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Passaic Valley Sewerage Commissioners. 

To His Excellency, Franklin Murphy, 
Governor of Ne--& Jersey. 

Srn.-By an act of the Legi slature of this State, entitled 
"An act to relieve from pollution the rivers and streams within 
the I;>assaic Valley sewerage district, established and defined by 
an act of the Legislature, entitled 'An act to create a sewerage 
district to be called the Passaic Valley sewerage district.' ap­
proved March twenty-seventh , one thousand nine hundred and 
t\\'o, and fo r this purpose establishing therefor a district boarcl 
of commissioners, defining its powers and duties and provid­
ing for the appointment, terms of office, duties and compensa­
tion of such commissioners, and further providing for the rais­
ing, collecting and expenditure of the necessary moneys," 
which act was approved April 22nd, 1903, it is provided in the 
fifth section thereof that "before any moneys expended or obli­
gations are incurred for the construction of any trunk or outlet 
sewer which shall discharge into New York Bay, the said, 
board shall carefully investigate whether said discharge is like­
ly to pollute the waters of aid bay within the jurisdiction of 
the State of :-Jew York to such an extent or in strch a degree as 
to cause ·a nuisance to persons or property within said State, 
and shall present the result of their investigation to the Gover­
nor with their opinion thereon and the reasons for their opin-
. " 1011. 

In obedience to the provision above quoted we, the Pas-
aic Valley Sewerage Commissioners, respectfully report to 

your Excellency that we have, since the enactment of the said 
law, carefully investigated whether the discharge from the 
trunk or outl~t se,yer provided for in the said law is likely to 
pollute the water~ of said bay, within the jurisdiction of the 
State of New York, to such an extent or ·in st:1ch a degree 
as to cause a nui sance to persons or property within said State. 
The resul t of ottr inYestigation is that the said discharge is not 
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likely to pollute the waters in said bay, within the jurisdiction 
of the State of New York, to such an extent or in such a de­
gree as to cause a nuisance to persons or property within said 
State. 

The unclersigrrecl recogni zed the fact that the question pre­
sented to them in the said law fo r solution was one for scien­
tific investigation and careful research, and that it was neces­
sary to call to our aid men who, th rough education and train­
ing, as well as from personal knowledge of tidal flow and cur­
rent courses in the Bay of ew York, were peculiarly qualified 
to supply the needed info rmation. vVe were particularly for­
tunate in securing the services of engineers, not only of the 
highest personal character and professional reputation, put men 
who h~ve made a study of the conditions ex isting in the Bay 
of New York. We directed these gentlemen to carefully in­
vestigat~ and report upon the identical question submitted to us 
for determination. Their reportS', made after such investi­
gation, are attached to this report and made a part of the same. 

Geri.era! Henry M. Robert is recogni zed as one of the 
most eminent engineers of this country. He is a g raduate of 
West Point, has to his credit a service of fo rty-four years as an 
officer in the engineering department of the military branch 
of the service, and when placed on the retired list, in 1901 , oc ­
cupied the high position of Chief of Engineers of the U nited 
States Army. He was for many years a member of the Harbor 
Line Board of New York, and for a nJUmber of years he was 
president of the board. T he performance of the duties imposed 
upon him by thi s position made him thoroughly familiar with 
the Bay of New York, its tidal flow, the courses and conditions 
of its currents, and simila r conditions in adjacent waters. He 
is, and was at the time of his employment by the commission­
ers, perfectly acquainted with conditions ex isting in the Bay of 

ew York at the point selected fo r the outfa ll of the trunk 
sewer. 

Mr. George S. Greene, Jr.., is an engineer of high stand­
ing in the profession. For many years he was a member of 
the Dock Department of New York city, and from 1875 to 
1898, for a period of twenty-two and one-half years, he held 
the position of E ngineer in Chief of the Department of Docks 
of that city, and while in that position he studied and observed 
the waters of the harbor and their movements, and the result of 
sewage discharged into the waters of the harbor and other 
matters concerning its welfare. 

I 
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Mr. E. 'vV. H arrison, of Hudson County, N ew Jersey, is 
an engineer of eminence. P rior to his employment by us he 
had mad~ a personal study of the Bay of N e'w York, with refer­
ence to the identical question before the commission. 

\Ve have also had the benefit of a report made by Engi­
neers, Messrs. Rudolph Hering, J. J. R. Croes and \ t\Ti lliam M. 
Brown to the State Sewerage Commission, and which is con­
tained in the report of that commission to the Legislature of 
1902. 

Shortly after the appointment of this commission we com­
municated with the authorities of the general government, with 
a view of ascertaining if there was any likelihood of federal in­
terference with the contemplated project. The matter, after 
passing through the various channels of the War Department, 
came to the hands of Lieutenant-Colonel C. W. Raymond, and 
his report, in the fo rm of a letter, is attached hereto and made 
a part of our report. 

\ Ve have also consulted with our engineer, Mr. Rudolph 
Hering, who e Yie,ys on this particular question are given in 
his report which is included in the report made by the com­
missioners to the Legislature at its last session. An extract 
therefrom, with page reference, is attached hereto. 

There has been brought to our consideration an article 
\\·hich we have ascertained was prepared by Mr. Alfred D. 
Flinn, managing editor of the Engineering RrJcord, and pub­
lished in that journal under elate of ·May 2nd, 1903, a copy of 
an extract from which article is appended to this report. 

There has also been obtained from Mr. 0 . H . Tittmann, 
Superintendent of t-he United States Coast and Geodetic Sur­
vey, Washington, D . C., a statement showing the tidal flow 
through the Narrows, East River, and Kill von Kull. A copy 
of this communication is also attached. 

In addition to these inquiries and studies, we have made 
a personal inspection of the locality of the proposed outfall, 
and have noted the distance of the location from the various 
points of land in the vicinity, and from the territory of New 
York. 

T he distance at which the outfall pipe sewer is located 
from the territory of New York State; the character of the sew­
age to be discharged; the preliminary screening it is to be sub­
'j.ected to; the depth of water at the outfall; the insignificant 
quantity of sewage when compared with the immensity of the 
tidal flow as shown by the reports annexed; the opinions of the 
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eminent engineers consulted by us, and whose reports are ap­
pended; the facts stated by Mr. Hering in his report to the 
commission; which is included in the report made by the com­
missioners to the Legislature at its last session; the facts stated 
in the various reports, letters and articles to which reference 
has been made herein, and which are appended hereto; and the 
infonnaition which we obtained from an examination and in­
spection of the locality where it is proposed to locate the outfall 
sewer pipe, are the reasons for our opinion that the said dis­
charge is not likely to pollute the waters in said bay, within the 
jurisdiction of the State of New York, to such an extent, or 
in such a degree as to cause a nuisance to persons or property 
within said State. 

Respectfully submitted this eighth day of June, 1903. 

JULIUS A. LEBKUECHER, 
FRANCIS CHILD, 

(SEAL) PETER HAUCK, 
JOHN HINCHLIFFE, 

Attest: 
JOHN S. GIBSON, 

Clerk. 

vVM. McKENZIE, 
Commissioners. 

REPORT OF GEN. HENRY .M. ROBERT. 
' j 

Haworth, N. J., May 19, 1903. 

The Passaic Valley District Sewerage and Drainage Com­
missioners, N ewarli, N. J. 

GENTLEMEN.-In compliance with your request for my 
opinion as to whether the discharge of the sewa_ge of the Pas­
saic Valley District into New York Bay, accordmg to the plan 
of Mr. Rudolph Hering contained in you1r annua.l report o~ 1903 
to the Legislature, is likely to pollute the waters of said bay 
within the jurisdiction of the State of New York to such an 
extent or in such a degree as to cause a nuisance to persons or 
property within said State, I have the honor to submit the fol­
lowing: 

The present population of the Passaic Va.Hey . Sewerage 
District is nearly 510,000, and the sewage to be disposed of 

\ 

p ASS.-\IC V AI.LEY SEWERAGE COM MISSIONERS. 7 

<laily amounts to about 107,000,000 gallons, on the liberal 
basis of a daily average of 2 IO gallons of sewage per inhabi­
tant. The plans, however, provide for eventually disposing of 
three times this quantity of sewage, or nearly 330,000,000 gal­
lons daily, accommodating a population of over 1,500,000. 

The proposed point of discharge is in New York Bay 
about three-quarters of a mile north of Robbins Reef Light, 
where there is about seventy feet of water and a good current. 
It is proposed to place the outlet pipe 40 feet below mean low 
water. These arrangements are excellent to diffuse the sewage 
before it rises to the surface. 

All the sewage enters the trunk sewer above the main 
pumping station, and is to be thoroughly screened before being 
pumped. This will ensure the removal of floating matter, 
which is not clone with the sewage now discharged into New 
York B;:iv. It is also understood that means will be taken to 
keep out 'of the sewers a large amount of the silt removed from 
the streets by .heavy rains. 

As a result of all these measures the sewage will probably 
be more nearly free from impurities and objectionable matter 
than the average sewage of American cities, and will be clis­
chargecl into New York Bay at the depth of forty feet where 
the water is deep and the current good. · 

The average ebb tide of the Hudson River at 39th street 
is about 7,000 niillion cubic feet, and the ebb at the Narrows 
(-which includes East River) is about 13,800 million cubic feet , 
or twice as much as the Hudson alone. The full capacity of 
the proposed sewerage system is about 330 million gallons, or 
abount 44 million cubic feet. 

The sewage will not be everu1y distributed over the twenty­
four hours, and so to be perfectly safe let us propose that the 
total amount of daily sewage has to be disposed of by one ebb 
tide, and that that tide is equal to the .ebb tide of the Hudson 
River at 39th street. Vie would then have 44 million cubic 
feet of sewage to be carried away by 7,000 million cubic feet of 
,vater in the ebb tide, which would certainly be· ample to pre­
vent the sewage from proving a nuisance. 

Before the sewage can reach any place where shell fish are 
cultivated it is believed that it will cease to be harmful. 

In this connection it may be well to notice the fact that 
New York Bay now receives more than double the amount of 
sewage that the proposed sewerage system can possibly dis­
charge into the bay, and that if the proposed plan were to-day 
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in operation it would not add fifteen per cent. to the sewage 
now discharged into the waters of New York Harbor. 

In conclusion I would say, that it is my deliberate opinion 
that the discharge of the sewage of the Passaic Valley District 
into New York Bay according to the plan of Mr. Rudolph Her­
ing contained in your annual report of 1903 to the Legislature· 
of New Jersey, will not pollute the waters of said bay within 
the jurisdiction of the State of New York to such an extent or 
in such a degree as to cause a nuisance to persons or property 
within said State. 

Respectfully submitted, 

HENRY M. ROBERT. 

REPORT OF GEORGES. GREENE, JR. 

. New York, May 16th, 1903 .. 

H o11. Julius A. L ebhuecher, Chairman Passaic Valley Sewer­
age Commission, 432 Pn_tdential Bitilding, Newark, N. J. 

Srn.-In accordance with your request I have read and 
examined the report of Mr. Rudolph Hering, dated 13th De­
cember, 1902 , to the chairman and members of the Passaic 
Valley Sewage and Drainage Commission, with the view of 
forming an opinion as to whether the discharge of sewage into 
the waters of New York Harbor would or would not create a 
nuisance to the inhabitants of New York or be in any way 
detrimental. 

The maximum quantity of sewage, ( and that only when 
the population is treble what it is now), estimated to be dis­
charged at the outfall is 345,830,Goo gallons, (page 39 of the 
report), equal to 46,110,666 cubic feet per day. 

In U. S. Coast Survey Report of 1886, page 36, occurs 
the following: 

TIDAL FLOWAGE N. Y. HARBOR. 

Epitome of Results for Discharge 25th June, 1886. 
East River ( 19th street.) Cubic Feet. 

Ebb (westerly) ........................ 4,454,937,257 
Flood (easterly) . . ...... . .............. 4,007,175,676, 

Excess of ebb. . . . . . . . . . . . . . . . . . . . . . 447,761 ,58r. 
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Hudson River, (39th street.) Cubic Feet. 
Ebb (southerly) ............. .. ....... 6,996,678,413 
Flood (northerly) ....... . . ............ 6,225,985,545 

Excess of ebb .................... ~ . 770,692,868 
Kill von Kull, (West New Brighton.) 

Ebb ......................... . ........ 1,790,103,372 
Flood .. .. ........ . ........... ... ..... 1,712,415,362 

Excess of ebb towards the Harbor ... .. 77,688,010 
Narrows. . 

Ebb (seaward) .......... ,. ....... . .... 13,819,895,144 
Flood . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12,703,616,481 

Excess of ebb .. ... ... .. ......... . 1,116,278,663 

Other sections concur remarkably well with these which 
are selected as the best. ., 

Cubic Feet . 
Fresh water discharge of Hudson at 39th street, 

Aug. I 1 and 12, 1865 ..... .. .. ... ........ . 385,346,424 
Fresh water discharge of Hudson at Dobbs 

Ferry, Aug. 19 and 21 , 1865 ....... .. . .. ... 373,426,507 

From the above 1!he total fl01Wage into and out of the upper 
11arbor through the Narrows is about 13,800,000,000_ cubic 
feet twice in 24 hours or a total of 27,600,000,000 cubic feet 
per day. · 

As the discharge or outfall of the sewage is to be on the 
westerlv sicle of the main channel, and as there will be no su'f­
-ficient force to push the sewage across the current of the chan­
nel, it is not proper to consider for localities above the Narrows 
this total volume of the water passing in and out of the upper 
harbor as that available for diluting or diss·ipati111g the sewage. 

The North or Hudson River flowage may, however, fairly 
be taken as available for such purpose because the main if not 
the total volume of such flowage passes, directly by the outfall 
or discharge pipe, and as the water of the ebb tide con:sists in 
la•rge part of the ·water of the flood tide only the flowage of the 
•ebb tide is taken into account. 

The volume of flowage of the North River as given above 
-on the ebb tide is about 7,000,000,000 cubic feet, or 14,000,-
000,000 cubic feet per day into which the sewage is t:o be dis­
-charged. 
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The volu~ne per day of sewage discharged being 
46,000,000 cubic fe~t aind the volume o~ florwage per day being 
14,000,000,000 cubic feet, the sewage 1s 1,304 or 0.00328 of 
the volume of flowage, in other words, less than: 1-3 of I per 
cent. It is obvious', I think, that such a small amount of sevr­
age in so large an amount of other water can have but little 
effect, if any, that i perceptible to the senses. 

In Rafter & Baker' , "Sewage Disposal of the United 
States," page 15, the average composition of sewaO"e in the 
United States is given as 998 part water, orne part mineral 
matter and one part organic matter in: r,ooo. The mineral 
matter is carried for some time in suspension but finally settles 
to the bottom, whi le the organic matter is soon reduced to ele­
ments. 

It is proposed in this sewage to u ,e screens, to catch the 
floating material, and s~lt catchers to retain the heavier mater­
ial, and therefore this· sewage· will probably have considerably 
less of mineral and of organic matter than the average sewage. 
. . lf it i considered the same, that isi, 1 part in 1,000 of each 
mmera1 and o~·ganic materia,l, the daily dischar()'e of the sewage 
would e0ntain 46,000 cubic feet of mineral ~r solid matter 
which spread evenly over the bottom of 1,000 acres· would 
make a layer about 1-1000 of a foot thick or 365-1000 of a foot 
per year. The area over which such material would be distrib­
uted would be many thousands of aiere and the exces of 
71,000,000 cubic feet of ebb tide flowage over flood tide florw­
age on the Hudson River, as shown in the Coast Survey Re­
port quoted above, wou-l,cl carry much of it out to sea before fall­
ing to the bottom. 

1 he area of the upper harbor ( above the N armws), of 
New York, is 26 square miles or about 16,640 acres. 

Aside from the insignificance of the deposit of sewarre, so 
far as· ew. York interests is conc~ed, i the fact, th;t the 
outfall or discharge of the sewage 1s on the westerly side of 
the main channel and there is no sufficient force to push or: 
carry the sewage acrosS' the a..'<is of the current in the channel, 
an·d therefore the sewage, with whatever mineral or other mat­
ter it may contain, will be carried entirely alonrr the shore of 
New Jersey, e..xcept for the hort tr etch of the 1:,N armws, one 
side of which is Staten Island, where the current is stron()'est 
and will carry such matter past Staten I land and out into 1:,the 
lower bav or the ocean. 

In addition to simple dilution by discharge into the large 

I 

l' 
I 
J 
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rnlnme of current I consider the plan of discharging the sewage 
at a depth of forty feet below the surface of value, beca~1'se the 
sewage being fresh water and lighter than s1alt water has a ten­
dency to rise, an<l in rising it will spread antd be diffused, 
thereby increaS'inig the dilution and dissipation of the sewage. 

For the reasons above given I am of the opinion that the 
proposed discharge of sewage will not cau1se any ·nuisance to the 
people of New York or be in any substantial or conS'equential 
way detrimental to their interests. 

Respectfully submitted, 

( Signed) G. S. GREENE, Jr. 

REPORT OF EDLOW W. HARRISON. 

EARLE & HARRISON, 
CIVIL ENGINEERS, 

I 5-2 I Exchange Place, 
Jersey City, N. J. 

FRANK H. EARLE, 
EDLOW w. HARRISON. 

May 29, 1903. 

Hon. Julius A. I.eblmecher, Chairman, and Members of the 
Passaic Valley Sewer age and Drainage C omniission, New­
arli, N. J. 

GENTLEMEN.-ln conformity with your request, con­
tained in a letter from Mr. John S. Gibson, elated May 20, 

1903, that I should make a report to you, and give my opinion 
as to the likelihood of the discharge of the contemplated sewer, 
proposed to be built under your direction, polluting the waters 
of New York Bay, within the jurisdiction of the State of ew 
York to such an extent, and in such a degree as to cause a nui­
sance to persons or property within said State, I have the honor 
to say as follows: 

I have made a careful study of the act approved April 22, 

1903, authorizing said sewer, apd also the report of your com­
mission to the Legislature, Session of 1903, and the annexed 
report of your Chief Engineer, Mr. Hering, and the plans at­
tached thereto. 

As I understand the proposition, it is inter1ded to receive 
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and convey all foul and polluted water now entering the Pas­
saic River from near Great Falls in Paterson, to a point of final 
disposal into the waters of the upper bay of New York, near 
Robbins Reef Light, within the State of New Jersey, and, to 
quote the terms of Section 4 o,£ the act "which place, or places 
of deposit, discharge, or outfall shall be, at least, one and one­
quarter miles, rneasured at right angles in an easterly direction 
from the exterior line for solid filling in New York Bay as 
now established by the Riparian Commission of this State, and 
in a tidal channel of not less than forty feet in depth at mean 
low water." 

I find, by producing the line shown upon the map accom­
J)anying your engineer's report, into the waters of New York 
Bay, in the direction called for by the act, that the depth of 
forty feet in the main channel of the bay, will be reached at a 
distance approximately 7,500 feet, or 1.42 miles outside of the 
exterior line for solid filling, and this point is about 2,000 feet, 
measured upon the same line produced, from the State line, and 
within the boundaries of the State of New Jersey. Between 
the boundary line of the State of New Jersey and the point of 
outfall, lies the main channel of the bay, which is here seventy­
five feet deep at low water. 

I also understand that the works contemplated by you, are 
to have a maximum capacity sufficient to accommodate a popu­
lation of 1,500,000 people, and are to be capable of discharging 
into the bay, when completed, 326,000,000 gallons each twen­
ty-four hours, but that the first outfall pipe under New York 
Bay is only to have a maximum capacity of 120,000,000 gal­
lons per day. 

It is also understood that all except the first flow of the 
street washings in a rain storm, and all ground waters, as far 
as possible, are to be excluded from this sewer, and that the 
plant is to be provided with silt catchers and screens to holcl 
back. break up, or remove any floating matter which might 
pass into the bay. 

The upper bay of New York, with the East River, and the 
lower reaches of the Hudson River in front of the City of New 
York, now receive sewage from a population of approximate­
ly 4,500,000 people. 

By the commmmation of your plans, there will be added 
to this s,ewage, at once, sewage from, approximately, a popula­
tion of 500,000 more. 
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The proper consideration of the problem presented, re­
quires-first, that the present effect of the discharge of this 
large quantity of s·ewage irr the rivers and bay, be studied; also 
the effect of the present addition proposed by your plan, and 
lastly, the probable effect of a large increased di sicharge from 
all sources in the same bas,in with the future growth of porpula­
tion, and the probable limits beyornd which such in:crease cannot 
go without danger of creating a general nuisance. 

In this study, the tidal basin and ailil the sewerage systems 
now, or proposed to be ma<le tributary to it, must be considered 
as a. whole. After this is clone, the more limited, or local ef­
fect of the system contemplated by yolllr commiss·ion,, upon the 
situation, may be studied. 

In order to arrive at a basis of comparison, the amount of 
s:evvage per head, may he taken at the avera.ge waiter supply per 
head per diem in the comm.unities served. This is about roo 
gallons p-er person. 

~:{ our engineer has desigrn~d your sew·er on a bas~s of about 
217 gallons per person per diem, for a maximum service of 
1,500,000 persons. A maximum discharge is provided for, of 
326,000,000 gaHorrs per clay, but this computation allov.rs for 
foul street washings and a certain proportion of ground water 
which cannot be prevented from reaching the sewers. 

Experiments and experience have shawn that in the sew­
age of eastern American cities, this IOO gallons per head , ill 
contain about r-rooo part of organic matter an;cl about the same 
of inorganic or mineral matter, or about a little less than one 
pound of organic matter to ea-ch person per clay, this iniclucling 
the discharge from water closets, privies, sinks, a111d other house 
drainage, and a proportionate amount of the organic matter 
from the foul water of the street and manufacturing establish­
ments, any i111crease in liquid tending to reduce the proportion­
ate amount of organic matter. 

A very large part of the sewage to be expected from the 
drainage di strict of the Passaic Valley, especially in the upper 
section, ·wi ll be discharge from manufactori es, but a very large 
proportion of this discharge is inorganic. 

Accepting for computation, this basis of 100 gallons per 
head, we find there will be, on completion of y()lltr works. dis­
charged into the rivers arrd bay forming the harbor of New 
York, from the cities of New York, Jers·ey City, Hoboken, and 
other towns in Hudson County, N. J., and the area drained by 
the proposed se-ver, about 500,000,000 gallons of se,Yage per 
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day, based upon IOO gaUons per head, cc1Jr-rying with it rather 
less than 5,000,000 pounds of organic matter. 

Almost all of the present sewage now reaches the outfall of 
the river or bay, practically fresh, and the platrs proposed for 
your sewer are such that this will be the case for the sewage 
from the Passaic Valley district. The sewage will have such 
a velocity in the sewers, as to reach the outlet before any ex­
tensive bacterial action ha operated upon it. Having reached 
the outlet, its fi111al disposal depends upon the action of several 
clis:tinct circumstances or forces. 

And here it should be noted that a diS!Cha.rge into a tidal 
estuary of the chcl'l.-acter of New York Bay, open to the free 
movement and influx of the salt water of the ocean, presents an 
entirely different propos.ition from the discha,rge of sewage jn­
to a running fresh water stream, no matter what the volume of 
that ~.tream may be; and the limitations as to allowable propor­
tion of sewage to the volume of flow, the rapidity of current, 
depth of stream, conditions as to use of water below for potable 
purposes, and the variations of 'freshet a111cl low water flow, do 
not apply. 

The"fina.l dispo al of sewage delivered into New Yark 
harbor is accomplished by a number of forces and influences: 

First-Dilution by the salt water. 
Second--Chemical; the antiseptic effect of salt water upon 

the organic constituents of the sewage, and their oxygenation 
by the dissolved oxygen in the water, and the precipitation of 
these constituents by the alts contained in the sea water. 

Third--The consumption of the organic matter in the 
sewage, as food , by the marine life with which the water teems, 
and 

Fourth-Transportation from the point of discharge into 
the great reservoir of the ocean, by the tidal current. 

DILUTION. 

As to the measure of dilution-we have seen th.at, includ­
ing the first works to be built by you, the discharge of se,vage of 
stancla,rcl strength into the harbor of New York, will amount to 
500,000,000 gallons per clay. That is, reduced to cubic feet, 
a.bout 67,000,000 cubic feet. 

The tidal estuary of 1 ew York bay, considered as a reser­
voir basin, within the Narrows, omitting the Kill von Kull 
and waters west thereof, may be considered to be made up of 
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the upper bay, from the Battery to the Narrows; the Ea.st River 
from the Battery to Hell Gate, and the Hudson River from the 
Battery to 140th street. 

The area of the upper bay is about 551,000,000 square feet. 
The area of the East River to Hell Gate, is about 98,000,-

000 square feet. 
The area of the Hudson River to 140th street, is a,bout 

224,000,000 square feet, making in all 873,000,000 square 
feet, or about 30.5 square miles. The average depth of the bay 
at low water is 26 feet; of the East River, about 38 feet, and 
of the Hudson River, about 31 feet. 

There is contained in this basin, to the plane of mean high 
water: 

In the upper bay, about I7,ooo,ooo,ooo cubic feet. 
ln the East River, 4,264,000,000 cubic feet, and 
In the Hudson River, 8,000,000,ooo cubic feet, making in 

all 29,264,000,000 cubic feet. 
The ebb discharge through the Narrows, eclJCh tide, as com­

puted by the F S. Coast Survey, and contained in report of 
I 886, pp. 36, was, in the month of .June, after all spring freshet 
flow of the tributaries had ceased, 13,820,000,000 cubic feet, or, 
in twenty-four hmm,, twice this amount, or 27,640,000,000 
cubic feet. 

Thus it will be seen that each clay there is dis-charged from 
the harbor of New York, into the great expanse of the lower 
bay and the ocean, a volume of water almost equal to the total 
cubical contents of the bay and two rivers south and west of 
Hell Gate and r 40th street; that is, an amount of water, pra,cti­
cally equal to all the water contained in this great basin, moves 
out to sea each twenty-four hours. 

Thus into this volume of water, amounting to 29,264,000,-
000 cubic feet, which is practically changed and refreshed each 
clay, we wi ll have a discharge of standard sewage at roo gal­
lons per head per person, of about 67,000,000 cubic feet; that 
is, for each part of sewage, we have 43 I parts of river and bay 
\Yater. Carrying the comparison further, each pound of or­
ganic matter will be diluted with 43,100 gallons of salt water. 

It may be corntenclecl that this comparison is unfair be­
cause, by the oscillation of the tides, a certain pi:opa rtion of the 
sewage polluted water is carried back into the Narrows and 
up streams by the action of the flood tide, and the disicharge, 
during the flood tide, i can-iecl up stream and does not start on 
its journey seaward until the next ebb, an-d then from a point 
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far above its point of discharge. This, of course, is corirect to 
a certain extent, but this enormou: quantity of slightly pol­
luted water, amounting to nearly one-half of the tota.1 volume· 
of the basin, which passes through the Narrows in the ebb cm:­
rent, at once mingles with the great body of water in the lower 
bay and the adjacent ocea.n. The loweT bay, inside of the ba.r 
between Coney Island and Sandy Hook, has a tidal prism of 
about I4,ooo,ooo,ooo cubic feet, and approximately contains a 
volume of water, up to the elevation of hio-h tide, exceeding 
75,000,000,000 cubic feet. 

This water is practically all cha.nged once a clay, by the 
entrance and reflux of the tidal wave of the ocean corning up 
the coast. 

Thus it wil,[ be seen that the ill\coming tide through the 
Narrows must be largely made up of new water, and uch a 
portion of the sewage polluted water of the upper bay which has 
passed out in the preceding ebb, and is brought back oni the 
flood, will be o enormously diluted as to be practically ocean 
wate,r. 

CHE;\1lCAL ACTION. 

The second influence acting upon the ewage, is the chemi­
cal action of the antiseptic effect of salt wate1- upon the organic 
constituents, and the oxygenating of the organic matter by the 
dissolved oxygen in the \\"ater, and the precipitation of these 
constituents by the salts contained in the sea water. 

The effect of salt ,nter upon sewage is to retard bacterial 
action and putrefaction. To a certain extent the organic mat­
ter is pickled , and the nui~ance arising from its decomposition 
materially reduced. 

This fact ha been illu tratecl for years in the sew•ers of 
J er ey City and Hoboken. Practically all of the sewers of 
the e citie on the low land a.cljoin'ing the ri ver, are necessarily 
placed with water n.ms approximating to the elevation of low 
water, a111cl with little fall except that ecured by the slope of the 
·water surface. 

The t ide ebbs and flo\\·s through the ewer , and at cer­
tain periods of the ri sing tide. l:he sewage water ~s locked and 
held back by the incoming salt \\'ater from the river. 

Up to a recent period, before the meadows back of the 
river at the foot of Bergen HiM were filled in, or built upon, 
many of these sewers discharged their contents-, mingled with 
salt \\'ater. into the ditches and meado \\· creek ,, and at the ebb 
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t ide, this resen 1oir of accumulated salt water and sewage flowed 
back through the sewers· to the river. 

By reason of the stagnation during the greater portion of 
the time, the sewers a.re always filled for about one-third of 
their capacity, with sludge of house sewage and washings from 
the streets, and are only cleaned by manual labor, the deposits 
being taken out through the manholes. uch a condition of 
affair$, if the flush water was fresh, and bacterial and septic 
:actio111 could be given free scope, would produce an inrt:olerable 
nuisance, and the stench arising from the sewer manholes, 

· \Yhich a.re provided with ventilating holes open to the street, 
would be noticeable, but, thanks to the alt water flushing, 
these sewers, a far as the nui ance created by the stench is con­
cerned, are not at all offensive. That thi s result is clue almost 
entirely to the salt water flushing, is shown by the fact that, of 
late years, since the meadow creeks have been closed up and 
the lots on the meadows, to a large extent, filled 'up or built 
upon, and the upper ends of the sewers closed so that the tide 
no longer discharges upon the meado,Ys and into the ditches, 
the nuisance a.rising from decomposed sewage which finds its 
way into the lower and unimproved portions of the meado,Ys, 
is much more offensive than was the case when the sewers very 
often discharged at both encl at once for certain periods of the 
~lay. 

The salt water also, to some extent, preserves the constit­
uents of the ewage which become food for the marine life in 
the bay. Certain forms of this life feed upon putrid and septic 
matter, but other, and higher forms, feed upon the portion of 
the organic matter which has not yet commenced to undergo 
putrefaction. 

The salt water, by delaying putrefaction during the car­
riage and dissemination of the small particles of organic mat­
ter, bring it fresh to the reach of a large number of such marine 
life, and allow of its easier, and more general and rapid con­
sumption as food, by them. 

OXYGENATION OF THE ORGA r1c MATTER BY THE ACTION OF THE 

DISSOLVED OXYGEN I N THE WATER. 

A hasty test was made a few days ago, of the sample of 
Hudson River water, taken from a slip about 250 feet away 
from the principal sewage outlet in Jersey City, where the sew­
age of a.bout 75,000 people, or about one-third the total popu-
1ation, is discharged at the bulkhead at the encl of a long nar-
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row slip, flanked by closely piled piers, extending 1,roo feet in­
to the river. The sample was taken at the beginning of ebb 
tide. There was little current movement; in fact there is sel­
dom any noticeable current at this point, except that created 
by the rush of the sewage. 

The sample showed 4.2 c.c. of oxygen per litre, or o.6 
parts by weight per roo,ooo. This is more than one-half the 
quantity foun d in pure river water, and sixteen times the quan­
tity found in the Thames at Woolwich, near the outfall of the 
London main drainage. · 

A sample from the channel of the river would certainly 
show very much better. Thus it appears that, even while load­
ed with sewage of 4,500,000 people, these waters still contain a 
very large proportion of oxygen, and are far from being satu­
rated with sewage. 

PRECIPITATION OF ORGANIC CONSTITUENTS BY THE SALTS IN 

THE SEA WATER. 

The calcium and magne ium salts existing in sea water 
will decompose and precipitate the soluble soaps in the sewage 
in the form of soap curds, which are carried to the bottom. 
This action in a shallow channel, has, at times, caused incon­
venience, but in the outfall selected for the proposed sewer, the 
depth, 75 feet, is so g reat as to do away with any clanger of 
shoaling before the deposits are destroyed by slow decomposi­
tion, and the action of micro-organisms, on: the bottom. 

CONSUMPTION OF THE ORGANIC MATTER BY MARINE LIFE. 

The waters of the bay and river swarm with a multitude 
of forms of marine life, from the lower micro-organisms up to 
the shrimp and small fish , and a microscopic examination of the 
water, at the mouth of the sewer above mentioned, showed that, 
at every atom of organic sewage, some of the variety of scav­
engers was busily engaged in breaking it up and devouring it, 
while, at the outfall, many small fish can be seen stemming the­
current of sewage and darting forward to seize a tempting mor­
sel. Only the mas es of sewage too large to be broken up read­
ily by these little scavengers, are allowed to go very far from 
the mouth of the sewer, and even those, when they reach the 
influence of the tidal and wave currents, soon break up. 

Microscopic examinations made of the water 500 and 
1,100 feet from the sewer mouth, showed proportionately Jes-
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sened number of micro-organisms, and much less proportion of 
dead organic matter. 

The screening and pumping which the Passaic sewage will 
be subjected to, will, by breaking up the solids, aid greatly in 
facilitating this mode of disposal, which is thus commented 
upon by Dr. H. C. Sorby, in a paper, Joitr. Roy. Mier. Soc., 
1884, pp. 988-991, reprinted in "Sewage Disposal in the Unit­
ed States," Rafter and Baker, 1894, pp. 77-79. 

Dr. Sorby, after describing his investigation of the work 
of marine anima•kuhe in the consumption of organic pollution., 
says: 

"Taking the above facts into consideration, it appears to 
me that the removal of impurities from rivers, is more of a bio­
logical than a chemical que tion; and that in all discussions of 
the subject it is mosit important to consider the action of minute 
animals and plants which may be looked upon as being indi­
rectly most powerful chemical agents." 

TRANSPORTATIO. TO THE OCEAN BY TIDAL CURRENTS. 

While the sewage 'tlischargecl in New York ha1rbor is being 
largely diluted, and the pmportiorns and power for offens1e of 
organic matter materiaHy reduced by the united action of the 
salt water, micro-organisms, crustacea, and fish, it is subjected 
to the action of the tidal currents, flawing in and out through 
the arrows, and though for a few hours, while within the bay 
and rivers, oscillating back an•cl forth with the changing tides, 
carried surely clown into the great reservoir of the ocean. 

The ebb flow, through the Narrows, as before mentioned, 
is 13,819,895,144 cubic feet. The flood flow is 12,703,616,418 
cubic feet. The excess of ebb being 1,116,278,663 cubic feet . 
The cro , ection of the Narrows is 271,480 square feet. As­
suming the tida,l periods to be equal, an<l s·ix hours in duration, 
these figures show a mean velocity for the whole section of 1.61 
miles per hour, or 9.66 miles· in six hours of ebb, and 1.48 
miles per ho~n·, or 8.89 miles in six hours' of flood. The maxi­
mum velocity in the cha1111el at ebb tide, as measured un:der the 
direction of General Newton, U. S. Engineers, in 1872, was 
4.5 miles per hour. The ebb flow of the Hudson at 39th street 
is given by the U . S. Coast Survey Report, 1886, pp. 36, as 
6,996,678,413 cubic feet, aJ11d the flood volume as 6,225,985,545 
cubic feet, the excess of ebb volume being 770,692,868 cubic 
feet. The approximate cross section' of the Hudson at 39th 
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street, contains I 73,000 square feet. The above figures give a 
mean velocity for the ebb current for the period, taken at six 
hours, and the whole cros:s section, as, 1.26 miles per hour, or 
7.56 miles in six hours, and for the flood as r.13 miles: per 
hour, or 6.98 miles for six hours. 

The above measurements of tidal flow were made in J urue. 
The excess of ebb indicates an average d-i scharge of about I.IS 
cubic feet per second per square mile of drainage area of the 
river, or about sixty-five per cent. of the average for a year, due 
to a total run off of 24 inches on the water shecl. 

A freshet discharge of ten cubic feet per second per square 
mile may be expected several time a year from this watershed; 
such a freshet would much more than double the ebb volume 
greatly increase its velocity and duration of flow, and by push~ 
ing back the flood, retard it flow, and reduce the time of its in­
fluence. 

In periods of uch freshets, the Hudson River runs ebb for 
a very large proportion of the time. · 

The ebb volume of the East River at 19th street, as given 
in the same Coast Survey Report, is 4,454,937,257 cubic feet, 
and the flood volume, 4,007,I75,676 cubic feet, the excess of ebb 
volume being 447,761,581 cubic feet. 

This is the balance of the discha:rge of Long Island Sound 
and the rivers tributary thereto, westward through New York 
bay and the Narrows to the ocean. 

Assumi111g ai mean progress of the tidal section alono- the 
axis of the cha111nel, as eight miles for each ebb tide and six 
miles for ea.ch flood tide, which figures for the ebb is ~mch less 
than the velocity given above for the river and Narrows, but 
probably justified by the lower progress and cross currents in 
the broad expan;s·e of the upper bay, and also less than1 same 
figures for flood velocity in river and Narrows,, but als·o justi­
fied because of the same cau es, and the fact that the ebb 
from the East River continues for some time after the flood is 
runnirug stmnig from the Narrows, cutting across the bay from 
Governor's Island to the Jersey flats, retarding and complicat­
ing the flow, and some portion probably pa.s•si1i•g up the Hudson 
River with the direct current; an approximation can be reached 
at as to the average rate at which the sewage depos,i tecl in this 
basin is discharged into the lower bay, and al-so as, to the aver­
age proportion of sewage waters present in s:alutiorr in the up­
per bay and rivers. 

It is probably well within the facts to say that the actual 
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reduction of organic constituents in the sewage, by the action 
of the several causes already enumerated, and the enormous di­
lution taking place in the lower bay, justifies the assumption 
that the flood waters entering the Narrows, are practically free 
of sewage pollution, and that the sewage once outside of the 
::\'"a1-ro,Ys, may be consiclei·ecl as finally disposed of. 

This statement will not apply to the floating corks, wood 
and other debris discharged by the sewers, which, while of a 
character to resist the effect of dilution, chemical forces, arrd 
marine life, and are not offensive to the senses, some portion:s 
may be returned by the tidal fl.o\\·. 

Your plan wisely contemplates the removal and destruc­
tion of all floating bodie , before the sewage reaches the ontfa.1'1. 

A study made of the oscillations of the bodies of sewage 
cldiverecl during the period of each s,u,cce sive tide, at the pro­
posed point of outfall, which is about four miles within the 
gate of the Narrows, using an average ebb velocity of eight 
miles in six hours, and an average flood velocity of six miles in 
ix hours, shows that, on an average, at the errcl of ea.ch period 

of ebb tide, there will be, approximately, twentty-five per cent of 
the volume of sewage water discharged in the twenty-four 
hours preceecling, still in solution in the basin of bay and rivers 
within' the Narrows, and at the end of ea1ch flood period, fifty 
per cent. of the sew'age water discharged chffing the preceecling 
twenty-four hours, remain in solution. 

A similar study of se,yage deposited in the Hudson "River, 
at about Castle Point, or ten miles within the Narrows, indi­
cates that, at the encl of each ebb tide, there will be one hundred 
and sixty per cent. of an average twenty-four hours' discharge 
of sewage water, delivered at this point, still in solution in the 
basin, and at the end of each flood tide, one hundred and ninety 
per cent. of an average twenty-four hours dis'Clmrge. That is, 
the sewage water delivered by your proposed sewer, will re­
main on the average, only nine hours in the basin before dis­
posed of outside the Narrows, while New York sewage water, 
discharged at Twenty-third street, remains in the basin an 
average of forty-two hours. 

These figures are, of course, approximate only as to time, 
but the relative proportions between the storage periods of 
·sewage for each locality will be about as above given, through 
a wide variety of change in velocity of ebb and flood currents. 

A freshet will shorten the period, and may scour the basin 
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clean in one tide; an easterly gale, with spring tides, may hold 
back the ebb and increase the time of storage. 

The comparison is also somewhat unfair to the Passaic 
sewer, as its discharge will be into the strongest and most direct 
current of the channel, and not into embayed slips, or at the 
shallow edge of the river. 

It must also betaken into consideration that, in the future, 
an increase in the population of New York is not likely to re­
sult in a proportionate increase in the volume of sewage dis­
charged in the basin under consideration. The areas of the 
city, tributary to this basin , are now thickly built up and popu­
lated. The growth is already greater in proportion in the 
Bronx, draining east of Hell Gate, and the portions of Brook­
lyn and Queens lyin°· east and south of the Heights, and drain­
ing into the sound or toward the lower bay and the o·cean. The· 
greater portion of Richmond will also, probably, drain into the 
lower bay and Arthur Kills. 

In view of these facts, and the physical conditions exist­
ing, I am of the opinion that the discharge of the sewage, con­
templated by your plans, into New York Bay at present, and. 
up to the full extent covered by the plans of your engineer, will 
not now, or within any reasonable future time, alone, or in 
connection with the present and future discharge of sewage­
from the communities now utilizing this place of disposal, 
cause any noticeable general nuisance to any persons or prop­
erty whatever, and furthermore, that the harbor of New York 
is capable of receiving and disposing of the sewage of from 
three to five times the population at present utilizing it for such. 
disposal, or from fifteen to twenty-five million people, by prop­
erly constructed and distributed outfalls, without becoming so, 
polluted as to become a noticeable nuisance. 

POSSIBILITY OF LOCAL :NUISANCE. 

Though there be no clanger of general nuisance, is there 
any likelihood of the creation of a local nuisa111ce at the point 
of discharge? 

There are many large sewers discharging into the rivers 
from New York City and the other communities surirotmding 
the harbor, sen1ing populations of upwards of 100,000 people 
and over. Experience has shown that, practically, the only 
noticeable nuisance caused by these sewers, has been in cases 
where the outfall has been above tide level at a bulkhead, where 
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the free action: of the tidal currents has been rest11ict:ied t ,y the 
obstructions of piers, cribs, a.Tl!cl ferry racks, or by ves1sels draw­
ing from t\venty to thirty feet of water, four hu1J11clred to six 
hundred feet long, and acting as caisson dams across the tidal 
flow. 

Sewers discharging at the bulkheads, into water of slight 
depth, a111d carrying large quantities of foul street washings, 
with sand and detritu , produce deposits against the bulkhead 
and in shallow water, forming in time, foreshores exposed at 
low water. 

At many such places, nuisances have been, complained of, 
cir_cumscribecl by limited areas, and period of noticeability, and 
depending largely for their intensity upon the state of the at­
mosphere, temperature, and tide, and stirring up o,£ the s:ludge 
deposits by the churning of propellers or paddles. 

In all the new piers erected by the city in the past few' 
years, timber flumes have been carried beneath the pier floors, 
out to the tidal currents and deep water, twenty-five to thi'rty­
five feet, at the ends of piers, with the result that no further 
nuisance has been experienced. 

In, Jersey City and Hoboken, the necessity for exten ion of 
sewers has not yet been felt. The large outlet above men­
tioned, at the foot of Thi1ieenth street, discharges at the bulk­
head into an embayed slip about seven hundred feet north of 
Pavonia Ferry and the Erie depot. fo the frontage between 
Essex street and Fourteenth street, Jersey City, six thot11siancl 
feet long, and occupied by busy piers and wharves, and two 
large grain elevators, besides the ferry slips, and depots of the 
Pennsylvania and Erie Railroads, the siewaige of a population 
of about 125,000 persons is discharged at the bulkheads. 

Beneath the Lackawanna passenger station, in Hoboken, 
a large main, draining about one-fourth of the area, arud the 
most clens-ely populated portion. of Hoboken, diSJCha:rges. 

~ o complaints have ever been made to the city authorities 
as to nuisance arising from these outfalls. 

The first outfall propos'ed by your plan wiH be s1ituated 
about one mile ·outheast, and outsiide of the outer encl of the 
new Perun1siylvania p~ers at Greenville, the nearest point con­
nected with the ew Jersey shore; about rnre and one-half miles 
northeasterly from the nearest point on the Staten Islan!d shore; 
about one and three-quarter miles from the nearest point on the 
Brooklyn shore, and about three and one-half miles south of the 
Battery, New York. The nearest point in the State of New 
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York "will be 2,000 feet avva,y, and covered with thirty-five feet 
of water. Between this point and the outfall is the main chan­
nel of the bay, s.eventy-five feet deep. 

The discharge will be below the surface at least forty feet 
at low water, into this channrel. 

The experience at Boston has been that, with a much shal­
l0\ye1✓ discharge, no appreciable nuisance is noticeable at the 
point of outfall, and within less than hvo miles, the presence of 
sewage cannot be distinguished by chemical tests. 

The good effect of the discharge under water, is well 
iHusitrated by the experience at the abattoir at the Hackenrsack 
River, and at the stock yards in Jersey City. At both these 
establishments, an intolerable nuisance, noticeable to leeward 
for a long distance, was caused by the stench from the dis-

•charge of the steam and hot water from the rendering tanks 
into the open air. After some experiments, the discharge was 
changed to outlets as far below the surface of the rivers, as 
the depth of water would permit, and the nuisance entirely re­
moved. 

In an average hoLu·, the proposed sewer, as first construct­
ed, wiH di schairge an equivalent of about 340,000 cubic feet 'of 
standard strength se,vage, viz : at the rate of one hundred gal­
lons per head per day, and contai ning one part in a thousand, of 
•organic matter. In the same hour there will flow past the out­
let. a total current in a prism having a volume, limited to a cross 
section from the surface to the bottom of the bav and not more 
than one hundred feet wide outside of point -~f ewage dis­
charge, of about 3r,ooo,ooo cubic feet. It can be well under­
sitood how thoroughly the sewage will be diluted before it can 
reach the surface and become noticeable to the senses of sight 
·and srnelrl. -

hr the li ght of all these facts, I am of the opinion that 
there is not the least likelihood of the discha,rge of the contem­
plated sewer, proposed to be built under your direction, pollut­
ing the waters oL\T ew York Bay, within the jurisdiction of the 
State of New York, to su1ch an extent, and in such a degree as 
to caus·e a nuisance to persons or property within said State. 

ResipectfoHy submitted. 

EDLOvV W. HARRISON, 
C onsu.lting Engine€r. 
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REPORT OF WM. BARCLAY PARSONS. 

\i\TM. BARCLAY PARSONS, 

Consulting Engineer. 

320 Broadway, New York, 25 June, 1903. 

Cable ddress, Claybar. 

25-

Passaic Valley District Sewerage and Drainage Commission­
ers, The Honorable Jufots A . Lebkuecher, Chairman, New-
ark, l\T e·w Jersey. / 

Srns.-In accordance with your instructions, I have care­
fully examined the report of Mr. Rudolph Hering on the pro­
posed methods of sewage disposal for the district under your 
care, in order to express an opinion as to whether the sewage· 
can be delivered, as proposed by Mr. Hering, at a point in the · 
main channel north of Robbins' Reef Light, without its being 
an offensive nuisaQ.ce. On this point Mr. George S. Greene, 
under elate of May 16, has, reported to you that the volume of 
sewage discharge, when it reaches the maximum capacity of 
your proposed sewer will amount to only one-third of one per­
cent. of the outward flow of the Hudson River, and would 
therefore be inappreciable. I have studied the figures on which 
Mr. Greene bases his opinion, and, after such examination, I 
fully concur with him that the tidal flow is amply sufficient to ­
remove, without offense, the discharge of the sewage contem­
plated by you, even after the flo_w reaches the maximum capac­
ity of such sewer. 

There are, however, two other questions to be considered: · 
First, the suffi~iet:CY of Mr. Bering's allowance for the sewage 
flow _ of the district; second, the conditions of pollution now 
ex1stmg and the comparative effect of the discharge of your 
sewage as _proposed. According to the last census of 1900, and' 
after makmg an allowance for growth in the meantime the­
area included within the district of your board has a popula-

. t1011 of about 550,000 persons. What the actual amount of 
sewage flow f;om the district is can be estimated only. In the­
city of N evv 'York the amount of water consumed is about IIO · 

gallon~ pe~· person per diem. At this rate the water supplied in 
your d1stnct would be about 60,000,000 gallons daily, and with 
an a ll owance for such storm water and leaks from ground' 
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water as enters the sewers, but with no allowance for cesspools 
and other sources of water disposal other than cesspools, the 
sewage flow of your district should not exceed 75,000,000 gal­
lons. On the basis of a population of I ,617,000, or, say, three 
times the present population, the amount of sewage disposal 
would be 225,000,000 gallons daily, as against 345,830,000 gal­
lons allowed for in Mr. Hering's plan. His allowance would 
seem, therefore, to be very generously ample to provide against 
.an increase in population for many years to come-especially as 
the district authorities will undoubtedly take all measures to 
curtail the sewage flow as much as possible, in order to avoid 
great expense of pumping. . 

It is at present the custom of all communities situated 
along the shores of the harbor of New York and the rivers 
flowing into it, to discharge into such waters raw sewage, with­
out any attempt at either purification or screening. The Hud­
son River which, except for a short distance on one side near 
its mouth, is wholly within and under the jurisdiction of the 
State of New York, is a great gathering outlet for all sewers 
from Troy southward, a distance of over 150 miles. Omitting, 
however, everything north of a line drawn east and west at the 
northern boundary of the city, and thus excluding such grow­
ing centres of population as Yonkers and Ossining with their 
se·wage delivery, there lies south of such line what may be 
termed the Metropolitan District, including the city of New 
York and the cities of Jersey City and Hoboken. The area of 
this district that drains into the Hudson, East River and the 
bay of New York north of the Narrows, is about I 62 square 
miles, and the population living within such area is to-day 
nearly four millions. The amount of water consumed within 
this district is about 425 ,000,000 gallons daily. On a basis of 
42 inches rain fall per annum, the average amount of rain fall 
would be 324,000,000 gallons daily. On the basis of allowing 
56 per cent. of this total to reach the sewers, the total amount 
of sewage flow for the portion of the Metropolitan District 
above considered would be 162,000,000 gallons daily, or a total 
average daily sewer discharge of about 587,000,000 gallons, or 
nearly eight times the present discharge from your district. , 
As the streets of New York carry a heavier traffic than those 
in the Passaic District, so will the rain fall portion of the sew­
age be more polluted, and the communities in the Metropolitan 
District make no attempt to remove the solid material from the 
ewage before the discharge. 
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Finally, there remains to point out the difference in effect 
on the harbor between the proposed method and the method 
now in Yogne. In the proposed method the sewage would first 
have all solid matter removed, and would be discharged within 
the limits of the State of New Jersey at a point in the main 
channel, antd at a depth of about fifty feet below the surface of 
the water. At present the sewage from this district is t1..11n1ed 
into the Pas saic River, and is discharged by that river into the 
narrow s:trait!S of the Kill von Kull, whence it ha, to find its 
way, as best it may, to the sea. 

My examination of this question leads me to draw the fol­
lowing conclusions.: 

Ist-l\1r. Hering has made a generous allowance for the 
present and future needs of the Passaic Valley for some time to 
come. 

2nd'-That the proposed plan of discharge is much less 
objection.able than the present method of discharge into the 
New York harbor via the Passaic River. 

3rd-That New York City a,nd other communities located 
on the . shores of the harbor and the tributary rivers, discharge 
raw and unscreened sewage into such \\·aters. 

4th-That at present the volume of Passaic discharge is 
about one-eighth of the discharge of the Metropolitan district, 
and will, of course, always remain much less. · 

5th-That the composiition of the Pa S1saic discharge being 
screened, \\·ill be much less offen iYe than the sewage discharge 
of the Metropolitan District. 

6th-That the tidal fl ow at the propo eel point of outfall is 
amply sufficient to carry the discharged material sea1ward and 
prevent a nuisance. 

Respectfully yours,, 

(Signed) WM. BARCLAY PARSONS. 
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REPORT OF ALLEN N. SPOONER. 

NEW YoRK CITY, June nth, 1903. 

Hon. Julius A. Lebkuecher, Chairman, and Members of the 
Passaic Vall<'y District Sewage and Drainage Co111mission, 

Neimrl?, N. J. 

GENTLEMEN :-In obediem.:e to your direction of Ma.y 
29th, 1903, I beg to report that I have approximated ~he 
amou,nt of sewage being emptied into the Iort:h a.n~l East ~w­
ers from Manhattan Island, which eventually hn:ds its, \YaY' mto 
N~To~B~ .. 

T11ese approximation have been based upon, pnmainly, 
the amount of water supply, s1n.ce statistics are not available as 
to the volume of sewage emptying in.to the North an.d East 
River , the department of Se\vers ne".er having procured any 
data on this subject except as to the sizes of local sewer open­
ings, vV'here gauging and velocities have been taken. Such 
figures are of no con iderable ya.Jue, inasmuch as they wer_e 
taken a number of yea-rs ago, all'd, a the water supply per capi­
ta ha varied oTeatly within the la t ten years, it w'ould eem 
best to use the ,Yater supply as a basis for present calculation. 

I propose to show : 
First-\Vhat volume of sewage is deposited daily in the 

i'lorth and East Rivers and emptied into New York Bay, as the 
direct resultant from water supply sources. 

Second-The amount of sewage which is the resultant of 
the average daily rainfall throughout the year, ~vhich would 
also enter the North and East Rivers and empty into the New 
York Bay. 

Third-The volume of all other sewage entering New 
York Bay from other than fresh water sources:. 

Fourth-The total volume of all sewage, of every descrip­
tion from Manhattan Island entering the North and East Ri,·­
ers ~nd emptying into New York Bay. 

Fifth-The present method of discharging sewage in tide 
water, and its local and general effect upon the river \Yaters. 

· Section J. From the Department of \ i\Tater Supply of 
New York City the following figures were ·obtained as to the 
amount of fresh water delivered into the city daily from all 
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sources fo r the month of January, 1903. During this month 
282,000,000 gallons were delivered daily, and, with a popula­
tion of 2,350,000, the amount per capita w~s 120 gallons. 

From "Sewers and Drains" ( page 36) by Julius V\1. Ad­
ams, former Chief Engineer of the Board of City \Yorks, and 
Consulting Engineer for the Board of Health of Brooklyn, it is 
estimated that twenty gallons of the per capita amount does not 
enter the sewers, but is lost in leakage, absorption and evapora­
tion, and in such processes as the extinguishing of fires, street 
and garden sprinkling, building construction, and in shipping 
and manufacturing industries. \Ve, therefore, will assume that 
one hundred gallons of the per capita amount enters the sewers, 
and, for a population as stated above, would give a total of 235,-
000,000 gallons di charged daily thrOLwh the various outlets. 

All the sewage deposited during the ebb tides in both the 
North and East Rivers finds its way into New York Bay; but. 
on the flood tide, a large proportion of that which find s its way 
to the East River would be carried into Long Island Sound 
through Hell Gate, Little Hell Gate and the Bronx Kills. 'Ne 
may assume that for twelve hours each clay, all the sewage on 
the east side of Manhattan , between the Battery and Hell Gate, 
flows into the Sound, and, although the acreage of this portion 
of the city is not one-half its total area, it is the mo t densely 
populated, and I have estimated that .one-half the population, 
1,175,000 is within this district. As there are twelve hours 
·ebb tide and twelve hours flood tide daily, one-half the volume 
of the sewage from this section of the city would be discharged 
into the river and emptied into Long Island Sound. Hence, on 
the basis of roo gallons of sewage per capita, there would be 
IT 7,500,000 gallons discharged from this east side teri·itory 
during the twenty-four hours, of which 58,750,000 gallous, as 
a maximum, would pass into the Sound. In other words, one­
quarter of the total amount of Manhattan Island sewage passes 
into Long Island Sound and three-quarters of it, 176,250,000 
gallons, enters New ork Bay; the latter figure representing 75 
gallons per capita for the total population of 2,350,000. 

Sec. 2. The average yearly rainfall in Manhattan may be 
taken as 42 .58 inches, uniformly distributed over its area of 
12,576 acres, which amounts to 14,572,158,868 gallons, one­
half of which, 7,286,079,434 gallons, finds its way into tlie 
·sewers. (Reference "Sewers and Drains," page 33, by Julius 
W. Adams, who refers to Mr. Wm. Hayward, engineer, Met-



30 SPECIAL REPORT OF 

ropolitan Board of Works, London. ) This amount, of cou:·se, 
is not uniformly distributed for each day in the year, as the­
times and volumes of the storms vary. This amount of rain. 
however, is deposited as sewage into the rivers, as it carries 
with it soot, dust, rust, paint scales from roofs of houses, street 
sweepings, and also scours the bottoms of the sewers and catch 
basins, and cannot be considered other than se,-.:age. There­
fore, the daily volume of this class of sewage must be reckoned 
with in addition to the amount of house sewage. By dividing 
the yearly rainfall by 365 days we obtain a daily volume of 
19,961,861: gallons flowing into the Iorth and East Rivers. On 
the same assumption, as above outlined, only three-quarters of 
this amount. or r4,97r ,395 gallons, will enter New York Bay. 

Sec. 3. Along the rivers of J\fanhattan there is a cangest­
ed state of shipping, and I would estimate that for deck flUISh­
ing, and from table refu e, bilge waters, toilets, etc., there a:re 
at least 500 vessels using not less than 2,000 gallons daily, or 
a total of T ,000,000 gallons. To this must added the salt water 
used for cleaning purposes in slaughter boll' ·es, gas houses, 
electric plants, oil depots,, breweries, grain elevators, dye houses, 
print works·, and various other establishments. 

To summarize in regard to this last item, there are five 
electric plants which use 5,000,000 gallons; five s.Jaughter 
houses, -500,000 gallons; ten breweries, r,000,000 gallons; roo 
manufacturies, 2,500,000 gallons, and gas plants, r,000,000· 
gallons-making the estimated amount of salt water used in 
manufacturing purposes and discharged into the rivers as sew­
age I I ,000,000 gallons. 

Sec. 4. Adding together the quantities thurs estimated 
we have: 

Sewage from the water upply per day. . . . 176,250,000 gals. 
Rainfall per day . . . . . . . . . . . . . . . . . . . . . . 19,950,000 " 
Other sources . . . . . . . . . . . . . . . . . . . . . . . . I I ,000,000 " 

Total. . . . . . . . . . . . . . . . . . . . . 207,200,000 " 
This total is the e timated average of daily volume of 

sewage from Manhattan Island entering New York Bay 
through the North and East Rivers. · 

Sec . .=;. vVithin recent years, the sewage which was for­
merly discharged at the exterior line of solid filling-commonly 
called the "bulkhead," has been can·ied ot'!t to within about 2" 
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feet of the exterior line of the piers by means of creosoted 
flumes of divers . hapes, such a the circle, ellipse and rectangu­
lar modifications, which have been adopted to meet the type of 
sewage openings at the bulkhead. 

It is apparent that this method of discharging sewage in a 
deep and rapid current near the pier head line has removed a 
nuisance, caused formerly by the discharge at the line of solid 
filling; for at the latter place the river water is obstructed to 
such an extent that in a great many of the slips there was so lit­
tle current that the sewage, deposited on the surface, was not 
rapidly intermingled with the river water arid o-ave off noxious 
odors, besides being of an unsightly appearanc~. 

At present, from my perso111al observation, either when the 
ti<le is running strong flood or ebb, the discharge of sewage in 
the current is not at all perceptible beyond a radius of 500 feet 
outshore from the pier head line, and is only slightly noticeable 
even in the adjacent slips. To, show you the importaruce of 
this, I would advise you that many of the public baths in · ew 
York City are within .=;oo feet of sewer openings and adjacent 
to the piers under which the sewage is carried out. Further­
more, I would call attention to the fact that even where the 
sewage is perceptible adjacent to the point of discharge, the 
water is not contaminated to any great depth, inasmuch as the 
live teredo (ship worm) has been found in the timbers, used as 
braces to the piers within 250 feet of Se'\ver openings; also, at 
certain seasons of the year, a small fish, called the "Lafayette" 
is at ome places caught immediately over the openings of 
sewers of con iderable magnitude. From this it will be seen 
that, in the case of the teredo, which it is claimed will not attack 
wood in unclean water, the sewage doe not pollute the water 
sufficiently at a distance of 250 feet to annoy them. In the 
case of the ~mall fishes, which are caught at the mouths of 
sewers in the tideway, it would show that the water is not 
contaminated below a few feet sufficiently to prevent the fishes. 
from inhabiting it. 

From a rough estimate, I have calculated that tqere is 
about one cubic foot of sewage depo ited in about 300 cubic 
feet of clean river water at the mouths of sewers, and that in a 
current moving 4 miles per hour, there is a mixture, at a point 
300 feet from the mouth of a sewer, of abolit one cubic foot of 
sewage to rn,ooo cubic feet of clean river v.rater. Of course~ 
this is only a rough approximation as to the mixture, but it is 
ample to state that, from a close obs·ervation, in no case have 
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I ever been able to detect, at the distance of 300 feet, except at 
slack water, any material amount of discolored water, which 
·would denote sewage. I might state as an exception that this 
·does not apply to floating solid matter, which can be traced for 
:some distance at times. H owever, at 500 feet distance what­
ever solid material there may be is floating in clean salt water 
.and i not, in any way, deleterious. Although we have esti­
mated the daily amount of sewage going out into Jew York 
Bay at 207,200,000 gallons, at Castle \ ,Villiams, on Governor's 
I sland, there is nothing that I have ever been able to notice 
which wouild indicate that the waters were at all polluted by 
sewage, yet at thi point, the water of the l orth and East 
Rivers meet, an.d, as the sewage naturally keeps close to the 
shores, it would be manifest at this place if at aH. 

In my discus· ion, I have treated Manhattan I sland alone 
to make ceria1in that I might be right in deducing the fact that 
the volume of over 200,000,000 gallon of sewage showed no 
pollution in the tide water even Jess than a mile from its shore. 
In connection with this argument, however, and adding not a 
little to its force, it must also be assumed that there are at least 
rno,000,000 gallons of sewage being deposited from the Brook­
lyn side, which is carried into the same currents. 

As it has been estimated by your Chief Engineer, Mr. 
Rudolph Hering, that, with the present population and its 
normal increase, the initial volume of sewage reaching ew 
York harbor from the Passaic Valley Drainage Sewer would 
be 75,000,000 gallons, discharged at Robbins' Reef, it would 
be my judgment, from observation of the sewers emptying in­
to the rivers about Manhattan, that there would be no actual 
noxious pollution of the water in ew York Bay beyond r .ooo 
feet from your propo ed outlet. For an estimated amount of 
r50,ooo,ooo gallons, I do no t believe that beyond I,500 feet 
from the propo ed outlet any sewage would be perceptible, or 
that the watePs• would give off any noxio1,1'S odors. 

Inasmuch as there will be an enormous volume of sewage 
concentrated at the opening of your proposed sewer, and even 
though it is dis·charged at a conlsiderable depth belOIW the sur­
face, I cannot conclude that there will not be some noxious con­
dition immediately adjacent to the mouth of this sewer, but. 
as this is an isolated portion of the bay, I cannot coniceive that 
the sewer would ever be a nuisance to any of the adjacent 
premises, and it is my opinion that beyond the areas mentioned 
for the two estimated volumes, the pollution would be practical-
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1-y imperceptible, and tha.t none of the sewage would ever reach 
any of the adjacent shores in sufficient quantity to be noticeable · 
even in the slightest degree. 

Your very respectfully, 

ALLEN N. SPOONER, 
C.E. 

Extract from the report of .Messrs. Rudolph Hering, J. ]. R . 
Croes and William M. Brown, engineers of the State Sewerage 
Commission, and contained in the report of that commission to ­
the Legislature of 1902, on pages 54 and 55. 

"The c:;e,vage should, therefore, be partially purified, i. e., 
as far as· is practicable, by works on the Newark meadows be­
fore being di"chargecl into N e-.vark bay, or it must be carried 
five miles fmiher and discha,rged in its raw or crude state into ­
deep water of the upper bay of New York, where there is a 
large volume of water and a strong current, ensuring thorough 
dilution and inoffensive disposal. * * * * ,:, * * * 

The outfall pipe would leave the shore at an elevation of 
about twenty feet above high-water, and extend about two 
miles into the bay, to a point north of Robbins' Reef ledge, 
practically in the center of the bay, in the vicinity of " ·hich the 
channel is seventy feet in depth." 

LETTER OF LIEUT.-COL. C. W . RAYMOND. 

E TGI JEER'S OFFICE, U. S. ARMY, 
815 Witherspoon Building, 

PnrLADELPHIA, PA., October r8, 1902. 

jfr_ John S . Gibson, Secretary, State S ewerage and Drainage 
Commissilmcrs, Ne1. •ark , N. J. 

DEAR Sm :-Since I had the pleasure of conferring with 
the SeM,erage and Drainage Commissioners of New Jersey, . 

· on the 1st instant, with reference to a project under considera­
tion for the sewerage of the Passaic Valley District, I have con­
sidered the project in its relations to the interests of navigation, . 
and now submit the following sugge tions. 
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As you are doubtless aware the law provides that no 
changes shall be made nor structures erected in navigable wat­
ers of the United States until the plans therefor ha,ve been ap­
proved by the Secretary of Viar. Im the present case it ap­
pears that the plan is to be submitted to the State Legislature, 
and cannot be submitted to the vVar Department as an adopted 
plan until the legislature has approved it. You explained to me 
that the object of your conference with me was to aSJCertain, be­
fore perfecting a plan, what would probably be the views, and 
requirements of the Viar Department. As I was instmcted by 
the Chief of Engineers,, in his indorsement, dated September 
II, 1902, om your letter to him dated September, 8, 1902, to 
confer with you on this subject, I feel at liberty to give you 
my personal views· with reference to the project; but it should 
be noted that I am not aiuthorized to express the views of the 
\;\Tar Department, and it cannot be assmned that I shall have 
any part in the final action of the department upon the perfected 
plan. 

The plan with reference to which my views are desired 
proposes to take the sewage no,Y emptied into the Passaic 
River from N' ewark and Paterson and inten-ening territory, 
and convey it to Jew York Bay. It is given in detail in the re­
port of Messrs. Hering, Croes and Drown, dated December 2, 

1901, and the accompanying map, which are published in the 
report of the Sewerage Commission for 1902. The features of 
the plan requiring consideration in the interest of navigation 
are as follows : 

I. A trunk sewer near the west bank of the Passaic River 
from the southerly line of the City of Paterson to near the 
southerly boundary of the City of Newark, to convey all do­
mestic and manufacturing wastes and a portion of the storm 
water to a point on the westerly shore of Newark, Bay. 

2. Cross sewers passing under the bed of the Passaic 
River to convey the sewage for communities on the east bank of 
the river to the intercepting trunk sewer on the other side. 

3. A pumping plant at the lower end of the trunk sewer 
near the west shore of Newark Bay and force mains laid under 
the bed of Newark Bay to force and convey the sewage into a 
gravity sewer on the Bayonne shore. 

4. A gravity sewer from the Bayonne shore to a point in 
the upper bay of Jew York near Robbins' Reef ledge to con­
vey and deliver the sewage into the bay. 
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These features, so far as they relate to the interests of nav­
igation, will now be considered separately. 

r. The Trunk Sewer. The elevation of this sewer at dif­
ferent points does not directly affect any navigation interest, 
but since it must be placed so as to receive the sewage from the 
cross sewers extending under the bed of the river from the east 
shore, it should evidently be placed low enough to conform to 
the levels of these sewers under all probable future conditions 
of an improved navigable channel. When once established it 
would be very difficult, if not practically impossible, to lower 
the trunk sewer. 

2. The Cross Sewers. These must be placed below the 
bottom of the channel, as it will exist when the river has been 
improved in accordance with the adopted project of the War 
Department. This project provides for a depth of I 2 feet at 
mean low water through Newark Bay and the Passaic River to 
the Nairn Linoleum \V orks in the City of ewark; thence a 
depth of ten feet to the Montclair and Greemvood Lake Rail­
road bridge ; and thence to the City of Passaic a depth of 7,½ 
feet. The sewers should be several feet below this bottom for 
their own protection. It is, of course, possible that future pro­
jects may provide for increased depths, but I suppose these 
cross sewers could be lowered without undue expense in case 
of necessity. In granting a permit for construction, the \;Var 
Department will probably impose the condition that this low­
ering, if required, shall be done without expense to the United 
States. In determining the depth at which these cross sewers 
should be placed in the upper part of the river, it should be 
noted that a considerable lowering of the level of mean low 
water will result from the improvement of the channel. 

3. Pumping Plant and Force Mains. The mains passing 
under Newark Bay must, of course, be established below the 
bottom of the projected navigable channel. It is understood 
that the sewage will have to be cleared from grit and heavy 
insoluble matter before it is pumped, to prevent the destruction 

_of the pipes and pumping machinery. 

4. The Outfall in New York Bay. The outfall pipe ex­
tends about two miles into the bay to a point where the natural 
channel has a depth of about 70 feet. There is no artificial 
channel, e ' isting or projected, in the near vicinity. In view of 
the fact before noted, that the sewage is to be cleared from grit 
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and heavy matter before it is pumped under Newark Bay, I am 
of the opinion that its delivery into New York Bay at the point 
selected wi ll not injure the channels or be detrimental to the­
interests of navigation . The outflow pipe, however, should 
be established as low as possible in order to avoid interference 
with channels of moderate depth, which it may be found desir­
able to fo rm in the future to fu rnish means of communication 
with wharves on the New Jersey shore. 

I hope these suggestions may be of service to the commis­
sioners in perfecting the details of the plan, and it will give me 
great pleasure to furnish you with any further information in 
my power. Respectfully yours, 

C. W . RAYMOND, 
Lieut. Col., Corps of Engineers. 

Extracts from the report of Rudolph Hering, Engineer of 
the Passaic V alley District Sewerage and Drainage Commission­
ers, contained in the Report of the Commissioners to the Legisla­
ture at its last session, on pages 22 and 39: 

"The waters of the Hudson River and the tidal flow from 
the Lower New York Bay and the East River, together furnish 
such a large quantity of water that the proper discharge of se,v-­
age into the same from a population of many millions cannot 
be noticed by the senses." 

* * * * * 
"Based on the facts and comparisons above given, I 

recommended to you a trunk sewer for the joint disposal of the 
sewage of your entire district into New York Bay as the most 
economical and satisfactory project for adoption." 

Extract from an article prepared by Mr. Alfred D . Flinn, 
managing editor· of the Engineering 'R_ecord, ~ntitled " The Dis­
charge of Sew age into Harbors and Lakes,'' and published in 
that journal under dat'e of May 2, f903, on page 453: 

"There are places on the seaboard, however, where the di­
rect discharge of sewage may be practiced with impunity. For 
example, the tidal flow of New York harbor is so great, esti­
mated at billions of cubic feet per day, and the direction of the 
currents are such that, if the sewage be screened, a very large 
quantity may be carried off without offence. Engineers who, 
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have studied this case have concluded that the sewage of 
30,000,000 people could be put into the bay from properly lo­
cated outlets without becoming objectionably apparent. Large 
volumes and areas of water are not alone adequate to prevent 
nuisance; the directions, velocities and volumes of surface cur­
rents and the action of wind are also controlling elements. Ex­
perience has taught that if locations for outlet can be foun l 
where the currents: are always favorable, it is better to dis­
cha1rge the fresh sewage continuous-ly, rather than to store it in 
tank s for intermittent discharge, although the latter practice is 
sometimes necessitated by the unfavorable directions of cur-
rents at certain times. ' 

" A few years ago the State Board of Health of Massachu­
setts studied the discharge of sewage into Boston Harbor and 
arrived at some conclusions of more or lesis general application. 
T he discha·rge of sewage into frequented waters should be so 
made that the sewage will be quickly lost to the senses and even 
to chemical tests, which may be accomplished by discharging 
into quick currents of la-rge volumes where the dispersion will 
be rapid and the di lution great. It was found that the sewage 
being of less dens·ity than the sea water tended to -float, spread­
ing out with but slight depth. At a surface outlet the sewage 
mingled with the sea water in a small a:rea so as to be detected 
at depths of 4 or 5 feet, but over a much larger area the depth 
at which it could be plainly detected was only about 2 feet, 
beyond which the depth dimi111ished gradually towards the bor­
,clers of the area affected, where the sewage formed merely a sur­
face film which gave to the water an oily appearance. An­
alysis of samples taken from the area covered by the film and 
from the discolored area showed that the portion of the sewage 
tract which contained a cons,iderable amount of organic matter 
was substantially identical with the area of discoloratiorn, and 
that the amount of organic matter in the film is so minute as 
not to be a source of offence. The dis•coloration on a compara­
tively calm day, was objectionable to the s,ight over .only about 
two-thirds of the area, and the offensive odors were confined to 
a relatively small portion. 

"If the s·ewage is discharged below the surface thetendency 
of the light particles to rise will cause a more rapid dispersion 
and disappearance of color than when discharged at the surface. 
The deeper the submergence of t he outlet, the more thorough is 
the dispersion. \\There, in addition, a strong current prevails 
comparitively large quantit ies of sewage could be thus dis-
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charged without even becoming noticeable at the surface of the 
water. One of the outlets in Boston Harbor i under about IO 

feet of water at high tide, and another, which is being con­
structed, will be at a depth of more than 30 feet. The present 
temporary outlet of the H onolulu sewer system is in 30 feet of 
water and is to be extended into water 100 feet deep, because 
there are no suitable strong currents in the harbor. The pro­
posed Passaic Valley trunk sewer, in New Jersey, is to dis­
charge into New York Bay at a depth of 40 feet. Discharge 
under a considerable depth, " ·herever feasible, seems to possess 
decided advantages." 

. LETTER OF 0. H. TITTMAN . 

TREASURY DEPARTMENT, 

E. C. H. Office of the Coast and Geodetic Survey. 
All communications should be 
forwarded under cover to the 
"Superintendent U. S. Coast and 
Geodetic Sur.vey, Washington, D. C." 

\Vashington, 
June 1, 1903. 

Mr. J. A. Lebkuecher, Chairman, Passaic Valley S ewerage 
Colllmission, Prudential Building, Newark, N. J. 

Srn.-I have the honor to transmit additional data of the 
di scharge through. Ne"· York Harbor, from co111putations 
made a year later than the ones previously transmitted. 

EPITOME OF RESULTS FOR DISCHARGE. 
June 25, 1886. 

Cubic Feet. 
East River ebb (westerly) 19th street. . . . . . . . 4,454,937,257 
Flood ( easterly) ... .. .... . .............. 4,007,175,676 
Hudson River ebb (southerly ) 39th street. . . . 6,996,678,413 
Flood (northerly) . . . . . . . . . . . . . . . . . . . . . . . 6,22 5,985,545 
Kill von Kull, ebb ( toward the Harbor) . . . . . . 1,790,103,372 
Flood (W. New Brighton) ................ 1,712,415,362 
Narrows, ebb (seaward) ........ .' ......... 13,819,895,144 
Flood ..... . ................. . ..... ..... 12,703,616,481 

The Yolumes of discharge given above should supercedc 
the data previously furnished. · 

Very respectfully, 0 . H. TITT fA1 , 
S iiperintendent, vV. M. P . 
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NOTE. 

The reports of William Barclay Parson s, consulting engi· 
neer, and AIIen N. Spooner, C. E. , were received too late to be 
submitted to the Governor with the report of the Commissioners. 



.. 






