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INTRODUCTI Oxi e
Score of Revport.

This revort embraces a discussion of the local conditions, the studies
of both preliminary and future aspects of the rroblem, with a suvrmary
comprising a comprehensive »lan for the sanitary collection and disposel
of the sewage of the entire city.

In sddition to Tormuleting a plan and in order to irrrove the City's
ganitery condition nt an early date, recormendations are rade to construct

the works stev by step in logical sequence, beginning with treatment to =

limited degree, with a view to utilizing the natural advantages of the City
for disposal by dilution as far and as long as nracticable, recognizing other
municipal needs of equal importance, and the limitations of the City's
borrowing capacity, subseaquently adding to the first constructions as

proper sanitation requires,

Authorization.

On July 20th, 1907, His Honor, the Mayor of the City of Philadelph
John %. Reyburn, nnnrovpd an ordinsnce of Councils ent 1 itled "An Ordi “ane
to authorize the Ueh"rtment of Publie Works to make investigations and re-
nort upon & comprehensive plen for the collection, purification end dis
nosal of the sewage of the City, together with such alterations and
extensions of the existing GOWer"pe systems as may be necessary, end to
make an appropriation therefar " The ordinance rrovides, in vort, as
follows:

WHEREAS, By an Act of NSQembly of the State of insylvania, entitled
"An Act to vreserve ﬁhe purity of the waters of the State for the nrotection
of the nublic health," approved Arril 22, 1905, it is wnrovided, ~mong other
th ings, th-t "No noraon corporation or M:nvclﬂﬂlltv shall place, or
verrit to be vlaced or dﬂsch“rge or rermit to flow into eny of the waters
of the State, any sewage, excent as rtereinafter provided, ete.” Als0
that "Whenever it is tneir hh n1narq ovinion (Governor, uttorney General
and Commissioner of Health), at the general interests of the publie
health would be subserved tzn.eby, the Cormissioner of Health may issue
a permit for the discharge of sewage for eny such sewer system into any of
the waters of the State, and may sti-ul:te in the nermit the conditions
on vhich such discharge may be permitted,” revocable a2t any time; and

p
-y
L

"HEREAS. the Governor of the State, the Attorney General snd the
Commissioner of Health have by varicuvs nermits granted the right to the
City of Priladelphia to extend various sewer Q7stems, end to discharge the
sewage into the waters of the State subject, among others, to the follow-

ing condijtions: "That the City shall, on or before the "rur one thovsand
nine hundred and twelve, nrepnre and sibmet to the 3State Department of

Health, for aprroval, a cormpnrehensive sewerage nlan for the collection

and disposal of the Sewage of the various drainage distriets of the City,"
and another conditions &s follows: "Axtensions shall be 1"wed1ately

approved, nrovided some "rogress shall be made each yeor in the study of
a comnrehensive system of sewerage for the various drainage distriets, and
pr ovided that said sewer extensions shall not, as far as practicable, "be
at cross puryoses with said comprehensive system;™ now, therefore,

1
L




Section 1. The Select and Common Cornci1c ol the Cit
do ordain, Thot the Department of Publiec Torks be author
to make investigntions and report uron o comprehensive plan lor the
colection, purification and disposal of the sewape of the City, together
with svch alterations and extensions of the existing sewerage qugerﬁ as
nay be necessary; also to cerry on experiments and report upon the
feagibility of the trestment of sewage, tocether with estimates of the
probable cost of alterin~ the rnresent sewnge systems as far os may be
required, of constructipg necessary outfell sewers, of construeting disposal
works, and the raintenalice of the srme,

Section 2. The Director of the Department of Public Works is hereby
artthorized to employ in consultation such env*peFTS snd hacteriologists
as moy he requisite to rerch o satisfactory solution of the n»roblem; and
also to emnloy such ensineers and agoistents os nay be required for Vdfv“g
xﬂrve““ invegtigations, experiments nnd recom Chdﬁtlwxg; all expenses for
salarles, inapection, tosts, tronevortation, nnd incidentsnl exmenses, not
o}

v : 14
rerwise vrovided fo r shall be paid out of the apvrorriation for the
rk herein author ized,

Sub=Division of the Investigation.

Adivides itself into the

The investigation ordered by Coun

B
D

following s ects:

Sre

A conprehensive nlan for the collection, »urifiecation and dircposal
of the sewapge of the City.

Alterations snd extensions of the existing sewer systemn,

Experiments ond revwort on the treatment of sewage.

Retimates of the cost of altering the resent sewer system,

Construeting intercepting sewer systems and disposal warks,

llnintenance of Disrosal works,
Organization.

The investigations have been carried on and plens prepared by the
Buresu of Surveys, Mr., George S. Webster, Chief Enpineer, lir. George
B, Datesmon, Princinal Assistant Engineer, lr. W. L. Stevenson, Assistant
Bngineer, (Sewage Disposal), ir. Charles Frormer, Assistant Engineer,

(Ssewer Desigm) with the aid of & corps of assistonts orgonized into a

Sewage Disrosal Division.

Ackinowledgement .
Dr. Rudolph Hering, Consulting Zngineer, was engaged to advise in

connection with the exveriments =t the testing stotion and uvon the



studies for the comprehensive sewverage plan,
Ackrovledgement is also made to Ir. F. C. Dunlap, Chief, Burecu of

Water, and to his assistant Dr. George E. Thomas, Chenist, for assistance

and valusble advice.

OTTT P AT Y AATTYy e TAMD
Pl ’\i{Y a2 CUNOLUS LOND

lst. The adontion of a satisfactory nlan Ic 1 disvosal of the sew-

age of the City, so arranged that it may be carried ount in pregressive

parts as the increase of population and the necessities may demand,

a .

ond, Division of the system into two parts, each having & lisposal
works, one to be located in and to teke the sewage from the Northeastern
vor tions of the City, and the other to be looatéd near Penrose Ferry
bridge to take the sewape from the balance of the Citye

Brd., Trhe acauisition of land for the aisvosal works adeaquate in
area to serve the future requirewents.

4th., The construetion of intercenting sewers %o prevent the flow of
sewace into the smaller streams within the City limits, and to conduct the
sewage to the main intercentors vhich will carry it to the noints of dis-
rosal.

5th, The construction of intercenting sewers to remove the pollution
from the Schuylkill and to conduct the sewage to the Southwest Tumping
Station and ultirately %o the disvosal warks on the Delaware river below
the mouth of the Schuylkill r iver. The construcetion of similar inter-
cepting sewers along the Delaware river, sore leading to the lla theast
and some to the Southwest stations. Also, the construction of necessery
charbers and devices to automatically divert the sewage from the combined
conduits to the main intercenting conduits, ond also the necessary tide
gates at the outfalls of the corbined severs,

6th, The construction of »umning stetions at each of these works and
submerged ountfalls into the river.

7th, The vnrelininary treatrment of sewage through screens and grit

chambers., -3 -



8th. The construction of two story sedimentation tanks and of sludge
drying beds,

9th., The making of necessary repairs to and alterations in the
existing sewer system to bring it to a rodern state of efficiency, and
to adapt it to the genersl plan recomrended,

10th. The operation of the works for a period of time without the

additionrof nrocesses for greater refinement, adding these as the

necessities reauire, and as funds are wrovided,

11th, The division of the construction into sections in sequence,
pr onortioned to the amount of money which moy be appropnriated from time
to tire.

12th, The designing of main sewer extensions so thet they mey con-
form to the accepted plan.

15ths. The ﬁndertaking of such parts »f the work at first which will

relieve the inland st;eams from vollution, and irprove the auelity of

the water at the intckes of the water filtration works,

14th, The division of the disvosal works in separate complete working
units, so that restment of the sewage may be carried on, without delaying
until the accomplishment of the complete plan,

16th, Withholding avrroval of their construetion, awaiting a further
advancement in the science, it nevertheless follows thot the complete
plan as »~utlined reaquires the construction of »ercolating filters.,

16th. Also construction of settling basins,



looking to the nrevention of rollution of the rivers, involving changes
in the means of disposal of such wastes, ssyer® responsible for this
condition,

llodern sanit-tion mey be said to have had its initial impulse from
the researches of Dr. Bdward Prankland, of Zngland, who was a member
of the "Rivers Pollution Prevention Commission" in the years eucceeding
1868, Subsequently mueh legislation was passed repgvleting the
entrence of trade wastes into the streams and various Boards vere creant-
ed and clothed with rower to nreserve the waters from pollution, by
reguiring treatment of those wastes snd seware before being discharged
into the streams,

The first reasures of this nature in this country were taken by
the people of llassachussetts, who, realizing that the nroblem whieh
had confronted the more coneentrated nopulations of Hngland would
ultirmately arise among the Ilew England towns where sources of water
supnrly were few and inconsiderable in size, secured the passage of
legislation about 1886 authorizing the establishment of a laboratory
under the State Beerd of IHeal th, The work of this laboratory began
in 1888, and has continuonsly been carried on until the present, The
lines of examination followed somevhat after the rrocedvre proposed by
Dr. Edward Frankland in the lnglish investigations. The necessities
for purification of sewage in England were so urgent that large expendi-
tures for exverimental and wrking sewage disposal plants were m:de,
the work of the Massachussetts State Board of Health being a valuoble
aid to the Engineers of fngland in this regard.

In the meantime Germany ond rrance had made considerable pro-
gress in the stwdy of the muestion and in the c¢onstruvetion of sewage

disposal works, "he Americen Cities, in a great measure, have been

.

making use of the rivers and streams =8 the guickest method o

disposal, but the growth of wopulation in recent years attended with the
inerease of water consumption and the desire to raise the stendard

of the water sumnly hes brought forth a strong vopular demand for

the preservetion and congerva ion of the waters, vhich makes the matter
-l
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of treatment of sewage of great impor tance,

Present Conditionms, :

Boards of Health heve been created and in order to stamp out dis-
eases, the sourees of which ore attributed largely to {he drinking of
impure water, and wnich contribute in & large measvre to the high
death rate in communiti @s where the s:nitary arrangements are not
satisfactory, they have insisted uron an irmprovement in the methods
of sewage disposal and hove been granted large powers by the legislative
bodies of the various commonwealths,

The Legislature of the State of Pennsylvania following the nopular
demand, on April 22nd, 1905, passed an Act creating a Stiate Demmrtment
of Health, hoving a Commissioner with lorge owers to compel municipalities,
ecorporations and individuals to irnrove conditions wherever they are found
to be unsenitary or injurious to the communities. Cities have been
notified to prepere plans for immr ovement of sewer systems and methods
of sewape disposal throughout the State, Among others., the City of
Philadelvhia is required to prepare and forward to the State Departient
of Health a comprehensive plan for the collection, purifieation and
disposal of its sewage as indicated in the terms of the permit granted
to the City under date of April £zth, 1907 for the extension of its sewer
system, which emong other things yrovides as follows:

"First" That the City shall on or before the year one thousand nine hun-
dred and twelve, prepere and stbmit to the State Department of Health

for approval, plens for the colleetion and disposal of the sewage of the
City.

"Second” The City shal 1, in the interim, forward plans and lists of sewers
author ized to be built by councils of the city, from time to time, giving
the name, size, length of each sewer extension, refe ring by number to

the positions of said extensions uvon the plans, to the State Department
of Health, which extensi ons shall be irmediately aprroved provided some
rogress shall have been made each year on the comprehensive plan for the

entire distriet.
il



"Third" Io vathologieal material from any l-boratory shall be discharged
into the sewer system, The prover authorities shall cause these wastes

to be incinerated on the rremises,

Preliminary Arrangements,

In order to eomply with the Ordinance of Councils, authorizing
investigation of metiods to prepare for a better system of sewage dis-
rosal, the Bureau of Surveys has utilized the old testing station of the
Bureau of Filtration, after some alterations, to experiment upon methods
of treatment and sewage disnosal to determine which corbination would be
best adapted to the loecal conditions, the result of which investigation,
after being carried on over a neriod of fifteen months was given in a
separate report pgblished and »rinted in the year 1910 by the Buresw of

Surveys,

Visiting Sewapge Works,

Prior to placing this experiment station in operation, in January
1908, lir. George R. Stearns, Direetor, Department of Public Works and lr,
George S. Webster, Chief Engineer, Bureau of Surveys, were commissioned
by His Fonor, the Nayor, John E, Reyburn, to investigate the aquestion of
sewvage treatment and var ious methods of disvosal in use in England and
on the continent of Eurome; a revort of which visit was mnde under dete
of Feb. 29th, 1908. Both pefore this visit and afterward the officials
of the Buroéu of Surveys charged with the solution of the problem, visited
at variouvs times, sewape disvosal wor ks in covrse of construetion or in
operation in = number of c¢’ties in the Eastern prrt of the United States,

s

and collected valusble data bearing upon the subjeet,

Chapter 13
k4 i T Ny TYYEE TN e e TYIT . D A
TOPOGRATHY AND PRESENT SEWAR SYSTEM OF PHILADE LPHIA

Tornography.
The City of Philadelvhis, Penngylvania, is situated above the con-
flvenee of the Sehuylkill and Delaware rivers, the nm t congested por tion

lying between the rivers, s1though closely built areas lie on the Banks

. f the tributaries to both rivers.. A considerable portion, =bout one third,

gy e



of the urban section of the city lies West of the Schuylkill river between
it and Cobbs creek, vhich forms the "esterly boundsry line,

The total area of the City is 129,583 scuare miles, sbout 60% of it
comprising the area draining directly into the Delaware river, the
remainder into the Schuylkill river and tributaries.

The topograrhy of the City may best be described as rolling, The
elevation of the business centre of the City around City Hall is from

Ty

38 to 40 feet above high tide and from this roint mastward, Vestward and

Southward there are gradual slopes toward the rivers, From City Hall
Tor thward to FPairmount avenue, the r ise is vexy slipght. In the portion

Jorth of Fairmount avenue from an elevation of about sixty (60)feet above
high tide, the ground rises gradually Ilor thward and Northwestward to a
maximum elevation of 443 feet; in the llortheasterly vortion of the City
there is a hipgh pleteaun with average elevation of from 100 to 185 feet
above nigh tide, from which the ground slopes gradvslly towards the

cdelvhia

4

o
A

low plain bordering the Delaware river. In the nortion of Ph
West of the Schuylkill river, the ground is generally high and rolling,

nr

rising from the river Vestward and reaching 2 raximum elevation of two

hundred ond ninety-four (£94) feet above high tide, with the exception

of a considerable area amounting to abont 4,000 acres which vould be inun-
pigh

dated at every/%lde if it were not for the protecting river banks,

This eondition also exists between the rivers in the Sovtherly section

below Oregon avenue,

As the tovograrhy has an essentinl bearing uvon the sewer system

of & eity, it mey be stated that the main sewers of the comnrehensive

4
<3

system are desipgnated by the names of the valleys in which they are

o *

63

construeted, or by the streets uvon which are their main outfalls,

In the Delavisre basin, there are such sub-divisions as the Guaners run,
Prankford, Pennypack, Wingohocking, Cohocksink creeks, etc., in each

of which eases, in »lece of the original over creeks, there have been
built covered conduits or severs carrying the dreinage from the
territory tributary thereto.

In the mortion of the City West of the Sehuylkill river there are
- .



stch sub-divisiomas the Cobbs, Mill and lantua creeke, Thomas run :nd
others, the nemes for which are rurely 1

For convenienee the main drainoge areas are designated by distriects
as follows: Delavare river, Scehuylkill river, Cobbs, Pennypack ar

Frankfar d creeks.,

The Ixisting Sewer System,

The existing sewer system is the recvlt of o growth more or less
systematie from a tire rreceding the year 1855, the year of the con-
solidation of the various boroughs and tovmships in Philedelphia
County, from which most of the City's records are dsted, ‘The
mileage of main :nd branch sewers rrior to 1855 and after that in each

decade to the vnresent are as follows:

Table of Sewer Construction by Decades,

Ililes of Sewers

Period Main Braneh

Prior to 1855 18.00 19550
1868 5,20 £4,00

1870 Hsl2 26¢ 39

1880 16,829 5.94

1890 27.5%7 174,67

1900 71,06 341,75
1910 42.401 195,605
TOTALS ===--neea 185,641 866,055

uded in table

Note: 162.15 miles addi tional not inel
athered fron

recently added to the total, é(
all sources,

The building of sewers in the different boroughs and townships
comrr ising the City of Philadelphia, within the Vounty, was carried on
rrior to 1855 s the needs arose for carrying drain ge from built up
seetions into the nearest large stresm snd for enclosing the channels
of streams which intergepted them, Between 1855 and in 1863, the
methods of construetion followed vrecedent, rrom 1863 to 1876, the
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Chief Xngineer and Surveyor made rlans, and specifieca ions; from 1877

to 1884, in addition, he controlled the arpointment of ‘nspectors,
althoueh the work of construetion was done by the verartrent o nighwayse
After the latter date, the whole responsibility was nlaced upon the
Department of Svrveys, after 1887 known as the Bureau of Surveys,

About the year 1878, great improvements were meade in vrinciples of
design and methods of construetion, The prineipal of preparing plans
of the var ious drainage areas, which noturally divided the City into
districts was established and the determination of sizes and general
alignments of 211 wain and tributary sewkrs, to vwhich, the construction
of all sewers, was mede to conform, In Sewer design vrovision hoes beem
mede for main stems and bramhes provortionate in size and covacity
to the work required of them, The coefficients of run-off having been
increased to meet modern conditions in sewer construetion, the incorpor-
ation of improved meterials into the luter sewers will add greatly to
their length of service,

The vercentages of the total mileage of sewers construected during

the last 10, 20 and 30 years may be seen on the following table, com-

riled from that vreceding:

Percentage of Total llileage of Sewers,built in last
10, 20 and 30 years
Main Sewers Branch Sewers
Percentage Yer centage
of of
Reriod Miles .. TOTAL liles TOTAL
1890 - 1910 117%.46 61 517. 55 59.6
1880 - 1910 141,03 7642 712,822 82.2

it will be noted from the table that rore then 20% of the main and braneh
sewer system has been built since 1900; that riore than 60% has been built
since 1890, and that more than 75% has been built since 1880, that is,
more than three-fourths of the present system has been built under the

modern design and conctruetion,
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The total mileage of sewers built and in operation,

.

cost as of January 1, 1911, is as follows:

Total Length of Sewers Constructed

llain Sewers =-----=185,641 Ililes

Braneh Sewers ----8¢6,055 "

Private Sewers ---141,095 (Bstimeted, not recorded)
Mise. Sewers =-=---- 21,050 "

/ e - S fecoteeas /‘“f% magle ldee /G)0

by 7 & f" f( * T 2. 3 o - . :

Tyres of Constrdtich ¢ WtV Aficlor @ prs

The older sewers built from 40 to gg years

b ¢ 3
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and lime mortar. In some cases, the bottoms were laid

Joints as the theory at that time was that

serve to extract the sub swface water from the soil and carry

these channels to the rivers. It was not the vrractice

to conneet water closets with sewers, Later, this

eongtruetion was abandoned,

without

sewers laid in this

When hydraulic cement came

together with their

Cost
$15,312,541,54
14,392,%99.93
2,235,000,00
1,772,464.11

:}383 71 ﬁ, 505.5%,

‘uﬂ 1 "y, {ﬁfﬂ
o

#G‘x £

ago were burilt of briek

rnor tar
way would

it throvgh

8% that tTine

me thod of sewer

into use it

was substituted for 1lime and its use has added greatly to the 1ife of

the sewers,
of
Twenty-five years ago,

was introdueed; the improveme ts in the manmifacture

material has favored its continusnce and it is used

development of the uses of concrete has resulted of

building of a considerable number of 'arge sewers

foreed with steel. The latter is the newesst

struetion and is used wherever conditions are suitable,

Methods of Colleetion and Disvosal

In the earlier days of the City, sewers were

villages to the nearest large stream end the sewage

direetly in' o them, As the populati-n and hence the

intwodueed into these streams hage increased

and objeetionable to the adjacent residents,

of the City, these stream

of this
largely,
late

conatrmeted from

the construetion/vitrified clay ripe sewer

class of
The

year s in the

of concrete rein-

tyre of sewer con-

the

allowed to rum

amount of sewage

they have become very foul
With the expansion

s have 1ar661y been directed into main sewers
-1-
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whieh carry the drainsge to outfalls at the banks of the rivers,

The rineciple upon which the City of Philadelphia is sewered is
divided into two parts, the so-called separate system, where the house
drainage is carried in a sgeparate nipe or conduit from the storm water,
and the eombined systerm, in which both the house draincge and storm water
are carried in the same conduit,

The separate system ‘s construeted unon the territory tributary to
Wissahickon creek and to the Sehuylkill river sbove Fairmount dam, the
eonduits carrying house and factory sewage connecting into an intercept-
ing sewer built along the Rast bak of the river and emptying therin,
below the dam, FPairmount dam for many ye~rs has been the for ebay for
the water supply o a large area within the City.

The eombined system is at present used in 211 other prrts of the
City, During the past few years, intercepting sewers have been built along
a number of creeks, to gather the dry weather flow in the combined sewers
and earry it to noints more remote from population, whieh,sewers will
be extended to dismosal waks in conformance with the comprehensive plan.

In the earlier days, the streets of the City were prved generally
with cobble stones, Within the last twenty-five years, these cobbdble
stones have given place to rore modern materincls; granite bloek,
vitrified brick and Dbl ock, asphalt and granolithie ravemen t, The
streets as originally p ved did not readily permit the storm water to
be earried off, but allowed a large percentage of the rainfall to
percolete through the soil. The e-nstruetion of an increasing
mamber of improved pavements, however, and the wmoaving of large yard
areas with impermeable materials have given r ise to a new eondition,
resulting in the ranid run-off of the storm water and allowing it to
reach the sewers in shorter time and in greater volume than was the case
under the old conditions, causing congestion in the old sewers and re-
guiring the building of pelief sewers to carry it off without damage to
proverty.

The increase in the number of miles of immermeable 1 vement has
also smown the inadequacy of the number of inlets that were sufficient
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under the old conditions, It is therefore neeessary to continue
the construetion annvally of a large number of inlets, in or der that
water may be carried more quickly into vnderground channels, thenece

to the rivers.

Chapter IIX
WATER SUPPLY OF PHILADELPHIAL
Sources,

The water supply of the City of Philadelphia is obtained from the
Sehuylkill and the Delawsre rivers, The Schuylkill river is the
source of suvnly for the selmont, the unver and lower Roxhorough and
Queen Lane Filter Plants, and the Delawnre river is the supvly for the

Torresdale Plant,

Quantity Used,

The total amount of water »umped for water consumption during the
year 1911 was 116,044,866,000 or an average daily consumption of
317,930,000 gallons, equivalent to a ver capita consumption vner day on
en average of 201.6 gallons, Sixty five per cent of the water suprly

is taken from the Delaware river and thirty five percent from the

Sehuylkill river,

Quantity of Flow of Rivers,
Sehuylkill River.

The ordinary low summer flow of the Schuylkill r iver at Philadelphia

is about 200,000,000 gallons rer day and the lowest monthly flow recorded

was in Auvgust 1909 at a rate of 115,000,00C gallons per day.

Delaware River,
The Delaware river is tidal as far as Trenton, so that a practically
unlimited supply of water is availble at Philadelnhia. The flow from
the watershed of the Delawnre river above the Torresdale intake, which

represents upland water, is estimeted to be 1,313,000,000 pallonsver day
«12-



dur ing most extreme drought and 2,600,000,000 gallons ver day ﬁuring

normal conditions.

Physical Conditions.
Delawsre River.

The intcke for weter suvply from the Delawere river is situnted =t
Torresdsale about one half mile above Pennypack creek znd Tfour riles
above Frankford creek.

The main sources of pollution of the Delavere river above this point
afe Burlington, N, J., Bristol, Pa., Trenton, N,  J., Eeston, Pa.,
Philivsburg, N. J., Bangor, "a., Bethlehem, Pz., 2and Allentown on the
Lehigh river.

Aside from these sources, the wastes from Philadelphia and Camden,
N. J., provide the greatest per centage of pollution, and the river being
tidel, this latter pollution effeects the character of water at the intsake
of the Torresdale water filters.

In 1905, it was estimated that 1,800,000 versons dwelt upon the
watershed of the Delawsre river above Philedelvhia (exclusive of the

Sehuylkill r iver watershed)

Schuylkill River,

The number of towms ond amount of pollution which exist uvon the
watershed of the Schuylkill river have been shown in the varicus sanitary
exaninat ions and revorts made by or for this City,.

In 1905, it was estimated that 1,200,000 dwelt uvnon the watershed of
the Schuylkill river. Care has been token to remove sources of poilution
of theé waterisupply of Philadelvhia from this river from within the borders
of the City. The amount of rollution, however , discharged through
existing sewer outlets into the Schuylkill river below Fairmount dam
(below the point from which water suwnly is taken) compr ises suech a large
rropor tion of the aetual flow (exclusive of that eonsumed in water supprly),
that it hes of recent years been a matter of serious ecomplaint and is an
ever increasing nuisance to the comfort of the neople adjacent to the

river below Fairmount damng
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The effect of thefboilvtion which reaches the Schuylkill river is fel®t
chiefly by the residents of the City bordering upon its banks; that of the
Delaware river on a2cecount of the large volume of tidal flow, hes not
ecreated conditions objectionable either to sight or smell to the citizens
of this City.

There are two cities which are interested together with Philadelvhia in
the matter of pollution of the Delaware river including that of the
Sehuylkill river, namely: Chester, a City of 38,583 Population, situated
9 miles below the confluence of the rivers above mentioned, and ilmington,
with 87,400 population, situated 21 miles below.

The former city takes its water suprly, amounting to a pumpage of 3
milliong e&ight hvndred trousand gallons daily from the Delaware river.

The latter c¢ity does not use the Delaware river as a source of water
suprly.

Both cities filter the water supplies before delivery to the consumers,

to vhich cause doubtless may be attributed the lack of specific complaints.

Chapter IV.
DISCUSSION OF THI PROBLEN.
Intimate Relation of Water Suprly and Sewage Disposal.

In exenining the conditions of a water sunvly, the following matters
must be considered: the number of cities and their wopulation upon the
tributary area, and the effect upon the water of pollution from these cities
and towns,

Owing to the increase in water consunption by growing cities and the
advisability of maintaining natural sources of water sunrply as free of
pollution as possible, all urban centres are obliged to consider a sanitery
disvosal of their wastes, es ecially sewage,

The solution of the »roblem hrs been more urgent in foreign cities
than in ovr own country, owing to the inerease in population and the small
size of the streams, and has been the subject of investigation prineipally

in New England and in the cities in the Eastern vortion of the Country.

witil =
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The relation of sewage disvosal to water suprly is an intimate one,
and as it is impracticable to prevent all pollution, those commnities,
the water supply of which is affeeted by pollution, have been constrained
to trert the drinking water.

The benefits to be derived from the installation of a water puri-
fication system are arparent in examining the decrcased death rate in
cities where such an installation has been made, as compared with prior
conditions in the seme eities or with that of other cities where the
treatment is not as effécient. Some of the decrcase however, may be
dve to better seware disvosal and rigid sanitary arrangerents, The
sources of diseases of the intestines have been traced in a large
provortion of cases to the existence of sewage in untreated drinking
water, therefore, the death rate from these diseases is regarded as an
index of the danger from infection,

Decreased Death Rates from Typhoid Fever in Variovs Cities, Due to
Treatment of Water Suvrply.
Philadelnhia.

The death rate from typhoid fever in Philedelviia for ten years
prior to the nartiel in'roduetion of filtered water in 1902 averaged 41.5
per 100,000, There was an increase after the introduetion of a pertially

‘filtered supply but at vresent with 85% of the total supply filtered, the

rate hes declined to 14 per 100,000,

Cineinmnati, Ohio.
The death rate from tyrhoid fever in Cineinnati, Ohio for 10 years
before the introduetion of filtered water in 1908 was 51 per 100,000

versons and after filtration in 1910 it was 5.7.

Hamburg.
As & notable example of a decreased death rate due to the instellation

of a water treatment works where the supply was sewage volluted, Hamburg

Germany, may be mentioned, The death rate from tyvhoid fever prior to
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1893, before the filteation of the Elbe river water was 47 per 100,000
versons, whereas after the introduction of the same water filtered, the rate

declined to an average of about 7 per 100,000, and at vnresent is about 4,0,

American and Buropean Cities Compared as to Death Rates Due to Typhoid Fever.

From the revort of the lletronolitan Sewage Commission of llew York on
Sewage disnosal of the metropolitan district it aprears that the average
death rate from typhoid fever of twelve of the largest Arerican cities far
ten years 1898 to 1907 has been 54 ver 100,000, while that of Tew York alone
is much below the average, being 18 per 100,000 during the same period, and
that of Philadelphis at rresent being 14.0

0of five of the lrrger Eurnoean cities, the average rate for the samne
period has been 7.6, the average for London has been 11.5, Paris 12.1,
Berlin 4.2, Viemna 4.8, and Dresden 4.7.

It has been stated that in other Gemman Cities, lunich and 3remen,
the death rate is 2l1so very low, and in the former, the occurrence of

a ease of tyrhoid fever is exceptional,

Pronortions of Treatment: Water Suvply and Sewage Disposal.

Thile the results given are not conclusive as to the relative
provortions due to treatment of the water supvly and to the establishment
of sewa e disvosal works, they aprear to establish a relation which gives
rise to the aquery: in treatment of both sewage and water suprly, what is
fhe economieal balance of treatment and ypronortions of cost advisable
to a2llow as between water sunply treatment and seware disposal?

It is recognized thet t ere is a limit to the vee of rivers as a means
of sewacze dis osal without treatment, but es to how far the treatrent of

sewage should be carried before being discharged into the riverg is en

econonical wroblem of grest importance, and should be stndied in the light

of results obtained under various conditions in other cities.

Tactors of the Problem,

The problem then consists in a careful study of the loecal conditions
-16=



and inquiry into the best met ' od of collecting the sewage, the number and
character of extensions to be mode to the existing sewer system to adapt

it to the comprehensive vlan, the choice of location and the design of
pumping stations, the method of treatment and disvosal to be adorted, the
choice of locations and the design of disyosal warks, and the constructions
of the works in such a way as to allow for the necessary expansion dve to
inereasse in population, Also the deternmination as to vhether separate
or combined sewers shouid be built, as to the amount of hourly fluctuation
of dry weather flow, the amownt of ground water and storm water for which
provision must be mrde,snd the design of avtomotic control apparatus and of
tide gates to sewer outfalls, Lastly, the recommend-tions should deal with
the economic feature of how far a city is Jjustified in treating its

sewage, toking into consideration the demands for pavements, schools,

water suprly, police and fire protection, lighting, narks, street im-

nrovements and other important municipal works,

Chavyter V..

3

TR ESTABLISHILINT OF A TESTING STATION AND RESULTS OBTATHED
Preliminary Steps.

After the authorization of the investigation end the anpropriation of
funds to the Bureau of Surveys, it was arranged to establish an experimented
gsewage testing station with a view to examining into the availgability

for the treatment of local sewage of the various methods of treatment which

have been in unse in different cities of the world,

Testing Station.
After altering the testing station formerly used for experiments upon
water purification at 33rd ard Thompson streets, experimental work was

r

begun on March 23, 1909 and discontinuved llay 15th, 1910. The sewage was

b LF - along the Schuglkill River
that from the main intercepting sewer/, which, based uvon anclyses of samples

from sewers in various vparts of the City, was found to be generslly t:pical
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of the charaecter of the City's sewage which covld reasonably be exvected to
be delivered to a sewage works. It was concluded that processes wiich
would be found satisfactory for this sewage, would give eaqually good resuvlts

in the future,

Processes Bmamined,

As a result of the observations e de by the officers of the City, it
was decided to disregerd the septic treatment entirely, and to experiment
with such treatrents as would deal with the sewage before sentie action had
taken place.

There were examined therefore, processes as follows: Crude sewage
submitted to fine mech screening, treated with hyro = chlorite of lime
and dilution with river water, also sewage submitted to various periods
of sedimentation in tanks of different types, and then submitted to
baeter i1 processes, such as slate beds, contact beds, percol-ting
filters of different classes and depths of material, the seware avplied
by different dewices for distribution, olso amvlied to different
special devices,»for the study of comp rative efficierey. In addition,
the matter of sludge treatment and disposal received much attention,

For convenience the nrocesses were design-ted as followss-

Preparatory, oxydizing, fi ishing trocesses; disinfection and dilution,

-18-
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As a result of the work, the following comclusions were reached
which are guoted from the printed revort,
"SUMMARY OF COHCLUSIOHNS.
PINE MESH SCRELZNING.

. The 35 mesh per inch screen removed one-third of the suspended matter
in the crude sewsce as applied; prevented the formation of scum in sub~-
gsequent sedimentation tanks, snd rrevented the clogging of nozzle orifices
on the syrinkiing filters.

SEDINTITATION.

Tor the purpose of comprrigon, the redlts of sedimentation are given
in percentage removel, slthough it is recognized that effluents which are
produced with egqunl percentage recmoval cre aob comnarsble on the basis
of solids content.

Horizontsl Flow.

Three end one=-holf hours nominsl flow throngh a bofBfed sedimentstion
tankk removed two-thirds of the susvended solids in the crude sewage; an
increansed storage did not produce & provortionate improvement in the
efficienty of the tonk. Baffling b~ egualizing velocity through
the cross section prevented dead spots in the tenk and restroined sludge

end scum at the inlet end.

Between periods of three and 2 half to six hours flow the influent
wae not deoxidized nor rendered offensive when sprayed upon eprinkling
filters. To prevent septic zetion the tanks required sludging and
washing out every six weers,

Vertical Flow,

The Emsgcher or Imhoff tenk studie? illustrated the rrinciple
involved, inasmuch as the substantisl eeparation of the sewsce flow from
the digesting sludge keeps the sewnge Iresh snd elininates offensive odors
either in the effluent, the sludge, or in the gag develoved.

The remo ol of suspended solids from the erude sewape weo but little
more than one-half due to the shellowness of the tank; the effjciency
may be increased in tenks of working size.

SLATE CONTACT BEDS.

The best results were sccomplished when this bed was filled
twice a day, or at o rate of two million gallons per acre per day.

Crude sewage applied, deposited three-fourths of the suspended
golidsp the effluent wos elightly nitrified and rendered perticlly stable.
The derosit on the slates woe inodorouvs, resembling eerth, nnd
could be re oved by flushing in the smell size bed experimented with,
Where sletes sare not & waste vroduct the constwuetion of the bhed
would be costly.

CONTACT SYSTEHM.

The yrimery cnd secondory beds treoating settled sewage did not
mature sufficiently to yield & stable effluent although it wee very
low in suspended ratter. The highest rate obtoined was 1,350,000
gellons per acre per day. With sewage contai ing less trade weste
better result® ight have been obtained.
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SPRINKLING FPILTERS.
Distribution.

‘Best results were obteined with fixed sprinkler noz-les when the
film of sewsge wos m-de to conbtantly travel back and forth over the
medis, without & resting period; this coused & uniform rate of low
from the underdrains.,

Rate of Operation,

A regular uniform rate of operation produced better regults tha
the seme net rate obtained irregulorly. With filters exposed to the
weather and re eiving sewase partially settled, the maximum rate obtained
was two ond a helf million gallons ver acre per day, but in the Winter
the stability of the effluent deteriorated.

With a filter protected from the weather, baving fime sereencd and

settled sewage uniformly distributed over its surface, @=md having a
ventilating system, the maximum rete used wos three snd one tenth million

gallons per acre er day, The eflluvent was practically siweys
étable. How f£ar *his whould have been affected by exposure to th

weather wag not determined.,
Kind of Media,.

Trap and gravel mrintained their initial gsize, Linestone and slag
disintegr-ted to & slight extent,

The smooth surface of the gravel stones was not as well adapted
to the formation of a bacterial jelly as rougher media, and the extreme
roughness of slag caused it to rdein the denosited solids.

The rough, irregular cirders removed =171 the suspended matter from
coarsely screened sewage, 80 that clogzing soon ruined the bed.

Size of Medis.

The cornleteness of rrelimingry tr atment pertially controls the
size of media in subsequent Filtration,

In filters exposed to the weother and receiving sewage partially
settled, operating =t two and a2 half ~illion gallons per acre per day,
best results were obtained from trep media one inch to three ‘nches in
gize, Under the more frvorable conditions of fine sereencd and
settled sewage as an influent dniformly digtributed, at o rnte of three
end one-tenth million gellons per acre per day, media thre¢-guarters
inch to one and & hslf ineh produced an excellent effluvent.

Depth of Bed.

Filtere of less depth then six feet were not satisfactory, but from
filters six feet or 10re in depth effluents could be obtained <t rates
between two snd = half and three million gallong per scre per day of

Pl

gatisfactory quelity. The additionsl dephth over six and one-hnlf
feet did not scem to be economical.

Meturing.

Filters exvosged %o the weather, receiving mevearge partially settled,
and put in operation in Merch, yielded a satislactory effluent in three
weeks and after three months the effluent was rerfectly stable.

A filter protected from the weather, heving fine screened and
settled sewage uniformly distributed over its surface snd put in
operation in July, yielded a perfectly stable erffluent after one week
of service,

Unloading.

In filters operated at rates betwecen %two cnd one-half snd three
million ~allons per acre per dey, media cornosed of stones spproximately
uniform in size comwpletely unloaded +he solids stored up in the interstices
whereas media composed of stones of grent diversity in siz® became badly
clogged but did not unload.

"



Effect of Freezing Temperature.

No trouble was expérienced from the formation of ice upron the sur-
face of the filters; biologicel activity was decreased by the low
temperature to such en extent, however,that sbarate of two and one-half
million gallons per acre per doy the fine grain and graded mixture beds
pooled end the effluents of 211 the exposed filters were of lower
stability than in sumrer.

Elimination of Surface Growthe

Fungus growths on the surface were completely removed by an appli=-
cation of calcium hypochlorite dissolved in water,
. The continual disinfection with calciumhypochlorite of the influent
to & filter nmaintsined its surface in perfeet condition and d4id not
interfere with the biologicel action of the bed.

Bacterial Efficiency.

The average number of bacteria in the effluent of a mature sprink-
ling filter operated at rates between two and one-half end three
million gallons per acre per day wos 400,000 per c.c., Which represented
a removal of 86 per cent from the crude sewage.

Bacterinl efficiency within e lirited range of small size stone was
provortional to devth of bed,

Settlement of the Effluent.

When the effluent was passed through o settling basin in two hours
much improvement was obtai ned by the removal of the suspended matter,

HAMBURG AND INTERMITTENT SAND FILTER.

A filter modéled after the so-called Hamburg type, in which dis-
tribution is effected by & layer of fine coke; also & shallow, coarse
gize sand filter both operated at too low a rate to be economical, for
the conditions in Philadelphia.

DISINFECTION.

Fresh sewsge from which Buspended metter larger them one-twenty-
£ifth inch hed been removed was disinfected to o practical degree with
celcium hypochlorite; the amount of disinfectant reguired devended upon
the amount and condition of the orgenic metter in the sewage,

Eeonomy of design and operation can be attained by short storage
snd mechenical agitation to insure contact of the disinfectang and the
sevage,

DILUTION.

Crude sewage when passed through a fine mesh screen or satisfactorjly
settled to remove the colids lsrger thoan 1-25 inch, ond disinfected with
calcium hyvochlorite to yield six ports per ~illion avsilable chlorine;
wes added to river water in proportions up to one to ten, snd its
purifieati n accomplished without offense to sight or smell nor the
depletion of the discelved oxygen of the river water below 50 rer cent
saturation.

SLUDGE,
Amowd

Horizontsl flow in sedimentation tanks produced sluge 88 per cent
moisture at on sverage rate of five cubiec Ferds per million gallons
Sevsge.

An Fmscher tenk with 4% feet vertical flow produced sludge 82.6
per cent moisture at =sn everage rate of nine-tenths cubic ymrds ®T
million galldns sewage,

Conditione.

Clesning plain sedimentation tanks caused considerable offense, but
the sludge withdrawn freom the Emschqa.fnnk had & tarry odor ond wes not

-



offensive,
Scum formed on sedimentation tanks except when the influent was
gcreened.,

Digestion,

The placing of sludge from @ sedimentati n tank in a water tight,
uncovered tank for digestion did not prove successful.,

Lagooning.

Wet sludge from plain sedimentation tanks placed in earth lesgoons
to a depth of twelve inches in moderate weather, dried to a consistency
fit to remove within the mix weeks elapsing between cleaning tanks, and
its volume was four-tenths of that applied.

Sludge Bed.,

Fine sand or sawdust over a coarse stone drainage floor was wore
efficient for reducing moisture in sludge then a plain earth lagoon

Vet sludge from a sedimentation tank, spplied six inches deep in
winter weather, under cover, dried to & consistency fit to rerove in six
days and under the same conditions but not under cover, in twelve days.

Baéed upon smell size tests h winter weather, Emscher sludge 12
inches deep upon 2 sand bed, dried to a coneistency fit to remove in
12 days during freez ng weather, In @ermany the time is given as from
4 to 5 days, but sludge is not withdrawn in freezing weather which ac-
counts for the difference.

When equal weights of rice coal and wet sludge were mixed and placed
on sludge beds, the rixture was fit to remove in one day, end was
succescfully burnt.”
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CHAPTER VI
POPULATION DATA,
Ilethods Deseribed,

As a preliminary in the study of any plan of sewage collection and
disvosal, the first essential was to deterrine the population, presernt and
future, as near as may be, not only of the city as & whole but by wards,
distriets and drainage areas, To this end there was collated from
the census revorts from 1790 to date the yovulation of the city and since
1860 of the various wards or distriects, int&xgéiatisns being made for ror-
tions of decades where changes in ward boundaries had tcken —lace. After
this information was colleted, curves representing the growth of ponulation
in each of the wards of the City were wnrepared.

In order to understand these ponulation growths beyond the vresent
the tyve of improvement and the vercentages of increase or decrease in a
ward or in grouns of wsrds were taken into concideration, and curves
governed b the nercentages of increase by decades were plotted and the sum
of the future estimated ~opulation in the City which gives a factor of
safety to allow for the shifting of cénters of improvement..

This preliminary work hoving been done it was then necessary to take
up the population of the various draincge areas tributary to the larger
or main sewers, to determine the vresent population and from the curves
above wentioned, the future estireted population within each: after which
tables were prepared showing these results for 1910 and 1956, which year
was taken as the limit of inquiry in the problem,

The curve for the whole City determ ned as above deseribed, indicates

thet in 198 its population will be about 3,000,000,

Tables of Population.
The popul tion of the c¢ity divided into the voprious large dra inage
areas tributary to the pumping stations may be seen by refcrenece to table

undetr the chavnter on "Sewers and Descign of Seware Collectors”.



Chapter VII
GAUGINGS OF SE™'RS AND DES.IGV OF SEWACE COLLECTORS.
The population from the census of 1910 and estimated poptlation for
1950 upon the veriouvs main drainage aress having been determined and also
those tributary to the smaller sub-areas, the next step was to d etermine

the sewage flow from a numbet of typical built up drainsge aress in order

(4]

to apply a "per capita flow" faector to undeveloped areas, vhich could be
considered to reach a future development similer in char:cter and densi ty

of population to those where gaugings were t:len,

llethods Used,

A typiecal drainnge area having been determined upon and a gauging
station selected, a corps of men, by means of a Velocity meter and by
measurements of grades, devth of flow and sectional area of the flow in the
sewer 3 the observations being taken when not influcnced by rainfall or
drougﬂ% at intervals dvring every one of twenty-four hour e, deterrined
the daily maximum, minimum and average flow in the sewer.

The population being known, the settled or built up area was cal-
culated, and from these the average daily discharge both per settled
acre and per carita were determined,

The resuvlts were obtained in gallons ver day for use in designing works

and in cubie feet per second for use in designing collecting sewers,

Application of ractor.

In order to determine the volume of sewage to vwrovide for from en
univpr oved territory, its vossibilities in the way of development were
fixed in the Judgements of the officials and it was given its place in
its elass; whether of closely built residences, urban, suburban, semi-sub-
urban, together with ite rnroportion of menufactur ing industries.

This having been determined for each main crea and subarea, then
using the estirated popvlation of each, the factor of sewage flow was
aprlied corresponding to that of the flow deterrmined from the gauging of an

area most resembling in the nature of its development, the area in question.
.y -



This method is considered an improvement over the vroctice of assuming

a population at a uniform rate over large areas, and then arplying a

uniform rate of sewage flow.

Gaugings applied to Designing Collectors,

The influence of the gaugings of sewers in sections of various types
of development, unon the design of collectors mey be ssen in the following
deseription of method of collecting data for the design of intercenting
BT colliecting sewers,

Upon the wntershed of certain main sewers, the population of each
tributary area, both present and future heving been determined, a factor
of ver capita sewage flow is applied from the gruging of a built up section,
having & mopulation per acre and character of deveiopment arroximating to
the caleulested population and manner of development of the area under
investigotion.

The produet of the estimated nopulation and the flow factor will give
the average dnily flow from each of the tributcry areas,

The gaugings show & daily fluetuation, the daily maximum being useful
in the design of works. In addition to vroviding for the daily maximum,
which ‘neludes ground water, rrovision must be mnde for the admission of a
certain margin of increased flow dvring the early part of storms,

The intercenting sewers were designed to carry s sufficient quantity
of this inecreased flow dvring storms, so that the portion which will be
ecarried out into the streams will be extremely so diluted as to give rise
to no comnleint,

English and Armerican Seware Compared with Rele tion to their Dilution,

The usugl requirements of the Tocal Gover ment Board of Ingland were
that storm water 1in sewarce up to three times the normal dry weather rate
should be dealt with by the ordihary disnosal ~lant, and that special storm
water filters should treat en additional amount up to six times the dry
weather flow before discharging into the streams,

Inasmuch as the number of galleoms of water used per doy in various

—25=



cities of England averages between 30 and 40 per capita (34 in London),
end as the amount of water used in Philade! rhia per capita is aprroximately
200 gallons, and as it is known from experience, that the solids produced
are practically uniform for all countries, it is readily seen that the fresh
sewage of Philadelrhia is equivalent to the ordinary English sewaze diluted
with storm water to about six times its volume,
If, therefore, at times of storm, the excess of loecal sewasge over the
dry weather flow is allowed to go into a stream, it is equally as dilute
as English sewage to which is added 5 times the volume of storm water.
Therefore, in designing ceollectors for this City, not only the dry
weather flow of the sewage, but an additional percentage from the first flush
of the storms was nrovided for, From the fact that the sewers ore not ex-
PeCted to run full under these conditions, a considerable execess of this
storm flow could readily enter the intercevnting sewers before the overflows

into the adjacent streams would be cdlled ini o play.

w2



Amount of Sewage,

Hortkh East Station,-

The methods deseribed in the forsoing peragraphs were followed in

determining the total amount of sewage, together with the daily fluetvation,

also that dve to storm.

>

From Somer=

Prom Pranke-

Prom Somer-

The result is shown in the following tablest--

From Torres- Total

L

set St. ford Creek get & Frank- dole
ford Creek
Miilion “il71ion million 2illion willion
Gallons per Gallons per Gallons per Gellons per Gnllons pexr
day day doy day day
Average 27 4 24,9 72.8 22,2
¥4 Daily Hin. £29.1 27.2 b6.2 17.3
1910 pa1ly Max. 47.8 42,8 92,4 28,4
Btorm llax, B2.8 49.1 101.7 Ble3
Average 5.6 94,7 158.2 35 .4 18%.6
Daily Mino 44;9 73.6 11805 2?07 14600
1980 paily uax. 75, B 180.8 194.3 45.4 240 40
‘ Stom liax. 81 .4 133.0 214 .4 50,0 : £64 40
POP~- 1910 177,080 137,478 514;558 22,0785 536,686
ULA=- ' : : ‘
TION 1950 345,390 514 ,740 860,130 432,864 903,994
Penrose F8rry Stotion

= - » v“\
The seme methods produced at the Penrcse Ferry Station, the results

showvn on the following table:

. < Tatal

* population shows number of persons on drainage areas, but not necqssaiily ;

4+ Contains 40th Ward Low Tendfs)

tributery to the sewers.

27
e

Prom Dela=~ From Best From Yegt From Cobbs
Ware River Bank Sechuyl- Bank Schuyl= Creek ‘
kill kill * . )
1T ion ¥111ion Willion Miilion M{Tiion
Gal long per Gallons per Gallons per Gallions per | Gallons @?r
dsa da; » da doy fay "
Average j ¥7171 037 E%ia' RS Fel
Daily Hin, | 136.4 2.6 35.4 Teb 242.0
1910 Daily Hax, CRl«8 102,.8 58.7 1.4 39647
; Stoem Mex. 246,11 113.1 644,28 13.6 437.0
Aversge 221.0 151.9 106.8 28 .4 508¥l
Daily Kin. 172‘0 1‘3.2 82;8 22.2 1395;2
1960 Daily Hax, 28242 194.3 136.4 36.4 6493
Storm Max, | 311.0 £14.0 16043 40.2 71545
~$0P- 1910 6BV, 506 £78,179 180,811 7,008 1,708,581
TION 1080 BEY, 717 508,547 I7E,L0E 20,728 T 006705
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Chapter VIIT
COIIPARISON OF IETHODS OF SEWAGE DISTOSAL
In the study of the most available plan for use in the City of
Philadelrhia, the vrinciple was adopted of considering in a preliminary
way, every rracticable scheme, comparing them and by nrocesses of
elimination redvcing the n&mber for final disceussion and choice. A
number of plans were rejected upon superficial inspection, the v»rocesses

and reasons therefore being as follows:

Land Irrigation,

This was not considered suitable for local conditions for the reason
that there was not sufficient land within the 1limits of the City of Phila-
delphia available for the nurpose, The character of the land available

*was not suitable, its cost would be vrohibitive, and the slovness with whieh
the methnd could be overated, under rmost favorable conditions, mode 1%
objeetionable and further, as the exmer ience of the cities having large
trestment areas of this kind is that there is no money value in sewage

for irrigation purvoses, no rcturn from this source can be counted upon,

Chemical Precipitation.

This system which is in use in meny cities of Zngland, does not
give satisfactory resvlts, and the efflvent from works is frequently
objected to by the Conservency Boards heving charge of these matters.,
The amount of sludge resulting from this rethod is so great that it mokes
the troblem of removal and disposal of this one item a very gserious one,
In addition to this, the cost of chemicals is very consdderable and its

economic value remains to be w oved,

Septie Tanks,

These tanks mey be described as large covered or uncovered reser-
voirs, through which the sewage flowg, remaining therein for from 8 to 24
houvrs in accordance with the loeal conditions, during which tire the matter
in suspension is denositéd, the devosit being called sludge, which by

bacterial action is considerably reduced in volume, Although a coneiderable
=36 =



number of Inglish purifieation plants and a large number of American
have the septic tanks in use, the claims made for them originally have
not been fully realized, in fact the experience with them has been
unsatisfactory as far as the smounf of digestion of the sludge is con-
cerned. In addition a tank of this charaeter on account of the odors
produced constitutes the rain feature of objection to sewsmge disvosal

instollations on the part of adjacent vrorerty ovmers.,

Experience in Zngland
A summary of the results obteined by the septic tank mey be best
illustrated from an Editorisl in the London "3Ingineering" of lerch 13,

1908,

"Sewege sludge is the despair of the

sanitarian, Some ten years ago we were told that

it was about to disaprear, and that it would trouble

us8 no more, The obliging nicrobe was going to

digest it for vse, in return for our v»roviding it

free querters in a septic tenk. Practicslly nothing

would remain excent licuid sewage, vhich could be

confided to the care of another kind of rmierobe

in a bacterisl filter, ----- Instead of consuming

95 ver cent. of the solids in sewsge, it is satiated

with 30 per cent. and often, indeed, it is content

with 10 per cent., asnd leaves the other 90 per cent.

to plague the engineer in charge of the work."
Contact Beds,

Many of the modern sewage dismosel plants in both England and

Averica depend uvon contact beds in pert for purifying the sewage,
These are practically filters composed of broken stone, brick, coke or
cinders generally from two to five feet in devth, upon vhich sewage is
diseharged, allowed to stend a short time, then dravm off and thorouvehly
ventilated before adding another dose, From the fact that the greatest
rapidity with which these beds can be operrted is ahouvt 500,000 gellons
per acre per day under the most favornble conditions, it is undesirable
for the same reasons that avply to land irrigation, The method of con-
struetion also is such as to require constant cleaning and rebuilding

after a period of years,



Chapter IX. .
RELIMINARY PLANS

In the study of the question, preliminary plons and estimates were
prepared based uron a number of combinations of disposal works together
with the necessary intercenting sewer collectors including also the
approximate cost of msintenance, These plens were divided into three
groups as follows:

1, Treatment at one plant

11, Treatment at two plants

111. Treatment for sewage from the Schuylkill basin, and redveing
the suspended solids in the sewsge going direetly into the Delaware river.

Under group 1, there were three subdivisions by which the use of the
combined and the sevarcte systems were comrered,

Under group 11, there were four subdivisions considered, comnrising
various arrancements of intercerting sewers and treating differing
portions at each of the »lants,

Under group 111, there were five studies coneidered, 2ll dealing with
various suggested methods of partial treatment of the sewage now going
direetly into the Deleware river, and refined treatment for that going

to the Schuylkill river.

Choiece of a Preferred Plan,

After crreful examination and discussion of the preliminary
estimates by the Director of the‘Depﬂrtment of Publie Works, the
Engineers of the @ity and the Consvlting Engineer, the pleng included
in group one, for all sewage to be condueted to one disposal works, by
the use of either the combined or separcte system, were rejected on
acecount of their cost, lack of elasticity and their magnitude as corpared

with other plans.

sy
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The estimated cost of 4kese-two systems ss aprlied to the loecal

case, effeetually eliminat -d the separate system, in as much as the

difficulty of construetion in streets occupied by underground structures,
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together with the great cost of repaving streets would require an ex-
penditure of about twenty millions of dollars more that would be re-
guired under combined systems,

An additional sum of about thirty four millions of dollsrs vould be
required to moke the nlumbin%%;sltcrations to conform to the sencrate
system in the 450,000 buildings estiveted to be connected with the
sewers wnen the work would be undertaken, sn expense which would devolve
upon the citye.

In view of this great excess of cost of the separate over the corbined
system, in considering the other grouns, the estimates were based on the
combined system only,

It must be borne in mind, however, that in undeveloped sections,
wnere new sewer systems can be installed, the separate syst em of sewers
is being provided for in order to lessen the quantity of sewage which
would otherwise reach the wor ks,

The »lans in groun three were rejected on account of the great cost,
considering their temporary nature and the probability of low efficieney
in the future,

The plens in group two vroviding for all sewage to be treated at
two diswosal works, were selected for final consdderstion, because they

o
were expected/gccomplish,the desired results at =2 lower cost.
Deseript ion of the Preferred Plan,

Of these plans, the one which was vnreferred may be described as
rroviding for collecting the sewage at two voints of disposal, one in
the Northeasterly section of the City in the vicinity of Frenkford
Creek, rnd the other in the low lands of the 40th Ward, with inter-
cepting sewers bn the east and west banks of the Sehuylkill river, and
also on the Delaware river, liorth snd South of Dyott Street ar
Aramingo canal and slso adjacent to the larger inland creeks, The
plan was ehosen hecause of its elasticity, as it would a2llow of the

construetion of intercenting sewers from time to time and the enlargemeat
Bl w



of the disposal works as necessity required.
Discussion of #he Preferred Plan,

The general outline of a feasible preferred plan for the City of
Philadelyphia as given above was chosen on comparative data only, from
the standpoint of a city of 3,000,000 of nopulation with the needs
of a eity of such size, and left open until addi tional data could be
secured, the discussion of the esonomical aspects of the nroblem end the
possible mod ification of the plan in whi h the sewage would be collected
and after sereening and sedimentation ss preliminery treatment that it
then be allowed to flow into the Delaware river, nrovided examination
would show that this could be done without reducing the amount of dis-
solved oxygen of the river below &an allowable limit,

To this end examinetions of the Delaware river hsve beex made and
comprred wit? the conditions which exist in other lerge cities of the

world having similer natural advant ges for this method of disposal.



Chapter - X.
SEWAGE DISPOSAL-37 DILUTION.

Most of the Cities of Germany located upon rivers of sufficient lorge
size colleet the sewage at one or more central stetions, pass it through

)
grit charmbers, sereen it snd discherge it directly into the rivew, the
large volumes of which 1in most cases dilute the sewage to such a degree
that it becomes unobjectionable, or at 1eést sufficiently so, to re-
ceive the approval of the river officinls charged with their supervision,
The some is true of English cities where located upon estuaries or
large rivers,

At the present time the treatment of cruvde sewage b dilution is
the system of disposal in use in the City of Philedelnhia, The lerge
volume of flow in the Delaware river passing by the City nresents as
fevorable an omnortunity for the dilution method'of disposal to the
extent of its feasibility as that of any other city in the country, or
abroad, Then it is taken into consideration that the sixteen largest
cities of the world, having a vpopulation of over 1,000,000 inhabitants
each (with three exceptions, where the conditioms are unfavorable)
utilize the large volume of water passing by them as a method of final
disposal, and most of them with entire satisfaction, it is evident, that
any plan adopted by this city for disnosal rust be in rart a dilution
plan, if precedent has any value and if economic features -re teke
into consideration, ond ﬂdvantage be taken of natural conditions,
favorable for such a means of disposal,

Illustrations of Relation between Sewage Disposal, Water Suvnply and
Publie Health,

The nrotection to the »nublic health from water borne diseases by
pronerly. designed and over-ted water purificalion works has been clearly
demonstrated by examples in Furone and Armer ica, where water sunplies are
taken from polluted sources and murified before delivery to the consumer,

As illustration of this, it is vertinent to exsmine into the con-
ditions which exist in vorious cities where rivers sre carrying sewage

B -



either crude or pertially nurified. Mirst in the hygienie sspect

second from the point of view of creation f = nuisence,

TABLES OF TYPHOID FEVER DEATH RATES
PER 100,000 PERSONS
1890 - 1910
SHOWING COMP*RISON BETWZEN PROTECTED INPOUNDED WATER SUP-

PLIES "”D “OLUUTJJ FILTERED WATER SUPPLIES AS IN-
DICATED BY PREVALENCE OF TYPHOID FEVTR,

Note: The arrow indicates the date of heginning of inprovement 4g the water
supnly. -
Protected Impoiunded Water Supplies from
Polluted Sources
Water Suvplies now Filtered,

New York 3Boston Worcester Philedelvhia Cincinnati Pitteburg Hambug

1890 o2 34 177 64 62 152 P>
91 23 34 20.4 64 62 100 24
92 o3 50 £0.9 40 40 100 34
9% o2 31 32.6 41 44 111 —e 16
94 18 2 71 .6 38 54 56
95 17 33 £4.5 40 79 Vi
96 16 31 13.3 34 58 62
9% - 15 35 15.9 35 %8 64
98 19 34 11.6 51 25 74
99 15 30 16.5 75 3 112

1900 18 £5 27.1 3 zn 144
0g 18 o4 14.5 44 62 154
03 15 20 13.4 69 45 154 -
04 13 23 3.8 53 79 142
05 13 2 19.7 48 45 - 99
06 15 2 11.1 e 69 130
0% 16 10 3.1 —> 59 —> 45 106
08 11 25 10.0 5 19 - 47
09 12 14 - 8.4 21 13 cd.

1910 11 12 15,7 19 5.7 av

e e o © o o 0 o o
NP -IITODPOLIN D

o)
O NI T O T 1 ~3 0 3

*

Poliuvted Tater Purified,
Hamburg.
The City of Harburg is situated uron the bank of the Elbe river in

Yy

’hila delphia,

—

Germany under geogravhical conditions very similexr to

-

The Elbe river is s tidal stream ( 6 feet range: of tide) of fresh
water having an average flow less than that of the Delavare river, but
a little greater then the Jatter in time of extreme drought, Upon the

T -



watershed of the Hlbe, above the intake to the water filters

13’

there are
46 large cities and it is estimerted thet the sewage of 5,900,000 vnercons
reaches the river; the sewnge of 1,700,000 is treated and that from the
remaining 4,200,000 enters the river untreated.
The sewage of the City of H'mburg and environs, con’'ributed by a
- population of 900,000 persons, is discharged into the river after
coarse screening, 8% miles down strecam from the water intake, The
river being tidal, this sewage affects the raw water reaching the filters.
Hamburg's water suvply was Elbe river raw water until 1893 when
the present filter plant was »ut in serviee. In diagram o,
the tyrhoid death rate of Hambwrg is shown, The adequate wotection to
the city afforded egainst this disease by filtering the polluted Elbe

water may be clearly seen,

Altona

The City of Altona is situvated on the Elbe river irmediately ad-
joining Hemburg, The intake of the waterwarks toking the suwvly from
the river i« 7 miles below the sewage outlets of Hamburg,. The ecndition
of the Elbe water at this . intake must therefore be even more polluted
than at the Hamburg int-ke, The water has been settled and doubly
filtered since 1860 before delivery to the Altona consumers,

In 1892, before the introdvction of filtered water in Hemburg,
there occurred an enidemiec of Cholera in this city, the sewage of which
flowed past the inteke of the Altona water surply, The citizens of
Altona, having filtered water from the same source, were adequately

protected arainst the ccourge raging in the adjacent City.

This e¢ity obtains its water sunwnly from the Chio river wiich receives
and carrieg the raw seware of Pittsburg, Wheeling, and other cities, having
collectively a population of about 2,000,000 nersons,. When raw water

was used, the intake was loceted in the heart of the c¢ity, many large



sewers entering the river above the intake, In 1908, the intske was
located above the influence of the sewers of Cineinnati snd the river
water is now settled, coagulcted, snd filtered before delivery to the
consuner. Upon the introduction of the filtered water, the typhoid
death rate immediately dropred as shown in the diagram NOoe......notwith-

‘standing the river is polluted as before stated,

Impounded Protected Water.,
Boston

The water supply of Boston is obtained from Lake Cochituate, the
Sudbvry river, and the Nashua river, - To improve the quality\of the
water and prevent its vnollution, ditches have been construeted to drain
swamps on the watershed; works for filtering water of objectionable
quality before permitting it to enter the reservoirs have bcen con-
strueted, and a constant and careful inspection of the watershed to
vrevent any possible pollution is conducted. Over 40,000 persons dwell
upon the watershed of the Boston water suprly, but every precaution
is meed to nrevent their wastes from reaching the citizens of Boston

through the water.

Yorcester, Mass,
The water supnly of Worcester is obtrined by impounding in storage
reservoirs the flow of three strecms whose sheds are but sparsely in-
habited; much of the area is owned by the city and all dwellings on

the watershed are under sanitary inspection,

New York
The water suvnply of llew York City is also obtained from an impound-
ing reservoir, An idea of the rrecautions taken to prevent pollution
may be obtained from recently nubl ished accounts of the complete disposal

of wastes in construetion camps now located upon the croton watershed,
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Conclusions.

From an examination of the table and dicgrams of typhoid death rates,
it may be seen how effectively the publiec hecalth, as related to typhoid
fever, is improved by a filtered water supv»ly. It may also be seen that
a protected supply, while better than a raw water suprly, is not as
effective as a filtered sunply, which is explained by the fact that the
control of a filter plant is rore rcadily accomnlished than the control
of a waterched, The City of New York, notwithstanding a fair protection
of the Croton watershed, is now preparing to filter this supply.

It must be realized that the raw waters of the filtered supplies
quoted are much more polluted than the protected suvpplies, snd yet,

yield more healthful water after filtration,

CAUSES «F NUISANCE IN RIVERS.

Huigance to Sight.

The next matter for consideration is, what emount of sewage can be
added to a river and not ereate a nuisance either to sight or smell,
in short, what amount can be added and still xeep a river clean,

When crude sewage is discherged into a river in large amounts, the
foecal matter, paper, sticks, etc., by flozting unon the surface of the
water present an unsightly appearance. The river c:n no longer Dbe

considered clean,

Huisance to Smell.

The existence of & nuisance tc smell or the degree of objectionable
odor, depends on the denletion of oxygen in the sewsge ~nd the natural
substitution of a putrifactive yrocess. The devletion is likely to
take place after sewage is 6 to 12 hours old, depending on the dilutionr
and the temperature. If sewase can be discharged, in & fresh condition,
in proper vmronortions into a river, putrefaction and objectionable odors
do not result,

When crude sewage is discharged into a river in a putrefying con-
dition, it seizes uvwon the oxygen dissolved in the raw water and by
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forming new compounds, removes it therefrom. "hen the oxygen becomes
exhausted also in the river water, then the river hecomes foul amnd
odorous,

The exhaustion may be dve either to the dissolved or fine sus-
vended colloidal sewage matter, or it ray be due to the deeomposition
of the grosser suspended matter which ‘hae been derosited upon the bed
or shores of the river,

The amount of seware thmt can be discharged into a river without
nuisance or smell depands therefore not only on the quantity of river
water but also uvon the avantity of dissolved oxygen contained therein,
Therefore, the percentage of saturation of water with dissolved oxygen
is used as a measure of the capability of oxydizing the orpanie

matter which may be dischrrged into that water.

Meaning of "Dissolved Oxygen”.

Water can absarb oxygen from the air in the same manner as it
dissolves salt or sugar, and just #s at any given temperature a certain
volume of water can dissolve only a gertain cquantity of salt and no
more, so water at a given temperature cen absorb only a certain quantity
of oxygen. When the water hos absorbed this comple te amount of
oxygen, it is said to Dbe "100% saturated with dissolved oxygen."”

When a sample of water contains only one-fourth as much oxygen as it

is covable of contoining, it is said to be 256% saturated,

Rffect of Sewage unon Water,

When sewage is added to a river in reasonable amounts, the natural
agencies such as the bacteria, low forms of aquatic plants and animals,
and fish are able t consume and convert the vegetable and animol peort of
the sewage into inoffensive matters. In order to accomplish this
change, however, the dissolved oxygen of the water is drawn upon in

prorortion to the amount and condition of the sewage present.
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Percentage Saturation Disso lved Uxygen tequired to Prevent
Nuisance,

Avthorities differ as to the minimum percentage saturation a lowcble
to prevent nvisance and objectionable conditions, The English Koyal
Commigssion on Sewage Disposal has reported that 50% is required to
maintain mejor fish life, The Elbe at Hamburg is 40% saturated and
is said to be entirely inoffensd ve.

The auvthorities at London are satisfied with the condition of the

Themes when ®% saturated.

Absence of Sludge Deposi ts to Prevent Nuisance.

The questﬁon of nuissnce depends, =2t mentioned aéove, also upon the
devosited suspended matter or sludge in the bed of the river. This
sludge requires a much longer time for decomposition. This fact,
together with the continuved accumrmlations is sometiries the only cause
of nuisance in a river through the foul gases which it produces.

RELATION BETWEEN FLOW OF THE RIVER
AND POPULATION CONTRIBUTING SEWACE
Meaning of "Second Feet Per 1000 Persons™,

In measuring flowing water, the unit used is called a second foot
and is a rate of flow when one cubic foot of water flows past the given
voint each second; 1 sec. ft. for instance, reprecents a flow of 646,000
gallons per daye.

As a measure of the nolluting material added to the river it has
been found more exact to define the regmired dilution by the number of
p8reons contributing sewnge rather than by the ratio of volume of
sewage to volume of river flow, because the percapita flow of sewage
varies between wide limits, being as low as 20 gallons per day in
Europe and as high as 300 in Philadelphia,

The quantity of waste produced percapita is quite uniform, and
therefore the concentrated sewage of 20 gallons ver canrita conteins
about 10 times as much polluting moterial per pallon as the dilute

200 gallon flow sewage, -39-



Chapter I.
History of Sanitation ond Sewage Dismosal.
Ancient Conditions.

From ancient times, in fact as remote as the time of the Levitical
Law, it is found.th t they who were responsible for the maintenance
of camps, villages, municipalities or cities were charged with the duty
of providing means to disnpose of the wastes of man ond the keening of
places of residence in a fit condition to comfortably support human
life,

These arrangements had reached a condition which indicated
scientific attention dvring the time of the Gfecian and Roman Empires
and existed in various forms among other civilized cormunities.

During the middle ages however, there seems to have BeenAa rerked
decadence in the attention paid to sanitery arrangements so that os a
natural sequence of this neglect there were periods when plague and
pestilence visited communities where there was a considerable con-
centration of the nopulace and decimated the inhabitants. Not until
the beginning of the ineteenth Century was there any atterpt made to
design scientifically and construct a system of condvits to carry off
human and industrial wastes under ground. In some couvntries, the

sanitary arrangements, even in nopulous communities, are still in a

primitive condition,

lModern Conditions,.
The first modern attempt to construct a system of sewer s was made
in Bngland and systems after this type have been huilt and maintained
in the Cities of England without much imw ovement over the early methods
until the middle of the 19th century, At that time certain outbreaks
of cholera in the large cities required that the matter of sanitation

be investigated and tiis instigated the passage of legislation
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It has been found by exper ience that the condition of = river so far
as this feature is concerned can be best studied by determining the

rates of Fiver flow to nonulstion as "second feet ner 1000 persons,"”

Then Crude Sewage ig Discharged into Floving Water,
Chiecago.

Much of the crude sewage of the City of Chicag par ticularly in
times of storm formerly flowed into gake lMichigan from which,
in an vnvurified state, ‘he water sunply of Chicago is taken. Instead
of construeting water purification works, the Sanitary Distriet of
Chicago construeted a canal from Chicago to the Desnlaines river, and
affluent of the Illinois river., The sewage of Chicago is dis-
charged into this canal; to dilute it a sufficient quantity of water
from Lake llichigan is added,

The amount of diluting water was originally fixed at 4 sec. ft. per
1000 persons contributing sewage excluding excessive amounts of ftrade
waste, but later was fixed by law at 3-1/3 sec. ft.

This amount of diluting water was determined largely from ex~-
perience in America and Burone, where domestic sewage was discharged
into rivers, The large amount of industrial waste added to the
domestiec seware of Chicago has caused a load unon the nurifying power
of the diluting water, in emcess of the original computations, During
the swmer of 1911, the water of the canal was examined and it was found
that within the sanitary district the water was on an aver-ge 50%
saturated with dissolved oxygen, The velocity of the water in the
canal beyond the city is such 235 to allow denosits of sludge, which
cause in its larger stretches sometines a comple te de“letion‘of

dissolved oxygen,

The disposal of the seware of Chicago by dilution is-reported amd
considered a pronounced success, even in spite of the temvorary over-

loading of the main channel,



lew York

The crude sewege of the metropolitan distriet of New York is dis-

charged into the tidal waters of New York harbor, the Hudson amd East

rivers, In 1908, the vopulatisn contributing sewage to these waters
was 6,100,000, The watcrs-about New York are tidal snd the

interrelation between the tidal flow of the Hudson and Best rivers
through the narrows into Lower New York Bay and through Hell Gate into the
Sound, are somewhat complex. The sewage is disgharged at the Pier
Heads, at the shores and at the swface level of the tidnl waters and

the onportunities for sludge devosits are at present extensive, buth

near the shores and in the uyrper and lower basins,

The effect of this sewage uvon the water is that the Hudson river is
devleted to 72 ver cent saturation with dissolved oxygen; the last river
to 656 per cent and the uprer Bay to 67 vmer cent.

2t present the entire question of sewage disposal in the
metropolitan distriet is vnder investigation and consideration, and the

actual condit ions will be determined within a short time (1 or 2 years).

Boston
The crude sewage of the Metropolitan Bistriet of Boston is
discharged at three points into the tidel waters of Boston herbor,
The outlet at lloon island is vrrovided with larger reservoirs in which
the sewage accumul-tes during flood tide and is discharged during
the ebbing tide.
In the immediate vicinity of the outfalls sewage is noticeable

but it disappears wit in comp-ratively short distances. It does

not camse & nuisance nor is the mublic health of Boston affected

injuriously thereby.

“etasa "HEN SCREENED SEW/GE IS DISCHARGED IO FLOIG WATER.

Washington

A system of intercepting sewer collects the dry weanther flow of
wd 1w



sewace of the City of Weshington and conduets it to a pumping st-tion
vhere it is peseed through a grit chamber and screens, having clear
ovenings of 1% inch. The sewage is then dischorged through sub-
merged outlets in the Potomae river, wﬁich ig tidel at that roint.

The populetion contributing sewage to the noint of disvoscl is
325,000 and the minimum flow of urland water is about 1400 second feet.
Thig gives a ratio of 4.3 sec,Lt per 1000 persons.

Ixamination of the river above and below the influence of the
screened sewage indicatesa very slight reduetion in the dissolved
oxygen content of the water which is ¢t both places nearly saturated.
At the outfs11 the sewage does not become visible, and the esctual point

of discharge can celdom be detected, not even sleek (due to o0il or

grease) being vigible,

Homburg

The conditions ot Hamburg have already been deseribed in regard to
the water supnly. The sewage of about 900,000 persons is colleeted
at a screening station on the bank of the Elbe, first passed through a
grit chamber toremove sand, and then through screens having clear
ovenings of 0.4 ineh, to remove those solids which would be likely to
float uvon the surface of the river and present #n unsightly aprearsnce.,
The sewage is finally discharged through three pipes terminc ting

respectively at 23 330 and 440 feet from shore and in ~bout Z0 feet

’
depth of water. It thus becomes thoroughly nixed with the Elbe water,
which has an average flow of 2470 cec. ft. This gives a ratio of

2.75 sec, ft. vner 1000 nersons,

The effect of the sewage unon the water is to lower its dissolved

oxygen [rom 85% the overcspge above the influcnce of Harburg's own
sewage to 40% below the city, during times of extreme low water.

The sewage does not become visible or odorous which is dve Uo the
screening out of the visible floating motter, and its diffusion in the
river is affected by the thr ce submerged outfslls, The river is =

1ittle affected by the sewage discharge that along the waterfront are a
-4 2=



number of nopuler cefes and bathing pavilions. (Within o few hundred feet
of the screening station is one of the busiest perts of the river.)
According to the revmorts of the yple 1ic lnstitute (Dr. Dunbar, Director)

the river is in a satisfactory hygienie condition.

When Screened and Settled Sewage is Discharged into Mlowing Water.
Prankfurt a.ll,

At Prankfurt a. lain, the seware of bout 345,000 percons is nassed
through a ~rit chamber, and screens having clear openings of 0.4 inch,
and sedimentation tanks, which together rerove 85% of the susp ended ratter.
The sewage is then discharged through a submerged outfall into the
current of the river Nain.

The averape flow of the river is such that there is 17.5 sec. ft.
diluting water per 1000 rersons. Above the outfall the river is on
an average 96% saturated with dissolved oxygen and below 91.5% showing
a2 loss on an aversge of only 4.5% dve to the clarified sewage of over

one third of a million mreonle,

London

London, the largest City in the world, situated uvon 2 river of whieh
the average flow of uplend water is only equel to the extreme dry weather
flow of the Delaware river, satisfactorily diposes of its sewage after
preliminery treatment, by dilutiom,

As in olden times in Philadelrhia, the early sevwers in London were
built to carry off only rain end subsurface water; until 1815 it was a
penzl oifense %o discharge any sewage in’o these drains. In 1847 it was
however made corpulsory to do so and by 1855 the sewage and all swkface
and ground waler were discharged througch these draine into the river
Thames,

The discharge of the crude sewa e from a City having a populstion at
that time of 2,500,000 into the river at numer@us outlets, always
submerged at high tide, with a probable ratio of less then 1 sec, ft.

upland water per 1000 persons, noturally coured & nuisance, notwithstanding
| -45-
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the large tidal range of as much as 22 feet in spring tide.
Between 1856 and 1874, the authorities of London constructed inter-

cernting sewers along the banks of the river -nd conveyed the dry weather

flow of sewage to Barking and Crossness, revpsectively 11 snd 13 miles
below the city. At these two stations, reservoirs were constructed to

hold 6 hovrs flow, so os to discharge the stored crude sewage only on
the ebbing tide, which tended to carry it away from the City. This
affected an improvement in the condition of the river., The population
incressing, the load placed upon the river again became too great, and
in 1888, the construction of chemical precipitation works was begrn

and was completed in 1891,

In these works the sewage is freed from a large percentage@ﬂh%OCZSZj
(364%&5—%994) of its susvpended mtter, but otherwise the condition of
the liquid was worse, due to retention in tanks and to its contact wi th
the depo=sits in the bottom of the tanks.

This deposited matter or sludge is transvorted 57 miles dowvn the
river, in amount averaging 8,200 tons per day and is finally disvnosed
of by dumning in the estuary of the Thames,

The sewa~e of London is therefore disrvosed of in the manner deser ibed
without ereating a‘nuisance suf ficient to cause eomplaint, partly by
dilution with water and psrtly by removing before dilution about 3/4 of
its suspended matter.

In diagram Yo. is shovm the treatment of the sewage duvr ing different
reriods, the amount of diluting upland water and the effect of the sewage
dischorge uvon the dissolved oxygen in the river water.

The l1ine reprecenting the vpercentage of saturation from 1885 to
1895 shows by its average rise how the partial trestment of the sewage

helped the river to bear its burden,

The diagram shows «1so how by removing a large pert of the suspended
matter in the seware less than 0.5 sec., £ft. per 1000 persons prevented

nvisanee in the river,



Conclusion,
The examnles above given, show that & satisfactory disposal of the
sewage by diluftion is accomplished in a number of large cities without

produeing a nuisance of injury to the »ublic health.

THE CONDITION OF THS3I DﬁLAWJRF RIVER AT PHILA,
Flow of the Delawsre and Schuylkill Rivers.

The amount of water reaching Philadelphia from the watershed of the
Delaware river in times of extrerme drought hos been estimated to be at
a rate of 2030 sec. ft. or 1,317 nillion gallons ner day, which is
available for sewage dilution,

During months free from freshet or drought it is estirnted at an
average rate of 4050 see. ft. or 2, 625 million gallons rer day, or ahout
double the extreme nminimum,

To this urland water should be added the flow availoble from the
Schuylkill rivér. In times of exireme drought no water passed over the
flash boards of the dam at Pairmount, nearly all of it being rumped to
filter plants and some flowing through the locks,

D During months free from frechet or drought 1,270 sec. ft. or 825
million gallons ver day of water can be depended upon from the Schuylkill
river to vass over the dar md to be available for sewsge dilution,.

The tidal flow in the Delawrre river causes a lerge volume of water
to pass the City four times each day, It is estimnted thet dvring the
flood tide, 1,872,110,728 cvbic feet of water flow prest the @ity in
4 hours and §9 minvtes or at a rate of 10,000 sec. ft.

Population Contributing Sewage.

1t is estimeated that in 1910 - 450,000 persons dwelt uvon drainage
areas in Philadelphias tributery to the Schuylkill, and 1,100,000 persons
contributed sewage to the Delaware from Philade! phia, The population
of Camden, N. J., was given as 94,538 in the 1910 census,

The Delaware river at Fort 1Iifflin in 1910 was therefore caring for

whB-



the crude sewace of a population of 1,643,546 from Philadelphia and
Cemden,

In 1950 the pornulction of Philedelphia contributing sewage to the
Sehuylkill river is estimeted to be about one million persons and to the
Delawecre river cbout two million rersons, Assuming a nopulstion in
Camden of 180,000, the total mopulation contributing sewage to the
Delawrre river at Fort llifflins in 1950 from Philadelphia and Camden

would be 3,180,000

Amount of Dissolved Oxygen in The Delaware River,
Exsmination of April 1910
On April 11th end 14th, the water of the Delaware river was
exemined in six eross sections.
The figures given below are = weighted averd4ge of a large number of

samples teaken &t all voints in each cross section.

Location State of Tide Per. Saturation Containing
Dissolved Practically

Porresdale End of Ebb 94,56 Little or no Sewage from Phila,

Bridge St. Near end of Ebb 80.5

Tioga St. 1lid tide 61.0

Christian St.l7id Tide 60 .0

Point House TNear end of Fbbdb 59.0

Fort ifflin Fnd of Ebb 53.0 All sewage from Phila. & Camden,

This shows the vrogressive effect of the addition of the City's
sewage uron the river water. The samples anclyzed at Torresdale at the
end of ebb tide represent "Upl-nq Water", but slightly affected by

0 Mifflin represent water which ms
tvrr'rwyis ‘(%111 Q{} H»L rt Ll =} i g - ‘
sewage. The/o8cillate ont of the City and the water from the

Schuylkill river.

Examination of October 11th, 1910.

Owing to the abandonment of the Testing Station samples for dis-

O]

solved oxygen were taken only at a single section across the Delaware

river and this was seleeted to be at Arch Street.,
On account of a wrotracted drought of unprecedented intensity ard

low tides, the condition of the Delaware river at the above date



represented its least ability to oxydize sewage, and samples of the water
taken at the cross

15 minute intervals for 10 hours and were computed as averages for 3

section between Arch

street wharf and Canden at

varts of the section.
The part adjoining PYhila. grve an average saturation of 34%
The part in mid streem * - 3 . " 40% » ?
The nart adjoining Camden " . o " 47,.4% '

Duting the entire time of this examinction no objectioneble odors

S

were mnresent.
Exomination of Nov. 17th, 1910,

The water was examined at the same crose section and in the

same

manner &s avove, the condition of the river being rractieally normal.

The part adjoining Phila,

The vart in mid stream

The

vart adjoining Camden

gave an aversge

™ »” "

" A4l A4l

saturation of 64.,1%

" "

74 .6%

™ "

75.6%

FIAL = a S > St oty o

Examination of vet. 20th, 1911,

Under normal conditions egain the results were as follows

The part adjoining Phila. gave an average saturation of 65.2%
The vart in mid stream 5 » W » " 75.1%
The »art adjoining Camden " i . - ® REA%

As the condition of the river on October 11lth, 1910 was abnormal,
a econdition which had not existed for miny years before that date, and
in all »robability, would not be repcated for many years to come, it
would be rational to consider average conditions dur ‘ng times of
the

¥ ingtes uil xtreme condition as above.
drouvrsht instesd of extreme condition as above

Conclusion

From these examinations of the water of the Delawsre river, it is
evident that the effect of adding at the banks of the river the crude

sewage from about 1,600,000 persons (Philedelrhia and Camden 1910) is

under ordinary conditions, to lower the saturation with dissolved JHF7'

oxygen to 70%, snd under most unfrvorble condition, to 40%.




COMPARISON OF THE VALUE FOR SEWAGE DISTOSAL
BY DILUTION OF THE UPLAND WATIR AND
THE TIDAL FLO™ IN TE DELATARE
RIVER

Using the rates of flow given heretofore of the unland water , end
of the tidel flow, it will be seen that there is much less (one he1f to
one third) oxygen availsble for sewage disyosal by dilution in the
upland water, between a state of satwation and a dewletion %0 = degree
vhich does not cause nuisance to either sight or smell, than that which

4.

is available from the much pgreater volume of the tidal flow, considering

in the latter only that nortion of the oxygen represented by the
difference bhetween the actual devletion observed ‘n the examinations
vabove noted and a derletion to an extent which does not cause nuisance
to either sicht or smell.

The condition of the river shown by the sanitary surveys described
above was brought about by the tidal flow, therefore, to consider only
the upland water would be to neglect some of the larger factors of the
Troblem,

COMPARISON OF RESULTS OBTATHED AT OTHFR C
LUTION MRETHOD OF SEWAGE DIS 0S!
Crude Seware,

Using the Drainage canal of the Sanitary Distriet of Chicago, as an
example of the disposal of crude sewage by dilution, it can be said
that 4 second feet of sgpated water are required for the disposal of

the crude sewage of 1000 versons without huisance.

Screened Sewage

Using the case of Hamburg, Germany, it mey be seen that less than 3
second feet of water were required for the disposal of the sewage of
1000 rersons wnen it is passed through coarse screens, and discharged
through submerged outfalls,

Settled Sewage.

The data used to determine E%g amovnt of oxygen required for the



"

disposal of settled seware are from Frankfort, a.ll. Columbus Sewage
Disnosal Works, and exmer iments condueted by the Sanitary Distriect

of Chicago. By referring to the deserintion of the eonditions at
Frankfort, a.ll., it may be seen that while 17.5 second feet of water

were ' sed for the settled sewa e of each 1C00 persons there was a loss of
only 4.5% in the saturation of dissolved oxygen, which indieates an
amount of dissolved oxygen absorbed ver canita about 357 less than at
Hamburg, when the sewage is screened,

In the recent revort of the Sewage Disposal Division o Columbus,
Ohio, it is stated that the sentic tanks at that place rerove 607% of the
suspended matter in the crvde sewage, producing a betterment with
regard to stream pollution of 28%.

Iaboratory investigations made by the Sanifary Districect of Chicago
showed that by the removal of 63% of the total suspended matter in crude
sewage, an improvement of 31% from the nuisonce point of view was
effected, 2 substantial agreement with the Columbus result, In regard to
these two latter examples, it mey he noted that the results given were
obtained under conditions in waich all re-absorption of oxygen from the
air was prevented, whereas, in the other cases cited, natural conditions
exigted which favored the absorption by the woter of oxyeen from the air,
and it is knovm that the avidity of water far oxygen increaces as it

becornes denleted of its dissolved oxygen,

Summary.

The above cited examples of disposal of sewage by dilution are not
numerous enonzh to establish definite faetorg.an irmortant fact is
establicshed that if a body of weter is successfully disposing of crude
sewage without creating any nuisance, the same condition can be mein-
teined for an increasing rovul:tion by, first, screening the crude

sewage to remove those flo-ting bodies which would be objectionable %o

=40 - &



sight, and second, by settling the sewage to reduce the load upon the

oxydizing vower of the water,

CAPACITY OF THE DELAWARE RIVER TO DISPOSBE OF SEW-
AGE WITH VARIOUS PRULILIIN‘RY TREAT-
MENTS.

-

Exammetions of the Delawarc river now disnosing of the crvde sewage
of 1,600,000 persons from Philadel»hia and Camien, N. J., show that
even in times of vnprecedented drought, the river water is not denleted
of dissolved oxygen to such a degree as to create nuisance either to
sight or smell. In fact, the denletion is not carried to anything
near the extent that hés existed in the Thames river, London, Inrland,
in times when no complaints hove arisen. FProm this, it wovld apnear
thet the crude sewage from an even sreater population than ot present,

could with safety be discharged into the Delaware river, For yurpe es

of commarison, it may be considered that the population for the year

ok

1918 (which may be taken o the time when the earlier built sections
f the works m-y be nlaced in operation) would be the linit for the

satisfactory disrosal of the crude sewage of the entire city.

It may be stated,nfter applying to the local case, the wnrinciples
wvhich have been deduced above from other Americen =nd German cities,
that if the svepended matter is removed from the sewage (by coarse
screening ~nd sedimentstion) ond the sevage aischarged into the river
in such a way rs to diffuse with the current, the Delaware river should
be copable of oxydizing the sewage of over 2,250,000 peonie, a2 population
which is anticinated about the year 1920.

If the conditions at London, England, be considered, it may be seen
that this nonulation could be greatly increased without vnroducing ob-
jectionable conditions,

/

If, in the v»racticsal develog%%ent of the »nlam for sewage vurification,

=
L
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it be found advisable to continue to discharge into the Delaware river

=3

the crude sewage of a portion of the eity, the river cwld be
=l Q- h
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ma intained in a corrospéndingly clean condition, notwithstanding an
increase in pornulntion, by treating before discharge into the river,

the sewage contributed by the increment of population.

CONCLUSIONS.

Disposal of sewege in lerge rivers within certain limits can be
accomplished without creating a nuisance or injury to the public heal th,
ﬁrovidingithat water supplies taken from such rivers are »wified
sufficiently to elirminate disease germs, and provided that the quantity
of sewage added to the river shell not excessively denlete the river of
its dissolved oxyren,

The Delaware river at Philedelvhia is capable of assinilsting the
sewage of a greater vpopulation than is now tributary thereto,

The Delaware river at Philadelphia is capable of assimilating
the sewage from a considerably increased population by first screening

the crnde sewage and later by screening and settling it.
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THE PLAN RECOIMMINNDED AND SUMMARY OF COUCLUSIONS.

Putline of the Plen Recommended.

he gener:1l outline of the plon prepered under the requirements of the

Stete Department of llealth and recomiended for the completed works may be
given as follows: o

Two vpoints of disprosal with intercepting sewers along both rivers and
along btr ibutary strecms, carrying the dry weether flow of the existing
sewers to these poinfgs, 7

Two main rumping stations to roise the sewage from the collectors to
the disposal works.
4

tion of disposal works in the units as required, based

The construe
upon the best -ractiee at the time of construection,

An scceptible method of treatment at the mesent day consists of
sedimentation

, rercolating filters, finel sedirentati-n and discharge

by submerged outlets into the river,

Disgcussion,
l The plan is elasticpand cen be built in such units os To toke core
of the ineresces between 1910 ~nd 19350.

Tt is to be under stood that in rroviding for the conditions shown to
be necessory by the census of 1910, and ‘n epylying the 1910 standards to
the 1950 conditions, it is to be without vrejudice to all necessary
modifications of the plen due to im roved methods or advences in sanitary
science &t any time between now and then,

One of the sdvences which may be anticipated nd which would affect

plan largely in its detoils elthough not in the @ in vrinciples, is the

rossible introduction of water meters upon 21l service connections to the

water system. The introduction of water meters would lergely reduce the
waste and hence the amount of sewage, It would affect the size of

collectors and the size of works, and therefore hes a controlling

influence on the Tinal design/

+

The Tirst essentinls will con-ist of the construction of the intercertip

sewers necesssry to toke care of

the construetion of the wumping stations for thet conditiom, including the

grit chembers and screening devices and the construction of two story

sedimentstion tanks discharging by svbm@rged ovtlets into the river,
'x_ it #51.— LT _; 58,

the eonditions designeted os those of 1910;
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From the eonclusions arrived at under the cuapter nn’tDLlﬁtion", it is

degirable that the oreration of the system in this condition should extend
over a period of years, until it would be found advisable to extend the
treatment.

In the stydy of this subject it is found thet the objections to the

dilvtion method of disvosal in America apprear to hove been i1
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examination of polluted streams used untreated for water supvrly,. The se
objections may be modified after 2 more crefvl study of conditions where the
t\I suprly is filtered. A favorabhle ovrnortunity for suvch study: is
z cwrriiifedD ¢ :
mrteated by this city, wvhicdh has construeted end is opcrating what is said
to be the largest, most modern and effective water filtration works in the world,
ot
The limit therefore, of sew ge pollution uqywsiﬁ in a river of the
ze of the Delaware can best be established in the local cece by
eRamining into the efficieney of this water filtration works in so elimi-
nating the effects of sewage pollution as fto protect the neonle from diseaces
a2t may be contracted from this sovrce,
Bventually, uvon the land which will be acouired for disvosal works
more refinement in a »reliminary trectment before discharging into the
river may be added, as necessities require,

There will be found in the appendix dealing with estiméites, data in

accordance with the seguence herein suggested, which, if examined, in

]
{

gonneetion herewith, will give a rotent resson for these conclusions,

Gener=z1l Descrintion,

The mein features of the »len snd procedvre are as follows:

The land should be acquired for the two disposal works, one in the
Northeasterly end the other 'n the Southwesterly section of the City.

There should then be built the mein intercerting sewers which would
include the foldowing: for the Northearterly works, the one along
Frankfcfd ereek, and along & mein avenue leading to the Delaware river
from its intersection with the Ashdale street sewer to the »umping station,
Bast of Delawore avenue; along- the Delsware river from Linden street to the
same; 2lso from Somecrset streect to the swme,

For the Southwesterly works, intercewnting sewers should be built olong
the Tast and West banks of the Schuylkill river from Fairmount dam to the
punning station nesr Penrose Ferry; with a brench from the Southward on the

Pk .r5g-k73 87 b-1
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Basterly bank; Cobbs creek extension across the low 1l=snds from Cobbs creek,
to the same; along the Delaware river from Dyott street to Oregon avenuve and
from Southwark avenue to Oregon avenue, thence along VYregon, lloyamensing
and Penrose avenues from Delaware avenue to and under the Sechuylkill river
to the pumping station,

There should be built pumning stations with pgrit chambers ond screens

at both locations, first, the portions to meet the 1910 conditions, and

’
extended vhen required to meet the 1950 conditions, with submerged outfalls
leading from the works into the channel Qf the Delaware river.

As the 1increments of both intercepting sewers and numning stations
are completed, there should be constructed sedimentation and sludge
digestion tanks, patterned unon the two story type of tenke, with the
accessory sludge drying beds. The cluster of units system should be
aprlied to tiig frature in order to edjust the number of clusters to the
incresase in sewage reaching the works,

Hecegssary efflunent collectors from the sedimentation tanks to carry
the treated sewage to the svbrmerged outfalls, siould then be built in a way
to be consistent with the carrying out of the complete plen,

The wor ks should be onerated under the conditione of treatment and
disvosal thus far provided, for an indetermined period, derendent unon
observations of the results obtained, or until the denletion of dissolved
oxygen, in the Delaware river shall have reached a p:int regarded
vnsatisfactory.

The above conditions having been reached, the nlan contempletes the
construetion of nercolating filters to carry the treatment to greater
refinement, in which filters, by bacterial action, the effluent from the
sedimentation tanks is rendered stable, FPinal settling basins for
removiné the mineralized solids washed from the filters should be built as
required, the efflvent from which, rendered stable and clarified and
discharged into the channels of the river, would absorb from it a reduced
amount of oxygen.

-



The cleuan condition or the Delaware river will be maintained, as the
guartity of sewage increases during the passage of years, by the increased

refinement of treatment at the work

0

In connection with the plan, there will be involved certain repairs,
alterations and reconstructicn of the existing combined sewers, the con-
struction of tide gates at the present sewer outlets, and other construc-—
tions to adapt the present and rfuture systems to each other.

A more complete description of the disposal works, pumping and
power stations, the extent of alterations to the existing system, also
cetalled estimates of the cost or construction and maintenance are given

a8 appendices.

EBT TMATES QF COST.

In order to comply with ‘he requirements of the ordinance authioriz.
ing tne wvork of investigation, there have been prepared from the plans
and diagrams and from the available information, estimates or the cost of
construction and the annual charges (composed or operation, depreciation
anc interest) or the various sectiors into whieh the comprenensive plan
nas been divided. The sequence of these sections is tllustrated on
the accompanying diagram rfor the Northeust works by sections A,B,C,D,E,& F

w

ana for the Southwest works by G.H.I. J.& XK. A summary or the estimates
made up rrom details given in Appendix D. is given in the following
tables:
Various combinations of the sections of the twe works are made
in the following table to show the cost of construction and annual charges
Teguired to accomplish different objects from a hygienic or a prevention

CI' nuisance stanapoints:



LG TINATFS OF COST
NORTHEAST SEWAGE DISPOSAL WORH,S

§| £8#imated Cost of Construction Arnual Charges| Drarnage area | Merhod for puri/fication of the | for a
R |rcluding purchase of land \consisting of |Iributary #o sewage before arscharge o the |pgoilalion
C% and grading. queration depree| 176 Works Delaware fiver #rough submergea| of /%€
Differential | Cumuliarrve |iztiona inferest 4% out7za/s. ~ year,
A | B84 ooo L &84 000 G000 |FrammkroraCresh Comrse screermns and q/;'/'f' Z/?ﬂmbe/;s. /9/0
j Coarse screens, gril- chrambers, sea-
B E73 000 3697000 337000 Lo 1778177077007 717K 4/743 Stalge arying beds. /9/0
: [Tk 712 C7erh;
7 LDelaware Fiver
c| /088000 47855000 398,000 e it 2o, /9/0
it Worttheas? Works.
; Frankrord Creek;
Delaware fiver
D LG 000 L 955,000 L83, 000 i L L 2o, /9/0
ar Somerser S
Coarse screens,Grit chanbers, Seairerr’atiorn
£| 5738000 |/,087000 | 995,000 P ks, Sluage Sying beds and Pareolaring Fitrs| /9B
Loarse screens, Grift chambens, Sedlimeniation Jamks,
| 8375000 |/4068000 (R 36,000 Lo. 5/1/44&4@//@694’; SZreolating Fiersand g basins, /950
SOUTHWEST SEWAGE DISPOSAL WORKES
Schyylhn) fiver : /
G| 19/53000 | /19/53000 644 000 P N Coarse scrieens ana Grrd chambers. /970
© |Cowrse screens, Grir chambers, Sednenr
£, 335,000 /% 4‘9/' 00 600, 000 2o. Fartrnr ravks and Slage Frylsizg HEAS. /819
Coarse screers, Grifchambers, Sed)mentaliorn
/| %694 a00 /7’355’-000 1,808,000 e 745, Oliicige arylirg badls wd Foreolariag 717y, /9/0
Do. 2o0.
¥4 G Detaware Kiver |Coarse Screerns, Grit chambers, /925
o e e el il LY L berwaer Lyolt 57 | Seaymesrtation 7amks arna Sikage
ara Soutywark Ave. | arying bea's
Soyhil) Fiver ; | Coarse screens, Grit chambers, Sedi—
Cobbs Creek; mentaiion 1anks, Sluage Fryrrg beds,
KN\ 106/4000 |43000000 3357 000 |Delaware fiver |[ercolaling rilters ana rira/ serr/~ | /1950
Lermeen Lyott S7 | rng basizs.
and Sputwars Ave.
== T ;u'«qum ‘/;5/,‘2
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Interpretation of Estim-tes

By examining the foregoing tables, it is apparent that by the ex-
venditure of 6 millions of dollars there may be constructed the necessary
warks to colleet snd clarify the sewnge entering the Delaware river o th
of Somerset street as a protection to the intske of the Torresdale Water
Filters., This estimate is based uvon a pomul tion as of the yvear 1910C.

By the expenditure of 10 millions of dollrrs there may be conetructed
the necessary works to eliminate the noliution of Cobbs creek ond the
Schuylkill river , by collecting the sewage now flowing therein snd after
removing large flonting matter ond sand, discharging it into the Delaware
river below Fort 11ifflin, This estimate is based unon a populotion as of the
year 1910,

By the expenditure of 12 millions of doll!ars, there may be constructed
neeessary worke to eliminate the pollution of Frankford and Cobbs creeks and
of thg Schuylkill river by collecting the sewage now flowing therein amd
after removing the large floating matter and seand, discherging it into the
Delawere river, This estimate is based uvpon a population =s of the year 1910,

By the exrenditure of 16 millions of dollars there mey be constructed
necessary works to eliminate the pollution of Fra kford and Cobbs creeks
anﬁ.d'the Se'mylkill river by collecting the sewage now flowing therein amnd
removing the suspended rr tter from it before its dischzrge into the
Delaware river, completing that portion of the nlen recommended 4o be
rlaced in serviece and to be overated for some years. The wor ks could
be orerated in this condition during +he construetion of the works covered
by the next section., This estimate is based uvon a nopule tion as of the year
1910,

By the ewpenditure of 44 millions of dollers there may be constructed
the necessary works to collect the sewage now flowing into Cobbs creek and
Sehuylkill river and into the Delaware river Torth of Somerset street, ond

to purify it on percoleting filters and to colleect the sewapge now flowing

into the Delaware river South of Dyott street and to claiify it before its

-bHH=
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Descrintion of the

Sewnge Disvosal Work:




_ i P e v
p

DESCRIPTION OF THE PROPOSED NORTHEAST SEWAGE DISPOSAL WORKS .
Portion of the City, the sewage of which would be “reated at the Northeast
Works.

-

The Northeast works has bveen designed to care for the sewage from that
part of Pniladelphia North of Lehigh Avenue (from the Delaware river to
Broad Street.) and Northeast of the Germantown and Chestnut Hill Branch of

the Pennsylvania Railroad.

Amount or Sewage Used in the Design.
For a Population as of 1850.

Based upon the sewer gaugings, population studies, and capacities of
intercepting sewers, the Northeast Works has been designed to purify sewage
when flowing to it at a rate of 240 millions gallons per dayé¢ This rate or
flow is anticipated in .1850, as occurring dally. During times of stornm,

the rate of flow of the sewage would be increased.

For a Population as of 1910.
Various combinations of the drainage areas tributary to the Northeast
works have heen made for a population as of 1910 which miy he seen in

Appendix D and the quantities of sewage in Chapter V1.

h
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DESCRIPTINN OF THE TROPCSED NORTHEAST SEWAGE DISPOSAL "ORXS.

Portion of the City, the Sewage of which would be Treated at the lorth-
east Works.

The IJortheast works has been designed to care for the sewage from
that part of Philadelnhia "orth of Lehigh avenue (from the Delaware river
to Broad street.) and Tortheast ofthe Germentown and Chestnut Hill
Brench of the Pennsylvenia Railroad.

Amount of Sewage Used in the Design.
For a Populati m as of 1950

Based unon the sewer gaugings, population studies, and cayocities
of intercepting sewers, the lortheast Works hes been designed to »uri-
fy sewage vhen flowing to it at a rate of 240 millions gallons per day.
This rate of flow is anticipated in 1950, &s occuring daily. During
times of storm, the rate of flow of Bhe sewage would be increased,

For a Population as of 1910
Various combinations of the drein-ge areas tributary to the Norkh-

east works have been made for a nonulation as

o]

f 1910 which may be
seen in avrendix D and the quantities of sewapge in Chanter VI.
Area Required for the lTor theast Works.

The area renuired for the complete sewape disrosal works would be
about 150 acres. As it would be the best policy for the City as a
measure of precaution to control a strip of land surrovnding the works
wﬁich could be utilized as a park, an additionsl area of <bout 100
acres would be required, making athoetal of 250 acres.

Grit Chrrbers.

The three intercepting sewers(along Delaware river, lTorth from
Somerset street, and South from Stevenson street, and along Frankford
creek) will meet in a junutionvchnmbcx.near the vrumping station and
their eombined flow will be carried by & single conduit to the grit
chamber sit ~ted under the administrative end of the prumping

stetion, so designed in two parss as to

w58
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carry resypectively 40 =nd 60 per cent of the total flow, They consist of
widened and deemened cross sections as compared with the sewer, so that

the velocity of flow will be retarded to between 8 and 15 inches mer second.
By proper operation, a velocity of 1£ inches -er second can be meintained,

At this velocity, it is emmected that the object of the chamber will be

accomnlished, namely, the derosition in the bottom chiefly of dirty sand,

Remaoval of Sand,
To accomplish the removal of sond without rutting the grit chamber out of
service, a motor driven centrifugal pump to draw up the dirty sand from the

bottom of the grit chamber will be rounted on a truck capable of motion at

(¥4}

right angles to the flow of the sewage; this truck will run on 2 crone carable
of motion parallel to the flow of the sewage, and be able to cover all parts
of the chamnber, The discharge of the rump will be conducted to an inclined

bottom sand bin.

Disvosal of the Sand,

The water from the dirty sand having drained back into the inlet end of
the grit chamber, the dir+t; sand will be elevated by an injector to a sand
washer loecated above the main floor of the building. After being washed,
the clean sand will be.stored in a bin and conveyed by industrial railway,

to and vtilized in, the sludge drying heds.

Sereens.

After the sewage has nassed through the grit chamber it will encounter
bar screens having about 3/4" clear openings, to remove those flonting
matters which could injure the pumps or creste a nuisance in the river.

Fach screen will consist of 5 vanes connected to, and rotating about a shaft,
or smeh other device as may be nvailable at the time of construetion, proper
provision being made for the collection and disposal of the screenings

without nuisance,

Divigion of the Works into Six Units.

The Northeast Works will consist of six unit nlonts, each mractically
=59 -
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complete and independent., ifach unit which has been designed to trest

sewage ¢t a daily meximum rate of 40 millions gallong, will concist of sedi-

mentation tanks, sludge drying beds, percolating filters, and final settling

basin,

Force lMains,
Fron the pumping station, three force mains will extend to the west
or high end of the warks, along which there will run a distributing main

to suprly each unit of the wrks with its quota of sewage,

Influent Weir House

The prover quantity of sewage is to be del ivered to each unit of the
works by the distriputing mnin, entering a homper shaped basin through a
gate valve, the seware being measured as it flows over a weir at the top.
Svitable deviees for regulating the flow and maintaining the head on the

weir will be installed.

Operating Tower,

Lt about mid length of the distributing main t'ere will be made a
connection to what may be celled +the operating tower, It will contain
a reservoir or stend nipe for sewage, a tank for mainte ining head on the
flushing water system through the works, #nd an omrating floor at the top

from which all parts of the works can be see and controlled by eleetrical

connections,

™

Sed imen tation Tanks
Sedimentation,
The suspended matter in sewage that is heavier then water is kent in
suspension by the velocity of the curremt. To remove this susp ended ma tter,
therefore, the velocity of flow must be reduced, Thie is accomnlished by

passing the sewage slowly and qvietly through tanks,

Sludge Digestion,

The suspended matter as it is devosited on the bottom of = tank forms

—'JK«-
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a slimy mess, of which, about 90% is moisture and 10% consists of organie
and mineral matters. Then the fresh sewage is ellowed to remain in contact
with this deposit, it becomes fouled thereby ond dvring subsequent treatment
causes offense,

It has bheen found however, by actual practice, that when the sedi-
memtation tank is composed of two compartments, the unver of which is ex-
ciusively devoted to sedimentation end the lower to sludge digestion that

the condition of both the settled sewmge and the sludge as withdrawn have

different characteristics from those obta’ned in the case of the usual form

of one story tanks, Satisfactory results with sludge digestion hiave been
obtained in Germany with a tank of this form, end from »nublished data showing

similarity between sewage comvosition there and here, and also Trom lhe
satisfactory results obtained at the Philade’ph'a Sewage Hxperiment Sfation

designs vrovide for the use of two story tanks,

Description of Tanks.

Digtr ibuting and Collecting Conduit,
Bach unit of the works is yrovided with two groups of twelve fonks; each
group is serveéd by an inflwent weir house,

The tanks are surrounded by oven conduits so designed that they may

act either as influent or effluent chennels, thus the direction of flow in

the tanks can be reversed or two tanks run in series,

Sedimentation Tortion
The sewage will enter the tenk throurh two sluice gates, flow under s
seum boards to restroin floating matter at the inlet end. over a baffle and
out of the tank over a moveable weir,
As the sewage flows through the trnk the suepended matter will settle
down unon the smooth inclined false hottom elong which it will slip through

ovenings into the lower nert devoted to sludge digestion.

Sludge Digestion Portion,

The concrete bottom of the tark is formed like a hovpper, end an ivon
o
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pipe will extend from the lowest point of this horver bottom to a gallery
to be built between each cluster of six tanks. The outlet or free end of

1

this vipe will be lower than the swrface of the 1liquid in the tank, and
upon ovening & shear valve controlling the discharge, the sludge from the
deepest part of the hovrer will be impelled into a gutter running throuch

Y

the gallery and thence flow to the sludge drying beds,

Sludge Drying Beds.
Descrivtion,

The sludge dry ‘ng beds will consist of underdrained areas separated by
concrete walls into individual heds,. The m ter ial upon which the wes$’
slvdge will be run will concist of coarse gravel or broken stone covered
with a layer of sand,

The underdraing will lead to a sewer which connects with the moin
interceptor from Frankford creek and so the drain water from the sludge bed
will mingle with the crude sewage at the vnumping station and vassthrough
the works,.

The sludge will dry to such an extent in from 5 to 7 days, as to be

fit to renove,

Removing Dried Sludgee.

For removing the dried sludge from the swrface of the send, a machine
has been designed to eliminate the usually unsatisfactory hand labor. It
will consist of a truss carried by wheels rumning on rails along the concrete
walls separating the beds. Thig truss carries a digger working like a
bucket conveyor, By this the dry sludge will be removed from the bed o
discharged uron a belt conveyor yunning along the top of the truss gnd
discharging 2t the end into industrial cars, which will convey the s udge
to places of deposite. Blectricity will operate the machine and cars will

be furnished with power from trolley wires supmorted on ceten ry suspension

éables.

Disvosal of Dried Sludge.

The exper ienee in Germany in oper%égng sedime” tati n and sludge di gestion



tanks without offense from either wet or dry sludge hes been confirmed in
America on exverimental scale by the Buresu of Surveys.

The dried sludge being inodorous and like garden soil, can be used to
fill in the low lands dong the shore of the river, It is estimated that
the low nart of the area of 250 acres is capable of being filled to street
grade wi th a four feet deep layer of gravel to exclude tide wa' er and wi th

the outrut of sludge from the TTortheast Works until 1.950.

Percolating Filters,
Object.

Sewar~e ag received at a disvosal works consists of the water suprly

contaminated with domemtic and industrial wastes. These wastes are part
in suspension and nart in solution, The susgpended matter can be largely

removed by the sedimentation t-nks, Of the soluble matter a yert is
organiec and nutrescible. It has been found tirt during the rocess of
sprinkling sewacre (freed from & vart of its susrended matter) over o bed of
stones, a jelly like substance forms unon the sur face of the stones and

the sewage in passing over these films is acted unon by the bacteria so
that when collected from the drains at the bottom of the bed the organie,
putrescible matterhas been to a considerable extent converted into a stable

or non-putrescent condition,.

Constant Head Tounse,

The collecting conduits of the sedimen tation taks all lead to a
hexagonal reservoir which is the inlet or upmer end of the conduit which
will suprly the percol-ting filters withthe sewage. The elevation of the
liguid in this tank will be kept at a nearly comstant clevation by varying
the number of acres of percolating filters in service as the flow of

sewage varies,

Influent Conduit.

Extending from the constant head house, under the sludge drying bed,

-
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t0 and under the mercolating filters there will be a reinforced concrete
condvit to deliver the influent to the vrercolating filter beds. This can
also serve as a bynass to the river vrior to the construction of the

percolating filters,

1T
1
<1

Regvlating House.

In the enter of each four acres of percolating filters there will be
a regulating house to control the distribution of the influent unon the
filters. On each side of the influent conduit under the regulating house
there will be a connection rmede to & butterfly valve beyond which the pipe
divides into the main distributors each serving one acre of filter bed.
As the sewage in the influent conduit is under a constant hydraulic head,
dve to the elevation of the surface of the sewage in the constant head
house, the altern~te ovening and closing of the butterfly valve controlled
by on electrical device will produce an undulsting head upon the

distributing system of the filters,

Distr ibuting System,

From the main distributor »ipe (laid under the floor of the gallery,
to be described) connections will be made to the lateral distributors
laid along the floor of the filters; verticel riser nipes will extend
from the lateral distributors to the smrface of the filter beds and to
the tons will be Tastened syraying nozzles to distribute a fiim of
sewage over the filter surface.

The ovnening and cloging of the butterfly valve will cause these

films to cover the entire bed.

Med ium,
The medium of the filter consists of = layer of broken stone about
the size of ballast used on railroads and extending from the Tfloor of the
filter to just below the swaying nozzles. The sewsge after it has been

distribvted uvon the rmedium will trickle or vmercolate down over the
-64 - ‘
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sur face of the etones until it reaches the smooth concrete floor of the

filtex,.

Underdrains,

To meintain & clean floor for the filter there will be placed unon
the surface of the concrete floor half round terra cotta pipes with the
curved surface uyppermost uvon which the stones composing the filter medium
will rest, The sewage after having percol-rted through the medium will
flow along the sloping floor to a main effluent collector extending along

the middle of the hed and leading to the effluent conduit,

Galler ies.

Extend ing from street to street, laid out throuwgh the works for
convenience of construction and transportation, between sections of
vercolating filter bed there will be a concrete gallery, containing water
service for flushing the filter floor through the orenings in the
gallery vhere the underdreaing extend through the walls., The attendants
will be able to reach the regvlating houses either on top of or through

these galleries,

Settl ing Basins
Object.

The funetion of the percolating filter is not to clarify seware but
to render it nonputrescent, At times the filters do however store up the
suspended matter contained in the influent and leter discharge it with the
effluent. At such times the effluent avrmears to he much worse than the
influent due to lrrge flaky nieces of the dried films washed from the
surface of the stona. To remove these solids, which settle much easier
then the solids susr@ndéd in crude sewage, the effluent from the

.
A
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percolating filters will be passed through settling b

Distribution of Influent,

As the settling basins are near the river vhere excavation would be



very costly they will be built as clusters of shellow basins, heving a
distributing channel olong the inlet end.

The treated sewage will enter esch settling basin through two sluice
gates and flow over a weir extending the entire width of the tank.

Rach tank will coneist of o rectangular basin heving a depressed

bottom ot the inlet and toward which the floor slopes.

Aff1nent Chamel.

The effluent will be drevn off over & weir extending the entire
width Qf the tenk but %rovided with piers slotted for stop planks, so
that any tank can be cut out of service for cleaning.

After flowing over the weir the effluent is collected into a
conduit rurning along the entire length of the clustér of tenks and

leading to the river outfalls.

Reroval end Disposal of781udge.

The sludge which forms on the bottom of these settling basins is
composed of rore easily settled meterial thon that in crude sewage and
ther efore instead of removing it to sludge drying beds, it hes been
planned to empty the sludge in small quantities and at frequent inter-
vals‘into the intercevting sewers lying in front of the se ' tling basins.
The slundge will mingle with the fresh sewage and be pﬁmped to theipedi~-
mentation tonks where it will settle out and be gub jected to the before

described digestion in the bottom of the tank,

OQutfall Conduits.

Mie charmmel »f the Delaware river at the site of the Nor theast
TWorks is slightly beyond the nier head line and the water is rather
_ghallow near the dike., In order to effect Rifftision of the effluvent of
the works with the river water, thot it may not become visible nor
affect the shores, submerged outlets have been desiened to discharge at
the pier head line in ahout 25 feet of water.

-



PROPOSED DESCRIPTION OF THE SOUTHWEST SEWAGE DISPOSAL

e
=

WORKS .«

Portion of the City, the Sewage of which would be treated at the South-
west Works.

The Sonthwest works has been designed to care for the sewage from
that part of Philedelvhia South of Lehigh Avenue (frowm Delaware river to
Broad Street) and Sonthwest of the Germantown and Chestnut Hill Branch

of the Pennsylvania Railroad,

Amornt of Sewage used in the Design.
In 1950
The complete works have been designed to pur ify sewage vhen flowing
to it at a rate of 650 millions gallons per day. This rote of flow is

anticipated as occuring deily in 1950. During time of storms the rate

of flow of the sewage would be increased.

& 1910,
The amount of sewage estimoted to reach the woarks in 1910 is 135
millions gallons ver day, that from the Delaware river drainage area,

South of Dyott street, owing to the 1length of time required for the

construction of collectors, not being incluvded,

Brea Reaquired for the Southwest Works.
The city already ownes land uvron which it is rronosed to locate
the Penrose Ferry Pumning Station. Additional land is required for the

gsite of the Southwest Disposal Works emounting to about 625 acres.

Features Similar to the lortheast Works.
The general features of this plant will be sinilar to t-.ose of the

Hortheast Works.,

Screens

As an alternate to the revolving vane screens pronosed for the

Northeast Works it is planned to use vertical screens in dmnlicate capable

s s



of being hoisted out of the sewage for cleaning,

Grit Chambers,
The intercenting sewers will deliver sewege at the Southwest or

&

Penrose Ferry Station at three levels and hence to economize punping the

grit chambers are in three parts at different elevations.

Division of the Works into two ports.

The ragnitude of the Sothwest orks, and the collection of the sewage
from two widely separated districts required the designing of both the
pumping station and the works, so that they could be built and opera ted
in two parts, one treating the sewage from the Schuylkill, the other
from the Delawar river basin,

Rach part of the disposal works consists of nine units, any

number of vhich could be built as occasion demanded,

Force lains.

Four force meins will extend from the Penrose Ferry Pumning Station
to the sewage disvosal works, each one terminating in an operating tower.
From these onerating towers the sewage will be delivered to the

Sed imentation tanks by distribuvting mains,

Effluent Collectors.

As in the Nortneast Works the sewage will pass through two story
sed1mentat1 on tanks, heving adjoining them sludge drying beds; and through
percolating filters. The effluent collectors however, are different.

In the middle of each street between the percolating filters will extend
a twin conduit, one holf designed so as to carry the effluent from its
adjoining filters under normal conditions, but of sufficient eapac{ty to

~

act as & Pypass nrior to the construction of the vercolating filters, the
other half being used in tires if storm to corry the effluent and rain
water,

-
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Removal of Sludge. 3 ;
At ere.0 AL
As there will be no intercerting sewer in front of the beieiee as in
the Northeast works, the sludge will be blovm off to sluvdge prmning
stations, from the hopwer inlet end of the settling basins. The flat

floors will be flushed with river water at high tide by opening the

sluice gates at the outlet end.

Sludge Pumping Station.

In the comnlete works there will be four sludge »umping stations.

2

The sludge will be discharged thr ough force moins to the lower pert of the
sewage tenk in the four ownerating towers, where it will minple with sewage
and be evenly distr ibutcd smong the sedimentation tenks and subjected to

digestion in the lower vnart thereof,

Outfall Collector.

A main ouvtfall collector will extend along the entire lower length
of the works into which the effluent of the settling basins will be
diseharged over their outlet weirs, The effluent collectors will also
be connected as & bypass directly to the outfall collector. This outfall
colleetor will consist of an ovnen channel designed so'aa to be built in two
parts to accommodate the growth of the works, It will extend to the
bank of the Delaware river

Along the Bast side of the works vi 1l also be constructed an open
channel to connect the first force main to bhe built to the outfell
collector, This will serve as a bypass during the first stage of

construetion.,

Outfall Gate Houre,

Between the outfs1ll collector and the submerged outfall, thcre will be
built a gate hou=e so that by closing off one of the outfalls a high
velocity can be obtnined and the submerged outfslls th roughly cleansed

of any demnosits.
T .
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DESCRIRTION OF PUMPING & POVER STATIONS.
The power plants of the cormprehensive plan must be suffieient for all
needs of »umping, telpherage, lighting, operating devices, mechine shops

and all accessories.

The pumning station must first of all be relinble, it must be ready

’
to run at all tires and must be able to handle all the sewage coming to
it, Its total camacity rmucst be so divided that the varying flow can be
taken cere of in the most economicel manner, both as to the effeciency

of the »umring units and as to the amount of attendsnce required, also

divided so as to allow of vartial instellation, The ecuipment selected
should answer the above reaquirements, £nd in addition, it should require
the lowest totnl onerating cost, composed of fixed charges, meintenance

and direct operating cost.

Comparison of Types of Puups.
The two mcin divisions of pumping machinery svitable for this work
are reciprocating vumps of the water works type and centirfugal numps,

gither engine or motor driven. The advantrges of the first class are:

(7

high coal economy, reliability and the proved test of long coutinued

service; the disadvantages cre high Tirst cost, large size for roderate
capacities, high labor c¢harges and the fact thet they are essentially
high head numps. In favor of the centrifugal pumps are the Tollowing
characteristice: 'ow first cost, moderate size, for large capacities,
less skillful attendance required, simplicity of conntruction, large
water passages and the fact that they are perticulerly wdl adapted to the
handling of large overlocds against moderate heads. The disadvantages
are the lower coal economy, and the possibility of erosion duve to the
presence of grit.

Based on the 1910 conditions for the rortheast Turmning station and

on the nresent state of the art, a study was made of the following

corbinations to deterrine the rmost sufable type of vumping equiprent;

*Tl=



recivpraocating pumps = triple expansion cngines - water works tyre.

Centrifugal Pumps.
(a) Ceared turbine drive
{b} vertical shaft engine drive

-generators,

(&)

(¢c) llotor drive - turbo

This investigati n shovd a decided saving, both in first cost and

favor of the centrifugal pumps. A further

in total operating exnenses in
stvdy led to the conclusion thot the geared turbine drive and the rmotor
ative, with turbo-generators werc best suited to the given condition,
Alternate pumping station designs based on the ahove conclusions, vere
prepsred for this station, As the conditions to be met at the Southwest
Station are ouite similar, one design was considered sufficient for that

‘plﬁ.‘ﬂt .

WORTHEAST PUNPING STATION,

The vrovosed station for the Tortheast section 1s loc~ted tentatively
on the Rast side of Delaware avenue, in the vicinity of the fennsylvania
Railroad bridge across the Delaware river, The intercenting sewers brign
gewage from Worth, West and South to the punping station. After passing
thr ough the grit and screen chambers, the seware will flow into a suction
condvit running along the west wall of the station. he mein building
has been planned so as to heve the_gre&ter dimension paraliiel to Dela-
ware avenue. An extension on the south wrovides for shops, screen
chamber machinery, and genercl administrative nceds. The western half
of the main building is to be devoted to the rumping machiner ye. The
astern helf will contein the necessary boilérs, an incinerator

for disnosing of the sewage screenings, coel bin etc,. On the notthern
i 2 o = 9 ]

end of the boiler houre will be & coal and ash tower,

=72=
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Type of Architecture,

The architecture of the building will be Renaissance in character,
with very large windows to ‘nsure good lighting. The exterior design o
the boilér and engine rooms calls for a heavy base, shows groups of
windows, with lerger windows above, the whole surmounted by & classic
cornice and a narepet. This treatment gives the expression of open and
spacious interior rooms, In the adminstration building, it was the ainm

to secure the seme elfect to make a harmonious design.

Interior TFinish,

The interior finish of the nump room is left open, but it will be
treated in & manner, vleasing and harmonious with the main design,
adantdable to the ures of the building,

The treatment of the boiler room will be accordance with the

utilitarian reaquirements,

Boiler Room Equiprent.

The boiler room equipment will be divided into 500 H. P. units,
arranged singly and in batter ies. A special design of setting and
grate in one of the boilers will take care of the dispoal of the pmesent
sereenings coming from the screen charbers, The boilers cre to be
water tube boilers, fitted with superheaters and with mechanical stokers.

Running the length of the boiler roomy there viil be provided an
overhead coal bin suvvlied b7y a conveyor. The station will be suvoplied

with a modern ash handling equipient,

Pump Room Equipment.

Motor Drive Plan

Along the east wall on the main or operating floor of the pump

-B-
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room will be placed the 1000 K. W. steam turbine driven altermstors which
will generate the vower for driving the pumping machinery. The switech

and control boards will be on the Narth side of the room, facing the

rows of pump motors and the penerators, The pumping units will be

vertical shaft centrifugalsy placed in the baserent below the level of
the sewage in the suetion mains, " The driving motors will be on tke
main floor, directly connected to the extensions of the pump shafts,

To meet the maximum 1950 derﬁnds upon this station, thoere will be
required 8 units, each having a capacity of 40 mil ions gallons per day.
Hydraulically op rated gate valves on both suetion and discharce nipes
will provide for either a temnorary or a permenent shutting down of & unit,
The discharge from esch of the pumps will lead into a large steel and
conerete leader, from each end of which force mains will conduct the
sevace to the disvosal works, or throuch & bymss to the submerged out -
fall in the river,

A baserent mezzanine floor will provide room for the usual auxilliar=-
ies such as air numps, circuvleting pumps, cﬁndenserﬁ, ete., snd for
several turbine driven purping units for sunplying wash water to the
disposal works.

The vertical electric travelling- crane will serve the main floor
and through light wells will serve vart of the basement area, A smaller

crane in the basement will provide for the further handling of heavy

nieces during ‘nstallation and repairse
£ T

(b) Geared Turhine Plan.

In this design, with the exception of the smaller Lturbine driven

generators for supplying light and miscellaneous vnower and their

switchboards, the moin floor will become ractically a visitors' gallery.

The pumning units in this carce will be horizontal shaft units, each driven

A = i e .. v - -\ QY7 - -
through reduction gearing by a steam turbine mounted on the seme 10uUn

For the design, the vltimote equipment would concist of six 60

dation.
-74-
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millions gallons nmer day units, A second steom ledder, running along
the boiler side of the basement room will supnly the main units end the
auxilliaries. The feed puimps, feed heaters end wash water pumps will
occupy the middle third of the roomn. The general features of the works

will be the came as for the motor driven design.

Administration Building.
The mein entrance to the pumping station will be through the
administretion building, The first floor will provide for store

-

rooms, & machine show, and a machi ery room over the screen and grit
chanmber s, On one end of the second floor, reached by a ceparate
stairway, will be toilet and wash rooms, locker rooms and = lunch room
for the operating force, On the other end of this floor willbe the
offices of the Chief owerator and his assistants,

A third floor necessery to make this building conform to the main
structwe, will be available for use as draughting rooms, coal ennlysis
laboratary, ete. PEUVROSE FERRY PULPING STATION

The louation vroposed for this stationy is in the 40th ward. The
pump building, will face and be parallel to Fort 1Iifflin Road, near
Prnrose Ferry Road uron pronerty ovmed by the City. The intercenting
sewers coming South on both sides of the Schuylkill river, coming Kast
from Cobbs creek and coming West from the Delaware river district will
converge at thds poing and the sewa~e after nrassing thpough screens ard
grit charbers will discharge into three suction condvits at different
levels.

The two boilér houces are placed near the ends of the pump building,
running et right sngles to it. The genercl structural features of the
buildings are the same as for the Tortheast Philadeliphia stétion. The

architectural features will be treated in & different style.

5=



Boiler Room

The equipment of the boiler rooms is to be of the same general tyve
ag described for the other station., Becauese of the larger total capacity
required, there are two rows of boilers in each house, vith cn overhead
conal bin between them, The coal and ash handling equipment is similar

to that &t the other station

Pump Rooms.

Mith the exception of the larger units involved, the description of

.-

the motor driven design for the Tortheast Station is avplicable to this
plant. To meet the ultimate demands, this st-tion will reauvire eight 100
million grllons ner day »umns; the en rmous quantity involved here may be

better grasped if one realized that the above total pumving capecity

will dischorge a stream 60 feet wide; 10 feet deep and moving at the

rate of about 120 feet per minute,

fed

LINDEN AVENUE & NMILWOR STREETS PUMPING STATION

Uil e

At the intersection of the above named streets, it becomes necessary

to raise the level of the intercerting sewer conming South on Milnor Street,

taking the sewage from Torresdale., It therefore is necessary to vrovide
a punmping station for the elevation of the sewage. The quantity

involved is relatively small (1950 minimum storm flow is only & cubie
feet ver second), but absolute reliability must he ensured., It is yro-
posed to install three 1000 pallons per minute vertical ghaft centrifugal
numps, driven by altern: ting current rotors dravinz on the Torresdale
Pumping Station of thewater filtration works for this vower. The pumps
will be set in a dry well; they will draw from on open suction chamber

end dischrrge the sewage into the higher sewers running West on Linden

avenue, The architectural festures of the smell building ray be de-

terrined unron at a fvture date, w en its construction nay be demanded,

P G
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ALTERATIONS AND ACCESSORIES.

Repnairs,

The plan described in a preceding avpendix does not include
essential alterations and extensions of the existing sewer system. This
part of the work must be undertaken from year to year so thet when the
whole system is completed they will form a pert of the comprehensive plen,
" In the study of the reoquirements in this respect, a corps of men was or-
ganized for the purpoee of examining the condition of many of the lsrger

sewers which b reason of failures after heavy storms reaquire repairs.

There were examined no less than twenty main sewers of an aggregute
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length of 45 miles, for each of which a detniled plan and report were
filed showing the vresent condition of every part of their lengths,
Careful estimate was rmade of the cost of nlacing thece sewers in proper

repair, the aggregate of which will be found under estimateb.

Extens ions.

Thére are certain extensions in the project of the intercevting
system, cover ing smong others, the continuation of the intercerting
sewer along the 1line of Cobbs creek as far North as the County Line,
portions of which have been under construction for some years nast, the
construction of intercenting sewers clong each side of the Iill Creek
main sewer, the building of intercenting sewers ns occasions demamnd
along the line of Pennypack creek, Prankford creé:r and along verious other
of the larger streams within the City.

These extensions may be built from year to year end charged %o
annual aporopriations for extencions of the existing system, but in
conformity with the comprehensive nlan. These con=tructions are rcad ly

adaptable to the plan as a whole and in fact the comx hensive nlan is

prediected unon their being carried out. Where new sewer systems are

P
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A permit for the operation of this nlant was granted til such time
as the sewage can be treated a point more remote from the intake of
the Torresdale Filtration warks.

Alterat ions,
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Another alteration to the existing system will be the constrmetion
of automatic float control apvaratus for intercepting the dry weather
flow snd a percentage of storm flow from rmain sewer tributaries to the
intercepting sewers or collectors, wnerever these main intercentors pass

under the main combined sewers of the 'resent system. The cost of

this is also pproperly included 1in the estimte of the covnrehensive plen,

Reconstruction,

It has been found also that some of the old sewers have heen con-
structed at such low elewations near their outfells as to increare the cost
of constructing tke main collectors, In some cases, it is rracticable
and advisable to reconstruvet portions of these o0ld sewers at their outlets,
the cost of which is also vroperl& chargeable to the item for alterations
and extensions, which should come from annual anv»rovpriations for +his
PUrNOSe.

} There will be found below, a list of the sewers which have been
examined and those which require repairs together wi th the estimated
cost of making these repairs and the other extensions that nre enumerated

above,



EZANINATIONS OF OLD SEWERS, 1910.

SEWERS REQUIRING RECONSTRUGTION.

k3
Name of Sewer. Niles Location of Recormmended Egtimated
Axanined Reconstruction Cost
Cohocksink System. 1.08 In Thompson St. from
Randolph St. to 15th St. 150,Q000
Christian S5t. System 1.61 Delaware River fo 13th St,
and in 13th St. Christian
5t. to South St. £50,Q00
Passyunk Ave. 0.29 Christian St. to Ellsworth
St. £0.000
Aramingo Systemn. 0.68 In Huntington, Sergeant,
Amber ,and Coral S% Teets. 70,000
York 3St. 0.63 Emerald St. to Americen St. 81,000
Cohocksink 0.60 Allen 8t. to Van Horm St. 30,000
Cohoecksink System. 0.53 In Hascher, Oxford, andinc
Howard Sts. 28,000
o " 1.08 In Hancock, Leurel, Bodine
& Culvert St. 65,000
" " 0.53 Randolph St,0xford St. to
Montgomery Ave. 70,000
v C.70 In 18th St. and in Berks
S5t. from 18th to 21st Sts. £2,000
= - 0.16 In Wildey St. and 2nd St. £5,000
IIill Creek System, 5.11 In 43rd 8%, from Yoodland
Ave. to Spruece St. 50,000
" » 0.72 In 46th St,Sansom St. to
Pine 8t. 10.000
Larchwood Ave. 0.91 Schuylkill River to 21st St.65.000
13th St. 1.34 Lombard 8t. to Pine St. 29,500
Dock St. 0.38 Delaware River toi3rd St. 20,000
19th St. 0.28 Federal 3%t. to Catharine St.20,000
Fairmount Ave. 1. 78 Delaware River to 5th St. 105,000
Ellsworth St. System. 1.13 In 25th 5%,Federal to .
Ellsworth St. 22,000
Mantua Creck System. 1.16 In Zoological Garden &
Fairmount Park. 90,000
" = 0.28 In 38th St,Brown St. to
Wallace St. 34,000
1,236,500
For alterations to nresent sewer outlets in conformity
to the Ty posed plan, £6Z,500

~T,500,000
lote: The shove docs not include the reconstruction
an@&epawr to the Cohocksink System required
by 'examinations made prior to 1910,
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TORTHEAST SEWAGE DISTOSAL "ORKS.

Cost of Annue]l Chorges

Construction Ovneration Depreciction Interest

Land required for complete

plant 625,000 25,000
Intercepting sewer~ with tide
gates end intercentors 550,000 1,500 483 22,000
Grit Chember, screens and
submerged outfall £06,000 2,400 8,240
Pumning station with access-
ories os of 1910 1,000,000 118,860 42,100 40,000
Grading of streets, snd lot
about pumring station 75,000 3,000
2,456,000 120,380 44,983 96,240
Engineering&Cont ingences156% 368,400 14,736
Technical Force 3,000
2,824,400 123,380 44,983 112,976

%1
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HORTHEASR

T SEWAGE DISPrOSAL WORKS,.

SECTION Bij

Cost of

Construction Oneration

Carried forward Section A 2
Conduits to and from Sedi-
mentation tanks

Sedimentation tsnks and
appur tenan’ work

Sludge drying beds and appurten-
ent vork

Submerged outfall
Grading Streets

3
Engineering & Contingencies 15%
T&8chnical Force

3

,456,000

176,000

335, 000

57,000
142,000

49,000

, 215,000
482, 250

, 697,250

Annual Charges

Depreciation

nterest

120, 380 44,983 98,240
500 7,040
z, 500 1,050 13,400
6, 255 1,710 2,280
5,680
1,960
130,135 48,2453 128,600
19, 290

11,000
141,135 48,243 147,890



NORTHEAST SEWAGE DISPOSAL TORKS

SECTION C

Cost of Annuel Cherges
Construction Operation Devreciation Interest
Carried forward Section B4 3,215,000 130,135 48,243 128,600
Pumping Station at llilnor St. 17,000 6,120 517 680
Intercerting sewer with tide
gates and intercentors 700,000 1,500 9&5 28,000
Sedirentation tanks and
appurtenant work 173,000 2,250 65256 6,920
Condvitd to and from sedi-
mentation tenks 22,000 500 880
Sludge drying beds 31,000 4,380 8565 1,240
Grading 5,000 120
4,161,000 144,385 51,585 166,440
Engineering&Contingencies 15% 624,150 24,966
Technical Force 11,000
4,785,150 155,385 51,5856 191,406

B4



NORTHEAST SEWAGE DISPOSAL WORKS.

Cost of Annual Charges

Construetion Operation Depreciation Interest

Carried forward Section Cqq 4,161,000 144,385 51,585 166,440

Intercepting sewers with tide

gates and intercertors 440,000 1,500 405 17,600
Conduits to and from sedi-
nentation tenks 150,000 5C0 6,000
Sedimentation tinks and
aprur tenant work 40,000 3,500 1,050 13,600
Sludge drying bed 56,000 6,265 1,710 £,240
Greding Z1,000 1,240
5,178,000 155,640 55,250 207,120
Engineering&Contingencies 15% 776,700 31,068
Technical Force i 14,850
5,954,700 170,440 55,250 228,188



NORTHEAST SEWAGE DISTOSAL WORKS.

SECTION Eq

Cost of

Construction

Carried forward Section Dy 5,178,000
Grit charmber ond screens 45,000
FPorce 'ain 149,000
Sedimentation tenks 667,000
Sludge drying beds 125,000
Percolating filters and

appur tenant work 5,06@,000
Submerged outfall 107,000
Sludge steamer 200,000
Grading _. 630,000
Addition2l cost operating £ Lyl
Pumping Station / ~10,16%,000
Engineering&Contingencies 15% 1,584,450
8Pt atang  trmrdng-Btattof
General Labor Force
Technical Force

11,687,450

e

Annuel Cherges

Opercstion Depreciation Interest
155,640 586,250 207,120
; 3,160 1,800
9,oooA 1,000 5,960
7,000 8,100 26,680
12,510 3,420 5,400
55,845 78,760 52,080
4,280
o2, 500 20,000 8,000
FT AR 6,200
60,978
2,450
41,375
364,320 163,680 467,498
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Carried forvwerd Section El

Pumping machinery
Force lain

Sed imentation tanks
Sludge drying beds
Fercolating filters

Settiing basins

Enginecring&Bontingencies 15%
General Tabor Force

Technical Force

CYTITIP A s
R A] J;;UE

SECTION Fq

Cost of

10,163,000

224,000

16,000
474,000
156,000

1,005,000

200,000

12,228,000
1,854,200

SAL WORKS.

Construetion Overation

12l Chorge=x

Depreciation

Intcrest

14,062,200

299,495 163,680 406,520
50,160 11,700 9,360
640
4,750 1,576 18,960
6,130 £,565 5,440
16,4856 £6,4720 40,200
11,565 4,000 8,000
390,526 209,940 489,120
75,568
26,140
45,775
464,440 209,940 62,4886
ﬂi



SOUTHWES

3

SEWAGE DISPOSAL WORKS.

Coet of Anmual VYharges

Construetion Operation Derpreciation Interest

Lend acquired Tor Plant . 400,000 16,000

Intercenting sewers with tide
g. I3
gates end interceptors (in-

¢luding siphon) 6,411,000 4,500 1,365 256,440
Screens and Grit chamber 200,000 6,725 8,000
Punmping station and machinery

as of 1910 1,265,000 168,340 56,670 50,600
Force llain and conduit to

Delaviare river 476,000 : 19,040
Submerged outfall 77,000 0 3,080

8,829,000 172,840 64,720 288,160
 Engineering&Contingencies 15% 1,324,350 52 974
10,153,350 1Y2,840 64,720 406,134

3%
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SEWAGE DISPOSAL

SECTION H

Cost of

ngtruetion

Carried forward Section G

Conduits to and from cedi -
mentation tanks

Sedimentation tonks

Sludge drying beds

Tater system

Grading

Engineering &

Technical Force

8,829,000

%67,000
1,230,000

182,000

(6]

?
14,000

239,000

10,862,000

Contingencies 15% 1,629,300

WORY

HEAANIAR) e

Annual Charges

Depreciation

12,491,500

o

172,840 64,720

2,000

12,750 . 675

25,145 6,000

70

208,755 76,465
14, 800

223,535 76,465

Interest

499 652



SOUTHWEST SEWAGE DISPOSAL "ORKS
SECTION I.

Cost of Annusl Charges
Construction Oweration Depreciation Interest
Carried forward Section H 10,864,000 208,725 76,465 424,480
Force main ond appurtenant
work 35,5600 9,000 1,000 1,420
Sed imentation tanks 251,000 2,440 1,050 14,040
Percolating filtersend
appurtenant work 3,278,000 55,8456 78,260 131,120
Sludge beds 51,000 6,255 1,710 2,040
Effivent colleector to river 86,500 3,460
Water system 28,000 140 1,150
Grading 425,000 17,000
15,117,000 283,276 158,625 604,680
Engineering&Contingencies 15% 2,267,550 90,702
General Labor Force £5,450
Technical Far ce 41,375
17,384,550 248,100 168,625 696,382

a0



SOUTHWEST SEWAGE DISPOSAL WORKS.

SECTION J.

Cost of Annual Charges
Construction Operation Depreciation Interest

Corried forward Section I 15,117,000 283,275 158,625 604,680
Intércepting sewers with tide

gates and interceptors 4,120,000 1,500 1,200 164,800
Grit chambers and screens 160,060 5,400 6,400
Pumning stétion - Delaware

river vart as of 1950 837,000 320,040 %6, 630 33,480
Force main and apvur tenant work 1,525,000 9,000 1,000 61,000
Sedimentation tanks £,546,000 28,375 8,026 101,840
Sludge drying beds 405,000 49,420 16,196 16,200
Bercolating filters 1,862,000 £8,470 47,700 74,480
Qutfall collector 235,000 9,400
BSubmerged Outfalls 140,000 5,600
Veter system 80,000 400 3,200
Grading 1,135,000 45,400

28,162,000 720,280 &'74,175 1,126,480
Engineering&Contingencies 15% 4, 224,300 168,972
General Labor TForce 32,830
Technicel Force 81,940
32,386,300 828,050~ 274,175 1,295,452



SOUTHWEST SEWAGE DI

Cerried forward Section J.

Force main snd spprurtenant
woak

Sed imentation trnks

Percolating filters

Sludge dryimg beds

SECTION X.

Cost of

Settling basins and sludge pumps 1,139,000

Outfall collector
Water system
Sludge sheamer

Grading

Bngineering&Contingencies 15%

General Labor Force

Technical Force

SAL WORKS.

Anmual Charges

Construetion Overation Depreciation Interest

28,162,000 720 ;280 274,175 - 1,126,480
99,000 18,000 2,000 3,960
1,175,000‘ 12,750 3,680 47,000
5,909,000 112,785 153,200 236,360
184,000 22,580 6,540 7,360
29,080 19,832 45,560
25, 000 1,400
47,000 255 1,880
200,000 57,500 20,000 8,000
552,000 22,080
%7 ,502,000 952,915 479,662 1,500,080
5,625,300 225,012
64,710
154,490
43,127,300 1,152,115 479,662 1,725,092
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