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PREFACE.

THE citizens of New York celebrated in October 1842 the completion of their first
water-works of importance. By building a dam across the valley of the Croton River a
storage reservoir had been formed, from which an aqueduct, about forty-one miles long, con-
veyed a copious supply of pure water to the city. This conduit was designed to have a
maximum discharging capacity of about 72,000,000 U. S. gallons per day, a quantity of
water which was not expected ta be required for many years to come. The growth of New
York was, however, so much more rapid than had been anticipated, that within thirty years
of its completion the Croton aqueduct had to be strained to its utmost capacity to satisfy the
consumption. By allowing the water to rise within twelve and a half inches of the crown of
the arch (thirty-two inches higher than had been originally intended) the aqueduct was made
to discharge 95,000,000 U. S. gallons per day.

In 1884 a daily supply of 15-20 million gallons was obtained from the Bronx River,
but this small addition was not sufficient for the steadily increasing demand. New works on
a large scale had become an imperative necessity.

An Act passed by the Legislature of 1883 gave the city the necessary power to construct
additional works under the direction of a Board of Aqueduct Commissioners. In accordance
with the provisions of this Act a new aqueduct, having a discharging capacity of 302,000,000
gallons per day, has been built from the Croton valley to the city. Large storage reservoirs
have been constructed in the Croton watershed, and others are being formed.

The capacity of the three conduits supplying the city of New York at present is as
follows :

Name. When Built. M“ii':l;':hlzis:: arge
Old Croton aqueduct.... vvevvvenversanncees 1837-1843 95,000,000
Bronx River conduit.... .................... 1880-18835 28,000,000
New Croton aqueduct......... ceessescecsesss 1884-1893 302,000,000
Total...... e teeeatetiaeenaans et ev... 425,000,000

The reservoirs already constructed, including those within the limits of the city, storc
about 27,000,000,000 U. S. gallons. To this will be added by the completion of the works
now in construction 48,000,000,000 gallons, making the total storage of the Croton and
Bronx works, including the reservoirs in the city, amount to about 75,000,000,000 gallons.
When this storage has been obtained it is estimated that a minimum supply of 280,000,000
gallons per day may be relied upon even in the driest year. As the ave'rage daily consump-
tion was 183,000,000 gallons in 1894 (about 100 gallons per capita), the present water-supply

will provide for the wants of the community for some years to come.
iti
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Works of the magnitude of those mentioned above should be a matter of just pride for
the citizens who have paid for their construction, and a subject of special interest to engineers.
Full information about the water-works of New York is, however, not easily obtained. The
books describing the Old Croton Aqueduct * are now out of print and very scarce. From
1846 to 1887 the only information published about the water-supply of the city is that con-
tained in official reports, which are nowhere to be found collected. The Aqueduct Commis-
sioners have issued two valuable reports, illustrated by photographs and plans, describing
the important works executed under their dircction; but these documents cannot reach the
public at large, owing to the limited number of copies printed, nor could they include many
details of the works, having only a technical interest. Under these circumstances a book
giving a full description of the water-supply of the city of New York is much needed.

The writer has undertaken the somewhat arduous task of preparing such a volume with
a twofold object:

1st. To give, for the general reader, the history of the water-works from the sinking
of the first public well in 1658 in front of the old fort at Bowling Green to the present
time.

2d. To present such technical details of the important new works as may be of interest
to civil engineers, keeping such matter as much as possible in special chapters (as Chapters
II1, VII, VIII).

To the people of the present gencration the Croton watershed may seem the only
proper source of a water-supply for New York.  Opinions differed, however, very much
about this subject sixty to seventy years ago. The numerous projects proposed for the
purpose are all discussed in this work. Some of them, seriously considered at the time,
would scarcely be entertained now, as, for instance, the proposition to build a dam across the
Hudson River at Christopher Street (see page 32). The argument of the Water Commis-
sioners of 1833 against the use of forfy-fwo steam-engines within the limits of the city (see
page 31) is amusing reading in these days of elevated railroads.

In glancing through this work the reader will realize how little the wonderful growth of
the city of New York was anticipated when the old Croton works were begun. One of the
prominent engineers reporting in 1833 on the best source for supplying the city of New
York with water predicfed that Manhattan Island would be inhabited by a million souls
within sixty years of that time (see page 21); on the other hand, an equally distinguished
engineer expressed the opinion that such a population would not be reached until ¢ after the
revolutions of a few centuries” (sce page 26). That the latter was not alone in his belicf
may be judged from the statement of the Water Commissioners of 1840 that Ninety-sixth
Street and some other streets in that vicinity would probably not bc opened ‘‘ for a century
or two "' (see page 43). . o

The welfare and growth of a community are intimately connected with its water-supply.
Before the old Croton works were constructed, the citizens of New York suffered at frequent

* Memoir of the Counstruction, Cost, and Capacity of the Croton Aqueduct by Charles King, New York,
1843. Illustrations of the Croton Aqueduct by F. B. Tower, New York, 1843. Description of the New
York Croton Aqueduct by T. Schramke, New York, 1846.
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intervals from the ravages of cholera and yellow fever. Since an abundant supply of pure
water has been introduced these diseases have almost disappeared from the city.

The losses of life and property from fires—formerly very great—have been much
reduced since water-mains have been laid in all streets. Works that have brought such
improvements must be of interest to all citizens.

A large part of the book is devoted to giving, for the benefit of engineers and contrac-
tors, full details of the new works executed during the past ten years. The manner in
which the new aqueduct was designed, the distribution of the ‘‘available head,” the formula
used in estimating the flow, and the results obtained by gaugings after the aqueduct was
completed, etc., etc., are given in Chapter VIII.

In cxcavating the great aqueduct tunnel—the longest tunnel driven thus far—all kinds
of material were met with: solid rock, decomposed rock, sand, gravel, and liquid mud.
The ordinary methods of tunnclling adopted, and the ways in which the difficulties en-
countered were overcome are described in Chapter VII.

Plans, specifications, and contract prices are given for almost every detail of water-
works construction—from a fish-screen to a high masonry dam. Considcring the prominent
engineers who have becn connected with the water-supply of the city of New York, the
book may be stated to give standard plans for water-works construction as practised in the
Eastern States.

The preparation of this volume has involved much labor and expense. In describing
the new works, the writer, having been engaged on their construction from the beginning,
has been able to speak largely from his own observation and experience. The information
about the older works had to be obtained from official reports, now scattered in the different
libraries of the city, and in bookstores. After much searching, copies of all reports of any
importance that have been issued in connection with the water-supply of New York were
found. It was no casy matter, however, to present the mass of disconnected facts, thus
collected, in readable form.

Great pains have been taken to insure accuracy in this work. Whenever possible, the
facts stated have been taken from the original sources of information—the records of the
Common Council of New York, official reports, etc.

The different portions of the book have been submitted to the engineers who had charge
of the works described. In this connection the writer wishes to express his thanks to Gen.
Geo. S. Greene; Mr. J. J. R. Croes; Mr. Geo. W. Birdsall, Chief Engineer of the Croton
Aqueduct, and his assistants; Mr. A. Fteley, Chief Engineer of the Aqueduct Commission,
and the engineers under him on the new works; and especially to the Aqueduct Commis-
sioners, who have given the writer full privilege to reproduce in this book such photographs,
plans, tables, etc., contained in their reports as might be required for his purposes.

In offering the volume to the public it is hoped that it may be of some interest to the
citizens of New York, whosc water-works surpass all others in magnitude, and that it may

be of practical value to engineers and contractors engaged on similar constructions.
E. W.

NEw YoRrK, December 2, 189s.
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THE WATER-SUPPLY OF THE CITY OF NEW YORK.

CHAPTER L
EARLY WORKS AND PROJECTS.

THE city of New York, the metropolis of the Western Continent, is situated at the
head of a large bay, in latitude 40° 42’ 43" north and longitude 74° o' 3 west from
Greenwich, about eighteen miles from the Atlantic Ocean (see Plate 54). It lies mainly
on Manhattan Island, which is bounded on the east and south by the East River (a narrow
strait opening into Long Island Sound), on the west by the Hudson River, and on the
north by Spuyten Duyvil Creck and the Harlem River, two narrow tideways separating it
from the mainland. The island has a length of 134 miles, an average width of 1§ miles, and
an area of about 22 square miles. The city includes, also, an extension on the mainland
known as the ‘* Annexed District ”’ and several small islands in the East River and Bay. It
covers in all about 414 square miles.

The Bay of New York is believed to have been entered in 1524 by Jean Verrazani, an
Italian navigator, who was exploring the coast of America in the interests of Francis I. of
France. The practical discovery of Manhattan Island and the surrounding country was not
made, however, until 1609, when Henry Hudson undertook a voyage of exploration for the
Dutch East India Company in the ‘‘ Half Moon,” a vessel of eighty tons burden.

Hudson’s primary object was to find a north passage to the East Indies. Entering the
Bay of New York in September 1609, he passed up the river, now bearing his name, to the
head of navigation near the present site of Albany. Although he did not succeed in find-
ing the desired passage, the glowing account he made, on his return to the Netherlands, of
the land he had discovered and of the fine furs in the possession of the natives, induced the
Dutch merchants to dispatch, in 1610, another vessel to Amecrica to open a trade with the
Indians inhabiting Manhattan Island and the surrounding country. The fur traffic proving.
very profitable, a regular commerce was soon established. Manhattan Island was made the
chief depot for this trade. A company was formed in the Netherlands for carrying on the
traffic. Hendrick Christinsen, the first agent the company sent to America, built in
1613 a redoubt and several small houses where now stands No. 39 Broadway, and laid thus
the foundation for the future city of New York. The first buildings of importance were
erected in 1621, near the southern extremity of Manhattan Island. In 1626 Peter Minuit
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bought the whole island from the Manhattan Indians for sixty guilders (twenty-four dollars)
for the Dutch West India Company.

The Dutch named their colonies in America ‘‘ the New Netherlands,” and the settle-
ment on Manhattan Island, New Amsterdam. These names were changed by the English,
who obtained possession of the Dutch Colonies in 1664, the town on Manhattan Island being
called New York, in honor of the Duke of York, the brother of Charles I1., who had obtained
a grant of all the land from the west side of the Connecticut River to the east side of
Delaware Bay.

From the simple trading post established by the Dutch, the settlement grew steadily,
at first slowly and then with rapid strides, and ranks now among the largest cities of the
world. The growth of the population of the city of New York is shown by the following
table, the population from 1790 to 1890 being taken from the records of the United States
Census Bureau:

POPULATION OF THE CITY OF NEW YORK.

Year. Population. Year. Population.
1664 ...cccvieceeenanansans 1,500 1830..ccucvanns Vesesesssees 197,112
1697 . et eei et nnnennonnces 4,302 1840......00.. cessessssass 312,710
1756, ce . iiiierinnnnns cuns 13,040 1850,  ccvieveetieaennns eeee 515,547
1790, 00ecenrs cieeiireaas . 33,131 1860...ccvuvvennnes veeteaas 805,658
1800..,..... eren. Cheeeaans 60,489 1870, .. iiiiirinenennannnss 942,292
-3 (o . 96,373 8.2 7o 1,206,299
7o TR 123,706  £- o T T 1,515,301

Manhattan Island and the neighboring mainland are formed principally of gneiss and
mica-schist rock. When the island was discovered by the Dutch, the southern part con-
sisted of wood-crowned hills, grassy valleys, and a chain of swamps extending from the Hud-
son to the East River. Wild fruit and flowers grew in abundance in the fields; the brooks
were full of fish, and the woods of game. A deep fresh-water pond, fed by numerous springs,
occupied the space where now stand the Tombs and the surrounding buildings (see Plate
3). The Dutch called this pond Kalch-Hook (Shell-Point), a name originally applied to
a point of land on the shore of the pond, containing about forty-eight acres, which was the
site of an old Indian village. The name owed its origin to the large quantity of decom-
posed shells found there. It was corrupted by the English into ‘‘ Collect.” Most of the early
projects of furnishing the city of New York with water involved this pond as the source of
supply.

The northern part of the island was rocky and covered with dense forests. It rose to
a height of 238 feet above the Hudson River.

The early settlers of Manhattan Island obtained water for domestic purposes from shal-
low wells, by means of buckets, raised by ropes and pulleys, or by long balance-poles. The
water thus procured was generally found to be soft and sweet, except near the shores of the
island, where it was rendered brackish by salt water percolating through the ground. The
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first wells were constructed entirely by individual enterprise. A few years after the city of
New Amsterdam (New York) was incorporated public wells were sunk in the middle of the
most important streets and furnished water for domestic use and for extinguishing fires.

The first step to obtain a public well was taken by Burgomasters Oloff Stevensen Van
Cortlandt and Paulus Leendersten Van der Grist, on July 11, 1658, when, according to the
city records:

¢ The Burgomasters resolved to communicate with the Herr General relative to having
a public well made in the Heere Straat "’ (the gentlemen’s street, the present Broadway).

No further reference to this matter occurs in the Records. It appears, however, that a
public well was dug about this time (probably in accordance with the above request) in front
of the old fort, which was situated just south of the present Bowling Green. This was the
only public well until 1677, when, on February 27th, the Burgomasters and Schepens ¢* Ordered
that several wells be made in the places hereafter mentioned (for the public good of the
city) by the inhabitants of each street where said wells shall be made, viz.—[Here follows
the description of the location of six wells]—and that the several inhabitants take notice
of this order and put the same in execution with all possible speed, as they will answer the
contrary at their peril.” The location of these “{ells, of two others constructed later, and of
the one in front of the fort is shown on the map on Plate 2.

Additional public wells were sunk from time to time, as required, the city bearing part
of the expense, and the balance being assessed on the property benefited. The later wells
were dug, however, at the street-corners instead of in the centre of the street. Pumps
gradually replaced the primitive buckets. The charge of all the public wells of each Ward
was given to its Alderman and Common Councilman.

As the population of the city increased, the.well-water became much polluted by
organic matter and insufficient in quantity. This was especially the case in the densely
populated districts. In order to obtain pure water, in those days, the citizens sent often to
a great distance to wells reputed to furnish water of superior quality. One of the most
famous wells, situated in a hollow near the junction of the present Chatham and Roosevelt
streets,* was known as ‘¢ the Old Tea-water Pump.” The first mention of this well is found
in the diary of a traveller, who wrote in 1748 about New York: ¢ There is no good water in
the town itself, but at a little distance there is a large spring of good water, which the in-
habitants take for their tea, and for the uses of the kitchen. Those, however, who are less
delicate on this point make use of the water from the wells in town, though it be very bad.”"

Shortly before the Revolution, a pump was placed over this famous spring and orna-
mental grounds laid out. The ‘¢ Tea-water Pump Garden " became soon a famous resort
where tea and stronger beverages could be obtained. The street in the vicinity of the pump
became so much obstructed by the water-carts of rich and fastidious persons, waiting for
their turn at the pump, that the Common Council ordered in June 1797 that the spout of
the pump be sufficiently raised and lengthened to permit pedestrians to pass under it.

The water from the wells in the densely populated districts became so bad that it was
sickening to strangers. As it deteriorated rapidly when stored in tanks, the supply for the

* See Plate 3.
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ships in the harbor was generally obtained from creeks on the neighboring mainland. Hogs-
heads of water from such sources were brought to the city as a profitable cargo.

Besides being objectionable in quality the water obtained from wells was found to be
insufficient in quantity for the growing wants of the community and the citizens sought,
therefore, more ample sources of supply.

As early as 1774, when Neew York had a population of only 22,000, Christopher Colles,*
an English civil engineer, made to the Common Council a proposal for constructing water-
works. His proposition was to construct a large reservoir on Manhattan Island, into which
water was to be pumped from wells by means of a steam-engine, and to distribute the water
from the reservoir by pipes laid in the principal streets. .

The Common Council accepted Mr. Colles’ proposal in July 1774, and on the 8th of
August passcd the following resolution:

* Ordered, That the northerly part of the property of Augustus Van Cortlandt and
Frederick Van Cortlandt, fronting on Great George Street, [now Broadway] be purchased at
£600 per acre, for a reservoir, provided, that on sinking a well there, good water be found.
If not, the well to be filled up by the Corporation.” .

The quality of the water proving satisfactory, 14 acres of land were bought of the Van
Cortlandts for £1050, the deeds being signed on October 8, 1774. A spacious reservoir was
constructed on this preperty on the east side of Broadway (see Plate 3) between the
present Pearl and White strcets. A large well was sunk near the ‘“ Collect,” a fresh-water
lake fifty feet deep. Additional wells were dug subsequently and some water was pumped
directly from the ‘‘ Collect.”

To defray the expenses of the work and to pay for the land purchased, bonds bearing
5% interest and paper bills, denominated Water Works Money, were issued to the amount of
£11,400. From the fac-simile of onc of these paper notes, given on page 5, some idea can
be formed of the kind of machinery which Mr. Colles intended to employ for the pumping.
The engine shown on the back of the note represented undoubtedly one of Newcomen's
Atmosphcric Engines, a machine that had been largely used in Europe, from the beginning
of the century, for pumping water from mines. One of these engines had been imported
in 1760 by thc owners of the old copper mines near Belleville, New Jersey.

In 1776 the works were put in operation, Mr. Colles being made the Supcrintendent.
The water was distributed through hollow logs, laid in the principal streets. Owing, how-
ever, to the insufficient supply furnished, and the confusion caused by the Revolution, the
whole enterprise was soon abandoned. _

Soon after the restoration of peace, the citizens of New York agitated again the question
of obtaining an adequate water-supply. Various plans were proposed for this purpose from
1785 to 1798, most of them involving the ¢ Collect ” as the source of the supply. The

* Christopher Colles, an accomplished civil engineer, linguist, and man of science, was born in Ireland
of English parentage in 1738. He came to America in 1765; lectured on canal navigation in 1772, published
a series of sectional road maps, assisted almanac-makers in their calculations, and engaged in manufacturing
printer’s colors and paper boxes. Although highly esteemed by men of science and at one time Actuary of
the Academy of Fine Arts, he died in comparative obscurity in New York in 1821.
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EARLY WORKS AND PROJECTS. 5

records of the Common Council show that Samuel Ogden made proposals to the Corporation
for constructing water-works in April 1785, and that Hon. R. R. Livingston made a similar
proposition in January 1786. The Common Council considered these projects in February
1786, and finally decided to advertise for proposals for supplying the city with water. This
was done, and in April three sealed bids for the above object were received. It would seem,

FiG6. 1.

FiG. 2.

PAPER MONEY 1SSUED FOR WATER-WORKS OF 1774.

however, that some of the citizens must have manifested a strong opposition to the idea of
having the water-supply furnished by private parties, for we find that the Common Council
adopted the following resolution:

¢¢ Ordered, That the proposals remain unopened with the clerk until the further order of
the Board, or that they be returned at the option of the parties offering them.

‘¢ Ordered further, That the Aldermen and Assistants be requested to set on foot, in their
respective Wards, representations to this Board, in writing, and subscribed by the citizens, in
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order, more fully, to ascertain their sense, whether the Corporation ought to grant to indi-
viduals, the privilege of supplying the City with water, or whether the same ought to be
undertaken by the Corporation, and that the moneys necessary for the purpose should be
raised by tax on the citizens.”’

What the results of these proceedings were does not appear in the records, nor can we
find any details of the plans mentioned above.

In February 1788 a petition signed by a great many citizens complaining of the in-
sufficiency of the water-supply and requesting that cither the plan of Mr. Colles or some
other scheme be adopted was presented to the Common Council, but led to no practical
results.

In January 1789 a committee of the Rumseian Society of Philadelphia informed the
Common Council that Mr. Rumsey was perfecting an engine especially adapted for supply-
ing towns with water. This company was invited by the Board to make a proper proposal
to the city of New York for furnishing the water-supply, but does not appear to have done so.

After various additional propositions had been made to the city—viz., by Zebina Curtis
in February 1794, by Amos Porter in March 1795, by Benjamin Taylor in April 1795, and
by Sayrs Crane, who proposed, in March 1795, to lead water from the ¢ Tea-water Pump "
through Roosevelt Street, a committee of the Common Council was directed on February 1,
1796, to advertise for sealed proposals for supplying the city with water. This was done in
January 1797, and, in response, seven different offers were received in the following May,
one being from Christopher Colles, the constructor of the works of 1774. Some additional
proposals were recéived later and, also, a ‘ Memoir of the utility and means of furnishing
the city with water from the river Bronx,’' by Dr. Joseph Browne, dated July 2, 1798.

Dr. Browne argued forcibly that the water to be obtained on Manhattan Island was
entirely inadequate in quantity for the growing wants of the community, and that it was,
moreover, so much contamipated by organic matter as to cause many contagious diseases,
including the yellow fever from the ravages of which the inhabitants had just recovered. As
the presence of carbonic acid from decaying matter made the water sparkli'ng and palatable,
it was very difficult to convince the citizens that this water contained the germs of diseases.
With reference to the ‘“ Collect *’ Dr. Browne stated:

“ The large stagnating, filthy pond, commonly called the Collect, which now is, or soon
will be, the centre of the city, has been looked to by some of the people as a fund from whence
an adequate supply might be obtained, by means of a steam-engine, for the purposes already
spoken of. I cannot undertake to say that this source would at present be incompetent to
all the preceding purposes for which a supply of water is wanted; but if the quantity natu-
rally discharged from this pond be the whole that is furnished by its springs, then I might
say with propriety, it is infinitely too small for those uses. But admitting that at present
it might be competent, the time will come, and that very shortly, from the growth of the
city, when this source will most certainly be very inadequate to the demand. And again,
supposing the pond to contain and furnish enough, it is a consideration well deserving atten-
tion, whether a pond, into which the filth from many of the streets must, without very great
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expense and care, be constantly discharged, and to which the contents of vaults, etc., will
continually drain, is a desirable source from whence we should like to take water for drink-
ing, cooking, etc., without taking into account its noxious qualities, medically considered;
although it may be laid down as a gencral rule that the health of a city depends more on
its water than on all the rest of the eatables and drinkables put together.”

Dr. Browne recommended the Bronx River as the proper source of the water-supply of
the city. The manner in which he proposed to obtain the supply was as follows:

To construct a dam, five fecet high, across the Bronx at West Farms (see Plate 30)
about half a mile below Williamsbridge, whereby the whole water of this river might be
turned through a canal, 400 yards long, into Morrisania Creek and thus into the Harlem
River, at a point cight miles distant from the old City Hall (in Wall Street). Here part of
the water was to be used to turn a water-whecl twenty feet in diameter, working four 6-inch
force-pumps. By this arrangement 362,800 gallons were to be pumped daily through a cast-
iron pipe to a reservoir on Manhattan Island, to be located about five miles from the city.
The surface of the reservoir was to be about eighty fect above high tide. The water was to
be conveyed to the city through a line of 6-inch cast-iron pipes.

Dr. Browne estimated the total cost of the necessary works, including twenty miles of
distributing pipes and two public fountains, at $200,000. He considered a daily supply of
300,000 gallons ample for the wants of the city at the time, and estimated that the mini-
mum flow in the Bronx at the site of the proposed dam amounted to about ten million
gallons per day.

On December 12, 1798, the Common Council received two additional propositions for
supplying the city with water, one from Nicholas S. Rooscvelt and the other from Judge
Cooper, of Otsego. The committee to which the various proposals received had been
referred reported to the Common Council on December 1 7, 1798, as follows:

*“The Committee appointed to investigate the subject of supplying the city with water
report - .

“ That being impressed with the importance of the subject, they have considered it
with all the care and attention in their power, and incline to the opinion that the Bronx
River will afford a copious supply of pure and wholesome water. They incline also to think
that the plan suggested by Dr. Jos. Browne, for conveying the waters of that river, is, with
some few variations, the most eligible that can be adopted. But as any mistakes in the plan
or conduct of the business, may be attended with incalculable mischief, they would recom-
mend that Mr. Weston,* who has been the engineer of the Canal Companies in this State,
and whose abilities are well known, be requested to examine that river, with the situation of
the grounds to be employed in the aqueduct, and such other matters incident to the supply
of the city with pure and wholesome water from that or any other source, as he may think
proper, and that he be requested to report his opinion to the Corporation, with the requisite
plans and estimates, as soon as may be practicable.

* A British engineer, who had been in charge, in 1792, of the .improvements around Little Falls, in the
Mohawk Valley, for the Western Inland Lock Navigation Company.
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¢ Your Committee further report, That they have considered the several matters which
have been suggested for the execution, either by individuals or by the Corporation, of the
plan that may be finally adopted. They are sensible that each of these methods is attended
with difficulties, but considering the immense importance of the subject to the comfort and
health of their fellow citizens, that it will not be undertaken by a company unless with the
prospect of considcrable gain, and that such gain must be acquired at the expense of the
city, your Committee have at length agreed that the undertaking ought to be pursued by,
and under the control of, the Corporation, as the immediate representatives of the citizens in
general.
¢ Under this impression, and to avoid any further delays which may arise, unless meas-
ures are taken to prevent pecuniary embarrassments, and other difficulties in the course of
the business, your committee would recommend that an act be prepared and presented to
the Legislature, investing the Corporation with the powers nccessary to effect the great end
they have in view, and granting them the moneys arising from the tax upon the sales at auc-
tion, in said city, with such further aid as the Legislature may think proper, to enable them
by the reception thereof, or by loans founded thereon, to defray the expenses incident to
the undertaking.
‘“ New York, December 17, 1798."’
‘ JNno. B. COLEs,
‘¢ GABRIEL. FURMAN,
‘¢ JNO. BOGART,
¢ JACOB DE LA MONTAGNE."”

This report was accepted, a bill embodying its recommendations was prepared for the
Legislature, and 500 copies of the proceedings of the Board and of Dr. Browne’s project of
water-supply were ordered to be printed in pamphlet form. Mr. William Weston, the civil
engineer mentioned in the report, was engaged by the Mayor and proceeded at once to
study the proposed plan of water-works. It seemed indeed as though the problem of secur-
ing a proper water-supply for the city would receive at last a practical solution.

On March 16, 1799, Mr. Weston presented to the Mayor a written report of his con-
clusions with reference to a water-supply for the city.

The first question considered was the probable quantity of water required daily for all
purposes, including the sprinkling of the streets. As the engineer in those days had no
published statistics to guide him in this matter, the manner in which Mr. Weston estimated
the amount of water to be delivered may be of interest. We quote from his report as
follows:

‘“1 have endeavored to calculate as near as the want of sufficient data would enable me,
the minimum quantity necessary to be introduced in twenty-four hours. Though conclusions
deduced from hydraulic principles of the discharge of water issuing from pipes of given diam-
eters, placed on the summits of the several streets, would have been much preferable to

vague guesses; yet the infinite variety of cases, arising from different degrecs of depression
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beiow and distance from the prinapal resenvoir, would have rendenad the operation a very
laborious one: and Irom 2 vamely of causes the resalt very zacertain, Indead! cvery made
with which 1T am acguainied may be ob’ected to on the latter principle: but though it is
perhaps impossibie o asceriain the exact truth, we must endeaver to approximate as near
thereto as passible.  Conceiving it to be the intentions of the gentlemen whoe have recome
mended the meastre of washing the streets, as essential to the heaith of the citizens. to have
a regular and plentiful current of water ruaning at least twelve hours every day through all
the streets. by means of pipes placed at the respective summits, producing an eflect similar
to what we may observe to be Jone by a maderate shower of rain of the same duration:
calculating, therefore. the area of the aty. the quantity of water usually descending in the
time above mentioned. and making due ailowance for such parts of the general surface as
are pervious to water. we shall obtain a result that perhaps. on the whole, will e ax near
the truth ascan be done by any other mode, and suthicient to answer every purpose requined.
I nind that the area of the city bounded by the East and North rvers and the intersection
of them by Grand Street is upwards of ;30 acres: and making an allowance of 330 for
public squares, gardens, and other unpaved surfaces, we have a remairder of 400 acresy
which being impenetrable to the rain. all that falls on that surface must be dischanged by
means of the channels of the different streets into the adjacent rivers. I have made various
inquiries, but have not as yet received any correct information of the quantity of water pro-
duced by a moderate shower of twelve hours’ continnance. I am. therefore, under the
necessity of assuming. as a fact, what may hercafter be proved to be erroncous: though 1 have
reason to believe that my calculations will not be found to be overrated.  Fixing, there-
fore, the depth. as shown by the rain-gauge, at one fourth of an inch. we shall ind the total
amount to be 363.000 cubic feet, or 2.221.560 ale gallons; and adding to this ;78,440
gallons, as an adequate supply for domestic consumption, we shall have 3,000,000 of gallons
to be introduced into the reservoir every twenty-four hours.”

Having arrived at the quantity of water to be delivered daily, Mr. Weston considered
next whence it was to be obtained. Only two of the various sources of supply that had been
suggested seemed to him worthy of attention, viz., the Colleet and the Bronx River,
Public opinion favored the former on account of the superior coolness of its water and its
proximity to the city, but Mr. Weston considered the water that might be obtained from
this source as insufficient in quantity, its quality doubtful and sure to deteriorate in the
future. The plan of supplying a city with water from a pond in its centre scemed to him
very objectionable.

As regards the Bronx River, Mr. Weston felt confident that it could be depended upon,
even in the driest seasons, to furnish an ample quantity of pure water by gravity alone.  The
plan recommended for obtaining this supply was as follows:

ist. To convert the two Ryc Ponds (sec Plate 30), the principal sources of the Bronx
River, into a storage reservoir, having an area of about 600 acres and a storage capacity of
- about 960,000,000 gallons, by dams which would raise the surface of the ponds six feet,
Some of this water would be required for the city's supply during dry scasons, and the balance
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could be allowed to flow to the mills, reducing thus the damages to be paid for the water
rights.

2d. To construct a dam across the Bronx River a short distance above Mr. Lorillard’s
snuff-mill, diverting thus a portion of the water flowing in the Bronx. It was to be con-
veyed to the Harlem River in an open canal having a grade of six inches per mile and a
cross-section of about 10 square fcet. This canal was estimated to deliver about six cubic
feet of water per second into a small reservoir to be constructed at the Harlem River. From
here the.water was to be conveyed through an inverted siphon, formed of cast-iron pipes,
two feet in diameter, to a reservoir on Manhattan Island. Eight feet head was to be allowed
to force the water through this siphon.

3d. The water was to be filtered in the last-mentioned reservoir and then to be conducted,
part of the distance in open canal and part in cast-iron pipes, to a distributing reservoir near
the city. The total length of the conduit from the dam across the Bronx to the distribut-
ing reservoir was to be about 14 miles.

As no accurate surveys had been made for the proposed works, no estimate of the
probable cost was presented in the report. ‘

The Common Council adopted Mr. Weston's plans and appointed a committee to inves-
tigate the subject more fully. It also had two bills prepared and submitted to the Legisla-
ture: one granting the city of New York the necessary powers for constructing water-
works; and the other establishing regulations for improving the sanitary condition of the
city. A strong opposition to the former bill arose at once, partly from prominent citizens
such as Alexander Hamilton and Gulian Verplank, who thought the city ought not to
engage in any enterprise the revenue of which was uncertain, partly from Aaron Burr and
other influential gentlemen, who wished to profit by the situation by advancing a scheme of
their own. ‘

On February 25, 1799, the Mayor, Richard Varick, informed the Common Council that
Aaron Burr, a member of the Assembly, John Murray, President of the Chamber of Com-
merce, Gulian Verplank, President of the New York Office of Discount and Deposit of the
Bank of the United States, Peter H. Wendover, President of the Mechanics Society, Major-
General Alexander Hamilton, and John Broome, had called on him, according to an appoint-
ment made by Mr. Burr, and had stated to him, in the presence of the Recorder, that great
difficulties had arisen in the minds of members of the Legislature, regarding the powers

-requested to be vested in the Common Council by the proposed bill for supplying the city

with water, and also by the bill investing this Board with adequate powers in rclation to
certain important sanitary matters, and that it was doubtful whether thosc bills would pass
in the proposed form. Under thesc circumstances Mr. Burr and the gentlemen accom-
panying him suggested the propriety of the Common Council requesting the Legislature, in
case the above-mentioned bills were not decmed proper in form, to make such provisions on
the several subjects thereof as should appear desirable.

The conversation reported by the Mayor having been of an informal nature, the Common
Council passed resolutions requesting Mr. Burr, General Hamilton, and their associates to
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submit a written statement of the difficulties which had arisen in the Legislature with
reference to the two bills in question and of such propositions as they wished to submit
in this connection. Inresponse to this request General Hamilton sent the Common Council,
on February 26th, a lengthy written communication on the subject of the two bills, in which
he recommended, on account of the uncertain profits which might result from introducing
water in the city, that a private corporation be chartered for the purpose, the city being
granted the privilege of subscribing for one third of the capital stock of said company.

The cffect of the opposition of the prominent citizens, mentioned above, to the city's
constructing water-works was that the Common Council passed on February 28th a resolution
requesting the Legislature to make such laws as might be dcemed proper for accomplishing
the introduction of an ample water-supply and the improvement of the sanitary condition of
the city. This removed the chief obstacle in the way of Aaron Burr’s scheme, which was to
obtain a charter for a new bank. At that time there were only two institutions of this char-
acter in the city, viz., the Bank of New York, and a branch of the United States Bank.
Both were under the control of the Federalists, and it was charged that they were influenced
in making discounts, to a considetable degree by politics. Burr determined to found a bank
for the Republican (i.e. Democratic) party. The great prejudice against banks existing then,
and the opposition of the Federalists in the Legislature, made it, however, almost impossible
to obtain a charter for a new bank. Aaron Burr succeeded nevertheless, by using his
influence as a member of the Assembly, in obtaining a perpetual charter for a bank, disguised
as a water company. He accomplished his purpose by an adroit use of the pressing need of
a better water-supply for the city of New York, which had been brought into prominence by
the ravages of the yellow fever.

On April 2, 1799, the Legislature passed ‘“ An Act for supplying the city of New York
with pure and wholesome water,” whereby Daniel Ludlow, John B. Church, Aaron Burr,
and several other citizens were incorporated as the Manhattan Company (known now as the
Manhattan Bank). The capital stock of the company was not to exceed two million dollars
divided into shares of fifty dollars each. The city of New York was permitted to subscribe
for two thousand shares of the capital stock and availed itself of this privilege. The water
was to be introduced into the city within ten years of the passage of the Act. The water-
rates were to be agreed upon between the Manhattan Company and the water-consumers.

The eighth clause of the charter, which attracted but little attention at the time, was
really the most important one. It reads as follows:

““And be it further enacted that it shall and may be lawful for the said company to
employ all such surplus capital as may belong or accrue to the said company in the purchase of
public or other stock, or in any other moneyed transactions or operations not inconsistent
with the constitution and laws of this State or of the United States, for the sole benefit of
the said company.” '

Availing itself of the powers conveyed by the above clause, the Manhattan Company
formed a powerful bank, the real object of the incorporators. Only enough was done in
introducing water to maintain the charter.
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That the Legislature expected the Manhattan Company to obtain an ample water-
supply from the Bronx River or some other strcam is evident from the wording of the
charter, which granted said company the right ‘“to ercct any dams or other works across or
upon any stream or streams of water, river or rivers, or any other place or places, where they
shall judge proper for the purpose of raising such stream or streams, or turning the course
thereof, or of making use of such streams, rivers, or places for constructing or working of any
necessary engines, and to construct, dig, or cause to be opened any canals or trenches what-
soever for conducting of such stream or streams or any other quantity of water from any
source or sources that they may see fit.”

Instead of obtaining an ample supply from the Bronx or some other stream, the Man-
hattan Company sunk a large well, twenty-five feet in diameter, at the corner of the present
Reade and Centre streets,* in a thickly populated part of the city, and pumped water into a

Fi1G. 3.—CHAMBERS STREET RESERVOIR.

reservoir on Chambers Street (see Plate 4 and Fig. 3). From here the water was dis-
tributed through hollow logs.

Figs. 4, 5, and 6, taken from an old work on hydraulics, show the manner in which the
wooden pipes were usually joined.

Among the valuable grants obtained by the company was the ground on which stood
the reservoir constructed by Christopher Colles in 1774. How little was done towards

F16. 4. Fic. s. Fie. 6.
WooDEN PiIPEs.

furnishing an ample water-supply is shown by a circular signed by John Lozier, Esq., in
1823, from which it appears that up to that time the Manhattan Company had only laid
twenty-three miles of water-pipes, mostly of wood. Its works consisted of the large well
mentioned above, from which two steam-engines, of eightecn horse-power cach, pumped
691,200 gallons per day into the Chambers Street rescrvoir, which had a capacity of about
550,000 gallons. The pumps were operated only sixtcen hours each day.

* To maintain its charter the Manhattan Company is still pumping water from this well into a stone
reservoir about fifty feet in diameter, located at the northwest corner of Reade and Centre streets.
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For more than thirty years the citizens of New York submitted patiently to the unsatis-
factory water-supply furnished by the Manhattan Company. Some more projects were pro-
posed and considered, and the Common Council took some steps in 1807 to get the Manhat-
tan Company to cede its works and privileges for supplying water to the city, and appointed
in 1816 a committee ‘to consider and report upon the propriety of making an application
to the Legislature at their present session, to invest the Mayor, Aldermen, and Commonalty
of the city with all necessary powers and authority to supply the city with water'’; but all
these efforts led to no practical results.

In August of 1819 Robert Macomb presented to the Common Council a memorial in
which he made a proposal for furnishing the city with water from the Bronx River, and
asked that a committee be appointed to confer with him on this subject. This request was
granted, and after a proper investigation Mr. Macomb and his associates were given the
privilege, under certain restrictions, of bringing water from the Bronx River to a reservoir on
Manhattan Island, and to lay the necessary pipes in the streets and roads of the city for dis-
tributing the same. Mr. Macomb’s plan contemplated taking water from the Bronx River
at its junction with Mill Brook, conducting it through this brook and then through a deep cut
to the valley of the Morrisania Creek, and down this creek to the Harlem River at Macomb’s
Dam,* where the water was to be pumped to a reservoir on Manhattan Island. For reasons
which do not appear in the records this project was never carried out.

In December 1821 the question of water-supply was again considered by the Common
Council, and a committee, having the Mayor, Stephen Allen, as chairman, was appointed to
inquire into the best mecans of obtaining water for the city, with authority to spend $200 in
procuring plans and estimates. After making a general examination of the Bronx River and
the surrounding country, the committee reported on April 1, 1822, the results of its observa-
tions, and recommended that $500 be appropriated for a survey and estimates of cost for a
water-supply from the Bronx River to be made by a competent engineer. This suggestion
was approved by the Common Council, and Mr. Canvass White t+ was selected as the engineer
for the above purposes. Before he had completed his investigations, some new water
schemes turned public attention from the Bronx River project and produced new delays.

- It was proposed, namely, to construct from the Housatonic River to the City of New
York, a canal which should serve for navigation and also for supplying the city with water.
An Act of Incorporation was obtained by some citizens of Connecticut for this enterprise,
but the project was soon superseded by another scheme consisting in the construction of a
similar canal from the Oblong River at Sharon, in the State of Connecticut, to New York.
This canal was to be fifty miles long and was to reach the Harlem River at an elevation of
ninety-seven feet above high water. The citizens of Dutchess, Putnam, and Westchester
counties, in the State of New York, and those of the western part of Connecticut were

* Macomb's Dam was constructed across the Harlem River near Eighth Avenue, in accordance with an
Act of the Legislature of 1813. The action of the tides was utilized by means of this dam to drive water-
wheels. An openingin the dam was to be maintained for navigation, but this matter was neglected and the
dam was finally removed.

t For biographical sketch see page 23s.
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greatly interested in this project. The plan was submitted to the Corporation of New York
by General Ward, of Westchester County, on March 10, 1823, and was approved by the
Common Council, which sent a memorial to the Legislature, asking that the projectors be
given a charter. This was granted; but, owing to an expensive lawsuit, to the difficulty in
raising the necessary means, and to mismanagement, this project, like so many preceding
ones, was abandoned.

In January 1824 Mr. Canvass White presented to the Mayor and Common Council a
written report of his investigations of the feasibility of obtaining a water-supply for the city
from the Bronx River. He stated that he was fully convinced that a minimum daily supply
of 3,000,000 gallons could be obtained directly from the Bronx, and that this quantity could
be increased to 6,600,000 gallons if storage reservoirs were constructed. For this purpose
he recommended that a dam be built across the outlet of the two Rye Ponds, converting
them into a large reservoir.

Assuming a daily supply of 27 gallons per capita as ample for all purposes, including
manufactures and strect-sprinkling (as shown by experience in Philadelphia), Mr. White
concluded that the city could be fully supplied with water from the Bronx River for many
years. When this source should become insufficient, an additional supply could be obtained
by conducting part of the water of the Byram- River through a canal and tunnel to the Rye
Ponds, or by leading some of the water of the Sawmill River through an open cut, having a
maximum depth of eight feet, to the Bronx. Mr. White tried to find some means of con-
necting the Croton with the Sawmill River, but in this he was unsuccessful, and concluded
that the only way of using the Croton River for the water-supply of New York was by
building an aqueduct along the Hudson River.

Four plans for obtaining a supply from the Bronx were presented in the report. For
the first two a dam was to be built across the Bronx River near Williamsbridge, and part of
the water flowing in this stream was to be conveyed by an open canal to a small reservoir,
to be constructed near the Harlem River, at Macomb’s Dam. - Here the water was to be
pumped, by utilizing the action of the tides, to a receiving reservoir on Manhattan Island,
whence it was to be conducted through a line of 30-inch cast-iron- pipes to a distributing
reservoir near the city. Between the receiving and distributing reservoir on Manhattan
Island two others were to be constructed to insure a greater amount of head on the
pipe-line.

The difference between Plans No. 1 and No. 2 was principally in the location of the
canal to the Harlem River and in the hei'ght to which the water had to be pumped.

Plans No. 3 and No. 4 were for a gravity supply, the water being taken from the Bronx
at the Pond of the Westchester Cotton Factory (see Plate 30), which by means of a dam
was to be raised six feet, to an elevation of 62 feet above the park at the City Hall.

One of the requircments given to Mr. White was to deliver the water at this park with
a head of 30 feet. There were, therefore, 32 feet of ‘“available head” for Plans No. 3 and
No. 4. In the former, the water was to be conveyed to the Harlem River in a brick conduit
having a diameter of about five fect; in the latter, in an open canal. The distance from the
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‘“intake " at the pond to the Harlem River was about twelve miles on the locasions adopted
for Plans Nos. 3 and 4. One foot grade per mile was allowed both for the brick conduit and
for the open canal. The water was to be conveyed across the Harlem River and to a
distributing reservoir near the city substantially as in Plans Nos. 1 and 2. A line of iron
pipe was to connect the distributing reservoir with the reservoir of the Manhattan Company
in Chambers Street.

The estimates presented for the cost of constructing the proposed works were:

Plan No. I...ovviviiii i ciniiinennn, $953,011 95
L 2 921,711 00
et einenensatsetenannanans 1,049,542 65
L ereee e 987,535 95

Mr. White recommended decidedly that one of the plans for a gravity supply be
adopted. Another civil engineer, Mr. Benjamin Wright, who was consulted by the Mayor
and Common Council with reference to the supply from the Bronx. presented at the same-
time a report agreeing with the views of Mr. White.

The New York Water-works Company was incorporated in 1825 to carry out Mr.
White’s plan, this gentleman being appointed its chief engineer. It appeared, however,
very soon that the charter of the company was very defective and conflicted with those of
the Sharon Canal Company and of the Manhattan Company. The Water-works Company
was therefere finally dissolved in 1827.

As all the attempts to bring water from distant sources had thus far failed, the Common
Council looked once more nearer home for a supply, and appointed in March 1826 a com-
mittee to inquire whether ‘‘ water of the best quality, and in qudntity sufficient to supply
the wants of the city, could not be obtained from wells sunk, or to be sunk, on Harlem
Heights.”” A fourth water company, called the New York Well Company, was incorporated
by the legislature in 1827 to procure water on the high ground of Manhattan Island; but
the company soon became satisfied by borings that water could not be obtained in this
manner in sufficient quantity, and abandoned the undertaking.

About this time Levi Disbrow had been very successful in sinking artesian wells, for
which work he had invented and patented improved tools. One boring, made by him for
the Manhattan Company at the corner of Broadway and Blececker Street (eight inches in
diameter and 442 feet deep, lined with pipes from the top to the bottom in order to exclude
impure water near the surface), is said to have yielded 120,000 gallons per 24 hours, but in
some other cases the results were not so satisfactory.

Mr. Disbrow offered to supply the city with water from artesian wells, located in the
different wards; but although the Corporation had some wells bored in the public markets
and in Jacob Street, in the Swamp,—where at a depth of 128 feet a mineral water unfit for
domestic use, but supposed at the time to posscss good medicinal qualities, was obtained,—
the proposal was rejected as unpractical, it being estimated that about two hundred artesian
wells would be required for the city's supply, which would have to be obtained entirely by
the expensive operation of pumping.

While all these schemes were being discussed the scarcity of water was making itself
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felt, not only as an inconvenience, but as a serious danger in cases of fire. During the year
1828 about $600,000 worth of property was destroyed by fire. Salt water was used, where
obtainable, to extinguish the flames, but was found to injure the goods and the fire-engines.

In March, 1829, Alderman Samuel Stevens (afterwards Chairman of the Water Com-
missioners) presented to the Common Council a strong report from the Committee on Fire
and Water, urging that the city build a reservoir for fire purposes on the high ground at
Broadway and Thirteenth Street, sink a well for filling the same, and lay two lines of 12-inch
iron pipe, one down the Bowery to Chatham Square, and the other through Broadway and
Canal Street. It appears from this report that as the Manhattan Company found it unprof-
itable to lay pipes in the upper part of the city, owing to the fact that the inhabitants therc
preferred the water from their comparatively pure wells to the supply furnished by that
company from its down-town wells, but few water-pipes had been laid up-town. The Cor-
poration had built forty public cisterns (each containing about 100 hogsheads and costing, on
an average, $600) for supplying water in cases of fire. It was estimated that a wooden reser-
voir, containing 2000 hogsheads, could be constructed at a cost of about $1500.

The Common Council approved and carried out, though somewhat reluctantly, the plans
suggested in this rcport. A reservoir was constructed at Thirteenth Street and Broadway (see
Figs. 7 and 8) and filled from a well, by means of a steam-cngine.
This was the beginning of the public water-works of the city of
New York.

The well from which the water was pumped had an inner
diameter of 16 feet and a depth of 112 feet, 98 feet of which was
excavated through solid rock. The elevation of the bottom
—== T of the well was 62 feet below high tide. Within 12 feet
of the bottom of the well a gallery, six feet high, four feet wide,
and seventy-five feet long, was driven on the east side. A similar gallery, having a branch
25 feet long, was excavated on the west side, the object of these galleries being to obtain
more water and to furnish additional storage
capacity in the well. The water rose ordi-
narily within 12 feet of the surface of the
ground, the well and its galleries containing
175,150 gallons. The daily yield of the well
amounted to 21,000 gallons. It is stated that
the water in the well was originally soft, but
became hard and unfit for domestic use when

N

the horizontal galleries were excavated.

The water was pumped by a 12-H.P.
steam-engine into a cast-iron tank, enclosed by
an octagonal stone building having a height of
27 feet above the surface of the street. (See
Fig. 7.) The tank had a diamecter of 43 FiG. 8.—THIRTEENTH STREET RESERVOIR,

feet, a height of 20} feet, and a capacity of 233,169 gallons. The bottom of thc tank was
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at an elevation of 834 feet above tide. The water was conducted from the tank to the
mains by curved pipes, 20 inches in diameter. The cost of the reservoir and well, including
the steam-engine and the buildings, was $42,233. The operating and maintaining of the
works cost about $3,165 per annum.

By the end of 1832 a line of 12-inch mains, having branches 10” and 6 diameter at
various points, had been laid from the reservoir through 13th street, Third Avenue, Bowery,
Chatham, Pearl, and William streets, and most of the pipes were delivered for a line of mains
down Broadway.

The extent to which the city had carried on the pipe-laying up to January 1, 1833, was

as follows:
CAST-IRON PIPES LAID AND DELIVERED UP TO JANUARY 1, 1.833.

. . Lineal Feet of Pipes
Size of Pipes. Laid. Delivered.

12-inCh . Lot ot e e et e aas 20,194 9,464

) Lo 0T 11 o 10,232 2,201

LT s T o ceens 4,220 775

1) 2 1 34,646 12,440

The pipes were cast in lengths of nine feet and had hubs 6 inches deep.

The cost of laying the pipes was as follows:

———Diameter of Pipes.————
6 in. 10in. 12 in.

Cost per lineal foot ................... $1.00 $1.70 $2.15

Early in 1830 a motion was made in the Common Council to request the Legislature to
grant the city the necessary authority for constructing water-works and for raising $2,000,000
for defraying the cost of the same. This motion was lost, but had the effect of drawing
public attention again to the important question of water-supply, and was thus the cause for
new proposals for this object being presented to the Board. Among these we find a
memorial from Mr. Francis B. Phelps, dated May 17, 1830, in which he suggests four
sources of supply and gives estimates of the cost of conducting the water to the city, viz.:

1st. From Rye Ponds by means of a 28-inch iron pipe for the whole distance,—cost
$2,600,000. .

2d. From the Croton River (which seems here to have been proposcd for the first time
as the source of supply) by an open canal,—cost $1,834,000; or by iron pipes at a cost of
$3,060,000. : :

3d. From the Passaic River, taking the water from above the falls at Paterson, and
conducting it in iron pipes across the Hudson River,—cost $1,932,000.

4th. A preferred plan, which is not explained but secms to have involved wells on
Manhattan Island,—cost ‘$792,000.

None of these estimates were based upon actual surveys

In August 1830 Mr. John L. Sullivan, a well-known civil engineer, advocated, in a
pamphlet addressed to the inhabitants of New York and presented to the Mayor, a plan for
a water-supply from the Passaic River in New Jersey. Mr. Sullivan drew attention to the
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great improvement in the healthfulness of the city of Philadelphia since an ample water-
supply, amounting to two million gallons per day, had been introduced from the Schuylkill
River. He stated that while, prior to this event, five thousand lives had been lost in 1793
in that city by the yellow fever, which raged from July to November, causing almost a total
suspension of business, no difficulty had been experienced in keeping this epidemic within
narrow bounds since an ample supply of water had been introduced.

New York, on the contrary, had suffered severely within a few years of 1830 from this
dread disease, the money loss resulting in one summer from the stagnation in business on
account of the yellow fever being probably greater than the amount required for constructing
water-works for the city.

Mr. Sullivan dwelt, also, upon the possibility of New York being surpassed by its rival
city, Philadelphia, which was making rapid strides in securing the trade of the middle and
western states.

To accomplish the two objects of introducing an abundant supply of pure water, at a
moderate cost, into New York and of furnishing this city also with a valuable means of com-
munication, by which a large share of the western business might be secured, Mr. Sullivan
proposed to construct a large ship canal from the falls of the Passaic River at Paterson to
the Powles Hook Ferries at Hoboken. This canal was to cross the Hackensack River by
means of an ‘‘aqueduct draw-bridge,’’ of 60 feet span, a novelty in engineering, and to be
brought through Bergen Hill by a tunnel a mile long. At Hoboken the canal was to
terminate in one or two reservoirs, having their surface about 30 feet above tide-water.

Mr. Sullivan left it an open question whether all this water was to be conveyed to
Manhattan Island, or whether part of it was to be used, to pump the balance of the water by
means of turbine wheels, to a high reservoir at Weehawken, whence the water would flow to
another basin on the New York side.

In either case the crossing of the Hudson River was to be effected in the same manner.
The water was to be conveyed across the river by two lines of iron pipes, cast in lengths of
ten feet, which were to be placed, at the bed of the river, on a pile foundation. Bents,
each of two piles, were to be placed at regular intervals, the piles being sawed off by men
working in a diving-bell, and capped with timbers which had been cut out to fit the round-
ness of the pipes. Four pipes were to be joined together on the deck of a twin boat and
then lowered to their foundation, where they were to be moved to the proper position by
men in a diving-bell. To enable these men to lead the joints, Mr. Sullivan invented a
device which he had called a ¢¢ coﬁ're," and described as follows:

““ The coffre is made in two halves, open at the top, divided lengthwise in the direction
of the line of pipes. Its two opposite sides when brought together enclose the joint of the
pipe in the coffre. The scallops of its ends form two circular holes which fit the pipe and
their edges, and the joinings are made water-tight by leathers or other means, when the two
halves are drawn together by their screw-bolt fastenings.

¢« The coffre is deep enough to reach sufficiently above the surface of the water in the
diving-bell to be pumped out by hand-pumps, or by one above on deck, having a long
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flexible tube from the pump to the coffre; which when thus emptied permits the men in the
bell to reach the joint dry, and apply and hammer in the lead, and even with some
precautions to cast it in.

* Thus may the pipes be laid secure and tight; and the same method permits of their
being examined at any time should occasion arise.”’ '

From Paterson, where the canal was to terminate in a large basin, navigation was to be
continued up the Passaic River and its branches. A connection was to be made with the
Morris Canal and also with.the Hudson and Declaware Canal. A railroad was to be con-
structed through Warren County, N. J., to Belvidere or to the Water Gap to meet the.
termination of the railroad chartered by Pennsylvania. By means of these connections a.
valuable communication with the greater part of Pennsylvania and with the West was to
be obtained. The owners of the Passaic Falls were intcrested with Mr. Sullivan in this
-project, and no legal difficulties appear to have been apprehended about diverting water
from one State for use in another. We have described this project fully (although it was
never carried out), as it involved many interesting features which were not proposed by some
enthusiastic schemer, but by an engineer of high standing in his profession.

In September 1830 the Common Council received proposals for supplying the city with

water from Mr. Benjamin Wright. About the same time a paper, in which the inadequacy A

and impurity of the supply furnished by the Manhattan Company was pointed out, was pre-
sented to the Common Council.

As the result of this renewed agitation of the question of the water-supply, we find
Alderman Samuel Stevens, whose forcible report in 1829 had led to the construction of the
reservoir at Thirteenth Street, proposing the following resolution to the Board:

‘“ Resolved, That the counsel of the Board prepare a memorial to the Legislature,
setting forth the wants of the city in relation to a full and ample supply of water, as neces-
sary for the safety of the city against fire, and to be of a pure and wholeSome quality, as
necessary for the preservation of the health and lives of our fellow citizens, and further
setting forth that the Manhattan Company, although chartered in the year 1799, for the
express and apparently sole purpose of furnishing the city with these inestimable blessings,
have not, in the opinion of-the Common Council, complied with the conditions of their
charter, and stating that, under the circumstances, it has become necessary for the Corpora-
tion to do that which the Manhattan Company has failed to perform, and that the Common
Council, finding that there exist powers in the acts relating to this company authorizing them
to take by process of law all streams of water, and to divert watercourses from their natural
channels, and also in like manner to possess themselves of other property, which, however,
the Manhattan Company have wholly failed to use, therefore asking a repeal of the said
powers now vested in said company, and the vesting exclusively all such powers for the
purpose aforesaid in the Corporation of the City of New York, and further enabling the
Corporation to raise by loans a sum not exceeding $2,000,000, for introducing an ample
supply of pure and wholesome water.”

This'resolution was debated at the meeting of the Common Council held on February
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28, 1831, but was lost, although the Board had received a petition signed by many
brewers, complaining of the impurity of the Manhattan Company’s water, and also a lengthy
report from the Lyceum of Natural History in New York, in which it was clearly shown that
a sufficient supply of water could not be found on Manhattan Island, and that the well-water
which was then being used had become much polluted by organic matter.

The necessity of securing a proper water-supply for the city had become too pressing to
be ignored much longer. Mr. Samuel Stevens, on behalf of the Committee on Fire and
Water, in December 1831 presented to the Common Council a report in which all the sug-
gestions for a water-supply received thus far were reviewed, and the conclusion finally

_reached that the source which united the most advantages was the Bronx River, which

according to the gauging of engineer Canvass White could furnish, after the Rye Ponds had
been dammed, 6,600,000 gallons per twenty-four hours.

The committee discussed in their report three ways of conveying the water to the city;
viz., b;r an open canal, by an arched brick conduit, and by iron pipes. The first plan was
not considered to protect the water sufficiently from contamination; the last plan was
thought to be too expensive; so that a brick conduit was recommended as the best construc-
tion for the water-channel. It was estimated that in this manner an ample supply of water
could be delivered, at a cost of $400,000, at the Harlem River, where the action of the tides
was to be utilized to pump the water to a reservoir on Manhattan Island, located 120 feet above
high tide. From here the water was to be conducted to the city by three lines of 12-inch
iron pipes. The whole cost of the works, including the necessary land, was estimated by
the committee, assisted by engineers Canvass White and Benjamin Wright, at $2,000,000.

The committee showed that the revenue which might be easily derived from the water-
works would more than pay the interest on the money invested. As the membership of the
Common Council was changing every year, the committee advised that the .construction of
the water-works be intrusted to a Board of Water Commissioners, wiio should be paid for
their services. In conclusion the committee presented the draft of a bill for the Legislature,
embodying the views they had expressed. :

While the above report favored decidedly a supply fiom the Bronx River, we find
appended to it a letter from Mr. Cyrus Swan, President of the New York and Sharon Canal

"Company, addressed to the Corporation, in which it was asserted that ‘‘a supply which

shall be adequate to the present and future wants of the city” could only be obtained from
the Croton River.

The Common Council approvea the report and sent the proposed bill to the Legislature,
but it failed to become a law, principally because the latter body was not willing to
authorize the expenditure of what then seemed a very large amount of money until the prac-
ticability and probable cost of the project had been fully demonstrated. The proposed
method of pumping by the action of the tides was considered especially objectionable, as
being somewhat of an experiment.

Although the Common Council had again been unsuccessful in its efforts to secure a
sufficient water-supply for the city, the investigations for this object were not allowed to
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stop. The frightfnl ravages of the choiera fram which the inhabitants suffered during the
summer of 1832 gave new interest to the subject. By order of the Common Coundl the
reports of Dr. Browne and engineer Weston. in which the insufficiency and dangencus
character of the water-suppiy derived on Manhattan Island were pointed out as early as 170%,
were reprinted and distributed among the peopie.  The Baard speat one thousand dollars
more in testing again the possibility of securing an abundant water-supply on Manhattan
Island. but without satisfactory resulis

On November 10. 1832, the Joint Committee of the Common Council on Fire and
Water engaged Col. DelVitt Clinton to examine the various sources and routes of water-
supply which had thus far been suggested.  Soon afterwands, on December 22d. Col. Clinton
made a very complete report on this subject. laying stress on the point that in obtaining a
water-supply for the city not only the immediate wants of the community were to be con-
sidered. but that reasonable provision should also be made for the future. Col. Clinton
seems to have had a truer conception of the probable growth of the city of New York than
most persons at that time. as will be seen from the following extract from his report:

‘“It is evident that if our prospenity as a nation and a state should continue uninter-
rupted. and our country augmenting in wealth and population, in the same ratio as during
the last fifty years, sixty vears will not elapse from this period before this island will be
inhabited by one million souls. This remark will not appear exaggerated when we reflect
that in 169; this city contained but 4302 persons: that Philadelphia in 1300 excecded it
fifteen thousand: and at this time its population is more than 220,000: that the value of
all kinds of property on the island has increased within the last year over twenty millions of
dollars; and that it is now assessed at one hundred and forty-five millions of dollars; and
that it is only since 1800 that New York has been ranked the first commervial emporium of
the country.

‘- If this city has been so eminently prosperous in the last few years what greater aug-
mentation of her wealth and extent may not be reasonably anticipated from the cnterprise
of her merchants, the skill of her mariners. the ingenuity of her manufacturers, the industry,
patriotism, and economy of her citizens: and also from the facilities, cheapness, and dispatch
which the various avenues of intercommunication, natural and artificial, in the different
states have opened to her, and in the completion of new channcls of communication, many
of them in progress, and others in contemplation, tending to unite her more permancatly
and more advantageously with all parts of our improving and diversified country.

** With such evidence of an augmenting and multiplying wealth and population in the
increase of her ships, her manufactories, and the permanency and splendor of her public and
private dwellings; and with the most conclusive evidence from her geographical position,
and her proximity to the ocean, and the security of her harbor. that she must be to this
country what London is to England, it must not only be a matter of surprise and of pro-
found regret that she is destitute of a supply of good and wholesome water, and that theré
should exist any hesitation to grant her power to obtain an clement so cssentially connected
with the prosperity, health, and comfort of her citizens.”
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Col. Clinton accounted for the long delay in securing a satisfactory water-supply for
the city partly by the great difference of opinion among the citizens as to what source of
supply should be selected, and partly by the quiet but powerful opposition of the Manhattan
Company.

After reviewing briefly the efforts of the various companies which had been chartered
to supply the city with water, Col. Clinton considered fully the proposal of Mr. Levi Dis-
brow to sink artesian wells for this purpose, excluding the bad water near the surface by
tubing. The conclusions at which he arrived were: that this method of -securing a supply
would involve a very doubtful experiment both as regards the quantity and the quality
of the water to be obtained; that the first cost for wells, pumps, tanks, and buildings
would be very large, and the operation of the works expensive, as all of the water would
have to be pumped, In this connection Col. Clinton gave some interesting statistics of the
amount of pure water sold in New York at the time, owing-to the deterioration of the
water of the shallow wells in the thickly-populated wards of the city.” We quote from his
report :

¢ Many parts of the city are now supplied with water brought from the upper wards.
On the East and the North River, in some instances, it is pure, and in.others its goodness is
but little better than the present well-water. The tables of the wealthy are supplied from
this source, while our poorer classes have to resort to such wells or pumps as are in their
neighborhood. 1 thercfore consider it important to ascertain what the present supply is;
careful and minute inquiries were made, and the result was that there is now daily brought
to the city by drays or water-carts six hundred hogsheads, for which there is paid one dollar
and twenty-five cents (or about two cents per gallon) for each hogshead, or $750 per day,
or $273,750 per annum, for water from that source. There is also much inconvenience in
obtaining the above supply, which frequently leads to an increased expense, and difficulties
in procuring it. The sum paid for water is also annually increasing, owing to wells and
springs which are now pure losing their goodness.” It is also proper to remark that our city
as it augments in population, the source from which it is now supplied will also become
impregnated with foreign matter, which will render it necessary to resort to more distant
springs, which must very much incroase the expense of providing water.

¢ Many of our large hotels at this time pay from $200 to $450 annually for water, and
our smaller classes of boarding and private houses pay from fifteen to fifty dollars for the
same.

1 am informed that our shipping is now principally supplied with water procured on
Long Island at Brooklyn, and in a small quantity from the Jersey shore and from Staten
Island, and some of the steamboats and small coasting vessels from the Manhattan Works
and the pumps and springs on the island. Other coasting vessels and foreign packets and
ships provide themselves with a sufficient quantity abroad to serve them for the trip, and to
‘avoid the expense and detention of obtaining it in our harbor. The daily average supply,
as ascertained from careful inquiries, from Brooklyn for 313 days (no water is delivered on
Sunday) is equal to 375 hogsheads (or 23,625 gallons). On this there are two prices. The
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first is thirty-one cents per hogshead, when the water is delivered opposite the city; the
second is fifty cents, when it is carried to vessels lying at the Quarantine. It is stated that
two thirds of the quantity is delivered opposite to the harbor, and the balance, one third, is
taken to Quarantine. To the above quantity is to be added the supplies delivered at our
piers and wharves. This is supposed to be, from the best information I can obtain, equal
to forty hogsheads per day, and is probably below the true amount. The following table
will show the actual quantity and cost of the same for a year.”

TABLE.

Hogsheads ' Hogsheads Cost of Amount Paid Amouut Paid
delivered Gallons per Day. delivered Gallons per Year. Hogsheads. per Day. per Year.
per Day. per Year. ents. Dollars. Dollars.

250 15,750 78,250 4.929.750 3t $77 50 $24.257 50
125 7.749 39.125 2,464.875 50 62 so 19.562 50

40 2,520 12,520 788,760 50 20 00 6.260 oo
415 26,019 129,895 8,183,385 $160 oo $50,080 00

Having rejected artesian wells on Manhattan Island as a source of supply, Col. Clinton
considered next, at great length, all the various streams which had been suggested for that
purpose. He thought it unadvisable to obtain the supply from the Passaic River or from
any other stream in New Jersey, owing to the difficulty of effecting and maintaining the
crossing of the Hudson River, the doubtful purity of the source, and the objection to taking
water from another state. The choice was therefore limited, in his opinion, to the streams
of Westchester County. The engineers who had preceded him in investigating this subject
had recommended the Bronx River as the best source of supply. As the consumption
increased, an additional quantity of water was to be obtained by constructing storage-reser-
voirs and feeders from the Byram and Sawmill rivers. From the gaugings that had been
made Col. Clinton concluded that no water could be diverted from the Sawmill River in dry
seasons, and that the minimum supply which might be obtained from the Bronx and Byram
rivers would not exceed 12,000,000 gallons per day. This would probably be sufficient for
the next 25 to 28 years, but ultimately the city would have to resort to the Croton River.

Surveys had been made to connect this stream with the Bronx system by means of a
canal, but had been unsuccessful. As the future water-supply would have to be derived
from the Croton, in which more water was flowing, even in the driest season, than what
could be obtained from the Bronx with the proposed reservoirs and feeders, Col. Clinton
reached the conclusion that it was advisable to lead the Croton water at once directly to the
city.

This being the first time that a competent engineer recommended the Croton River as
the proper source of the water-supply of New York, and outlined the plans of an aqueduct
from the Croton Valley to the city, it may be of interest to quote his own words:

“In the Croton River, at Pine’s Bridge, there is never less than 20,000,000 gallons of
water passing in: every twenty-four hours. The river at this point is therefore capable of
supplying one million of people, allowing a consumption of twenty gallons to each person.
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- This supply can be augmented by constructing reservoirs; and we have seen by Mr,
Dewey’s statement that one reservoir could be constructed which would supply more than
seven millions of gallons per day within a few miles of Pine’s Bridge. But if it were neces-
sary, more than seven thousand acres could be ponded, and the water raised from six to six-
teen feet on it; and also other supplies could be obtained, as I have before stated in alluding
to the Sharon Canal route and the east branch of the Croton River. This supply may
therefore be considered as inexhaustible, as it is not at all probable that the city will ever
require more than it can provide. The character of the waters at Pine's Bridge, I have no
hesitation in saying, is equal to the Bronx at Underhill's Bridge.

¢ The elevation at Pine's Bridge, by Mr. Cartwright’s measurement, is 183 feet above
tide. I would propose at this point to sink the bottom of the works below the bed of the
stream, to avoid the risk of a dam, and more fully to command the whole volume of water
if necessary. Sluices with gates should be provided, and also other contrivances to prevent
any impurities from the stream passing into the works.

““ From Pine’s Bridge the route would follow the elevated and broken banks of the
Croton until it intersected the bank of the Hudson River. It would continue on the
rugged slope of the lands in the vicinity of that stream to Tarrytown, about eleven miles
from the point of commencement. In this distance it would be necessary to cross the
valley of Sleepy Hollow and several.considerable ravines. and gulfs formed by springs and
brooks. The route would have to be conducted meanderingly round them; or they may be
crossed in a straight line by embankments, .pipes, or aqueducts. From Tarrytown the
ground may be considered favorable, although principally a steep side-hill to the mouth of
the Sawmill River, a total distance of twenty miles. From the Sawmill River the route
could either follow the northern bank of the stream to Danger’s Mill, a distance of one and

- a quarter miles, and continue on, or in the vicinity of the route surveyed to Macomb’s Dam
by Mr. White, a distance of nine miles, and there cross the Harlem River: or it would cross
near the mouth of the Sawmill River and follow the bank of the Hudson to the Harlem
River, and cross that stream a short distance above its mouth, and reach on the opposite
side very rocky, narrow, and elevated ground lying directly on the banks of the Hudson
River. This ridge is broken in a short distance in its continuation south by a ravine or
hollow which crosses the road to King's Bridge, near Crawford’s Tavern. The line would
be forced to pass over it to reach the elevated lands in the vicinity of Fort Washington;
and the first reservoir on the island would be constructed near Madame Jumel's. The
other reservoirs ought to be placed on the elevated ground on different parts of the
island. The distance from the Sawmill to the Harlem River is about six miles, and from
that stream to the reservoir is four miles, making the whole length of the route thirty miles
to Madame Jumel’s, and the one to Macomb’s Dam is thirty miles and a quarter.

‘I must say that the routes present great, but not insurmountable, impediments. In
some places the works may be very expensive, and in others very cheap; and I have seen
nothing in the character of the routes but what perseverance and skill can overcome. It
will, however, be necessary that a minute and careful survey should be made, to determine
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fully the difficulties of construction. The expense of the work will also, in a great degree,
depend on the plan of crossing the valleys, some of which are wide and deep. Many modes
ought to be examined; such as stone, wood, and iron arches, supporting pipes or elevated
and open aqueducts; low and high embankments supporting pipes, or the embankments
being sufficiently elevated to conduct the works over, without depressing them more than
the required fall; and also carrying the works circuitously around the valleys, and other -
matters connected with the construction of the works.

““ The elevation of the Croton at Pine’s Bridge being 183 feet, and the bottom of the
work being sunk six feet below the bed of the river, it leaves 177 feet; and if the line from
that point should descend uniformly one and a half feet in the mile, the Sawmill River, on
the first route, would be crossed at Danger’s Mill, at an elevation of 42} feet above that
stream. On the lower route it would require, at the mouth of the Sawmill River, a work
147 feet high; at the Harlem River, on cither of the routes an aqueduct 138 feet high and
1000 fecet long; and over the low ravine at Crawford’s Tavern, a work 115 feet in height.
It is apparent that these elevations could be reduced by resorting to pipes sustained on low
arches, instead of the open aqueduct. This plan would, however, much depress the heights
of the reservoirs on the island, on account of the friction of the pipes. It is true a higher
starting-point on the Croton could be obtained, which would, perhaps, obviate all fears on
that subject. But it remains to be seen if that would be the most economical plan. These
facts cannot be settled, and the height that the water from the Croton can be delivered on
the island must remain in some doubt until after an actual survey. I have, however, strong
confidence in the practicability of delivering it at 138 feet abovc tide, and it would admit of
the bottom of the reservoir being 120 feet, provided it was 18 feet in depth.”’

The correctness of the conclusions of Col. Clinton just stated have been proved by
subsequent experience. The manner in which he proposed to convey the water to the city
was in an open canal having a deep cross-section and a grade of cighteen inches to the mile.
He thought that all contamination of the supply could be prevented by proper care, that
the depth of the canal would eliminate any trouble resulting from the formation of ice, and
that such an open®canal could be constructed much more economically than a covered
channel. He estimated the expense of introducing the Croton water into the city at
$850,000 and the total cost of the work, including the reservoirs and the distribution on
Manhattan Island, at $2,500,000. Considering all the advantages resulting from an
abundant supply of pure water, Col. Clinton calculated that it would be profitable for the
city to build the Croton works even if the cost of construction amounted to $11,000,000.
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