Pasadena, Calif.
June 99 1922

Mr. Franklin Thomas
Professor of Civil Engineering
California Institute of Technology

Bear Sirs

I beg to submit the following report of a study and investigations made
on the problem of the Los Angeles Sewage Disposal,

The report includes a discussion of the more important and common methods

of sewsge trealment as well as & study of the relative costs of the outfall
method of didposal and the activated sludge tredtment plant.

Respectfully submitted
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INTR0DUCTION.

Durine the past ten years, Los in~eles has increased in population
enormously, as shown by the census ficures. 1In Januvary 1920, the
city had a population of over 570,000, which is an increase of 817
over its population of 319,000 in 1910, It has been estimated that
there are two thousand people comine into the city every twenty-
four hours., It is fast becomine a gigantic problem for the different
departments of the city in the carin- for this increase. TProvidence
is indeed to be thanked that the city had as an engineer, & man of
such far-reachina vision as filliam iwuvlholland to provide such an
adequate water supply as is carried by the ajueduct from Owen's
River -~ a water supply of four-hundred second-feet. But uhfortunate—
ly, it seems that as one important problem is solved, & new somer
what related problem confronts us, ani that is the problem of dis=-
rosal of the sewage in a satisfactor& manner free from obverse criti-
cism,

Los Angeles, almost since the first day of its incorporation,
has used, with marked economy, the most natural method of sewace
disposal, that of discharsine the sewage into the Pacific Ocean. It
is considered as purely 2 scientifiec process of purification as any
other, if it is intellicently practiced within the safe limits of
the digestive capacity of the water. However, it seems that the
process is very much overworked at Hyperion, "here the outfall
gsewer dischavrges iqbo e oc@dan. The sewagae-laden wabters are very
offensive to residents and bathers near the outlet. Sewage litter
is noticeable slong the beach and in the adjacent waters for a

mile or more in either direction, particularly to the south. .t
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Hyperion, the amount of sewage has increased so rapidly within the
last ten vears, that it is fast becominz more and more insufficient-
ly mixed with sea water. When the weather is werm and humid, there
is present, alone the bench, offensive odors suggestive of sewarge,.
It is essential, that when this process by which the sewage dis-
posed by dilution becomes overworked, to treat the sewage in some
e nTa d
wav to assist the natural rrocess, which had previouslyvaany nuisance
-~- the primsry objects of such treatment beines to change the char-
acter of the sewagé, so that the effluents from the treatment
works, will neither cause offenzive conditions, nor be a menace to
the health of innocent inhabitants.

If suspeﬁded solids alone were objectionable, this could be
removed almost entirely bv screening, but at Hyperion, the float-
ine matter is not the onlvy menace. Bacterial analyses have been
mede of the surf water which show that if bathers should happen to
swallow some of the*ﬁafer, there wovld be attendent risks, This
fact indicates the necessity of materislly improvine the disposal
arrancements., Where the disposal by diluvtion fails, because of a
lack of a sufficient supply of oxveen, it is only necessary that a
part of the sewage be treated, so that an adequate supply of oxy-
gen will be available for the remainine uvntouched sewage,

Before determinine the exact type of treétment to be adopted,
it ig necessarv to ascertain to rhat extent the objectionable matter
will have to be removed from the sewace. After the determination
to which extenﬁ the natural process must be assisted, a conclusion
must be drawn as to which method of disposal or combination of
methods will be wsed. When adoptine a method for the disposal of
sewage, it is important that such a process, or combination of

processes, . be selected, as will meet the needs or requirements of

nd them-
the present and immediate future, Put at the same time le



gelves to later development of more effective means of treatment when
they shall be required.

0llowing the %%L the Sewer Bond Issue of 12,250,000.00 in
June 1921, for the provision oi the [orth COutfall sewer, it is of
prime importance to the welfare of the City of Los Anceles, that
other plans be made for the disposal of the sewage surplus of the
immediate future as well as the present. Bonds for the installation
of treatment plants would undoubtedly pass at the next election as
many voters who opposed the bonds for the outfall sewer, expressed

themselves, at that time, as beins in favor of treatment plants.

Methods of Disposal other then Dilution.

l. Screenine.

2; Sedimentiation,

3. Contact bed treatment.

4. Trickline filter treatment.

5. Intermittent filtration. .

Screening.

Grit Chamﬁers.

The erit chamber is a trouch designed to remove the inoreanic
matter, wit hout depositineg any of the orcanic matter. Orit settles
from flowiny sewage, accordine to its size and specific gravity and
accordine to the velcecity oi the stream. A uniform velocity must
be maintained in order to obtain a uniform separation of grit from
the other settline solids. This uniform velocity is difficult to
maintain, on account of the constant variation in the juantity of
sewace and the large cavacity of the chambers in proportion to ths
flow throuch tham,durinz the early yvears of their use. The velocity

of flow must not be so lor thot it will result in the deposit of
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the orzanic materianl. The chamber nust be lone enouch so that
enough time will be siven for the particle of orit to reach 2 depth
belor which 1t will be prevented from escapine from the basin.,

The erit chambers chould collect particles wvhich settle out &t
velocities not less than one foot rer second, if the remainine
heavy materials can be hendled easily in other parts of the treat-
ment plent. It is. more satisfactory to handle material which would
precipitate out at velocities less thsn one foot per second in the
sludge from settline tanks thoan to attempt its removal bﬁ erit
chambers.-

Srit chambers should not be expected to remove more than

10-40 p. e m. of the suspended matter.

Sereenine.

Sereens remove materisl li.ely to obstruct or injure machinery,
to render dilutine waters offensive as to sichbd and odor, and to
cause deposits of material in the bed of the dilutine water. Course
screens are used for this purpose, made up of perallel bars about
one~half inch apart. #'ine screenine removes & much larger percentace
of this material, and is more of & treatment process, whereas coarse
secreening merely insures the satisfactory operation of disposal or
treatment plant. #ine screens are made of perforated metal or wire
cloth, the holes seldom beinz more than one-fourth inch in size.
They should be kept clean dnd the welocity throush them, should be
kept down in order that sewase would not flow throuch, which should
be interoeptedﬁ

Course screens will remove from five to ten p.r.m. of comrse
material and fine screens may be exprected to remove from twenty to

= avera R E
seventy p.pr.m. 7hen conditions are.égymagg; for screenine,
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Suspended matter disintesrates durine the time that it is in the
sewage system, which disintecrated matter (a larsce part of it), will
not be retained on the screens, Thus the size of the screens should
be determined by the nature of the sewage at the place of the screens.
Sereenine may be accomnlished before the seware has had time to di&-
intesrate very much, wnich would brine about gquite a savine at the

treatiment plant.

Sedimentation.

Sedimentation tanks8 are used in cases where 1t is desirable %o
remove a larce part of the susypended solids containine oreanic sub-
stances after the heavier matter has been removed by grit chambers
or screens.' Without sedimentation tanks, offensive sludee deposits

would be formed, if these suspended solids were present in the sew-

aze flovage into a bodyw of water,

Disinfection.

Disinfection of all sewage is advisable if the sewagze ic disposed
into a body of water near batiins beaches, and is much more effecw-
tive if epplied to sewase gfter clarification by sedimentation, than
if applied to raw or screened sewage. The velocity of flow in the
sedimentation tank appwars to leave very little effect uron the
efficiency of sedimentation, but ths period of detention is verw
iaportant, governine the guantity requirad'by the coniitions. The
reriod mav be very short, in some cases one~half hour, but is un+
likely to be mors than four to six hours.

Septic Action

RBacterial sction in septic tanks differ from that in sedimenta-~
tion tanks, orvine to the longser detention period, the decree to which

bacterial action is carried, and the type of bacteria cultivated.



Anaerohic decomposition of the sewase begins after the number of
bacteria have reached a certain amount,rand the d#solved oxygen

and nitrates have been exhausted. The sludee accumulatine in the
bottom of the tank is attaclied by oreganisms, and is partly dis-
integrated. Accompanyine these chances, ecas is produced in the sludge,
eventually the sludee beconmine so licht that it wvill rise to the sur-
face., The practice of "seedino” is to rlace & small quantity of
slud~e from an active septic tenk into a tank of fresh sewage, which
materially decreases thes time required to develop a septic condi-

tion.

Septic Sludee

Reduection in volume of the orecanic matter in the sludre in
sertic tanks, amounts to an averagse of about SO%. The sludre re-
moved from sertic tanks is not more than 20 - 257 of the volume

reamoved from sedimsntation tanks.

Chemical Precipitation.

Chemical precipitation is a method of increasins the sedimenta-
ﬁion of suspended and colloidal matter by the addition of chemicals,
which form floc in the liquid&, the floc drawine to itself the suﬁ—
stantives it is desired to remove. Lime, aluminum sulphate, iron
sulphate are used to react with the matter in suspensiong clav and
soll are sometiies added to weicht down the precipitate; charcoal
is added as a deodorizer. The ferrous sulphate combines with the
eaﬂ?um hydroxide to form the flocculent precipitate, ferrous hydrox=-
ide, which brines down the susrpended matter as it precipitates.

If enourh chemicals are emploved intelliscently, the effluent with
in seneral be clear, nearly free from suspended matter and nearly

colorless. Sometimes the amount of chemicals required teo do this
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is so ereat that there is s serious expense,
This method has not been cenerally adepted, as the effluent is
ordinarily putrescible even if satisfactory in appearance, It is

best adapted to treatment of industrial wastes,

Imhoff Tank.

The Imhoff tank is simply, in construction, a two story sedi-
mentation tank. The solid materizl is allowed to settle out from
the sewace and is then decomposed vy anaerobic bacteria. Treat-
ment by the Imhoff tank keepys the sewvace in a fresh contition by
not allowvin~e the oxyren and nitrates in the sewase to bacome affected
by the decomposition of the sludre. Sevage, on comine from the
sewer first flovs throuch s sedimentation clmmber in which a rreat
rart of the solid matter is temoved. These solids drop down throuech
a slet in the bottom of the settlin~ ciamber into whaet is known as
the sludre chamber, the lover story of the Imhoff taniz. The cases
of decomposition are trarmes o that tier cannot rice uy throuch the
sevace, but must pass up thas outside of the wall of the settline
tank. The TImhoff tank performse the functions of sedimentation and
septic tanks,

The sludce from the Tmhoff tank is easily dAisposed of. On be-
ins removed from the tank, it ig spread out upon dryins beds, and
is buoyed ur by the entrapped cases, which allows the li~uid below
to escape throush the beds, The gas oradvdlly frees itselfl from
the suldee after the rater escaped, leavine it -vite rorous, which
porosity is advantagedus as it hastens the time of Aryines.

Por the detention veriod Thon the sewage is fresh, ~ood practice
recommends about three hours with an averace of perhaps two hours.

Retes of flov in the sedimentation chamber range from seven to about

eigchty~five feet per hour.
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Activated Sludege.

The idea of activated sludee rrocess started from a series of
experiments at Lawerence LZxperiment station in 1¢12 whieh had to do
with the seration of sewage. lLater experiments were conducted at lian-
chester &neland, whnich had to ao 7ith the aeration of sewage in the
presence of sludege, This treatmnent of sewaze by aeration in the yre-
sence of the sludge is now seneraliy calbed after the Enelish, "activated
sludge.”

The principle vtilized in the activated sludge treatment is the
removal of suspended matter coupled with the serobic decomposition of
some of the oresanic matter and in some cases the subsequent nitrifi-
cation of the msmmoniacal compounds. The process consists in addine
sludee to the raw sewage in prorortions of about one to five and enoush
oxveen to malintain aserobic conditions is provided by asrstine the sew-
ace for a certain interval of time. The treated sewace is then acitated
until a sort of flocculent precipatate develops, the sewase led into
settline baniks where this sediment is precipitated 2nd the clarified
liquid passes off as effluent. The sluige not renuired for treatmant of
the 1ncomine sewage is {disrosed of by dryin~ on =and beds, snd usine
the dried sludese for fillin~ in l2nd, yvnprinege into lasoons whieh on
drvine ur becomine svitable for raisin~ cpops or conversion into ferti-
lizer by drvine and rressine,

In tuis process such & laree prorortion of the suspended
materisl may be removed btiat oﬁiinarily the effluent will be clear and
contain onlyv a small amount of suspended matter and comparatively few
bacteris. It is interestine to note that in this process s partial
treatment may be ~iven, If the removal of suspended matbter and bacteria
is all that is wanted, thes vrocess can be stopped short of meterisl ox-

idation of orsenic matter and nitrification or the process can be
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operated to oovtain cowmpletve stebility o. Lhe el lluone ur he

oxidetion necessary, It may be impnousible . (o zccomplish all
this without the eddition of chezicsls if the cewsge contoing
industrial wastes of disturbing charescter.

rontaect Heds

The purpose of contact beds is to transform the organiec

matter in the tenk effluents invo muterial which would not de-

o

mand so much oxygen that they would not exhaust the supply in
the water; recetving the effluents :nd produse putrefactive:
conditions. The contact bed was & step forwerd in sewage
treatment before the invention of the activated sludge process.
The bed is opersted by fillin: it with cewege, allowing it to
stand for'a time, then drawing off the cewagze e2nfli ellowing it
to rest empty. The changes teking plece in the sewége 8re
physical, biological and chewical, 'he disadventare of con-
tact beds is that the; z=re limited in ceapacity and the cost
is too great as compered to the benefits deriwed from other
proeesses.

Prickling FPilters

The trickling filter is not limited in cepacity as is the

contact bed as the sewage flows continuously throuzh them.
The sewage is applied 2s uniformly ac possible oy sprinklers
or other devises &nd is allowed to trickle slowly over the
stones =nd has sufiicient opportunity to zive up coiloidal and

dissolved substances to the bacterial jelly. ™e bed may
absorb oxygen continuously which lessens the danger ol ana-
erobic conditions. fhe filter converts putrescible setiled
sewaze into steble efiiuvent not subject to putrefaction. 4
difT7iculty precents itself in that irreguler distridvution of
the sewage over the surface has not been overeome LY =ny mesns

g0 fer produced. ‘hus the effluent is composed of portions of
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the applied seweze which has received varying degrees oI

oxidetion. :l@ither contact beds nor tricklin~ Filbers alone

will 1e 0ve bacteria.

Tntermitient $eand Filters.

Aprlying sewage intermittently &nd unifornly over 2 bed
of well draine: sand for & considerable period ccuses the
removal of the suspended matter by the :=itrsining sction of
the sand snd the oxidation of the zuspended matter, dissolved
as well as suspended, by the bacteris livinz in the bed.

Due to the straining sciion of the sand, suspended solids
are left in the upper part oif the filter where ithe organic
matter is subjec® to biological sction with ocidetion end
liquefaction. Thesge soleds accu ulate w0 fast i the o-idstion
end liquefsction itc s0 much slover that the interstices of
the sand become filled with smull psrticie:c. This con’ition
hinders Gthe free circulation oi sir znd checks the‘passing of
sewsge into the sznd. Ample oxygzen wust ue provided in order
that desirsble zerobic bacterial changes will tzke ylece. ‘he
underground drainsge must have sufiiclent capacity to remove
the csewage a&s fast as it is appiied to the filters. Whén
intermittent sand filters are operatin. properly, the

elfluent will be clear and Iree from susr-ended matiter.

Goncius ion-

& Pororors Hrlal? Jlasus<sien 52 bk - e
Frow tte FPorecoin Hris® Yisenslon of tha priasipal webhois of sew-

ere treatment, the activated sluire metini nf trerment is the most rd-
¥

Yantazeous for the reascas that the irmuritie~ oo

raniered non-rut-

rescdiole and the liruid is well 21g+ifinrd «*iaw rasnine thror~r {thae
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“

settline tang which feets are of Fundaneatal it ortance in treo

YO -
raration of verace ‘or irriecation n’ Lia Tarae 20lids for 1ze as

festilizer.
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The city envineer of Los Anveles recorussnded thet an interceptine
sewer be coaétrueted from tie junction of Arlinmeton ivenue and Txrosition
3oulevard westerly to the vicinitv of ..ovnier Lane and 5allons lreek
This sewer will provide for the excess flov in the present outfall
sewar and the unsewered district in Jest Los Anveles and tollywood.

This cost is estinated at ﬁl,SGé,OtO.

An activated sluirse plant of 6,00 ,000 #allons daily capacity writh
location in outheastern part of the {ity and provision to lischarce
the clarified efflusnt into the Los invelew River. The cost is estimated
at %488, 100, An interceptine sewsr to deliver sewsre to this rlant from
the east side of the Los Anceles Ziver. Cost estimate “397,CC0.

A fine Scréaninp vlant of £4,0C0,C00 ﬁ#iioﬁs-daily caracity 2t
Hyrerion to remove susyended matier from the rresent onffall gawar.

This cost estimatei at *34,300.

The total cott a= sub.itted vy the an~ineer is ®3,450,000. FHe
also ggtimabes that the totzl wearly cost of operation anid maintaein-
ance is "“258,300,

Fecommendations

-
&

In puttine forth the tollowins recormendations, it must be understood

that all‘caleulations in re?prence to sevace flow, installation costs
of t?eatment.tanxs, operatine costs, ete., are based uvon the estimated
poruleation of the city which vhile indeterminate to a certain decree
cives a verv cood basgis for dete%ﬂin@yrelative costs.

1. An intercertor should be constructed +o rrovide . Jor the uvunseverad
dicstricts of "est Los Anceles and Tollwvwood and to relieve the over-
taxel svebem, This interceytor should extend from Arlincton Avenue to
tﬁa neishborhood of loynier Lane, north of the Baldwin "ills, the capsacity

.

of which shouli be 190, million sallons rer.dav.

25 Y second interecertor or system of intercertors should be

constructed to deliver sewsca from the FRast Side of the Los Angeles

: 3 ~
2iver to a treatment plant in the Southeast part of the citv.

-
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12.
The capacity of these s=aver shoull bé 120 millions callons per 4s7,
These need not be constructed at once but masv be construzted in units
of 50 or 75 rallons caracity aw reruired.

3. ‘'ctivated sludee rlante should oe constructed at the terminals
of these interceptors two years in alvance of the sewsre flow which will
cause an overtaxed condition in the rresent rlants. The increase expected
in the sevage fldw is shown in the taocle of relative cost:attached.

4, There should be installed at Evrerion a fine screenine rlant
with capacity equal to the capacity of the rresent outtall ( 52 million
gallons per day ).

In the arplication of tiis wmethod of disyosal, sn inherent dancer
lies in the manarement. Conscientious enesineerine skill is re~uired
to keer all features oreratine to the best advantare with the marked
variations in volume, character anil temrerature of the seware and the
multitude of ordinary oreratine difficuvlties. It iz to be sﬁovn “Thether
or not such a method can ve suzcessfully orerated a8 & comniercial
rroject with a municipality in zontrol. The fertilizer an? vatér for
irrication produced will have to be disroned of a2s the law of suprlrs
aend demand rermits. 4+t is to be hored that enoucrh revenue will be
derived to so reduce OTeratinF exyenses and rrevent them from ne-
comin~ & ourden. The activateil sluire treatment has such advantace over
some of the other methods and there is such a rromise of improvine these

advantares that investisation shorld be made and trials eiven.
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1.

Compa?ative Cost of Cutfall Sewer and Activated Sludee Plant.

In the computations of the fotal cost by 1950 of the two systems,
the outfall sewer and the activated siuago'plants, the population
estimate at intervals of two or three yearé was obtained from a curve
which was drawn from the estimates of the comnission employed by the
City of Los Angeles to investizate this problem of sewage dispossal.
This commission consisted of Mr. George . Puller, of New York Cityw,
Professor George C, Whipple of Harvard TUniversity, end Mr., William
Imlholland, Chief Enscineer of the Los Anceles Jater Department.

The activated sludre plént would require an investﬁent oi about
#60,000.00 per million gallons daily flow with operating costs at
about $10.00 per million gallons, Intérse@ting sewers to supply the
activated sludge plants with sewagze were used in the computations
as if they were to be constructed immediatély with the cabacity
which was estimeted to flow by 1950. An estimate of the cost of
theée sewers with a capacity necessary to take eare of the flow in
1950 is *5,250,000.06. Interseptine sewers mav be built %6 gars fon
the flow two or three years in advance, put the unit flow cost of the
large capacity sewer is very much less that of a smaller capacity
sewer, The cost of pressino and dryine the sludece was not taken into
account as it is & question as to whether or not there wil; be a
market for the fertilizér developed. The sludge can be used to fill
in low iands br burned in incinerators as th; case may be, The average
sewage flow per capita was assumed at 110'zallons per day per capita,
which gives ample allowance for increase due to the coming of such
businesses :ﬁiﬁge great quantities of water. Interest costs was bazed
on a ¥#te of interest of 43%. The cost of interseptine sewers in
connedtionhwith the activated sludge plant was obtained from the esati-

mate of City Enecineer, John A. Griffin, as was -also the cost of screens
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to. be installed at the terminal of the o0ld outfall sewer at Hyperion.
The cost of the New Outfall sewsr was taken at *14,000,000,00 with a
~eost of operatine for tﬁe seresens at #2,00 rer million gallons as
obtained from lMetcalf and Eddy.

Bonds for the project should be floated with date of maturity,
at the most, thirty years hence. The amount of money required by the
bonds are shown at regular intervals in the accompanyine table. The

cost of floatine the bonds was negl:cted in all computations.

Conclusions.

The relative cost of the activatedsludee plants and the system
of outfall sewers will be practically the same for a period of thirty
years. In 1950, the total cost of the sctivated sludece plants —ill
be in the neichborhood of $%8,200,000,00 s nrainst a total cost of
about #36,500,000,00 for the outfall sewers. '

The cost of the activated sludece method would not be such a
burden uvpon the tax payers as the bonds are extended over a lons
reriod of time, which and the additional expénSe of mew units come
only at a ti e when they are needed. In case the population 4id
not come up to expectations, the loss dve to the more adequate
cayacity of plants than needed 'rould not be great for after a few
vears it would be essentisl to have thenm. '

Efforts,shquld not in the least be lessened in investiratine
new tvpes of treatment, but the activated = luire rrocess gseems at the
present time to be the more lo~ical ani the more economical for the

sewaze flow of the €ity of Los Anceles,





