge, and settled sevage
is added a portion &t a time <t the beginning of the second,
third, &#nd fourth passes, instead of at one point ¢t the be-
ginning of the first pass. Thus the settled sewage and
active sludge are mixed in steps gradu:lly, instecd of rap-
idly at the beginning of the aeration process,

Thirty three years ago it wes demcnstrated that a con-
siderable reduction in suspended solids and in oxygen demend
in sevage could be obtained vith zeration periods of tvo to
three hours in the nresence of return sludge. Large-scale
tests along these lines &t the liorth Side plent in Chicago,

end ¢t the Jameica, Eoweryv tcy ond Verds Islend nlants in



Ilew York, sunolementing cert:in smzll scole tests, heove

-

iemonstrzted thet effective results con be ohtzined in the
treatment of sevage with an cerction »eriod of 2 to 3 hours
end an air volume of lees than one hclf cubic of zir per
gellon, es cowpored vith the more conventional 6 hour per-
iod eand one cubic fo»t of =ir per gellon.

At each plent the sevege ves first pos-ed throush sed-
imentetion tenks end «fter ceretion the mixed licguor ves
gettled in finel teonks. In these tro cocses the suspended
golids in the wceration tunks vere ricinteined in the vicinity
of 4OQ end 600 p.p.w. respectively vith sludge returned from
the finel sedirentotion tinks. This shortened viriety of
activaeted sludge hes been culled "high rute activeted sludge"
end "modified sevuge aerction." It is perticulerly ep-
pliceble where the degree of purific:tion required c:n be
gonnerhet less than thot obteinable vith the rniore complete
vrocess. All of this development indicates ¢ trend towerd
econoricse in conestruction and operating costs ond yet the
maintenance of a feirly high degree of purification.

The high rate activated eludge process differs from
the stonderd reate process not only in hovirng a rshorter ner-
iod of aerrtion and in using less eir per gcllon, but re-
ouires o lowver concentration of suspended solids in the
mixed liocuor and produces a sludge cuite different in charecter.

High rate biologicel processes ere better suited to the
treatment of veak sevege or to seveage which has been vell
gsettled in primery tenks having detention periods of 1 to 2
bhours. Final trectment in settling tanks of 2 hours detent-

-

ion period is needed to remove the settlecble solids.



The desicrn of sevgge trectrent pl:ints in genersl snd
of activated sludge plents in pcrticuler is tenaing wore
end more to the increzsed use of mechinicel ecuipuent., The
design of sedimentection tenks, one of the oldest devices
in the history of sevage tre:.tuent, is undergoing radical
chenges. luch study is being given to forms of inlet,
means of sludge renovcl, methods of effluent vithdrerel, &s
vell &s to the shape of the tanks &nd relations of length,
vidth end depth as effecting efficiency of sedimentetion.
Tenks suitablé for the sedimentction of ravw sevece solids
rney he ouite different from those designed to settle out
ectivated sludge from the mixed liguor. It hes béen cust-
omary to collect the effluent from a rectanguler sediment-
etion tenk by dra'ing it off over & veir in the end weall,
¢t the opposite end from the inlet, but some newver designs
provide collecting troughs or veirs set longitudionally in
the tank, one on each side, and extending from the outlet
end toward the inlet end from one-qusrter to one third the
length of the tank. For final settling tanks, handling mix-
ed licuor from the activeted sludge process, the effluent
ey be collected through a weir trough located traznsversely
in the tank nearer the inlet end vhere there is less opvort-
unity for the light, flocculent sludge to roll up the end
wall end pess out with the effluent.

Sludge in primery sedimentation tenks cen be scraped
toward the inlet end, that is, in a reverse directinn from
the sewage flow, and collected in hoppers. The heavier

golids settle out rapidly near the inlet end, vheress with



activeted sludge, the sludge flowvs torard the outlet end
mey be collected in hovpers at that end rether thén =t the
inlet end. The finzl settling tznks in the Bovery Bey vorks
of the City of Wev York are operated in this manner.
BARGIIG

One method of seviage disposal good for a mention only
is the dumping of sludge at sea by burging. The City of
Elizabeth, New Jersey uses this method. In 1%42 the totel
number of trips to sea was 26; the tonnsge handled was
89,050, with the averzge solids content of 8.26%; end the
cost involved was $33,830.20.
| In order to meke cost figures for sludge disposal
corparzble zt different treatment plants it is customery to
dzlculate the cost per ton of dry solids. The cost of berg-
ing sludge per ton of dry solids during the yeer 1841 em-
ounted to $4.6832 and for the veer 1942 to $#4.34. The cost
for sludge disposal by other methods in this country varies
from $3.53 to $7.69 per ton of dry solids. This indicates
that the cost of sludge disposal as practiced in Elizabeth,

lew Jersey is relatively low.



SLUDGE LISrOSsL

The most common method of dev:tering sludce is to dis-
cherge it upon svecially »repcred beds of s:nd on thich it
ig eir dried. 4 portion of the water pasces into znd throuch
the sand end is carried avey by & system of underdrecins,
vhile snother portion evenorctes.

The 1idee of covering sludge drying beds vith e glecss
structure, like a greenhouse, for the pirpose of crotect-
ing drying sludge from r:in, absorbing the he:t of the sun,
and permitting of operstion at zll sezsons of the year,
originated at the Clevelund sevage testing station in 1213.
Kesults there indicated that, for local conditions, one
squere foot of glass-covered beds was the equivalent to
two square feet of open beds. On the basis of these results,
covered beds were instzlled at Alliance and Canton, Chio,

a few years leter. Since then, glass-covered lLeds hzve
come into comparatively wvide use.

In addition to the purposes for vhich glass covers
vere first constructed over sludge beds, these covers mey
afford some control over odors produced by eludge drying.
Furtherriore, they often effect a2 marked imoprovement in the
appecrance of a trectment plant.

Developunent and research in the pest 20 yerrs have
produced tremendous advancements in the treaztment of sev-
age. Until recently, except for advencenents in digestion
and in powver generation from digestion ges, very little

progress hes been made in new or improved methods of sludge



dignosel. Even in modern disposcl prectices the finel
digested sludge is 90% wuter &nd contains some 40% volat-
ile metter, vhich rust be taken into consideration in the
ultimate disvoszl. The process of flash drying and incin-
erction got its start in 18723 vhen a pctent for atomized
drying vus issued to R. rercy of lew York. He patented a
method of &stomized drying of solids, semi-fluids, &nd fluids
by means of hot air, the astomized materiel being dried
vhile the pearticles floated in the air. This was followed
by similar pstents, most of wvhich vere based upon the snrey-
ing of a licuid or & slurry into a chamber, vhere it is mix-
ed vith a repidly moving streem of hot eir., The dried solids
either collected at the bottom of the chumber or vere svent
out vith the noisture-lcden air into a cyclone senarctor.

Somevhat later, this princivle of drying begon to be
applied to the dehyvdretion of vet minerzl ¢nd orgenic mat-
eriels conteining lergzer pirticles. In the present devel-
oprient of this process, vhich is celled flesh darying, the
material is dispersed in a mill, beaten and mixed vith a
blest of pre-hested ecir, then svept into vortex sepcreting
chrmbers,

In the preperetion of sluage for this process, the vet
sludgce filter ceke from the vecuum filter is delivered to -a
riixer by means of a belt conveyor. In the uixer it is blend-
ed vith a2 nortion of sludge vhich hes been previously hect
dried. llixing the vet sludge filter ceke vith the hect dried
slucge, in this menner, mHroduces & flaky product of uniforn

consistency, h:ving e wuuch lover ¢veregse roisture conten

L
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than the inconins vet filter ccke., In this flcky form it
is readily cerried throush the drying stsge Ly the hisgh
velocity of the hot g:ses. The DLlended sludre from the
mixer is fed to the inlet or the flesh drver tvhere it meets
the hot geses from the incirnercting furnece. In the flash
¢ryer the éludge perticles c¢re dispersed throurhout the
gos strewn to wroduce the maxirmu: rvetted surfice contict
rith the hot geses. Froi: the flcsh dryer, the gas-borne
sludge particles pass to a cyclone sencrator vhere dried
sludge is removed from the cooled moisture-laden guses,
The ciroulation‘of gas c¢nd sludge, through the drying
systern is produced by a fan at the gas outlet of the cyclone
separctor. The elcopsed tiwe from the moment the .lended
sludge enters the flesh dryer until it leaves the cvclone
seperator is o natter of only a few seconds. A part of tre
dried sludge lezving the cyclone separator is cutomestically
returned to the mixer for blending with incoming vet filter
cake and the rest is vithdravn es dried sludge and inciner-
ated. Sludge digestion gas csn be used for additional fuel
in the incinerator.
GARBAGE DISrOSAL

In 1934 the idea of grinding garbege for disposzal
with sanitary sevege was first seriously considered Ly
sanitary engineers. Since that time a greut deal of study
has been given to this interesting subject. HKesearch hes
shown that gsrbage, or food wastes, function exactly like
sevage solids and that the sevage vorks is cupable of rend-

ering a dual dispossl service for the cormunity.
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The first requirewent for successful disposal of sev-
ege end food vastes as one vweater-csrried vaste is the grind-
ing of the letter matericl into vroper pulp. This is done
individually in the homes or by vholeszle gunntities st the
sevacre disposal vlant.

At Lensing, liichigen, since 1239 garboge formerly
heuled to hog feris is now delivered to the sevace treat-
ment plant and, following grinding, ejected under pressure

to the sludge digestion tanks.

CHELORIIATION

The development of chlorination of sevage znd the many
uses in sevage trestment hus been dramatic, iiev uses are
being suggested with startling frecuency until ve are almost
ready to expect anvthing and many things from chlorine.

The extensive development in the use of chlorine hsas
heen due in part to the flexibility of treetment, to the
proven success in many types of application and to the
curiosity of numuerous research wrkers who are looking con-
stantly for newv possibilities of applicztion of this inter-
esting and active chemiceal.

Certein of the typicel or practical present day uses of
chlorine in sewage trectiient meyv be listed as follorvs:

1. Disinfection of sewvage effluents,

2. Prevention of sevege deconposition,

(a; For odor control .
(b) For control of destruction of concrete
3. Reduction of odors from stale or septic servege,

4., Improvement in the overation of sevage treatuent
units.



To aid in sedimentation

To inmprove operation of tricklinz filters
To reduce sludge bulking

To diminicsh the effect of strong fractions
of sevege such as supernatent licuor from
direstion tenlks,

(oM e M el o\]
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5. Oxygen demand reduct&on.
6. Grease sepearection,

DISINFECTION-=The purpose of disinfection of sevege eff-
luents before discherge is to remove pathogenic and other
bacteria and thus prevent bacterial contzminetion of
strezms or other bodies of water used for vater supplies,
bzthing plzces, or shellfish propogetion beds.

REDUCTION OF ODCRS--Chlorine has the property of being
eble to neutralize hydrogen sulphide so that odors fronm
hydrzgen sulphide gas given off by septic sewage may be
reduced by the epplication of chlorine.,

SEDILEITATION~-=-The efficiency of settling tanks might
be improved by the use of chlorine in severel vays,

Three typical possibilites include:

(a) By keeping the sewage fresh through up sewér
chlorination, so that the solids will not be broxen up
by bactericl zction hence will settle more quickly.

(b) Chlorine in combination with iron scrap or
copperas to form a ferric coagulant or an iron end a
sulphate coegulant, thich materiaelly increases the
amount of pollutional rmaterials settled out.

(c) Chlorine eglone in connection with certain

trade vastes hes been of sorme aid through chlorination
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or packing house vastes zt St. Paul to produce a better
settling condition of the solids.

REDUCTION IW OXYGLi DLiAliD--It is feasible to reduce the
oxvgen denand cnd vhere other more econorical procedures
are not availeble this method can be used., Chlorine seens
to act in tvo vayvs. One, it retards or delays the decom-
position, therefore, the need for oxygen so thet this action
tzkxes place over a section of the stream or a2fter the sevepe
reached a larger veter wey, end, second, some chemicel re-
action tckes plece which produces complex products which
are not susceptible to repid decomposition or mey have a
slight disinfecting action.

GREZASE SEPARATIOI--A relatively nevw apolication of chlorine
as an ald in the removal of grecse hes been tried in seversl
places. The original studies were reported from Voonsocket,
Rhode Island, shoving that chlorine combined vith pre-
eeration vere quite effective in the removal of greese.
Another experience from Lancaster, Ohio vas reported, Other
studies have been made et Baltimore and possibly other
places. This combined use of chlorine and &ir for grease

renovel hes been called aero-chlorination.
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SU.ZLRY
The significant steps in the progress of sevepge tre: t-
ment ni~ht “e iteni-ed as follovs:

18C8-1870--Cevelopnent of intermittent scnd filters by
Franklung,

1872--Irrigction cnd forming first attempted in the ULS.
at the State Inszne Asylum, Augusta, le.

1878-=8tudy of seveace disnoscl in Englond by C.F. Folson
for licssachusetts State Loerd of Heelth.

18g6--Incuguretion of Laverence Experii.ent Stetion, iasc.
Steate zoard of Health.

1£89-=-Chenical precipitetion plant at Vorcester, :.css.
1891--Drying of sludge onm open beds practiced.
1892--Dibdin's developrent of the contact bed, in Englend.
1834--Introduction of the trickling filter, in Englend.

1896-1887-~Septic tonks started. Tenk et Urbana, Ill,,
by A.il. Talbot.

1900--0Opening of the Chicego Druincee Cencl. Disposcl by
dilution.

1908--Installction of fine ecreen ¢t Recding, renna.
1903=-~Introduction of Inhoff tank by Kerl Izhoff, Ger:meny.

1910-~Investigation by Zlack and rhelns of dilution in
'er York herbor lecding toverds .0.D. control.

1913-1914-~Introduction of the activated-sludge process
by Ardern and Lockett in Englend.

1021--Vacuum filtr:tion of sludge comienced.

1233--First eatterpt to dispose gerbege end severe, T
Fox end Davis &t Lebrnon, renn. Developed further in 12CC
elsevhere,.

1233—-Incinerction of sludge on lerge scale at @enitary
District of Chicego.
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