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CHAPTER ONE

In the summer of 1836 Stephen Allen was anxious to
finally get started. The Democrat, former Mayor of New York,
now Chairman of the city's Board of water Commissioners,
wanted construction to begin on the Croton Aqueduct. He
hoped that an army of Irish laborers would soon invade
Westchester County and set up shanties near the stately
manors along the Hudson River. Allen wanted to see ship-
ments of brick, stone, timber and cement plying the Hudson,
wvhile the Irish wielded picks and shovels along the aque-
duct's staked-out line. He wanted to see the Croton River
cut by a tall stone dam, hills pierced by deep excavations
or tunnels, and valleys, including the Headless Horseman's
Sleepy Hollow, spanned by a masonry conduit that would carry
much needed water to New York City. Unfortunately, Allen
was not only anxious; he was disappointed, frustrated and
angry that he had to wait still longer to see these things.
He felt he had waited too long already.

In 1833 the State Legislature created Allen's Board of
Water Cammissioners for the purpose of discovering the best
means of supplying New York with a copious supply of whole-
some water. The Camnissioners hired consulting civil engi-
neers, undertook feasibility studies, and twice reported
that in terms of both quantity and quality New Yorkers
should turn to the Croton River for their water. This

decision was a bold and controversial one, because the
1
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Croton was far-removed from Manhattan. It sprang from about
twenty lakes and ponds located some fifty miles north of the
island. Three of the Croton's branches, the West, Middle and
East, converged near Owen Town. From there the river ran
southwestward through Westchester County, finally flowing
into the Hudson at a point 25 miles from Manhattan‘'s north-
ernmost tip. Despite the Croton's remoteness, the Water
Camnissioners insisted upon drawing water from this river,
and they expressed confidence that the city could success-
fully construct a 40-mile-long aqueduct running from the
Croton to central Manhattan. (Plate I.)

Fram 1833 to mid-1835 the Croton Agqueduct was just an
idea, an image contemplated by the Water Commissioners and
their consultants. Then, after receiving the endorsement
of the city's voters and the Cammon Council, the Water
Cammissioners took the first step to make the Croton Agque-~
duct a reality. On June 2, 1835 they hired Major David Bates
Douglass as their Chief Engineer and instructed him to go
ahead with the work. Douglass, a former professor of
civil engineering at West Point, had served as the Commis-~
sioners' most influential consultant. He had studied the
feasibility of such an aqueduct in 1833 and 1834. With
surveying parties he had trod every foot of its proposed
route, and he had prepared tentative designs and cost esti-
mates for the aqueduct's structures. So in the summer of
1835, Stephen Allen and the other Commissioners, with Doug-

lass in cammand of the engineering corps, looked forward to



PLATE 1

Map -~ Croton River to Manhattan.



4
a prompt execution of the project. But late in the swmmer
of 1836, New York once again appeared to be a long way
from having an adequate supply of water. The Croton Aque-
duct was still an-abstraction, an idea only partially form-
ulated in the head of the Chief Engineer, who had proved
himself overly cautious or incompetent. Major Douglass
had not broken ground; he had let no contracts.

Stephen Allen was rightfully impatient and angry, not
only because Douglass had failed to break ground, but be-
cause prior to 1836 New Yorkers had suffered for over
half a century from an inadequate water supply. Since 1774
numerous engineers, dreamers, and opportunists had projecte@
a plethora of Manhattan water supply systems. Most of them
evaporated into nothingness, and even those few that were
constructed did little to remedy the problem. Stephen Allen
was a politician and a proud man. Characterized by his
friends as strong-willed and decisive, and_by others as
stubborn, hard-headed and opinionated, Allen the public
servant wanted the citizens of New York to beﬂefit from
a well-engineered water system, just as the citizens of
Philadelphia already benefited from their Fairmount Water
Works along the Schuylkill River. And Allen the politician
wanted credit as the chief administrator of such a fine
and important project. He did not want to became known as

the progenitor of yet another failure.

* * * * *
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wWhen it came to providing its inhabitants with water,
Manhattan Island was a geographic 1rony.1 Although en-
ticingly surrounded by three rivers -- the Hudson, the
East and the Harlem -- its rivers were brackish. Because
of the Atlantic's tides they contained a large amount of
salt water which made them unfit for most domestic purposes.
So fram the very start, Manhattan's Dutch and English set-
tlers drew water not fram their rivers, but from natural
springs, such as the one which supplied the "Tea Water
Pump Garden.," from ponds, such as a 50 acre pond called
the "Collect,” and from man-made wells or c:l.st:e.:'ns.2 In
the earliest years of settlement this simple and old tech-
nology of water-gathering sufficed, but by the mid-1700's
serious problems began to arise which led one visitor,
Peter Kalm, to assert in 1748 that, "There is no good water
in the town itself."3 Brackish water contaminated the wells
on Manhattan's perimeter, and the seepage from privies, cess
pools and graveyards, and the water washed down from fouled
streets polluted interior wells. Qn short, the city's
water supply deteriorated because a simple water-gathering
technology conflicted with an equally primitive and inade-
quate technology of public sanitatiog

Degpite the seriousness of the problem, New Yorkers
were dreadfully slow in making any significant changes in
how they got their water. Instead of rapidly adopting a new
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technology, they made facile accommodations. Many simply
grew accustomed to the foul taste of their water. Others
resorted to deeper wells, to wells or springs located
further fram the population center, or to water purchased
fram street vendors who hopefully had a purer source of
supply. At the least these accommodations were inconven-
ient, and at times the continued absence of a system deliv-
ering pure water in abundance proved a tremendous liability.
The citizens of New York were more exposed to contamination
and disease; the filthy urban environment was made more
foul by inadequate cleaning; and citizens and structures
alike were left with little protection from the ever-
present danger of fire.

New Yorkers periodically suffered a great deal fram
such liabilities. In 1776 a fire destroyed one-fourth of
the city's hames. Another fire in 1828 destroyed approx-
imately $600,000 worth of property, and in 1835 yet another
fire leveled twenty blocks and claimed 670 buildings. Dis-
ease, too, took its toll. In 1798 a yellow fever epidemic
killed 2,000 citizens, and even in "ordinary" years the
death toll ran high fram yellow fever, typhoid fever and
cholera.‘ In 1832, when Asiatic cholera descended upon
New York in July, citizens hastily attempted to minimize
its effect by cleaning up the city and improving health
conditions. The efforts did not work. One-hundred thou-

sand persons fled New York in August to avoid the pestilence,
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and yet by late October 3,500 residents had died.

While periodic catastrophes intensified the desire for
a centralized water system, the quality of New York's
existing water supply continued to decline. People were
flooding into the city, and its population, clustered
towards the southern end of Manhattan, increased at an
overwhelming rate. In 1790, same 33,000 persons lived in
New York. Over the next ten years that figure doubled to
66,000. By 1810, 96,000 inhabited the city, and between
1810 and 1830 the population jumped to 202,000. This popu-
lation explosion had a direct and deletefious effect on the
city's water. By 1830 New Yorkers deposited an estimated
one-hundred tons of excrement per day into the same sand
bank from which they drew their urat:er:.5

Against this background, it is no wonder that in 1836
Stephen Allen was anxious to break ground on the Croton
Aqueduct. There was a dramatic and long-felt need for the
water it would provide. And it is equally understandable
why he was embarrassed over the aqueduct's slow start.
Citizens voiced doubts that the Croton Aqueduct, like so
many other plans to supply New York with good water, would
ever be completed successfully.

There was strong precedent for such skepticism. In
1774 an English civil engineer, Christopher Colles,
started to erect a water supply system for the city using

wells, a Newcomen pumping engine, reservoirs, and bored-log
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ma:l.ns.6 Colles, interrupted by the Revolution, never oper-
ated the system. On July 2, 1798 Dr. Joseph Browne initiated
another push for a new means of supplying the city with
water.7 Over the years, many persons had recommended that
the city construct a centralized water works using the
Collect as a source. Browne was appalled by this idea. In
a "Memoir* addressed to New York's Common Council, Browne
condemned the fifty acre pond between Pearl and Franklin
streets on two counts.8 First, the Collect was "infinitely
too small"” to meet the city's needs, and steam-driven pumps
could empty it faster than natural springs could refill it.
Secondly, Browne characterized the Collect as a “large stag-
nating, filthy pond,® filled with "noxious" water which
collected, among other things, the "filth from many of the
streets* and the drainage from privies. Because it was a
“general rule that the health of a city depends more on its
water than all the rest of the eatables and drinkables put
together, " Browne urged the city to abandon the thought of
using the Collect or any water available on Manhattan.
Instead, the city should construct a $200,000 water system
to supply its residents with 362,800 gallons per day fram

° Browne suggested damming the Bronx and

the Bronx River.
diverting its water into a 400-yard-long canal connecting
with Morrisania Creek. Running for the most part in the

creek's channel, the water would flow to the Harlem River,
where a part of it, powering a 20-foot water wheel, would

pump the rest of the water through cast iron pipes to a



reservoir on Manhattan.

The Cammon Council reacted favorably to Browne's pro-
posal and appointed a committee to study it more thoroughly.
Oon December 17, 1798 the committee reported that the Bronx
River “would afford a copious supply of pure and wholesome
water" that "ought to be pursued by, and under the control
of" the city govemment.m Next the Council sought the
opinion of a technical expert, William Weston, a British

e In his report

civil engineer working on American canals.
of March 16, 1799, Weston endorsed Dr. Browne's proposal, and
with this additional support in hand the Common Council
submitted a draft bill to the State Legislature requesting
the requisite powers to construct a Bronx River water works.
For a while it appeared that New York had found a solution
to its water problem, but the appearance was an illusion --
thanks to the dubious political skills of Aaron Burr.

On March 30, 1799 the legislators in Albany passed a
water bill championed by Burr, instead of the bill that the

12 Instead of granting the city the

Camman Council wanted.
needed powers to harness the Bronx River, the Legislature
granted them to a company which, coincidentally, Mr. Burr
headed./ The opportunist had successfully executed a bril-
liant, albeit devilish, scheme that even fooled Alexander
Hamilton. | Burr was not particularly interested in supplying
New York with water, but he did want to start a bank in the

city, a goal he had long been denied. Following his



10
tightly-scripted plan to start a bank, Burr first convinced
the Legislature that the expense of a water works should be
assumed by private investors, not by New York City. Here
Alexander Hamilton helped Burr by stressing to everyone the
fiscal burdens a water works would place upon the city’'s
residents. Next, when the legislators wrote "An Act for
Supplying the City of New York with pure and wholesame
water,” Burr inserted a seemingly innocuous provision stat-
ing that the water company could use its surplus capital in
any way not inconsistent with the laws of the state. Pi-
nally, under this act he and some select friends incor-
porated the Manhattan Company, which pramptly gave up any
idea it might have had about supplying New York with Bronx
water. It abandoned the expensive Bronx project, thereby
instantly creating a "surplus” of capital used to start a
bank. While the new bank flourished, the Manhattan Campany,
to meet the minimum requirements of its charter, half-
heartedly provided well water to a limited sector of the
city.

Convinced that the Manhattan Campany was never going to
provide the city with enough water, in 1822 Mayor Stephen
Allen and the Caunan Council revived the idea of a Bronx
River water supply.13 Allen chaired a special committee
that visited the river and its principal source, the Rye
Ponds. Encouraged by its visit, the cammittee recammended

that the Council employ a civil engineer to conduct a
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thorough survey of the Branx River watershed. Acting on
this recammendation, the Council engaged Canvass White, an
American engineer noted for his role in building the Erie
Canal. White conducted instrumental surveys, measured the
river's flow, and in January 1824 reported that for two
million dollars the city could receive a minimum of 6.6
million gallons of water per day.l4

White's report demonstrated the feasibility of a Bronx
River aqueduct, but the Cammon Council was discouraged by
its estimated cost and decided to leave the work to private
enterprise. The New York Water Works Company, incorporated
in 1825, started to tackle the Bronx project bv employing
Canvass White as its chief engineer. In 1826 White produced
his second report on the Bronx which exhibited his "full
oonviction that a successful plan can be adopted” for intro-
ducing its water to Hanhattan.ls From his second survey
White determined that he could deliver 9.1 million gallons
per day at a reduced cost of $1,450,000. Unfortunately,
White's work was cut short. His company's charter con-
flicted on the basic Issue of water rights with a charter
granted in 1823 to the Sharon Canal Campany, a company with
its own scheme for supplying New York with water. Unable
to proceed because of this conflict, the Water Works Com-
pany never broke ground before surrendering its charter
in 1827.16

And so it had gone. Since 1774, about every twenty
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years a seemingly serious bid had been made to supply New

Yoérk with water. Meanwhile the Common Council ‘s Committee

on FPire and Water issued report after report on the need
for such a supply, and numerous individuals petitioned the
Council for the opportunity to demonstrate their proposed
solutions to the problem. But all had been to no avail.
The more outlandish proposals were ignored or quickly
struck down. ( The others were buried by political machi-
nations, legislative bungling, conflicting charters, high
costs, the lack of requisite technical skills, or by endless
debates over whether a water works should be publicly or
privately fundedzl

Belatedly, the debates over private or public funding
£finally did caome to an end. In reaction to the 1828 fire
which destroyed $600,000 worth of property, city Alderman
Samuel Stevens reported in 1829 that the private institu-
tions chartered to supply the city with water had never sat-
isfactorily fulfilled that goal. The Manhattan Company, for
example, after operating for thirty years, distributed its
well water through unreliable mains only to the lower third
of the city, leaving the upper two-thirds deveid of any
effective means of fighting fires. Stevens concluded that,
“It has therefore become absolutely necessary for the cor-
poration, in same manner, to give the upper part of theh

17

city, a supply of water for that purpose." Spurred on by

Stevens, the city finally acted on its own. It constructed
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a $42,000 fire-fighting system, composed of a 112-foot-deep
well containing 175,000 gallons of water, a steam-driven
pump, and an elevated reservoir containing an additional
233,000 gallons.

The fire-fighting reservoir served as a symbol of what
the city could do when it finally quit relying on private
enterprise to solve a public problem, and after its com-
pletion began a period of increased agitation for the con-
struction of a centralized water system. At the end of
1830, Samuel Stevens again served as a catalyst. He wanted
the Council to send a memorial to the State Legistature
which set forth the failures of private enterprise and re-
quested that the city itself be empowered to construct a
water system.la Although Cammon Council voted this idea
down on Pebruary 28, 1831, because a majority believed the
State Legislature would not grant such a request, the vote
signified no lack of determination or interest. On the same
day as this vote, in fact, the Council grew more determined
to solve the water problem because of a very disturbing
report it received from the Lyceum of Natural History re-
garding the impurity of the city's water.

The quantitative side of the Lyceum's presentation had
its effect. Chemist George Chilton reported that seven
samples of water from the city contained from 4.05 to 10
grains of solid matter per pint, including such "ingred-

ients" as muriates of soda and magnesia; sulfates of
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magnesia and lime; carbonates of lime and magnesia; and

“extractive matter."

19 But perhaps the more narrative por-

tions of the report carried the greatest impact:

It has been observed . . . that the vicinity
of grave yards communicates a ropy appearance
to the water.

Into the sand bank, underlying the city,

/ from where we draw our water, _/ are daily
deposited quantities of excrementious matter,
which, were it not susceptible of demonstra-
tian, would appear almost incredible.

The “excrementious matter” amounted to one hundred tons per

day and did not include urine, a substance which the Lyceum

praised for its beneficial effect on the city's underground

water sources:

This liquid, when stale or putrid, has the
remarkable property of precipitating the
earthy salts from their solution, or in
other words, it makes hard water soft. Al-
though the fastidious may revolt from the
ugse of water thus sweetened to our palate,
it is perhaps fortunate that this mixture is
daily taking place, for otherwise the water
of this city would became, in a much shorter
space of time than it actually does, utterly
unfit for domestic purposes.

After describing the poor conditions of New York's

water supply, the Lyceum felt it necessary to explain why

New Yorkers tolerated such hard and foul water:

We must impute to long use and the influence of
habit the opinion that our water is sufficiently
pure for domestic purposes. We have known our
citizens, upon going into the country, / toJ
express a marked disrelish for pure spring water.
The popular expression on such occasions is, "This
water is like wind -~ there is nothing substantial
in it, nothing to bite upon . . . ." The coldness
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of our pump waters is another cause which conceals
their impurities when swallowed. This may be tested
by allowing it to stand until it has acquired the
ordinary summer temperature; its various ingredi-
ents become then manifest, palpable.

In concluding, the Lyceum's report deplored any further
toleration of poor water. Its writers unanimously opined

*that no adequate supply of good or wholescme water can be

obtained on this Island, for the wants of a large and

rapidly increasing city like New York." 20

This idea -- that no Manhattan water was fit to

drink -- was by no means. a new one. Dr, Browne had ex-
pressed it in 1798. But, like the caoncept of public funding,
it was an idea whose time had finally come. On November 25,
1831 chemist Chilton quantified the difference between water
taken fram on and off Manhattan. The water he drew from a
Manhattan Company pump yielded 125.80 grains of solid matter
per gallon; a gallon of water fram the Bronx River yielded
less than 2 grains.21 Armed with this data, in 1831 Samuel /
Stevens and the Camittee on Fire and Water strongly, if f
unimaginatively, urged the city to finally launch a two-
million-dollar Bronx River aqueduct. Displaying an acti-
vist's spirit, the cammittee urged that the Common Council:

approach the subject as one of vast magni-

tude and importance to an already numerous

and dense population, requiring our munici-

pal authorities no longer to satisfy them-

selves with speeches, reports, and surveys,

but actually to raise the means and strike

the spade into the ground, as a commencement
of this all important undertaking.22
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Convinced of the need for action, Common Council sub-
mitted a draft bill to Albany, which, if passed, would
authorize the city to initiate a Bronx River aqueduct.
To make the draft bill more appealing to the legislature,
the Council called for the creation of a Board of Water
Camnissioners to administer the work -- the Board to be
appointed by the Governor with Senate consent. Previously,
the Couicil had itself intended to administer the con-
struction of any water works. But that body was suscep-
tible to disruptive political factions, and its individual
members were susceptible to the whims of voters. It was
believed that appointed Cammissioners would provide the
project with more constant and unified leadership. 23

When the draft bill reached Albany it was defeated,
presumably because- of the Legislature's lack of faith in
a critical aspect of the proposed plan. The Fire and
Water Cammittee had suggested three means of carrying
Bronx River water to the Harlem River: via an open canal,
or, even better, through an enclosed brick conduit or
through cast iron pipes. The real problem occurred once
the water had been carried across the Harlem River on
a bridge. Here it would have to be pumped up before it
could be distributed throughout the populated regions of
Manhattan. The city tentatively intended to accomplish this
by damming the Harlem and using water wheéls to 1ift the
water into a reservoit 120 feet above tide. But after
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Christopher Colles had abandoned his 1774 project that
relied upon pumps, many New Yorkers had seemingly nuttured
an aversion to machinery as an integral part of any water

24 Machinery

system that would operate day in and day out.
was costly to construct, prone to sericus failure, and
needed constant maintenance. Gravity, on the other hand,

was both free and reliable. Many legislators in Albany,
then, were holding out for a proposal whereby gravity

would carry water across to Manhattan on a level high
enough to obviate pumping machinery.

Actually, it was fortunate for the city that the Legis-
lature voted down the Bronx River project. When Dr. Browne
first suggested it in 1798 it was a bold plan which praomised
New York an adequate water supply for years to came. When
Canvass White &nd the New York Water Works Campany worked
with the idea in the mid-1820's, it still seemed a bold
and promising plan. But by 1831, even as the Cammittee
on Fire and Water once again recammended the Boonx River
watershed as a source of supply, others were beginning to
declare that the river was not large enough. In a letter
appended to the committee's report, Cyrus Swan, President
of the New York and Sharon Canal Company, asserted that
the Bronx was not capable of meeting both the present and
future needs of the city. Instead of relying on that old
standby, Swan said that New Yorkers should turn to the

Croton River for their water.
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Cyrus Swan was by no means the first to mention the

Croton. In 1824, Canvass White wrote that "the Croton can
be taken out at a sufficient elevation, and conducted along
the bank of the Hudson River to the cj.t'.y."25 White dismissed
the Croton, though, because he "presumed that a sufficient
supply can be had fram the Bronx, much nearer, and of
course at less expense." The same presumption held with the
Pire and wWater Camnittee in its 1831 report. Before recam-
mending the Bronx, the coumittee made brief mention of the
Croton:

The advocates of bringing the water fram the

Croton, base their argument mainly on the

abundance of the supply to be obtained fram

that river. This important advantage must be

yielded to the advocates of this plan, over

that of all the others; and were it not for

the distance which the Croton River lies fraom

the city, it certainly would be the most desir-

able source whence to procure the supply.
City officials and consulting engineers had always dis-
missed the Croton River, saying it was unnecessarily
large or too far removed from Manhattan. Now, however,
when it was apparent that the city absolutely had to go
away from Manhattan for water, and when critics started
expressing the opinion that the Bronx River was too small
to provide a long-range supply, the Cammon Council had to
give the Croton River more serious consideration. And the
Croton suddenly had one imnortant advantage. Because it ran

at a higher elevation than the Bronx, perhaps it could be
. delivered to the city without the use of any pumps.
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If the legislative defeat of the Bronx River aqueduct
in any way dampened the enthusiasm for a municipally funded
water system, the Asiatic cholera epidemic in the summer
of 1832 quickly aroused interest once more. Alderman Myn-
dert van Schaick, who was also Treasurer of the city's
Board of Health, urged that samething had to be done, and
on November 10, 1832 the Committee on Fire and Water en-
gaged Colonel DeWitt Clinton, Jr. to conduct yet another
investigation of possible water sources. On December 22,
without having run any instrumental surveys, Clinton sub-
mitted an engineer's report.that was an excellent piece

27 He said that the city should build a water

of propaganda.
works immediately, using the Croton River, with a minimum
flow of 20 million gallons per day, as a source:

This supply may . . . be considered as

inexhaustable, and it is not at all prob-

able that the city will ever require more

than it can provide.28

A8 a consulting engineer unaided by instrumental sur-

veys, Clinton was not required to deal with all the speci-
fic engineering problems to be faced in delivering Croton
water onto Manhattan. He did, however, outline a tentative
plan for an aqueduct for this purpose. Clinton's aqueduct
was an open canal with provisions for keeping dirt, debris,
and vegetable matter out of the channel. It started at
Pine‘'s Bridge, at an estimated elevation of 183 feet above

the level of the Hudson River.29 It ran on a high bank
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alongside the Croton until entering the Hudson Valley,
where it began running southward in the margin of that
river. All the while it maintained a declivity or downward
slope of 18 inches per mile. Eventually, in order to stay
on its grade line, the aqueduct left the Hudson, cut inland,
and ran to the Harlem River, where a bridge 138 feet high
carried it across to Manhattan. Clinton's plan required no
punping machinery; the proposed aqueduct connected directly
with reservoirs and a distribution system.

Clinton estimated that it would cost 2% million dollars
to implement his plan, but he stated that even if it cost 11
million dollars it would be worth it. This estimate was a
shrewd bit of engineering diplamacy on Clinton‘'s part, in-
tended to minimize objections that might be raised to a
Croton aqueduct on the basis of cost. In order to arrive
at such a low estimate, Clinton, of course, had proposed an
open aqueduct canal, the cheapest to build, even though
Canvass White and the Fire and Water Camittee were already
on record as having stated that such a channel offered the
least protection for the purity of the water under trans-
port. But the consultaht had done his job well. In less
than a month and a half he projected a seemingly feasible
and econanical plan that ‘encouraged the construction of a
much needed water wn;:rks.

Two days after receiving Clinton's report, the per-

sistent, ever-resilient Fire and Water Committee proposed
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yet another bill to go to Albany requesting that long-
sought authoritation to build a water works. But Cammon
Council wisely referred the bill back to committee, be-
cause it was so much like its predecessors which the
Legislature had failed to pass. Before returning the bill
in Pebruary 1833, the cammittee sigr;ificantly revised it.
Now the draft bill sought a more limited but practical goal.
It requested that the lLegislature provide for a Board of
Water Caunissioners authorized not to build a water sys-
tem, but to examine various plans, conduct instrumental
surveys, and estimate the costs of possible aqueduct routes
to Manhattan, especially one from the Crotan R:Lver.3°

When this bill reached Albany it fortunately received
the support of a Senator familiar with and sensitive to
New York's water problems. Myndert Van Schaick, the former
Alderman and Board of Health Treasurer, effectively cam-
paigned on behalf of the bill which the Legislature passed

i Shortly thereafter Governor William

on February 26, 1833.
Marcy appointed a Democratic Board of Water Cammissioners,
camposed of Stephen Allen, Saul Alley, Benlamin Brown,
Charles Busenburry, and William Fox. The Cammissioners,
appointed to a aone year term, were directed to report
their findings to New York's Camman Council by the first
of Nobember.

The new Water Commissioners selected Stephen Allen as

their Chairman and got down to business. In need of
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for his gallant action in defense of the fort, and on
January 1, 1815 Brevet Captain Douglass returned to West
Point as an Assistant Professor in its new Department of
Ratural and Experimental Philosophy.

Douglass was the second man in the department. The
first, Lieutenant Colonel Jared Mansfield, had just started
his instruction the previous April. Together, Mansfield
and Douglass lectured the cadets on a broad range of sub-
Jects, most of which, today, would fall under the rubric
of "phys:l.cs."a4 After lecturing for five years on such
topics as dynamics, statics, and hydraulics, Captain
Douglass served for the next three years as a Professor of

35 In 1823, after being promoted to Major,

Mathematics.
Douglass transferred to the Department of Engineering, a
department just starting to offer "civil architecture and
construction®” along with its usual instruction in artillery

36 Occa-

practices, fortifications, and "Grand Tacticks."”
sionally, Douglass left the Military Academy for forays
into the field. In 1817 he made a reconnaissance of the
defenses of Long Island Sound, and in 1819 he served as
the astronamical surveyor for the camnission establishing
the United States border between Niagra and Detroit. The
following year he accompanied General Cass on his explor-
ation of the Lake Superior region. After joining the De-
partment of Engineering in 1823, Douglass also served as

a consultant on public works for the states of Pennsylvania
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and Rew York, and he surveyed the routes of the Upper Dela-
ware Canal, the Sandy and Beaver Canal in Ohio, and the
Morris Canal in New Jersey.

While Douglass served at West Point it was one of the
few places in America which offered a formal engineering
education. Most American engineers still learnmed their
profession on the job; a "student" often started as an axe-
man or rodman with a surveying party and worked up from
there. Lacking in European-styled polytechnical institutes,
American engineers cut their teeth on the public works pro-
jects which proliferated after the completion of the Erie
Canal. These projects served as "schools" of engineering,
and the Erie Canal, running fram Buffalo to Albany, had
been the most impressive "school" of them all, graduating
several of America's most praminent engineers in the first
half of the 19th century.

Bouglass, the Yale graduate and West Point professor,
was cognizant of the fact that he was working somewhat
outside of America's short tradition of civil engineering.
The exciting, prestigious action was not in the classroam,
but out in the field where engineers were solving actual
problems and building bridges, canals, and the earliest
railroads. To an extent Douglass got a piece of this action
by doing consulting work, but that was not enough. So in
1831 he left the West Point faculty to become more directly
involved in the work-a-day world of civil engineering. He
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abandoned lecture halls and Fremch engineering texts to
become Chief Engineer for the Morris Canal, whose route he
had surveyed in the summer of 1828.

Douglass stayed with the Morris Canal for about a year
and 2 half, during which time he improved it by substituting
inclined planes for canal locks on long slopes. That job
canpleted, he briefly returned to academe in 1832 as a
Professor of Natural Philosophy at New York University.
Douglass again found the role of full-time professor too
restrictive, so in 1833 he resigned his chair of natural
philosophy to accept a more campatible position. The uni-
versity appointed Douglass a Professor of Civil Engineering,
with the understanding that he would lecture on engineering
only when and if he wanted. For Douglass, this was the
perfect arrangement. He was still associated with academe,
as he had been for virtually all his adult life, but he
was also free to undertake any tantalizing engineering
projects which came hi; way. In 1833, while surveying the
route of the Brooklyn and Jamaica Railroad on Long Island,
New York's Water Camunissioners asked him to serve as a
consultant. Douglass jumped at the chance, seeing it as
an opportunity to get in on the ground floor of a major
water-supply project that could elevate him to the top of

his profession.
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structed the cadets in statics, hydrostatics, dynamics,
hydrodynamics, heat engines, hydraulics, pneumatics, optics,
electricity, magnetiem, astronamy and machinery design.

35 1pia., p. 244.

Douglass used Hutton's Compendium as his main
text and lectured on arithmetic, logarithms, algebra,
geanetry, trigonametry, land surveying, descriptive geam-
etry and conics.

361bid., pp. 276-277. Also see "Studies and Class

Books,* in Requlations of the U. S. Military Academy at
West Point (New York, 1823); and "Highlights of Department
History.," compiled for the Dept. of Military Art & Engineer-
ing, U.S.M.A., by N. E. Derhson, 1960, U.S.M.A. Archives.

The texts used by the Department of Engineering in
1823 were B8ay de Vernon's Treatise of the Science of War
and Fortification; Hachette's Traite des Machines; and

Sganzin's Programme 4'un Cours de Construction.




CHAPTER TWO

Fram the very start of his service for the Water Camnis-
sioners, Major Douglass totally ignored many water-supply
proposals that were being bantered about. He ignored the
idea of damming the Hudson River to prohibit the entrance
of salt water; he was oblivious to the die-hards who wanted
to sink a number of very deep wells on Manhattan. Douglass
concentrated on the question of whether it was feasible
to deliver water from the Croton River into New York City.
Traveling on foot and horseback., he spent the early part
of June 1833 making a "general reconnaissance®” of the Crotcn
watershed and the Westchester land lying between the river
and Manhattan. Then on June 20 he collected an eleven-man
surveying party at the Croton's mouth. The party started
its instrumental survey that same day and continued it
until September 4. Between those two dates, Douglass and
his men levelled over 200 miles and traversed more than
3,400 courses.l

After establishing the low water level of the Hudson
River as their base or zero elevation, the men worked their
way up the Croton, noting its elevation at certain key
locations. At Wood's Bridge, near Mechanicsville, 12 miles
.fran the Croton's mouth, the river's bed stood 170 feet
above the Hudson. From Wood's Bridge Douglass led his men
on surveys up the West, Middle., and East branches of the

29
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Croton. (Plate II.) They also went up to the outlet of

Crosby's Pond and up the Muscoot to Bedel's Mill Pond.
They levelled the Cross and Beaver Dam Rivers, as well as
Broad Brook, Muddy Brook, and the Cisco River. Douglass
believed he could take water for the aqueduct from any or
all of these sources. After determining their elevations,
the next step was to examine the ground south of the Croton
“with a view of obtaining practical routes in the direction
of the city."2

The land Douglass examined was "deeply undulating, "
marked by "irregular hills," and he hoped to find several
canvenient valley passages nestled between the slopes. The
engineer quickly discovered, however, that all the various
hills, taken together, "cantained the rudiments of a great
ridge" whose elevation was substantially higher than that of
his potential water sources. Douglass dead-ended several
times while seeking a passage through the ridge that would
not require a prohibitive number of long tunnels or deep
excavatians. But finally Douglass found what he was looking
for — an aqueduct couldfollow the valleys of several small
streams until it entered the larger Sawmill River valley,
which ran southward towards Manhattan. Cutting the ridge to
pass from one valley to the next would entail considerable
work and expense, but no cut on the way to the Sawmill River
presented insoluble problems.

Cutting the ridge south of the Croton seemed the shortest,

most direct line to Manhattan, but Douglass anticipated that
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it was not the only line. Indeed, there was a more "obvious"

route that Canvass White had briefly noted in 1824 and DeWitt
Clinton, Jr. had suggested in 1832. Instead of turning south
at its very start and confronting the ridge, an aqueduct
could skirt it by staying in the Croton's valley and running
southwestward until it entered the Hudson Valley. Then it
could run towards Manhattan along the eastern bank of that
river. After turning his attention to this idea, Douglass
quickly concluded that the Hudson River route did not present
*any difficulties involving the question of practicability."”
With two possible routes leading from the Croton in
hand, Douglass turned to surveying southern Westchester
County, the northern portion of Manhattan, and part of
the Bronx River watershed. When the surveying was concluded
on September 4, he spent another three or four days gaging
the flow rates of the streams and rivers he had examined.
Then Douglass sat down to write his report for the Water
Camissioners. In his report, dated November 1, the engineer
restricted himself "to a general outline of the facts and
principles concerned -- avoiding, as far as possible, all
details not strictly necessary for the elucidation of the
main question.” The main question, of course, was whether
an aqueduct from the Croton to Manhattan was feasible --
and Douglass answered with an unequivocal “Yes."” To demon-
strate this feasibility, he described how the city could

lay a masonry conduit (Plate III) along either of the two
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routes discovered by his surveying party (Plate IV).

Although an aqueduct which cut through the ridge,
taking the “inland route,* possessed the virtue of shortness,
it lacked the virtue of simplicity.3 Douglass' inland aque-
duct required no dam across the Croton, because it did not
draw its water directly from the river. Instead, in order
to achieve a higher elevation at its start, the aqueduct
camenced at a natural basin of solid rock located above
the Croton at Mechanicsville. While the Croton‘'s bed at this
site had an elevation of 170 feet, the basin's elevation
was 268 feet. To £fill this "confluent reservoir, " Douglass
proposed to run iron pipes "of the largest size" out and
up to the Croton's branches and feeders, intersecting them
at points higher than 268 feet. Small dams on the feeders
would prevent water from flowing naturally to the Croton's
main channel. Douglass intended to collect the water in
*fountain reservoirs,"” divert it into the pipes, and then
conduct it to the elevated basin. From the confluent reser-
voir the free-flowing inland aqueduct began with a declivity
or downward slope of cne foot per mile. It cut the ridge
south of the Croton by running successively within the
Beaver Dam River, Muddy Brook, and Newcastle valleys. As
it passed through a three-mile-long cut, at an average depth
of 38 feet, the aqueduct left the Newcastle valley and
entered the Sawnrill River valley, where it began running
with a drop of 6 feet per mile in order to better conform
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to the valley's natural ground level. When it left the

Sawmill and entered the valley of Tibbets Brook, Douglass
graded the inland aqueduct with a drop of 2 feet per mile
until it reached the bank of the Harlem River.

Douglass further camplicated the inland aqueduct by
suggesting that the city could build several water-storage
reservoirs along its route. The changes in its declivity
(going from one to 6 and then back to 2 feet of fall off
per mile), also served to ocomplicate matters. The masonry
canduit’s dimensions had to vary along different sections
of the line, in order for those sections to have the same
water-discharge capabilities. Water running at a greater
fall off would travel with greater velocity, so Douglass
sent it through a smaller conduit. Conversely, where he
reduced the conduit's declivity he had to increase its
cross-sectional area, to campensate for a loss of velocity.

When campared with the inland route, Douglass®’ alter-
native "Hudson River" route appeared a model of si.mpl:l.ci.‘t:y.4
A 13-foot-tall dam on the Croton near Muscoot Hill backed
up the water and created an 80 acre reservoir. Starting at
an elevation of 175 feet, the aqueduct ran with a declivity
of 15 inches per mile all the way to Manhattan. The aque-
duct's line, until it passed considerably south of Tarry-
town, was "wholly traced along the undulating hill-side of
the Croton and Hudson” valleys. Where the high ground next
to the Hudson began falling away, the aqueduct cut inland in
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order to find ground more hospitable to its established
grade. The Hudson-routed aqueduct, like the inland aque-
duct, eventually found its way to the Harlem River via the
Sawmill River and Tibbets Brook valleys.

Prom the Harlem River into Manhattan, Douglass proposed
only one line. Regardless of how it got to the Harlem, his
prospective aqueduct crossed the river on a masonry bridge,
a bridge with nine semi-circular arches which stretched 1188
feet across the Harlem's valley, and which rose same 126
feet above the river. Although Douglass had never built
such an impressive bridge, he shrugged off its difficulties.
In his report to the Water Commissioners he exhibited an
optimism cammon among early American engineers:

Our structure adapted to these dimensions
would of course be a work of considerable
labor and expense, but by no means of para-
mount difficulty in either of these respects.
Many bridges of much greater magnitude, both
in length and height, have been erected in
other countries for the same object, fram
which we are enabled to derive certain data
for all our calculations.
Douglass proceeded to mention six large aqueduct bridges
in Europe, including the incampleted Maintenon aqueduct
bridge in France, which had 666 arches and a length of
3¢ miles. He concluded that:
With such examples of enterprise and skill
before us, many of them undertaken for objects
far less important than that of supplying the
city of New-York with water, we may certainly
look upon the_design of the Harlem aqueduct
without fear.>

From the Harlem River, Douglass ran the aqueduct first
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to a receiving reservoir bounded by Ninth and Tenth Ave-

nues and by 133rd and 137th Streets. He then passed it
through two equalizing reservoirs and terminated it at a
distributing reservoir near 38th Street and Fifth Avenue.
The distributing reservoir would provide a head to the
city's future water mains of 117 feet above tide, or 15
feet more head than that provided Philadelphia by its
Pairmount Water Works. The multiple reservoirs were both
to store water. for use when the Croton might run low, and
to assure a steady maintenance of the distributing reser-
voir's head. If the distributing reservoir were depleted,
water from the nearest equalizing reservoir would auto-
matically flow into it to relieve the deficiency. That
reservoir would in turn be supplied by the one above it,
and so on, until equilibrium was restored to the system.
Douglass' inland aqueduct ran a little over 43 miles
long; the Hudson aqueduct nearly 47 miles long. After
making “"every calculation . . . on the side of stability
and permanency,“ he estimated that the Hudson aqueduct
would cost 4.7 million dollars and provide a daily running
supply of up to 33 million gallons of water. ( According
to Douglass, there would be no difficulty in supplying
this amount, because the Croton's minimum flow was 44
million gallons per day. ) The estimated cost of the inland
route varied, depending on how many iron pipes the city

might choose to lay between the Croton's feeders and the
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confluent reservoir by Mechanicsville. For an estimated

4.5 million dollars, Douglass expected the inland aqueduct
to deliver a minimum of 15.8 million gallons per day to
Manhattan. For an additional 1.3 million dollars he thought
he could boost its minimum to 26 million gallons.6 Regardless
of the selected minimum, the inland aqueduct could deliver
a maximum of 30 million gallons daily. (Douglass was
probably referring to Imperial gallons, each one equal to
1.2 U.s. gallons.)

Douglass did not choose between the two routes; he
told the Caumissioners that such a preference would have
to be made on the basis of future examinations. And Doug-
lass did not really argue the merits of a Croton aqueduct
over those of a Bronx River aqueduct. He simply stated
same figures and let it go at that. According to research
undertaken by the Water Cammissioners, London distributed
27 gallons of water per day to each of its citizens, while
Philadelphia distributed 24 gallons and Edinburgh about 15.
On an average, then, water works in large cities distrib-

7 Given

uted about 22 gallons of water per day per person.
that New York's population would be 300,000 by the time the
city could complete an aqueduct, it would have to deliver

at least 6.6 million gallons per day just to meet the city's
immediate needs. After gaging the Bronx, Douglass concluded

that New York could "safely" depend on it for only 5.75
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million gallons per day.8 That, for him, closed the book
on any Bronx River aqueduct, and for New York City as a
whole it laid to rest a frustrating 35-year-long debate
over the merits of such a project.
After receiving Douglass®' report favoring the Croton,

on November 12, 1833 the Water Commissioners presented a
concurring report to the Cammon Council, and shortly there-
after they also reported to the State Legislature. Early
in 1834, when the Council asked Albany for the authority
to raise 2.5 million dollars to begin a water works, Sena-
tor Myndert Van Schaick again stepped to the fore to
guide a water-works bill through the Legislature. On May
2, 1834 the Legislature passed an act directing the re-
appointed Water Cammissioners:

to examine and consider all matters relative

to supplying the city of New-York with a

sufficient quantity of pure and wholesome

water; / and_/ to adopt such a plan as ig

their opinion will be most advantageous.
Under the provisions of this act the Water Commissioners
were to re-exan_\ine their previous work, but they were to
go beyond making just another survey or study. They were
to adopt a plan that would first go to New York's Cammon
Council. If approved there, it would go to the next gen-
eral election. If the city's voters endorsed the plan,
then the city could issue 2.5 million dollars worth of
Water Stock, and the Water Commissioners could begin

the work.
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In their pursuit of an acceptable plan, the Cammis-

sioners asked Major Douglass to “"re-examine his surveys,

levels, and calculations.” They hoped that he could find

a way of building a Croton aqueduct which would entail

10

“less labor and expense."” Initially the Cammissioners,

like Douglass, had made no choice between the inland and

Hudson routes, but by now they preferred the Hudson route

“both as to the practicability and expense of its con-

struction.”

11 Consequently, they instructed Douglass to

try to shorten and improve that line. As a check upan his

work,

the Board also enlisted the services of John Mar-~

tineau, a veteran canal builder, and George Cartwright,

a Westchester engineer familiar with the Croton environs.

As these men set out independently to do their work, the

task which confronted each man was perhaps best summarized

by another engineer:

It was a field for the exercise of the talent
and research of the engineer: in resorting to

a distant stream for a supply, any plan which
he might propose for conveying the water, would
encounter obstacles requiring skill and ingenuity
to overcame. He would find it necessary to build
up the valleys, pierce through the hills, and
span the waters of the arms of the sea which
embrace the city and make it an island. Struc-
tures would be required, which in their design,
would f£ind no garallel amang the public works of
this country.l

On October 21 Major Douglass took to the field with

an eight-man party. The men started their work at the

Croton and endured uncomfortably cold weather before con-

cluding on Manhattan on December 13. For the next month



and a half, Douglass evalua‘ged the field data and applied
hydraulic, structural and economic criteria to try to
discriminate between all the various means of carrying
a Croton aqueduct along the Hudson River to Manhattan.
Then, on the first of February, 1835, he submitted his
second report to the Water C!cx\'lml.ssi.oners.]'3

The Hudson-routed aqueduct which Douglass reported in
1835 differed considerably from its predecessor. In his
1833 report he located a dam just above Muscoot Rapids,
11 miles from the Croton's mouth where the river was “cam-
pressed {nto a narrow channel® and "bounded on either side
by bold shores." The Croton's bed at this site stood 163
feet above tide, so a dam only 13 feet tall would raise
the Croton to 175 feet, an elevation which would allow the
aqueduct to run with a desirable declivity of 15 inches

14 But after examining

per mile all the way into the city.
the Croton a second time, the engineer chose not to use
the Muscoot Rapids site. He moved the dam 5% miles down-
stream to just below Garretson's Mill.

The downstream site was naturally suited for a dam;
the Croton contracted and ran between a stone bluff and
a steep hill. By moving the dam here, and shortening the
aqueduct's run by 5% miles, Douglass anticipated a savings

of $92, 000.]'5

But in order to gain a savings of this
magnitude, he had to sacrifice elevation — a cammodity

very valuable in its own right. Between Muscoot Rapids and
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Garretson’'s Mill the Croton descended about 38 feet. Near

the mill its bed stood only 122} feet above tide. To fully
regain this lost elevation, Douglass would have had to
specify the construction of a dam some 45 feet tall at
Garretson’s Mill, and he did not want to do that for two
reasons. FPirst, he thought a 45-foot dam would be exceed-
ingly expensive and difficult to canstruct. Secondly., such
a tall dam would flood too much property on its upstream
side and greatly increase the costs of a fountain reser-
voir. So instead of a 45-foot dam, Douglass opted for a
dam 33 feet tall, and he settled for a reduced elevation
of 155% feet for the aqueduct's start. Since he sacrificed
elevation, he also had to sacrifice declivity. The aque-
duct starting at Garretson's Mill ran downward at a rate
of 12, not 15, inches per mile.

After relocating the dam, Douglass had to adjust the
aqueduct's line in Westchester to accamodate its new
grade. FProm the dam down to below Tarrytown these adjust-
ments were minor. The aqueduct still traversed the same
range of slopes, but in general it ran a little further
down in the Croton and Hudson valleys. Only near Greens-
burg did the engineer note the first significant change
in the line. In his 1833 report the aqueduct left the Hud-
son at Greensburg and passed through a deep cut to begin
running in the Sawmill River valley. But because of the
reduction of the aqueduct's grade, Douglass now thought it
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would be too expensive to make this deep inland cut, so

he carried the line further south along the Hudson and
routed it into the Sawmill's valley at Yonkers. From the
Sawmill the aqueduct passed along the valley of Tibbets
Brook and crossed Bathgate's Meadow to reach the Harlem
River. By the time it reached the Harlem, the new line
virtually coincided with the 1833 line, and Douglass once
again recammended a high bridge to carry the aqueduct
over to Manhattan. Once on the island, instead of sending
the aqueduct through four reservoirs, he sent it to a
single, less expensive distributing reservoir tentatively
located on Murray Hill (between Fifth and Sixth Avenues
and 38th and 42nd Streets). The water in the reservoir
would stand 114 feet 10 inches above tide, making the
reservoir "competant to deliver the water, without any
extraneous aid, upon the roof of every building in the
city."l?Plate v.)

After delineating the aqueduct’s route, Douglass des-
cribed same of its physical characteristics, paying par-
ticular attention to its water-carrying channel. The
channel had to be permanent, yet, as the Water Cammissioners
emphasized, it had to be as economical as possible. It
also had to protect the purity of the Croton's water,
which contained only 4.16 grains of solid matter per

gallon.17 Working with these criteria, Douglass narrowed
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down his options. He dismissed the idea of a canal-like
channel because it jeopardized the purity of the water
under transport and offered no protection at all from
frost. He abandoned the thought of constructing the
aqueduct as an iron pipeline, because he feared the
initial expense of iron pipes and at the same time

18 Next he turned to the idea

doubted their durability.
of a channel lined with masonry and covered with a
wooden roof. (Plate VI.) This conduit was structurally
sound; its inclined sides of brick and stone safely
rested on earthen banks. And the shape of the conduit,
with its slanting sides and rounded bottom, lent itself
well to "self-cleaning." The water traveling down the
conduit would scour the bottaom and keep it free of
sediment. This design's greatest asset, however, was

its relatively low estimated cost of $43,620 per mile.
Although it offered only minimal protection from frost,
and although the wooden roof lacked permanence, Douglass
felt that for the sake of econany the Water Camuissioners
could adopt this mode of construction on as many as 28
miles of the line. Still, there was a better way to
construct the channel -- by making it a totally enclosed
masonry conduit. (Plate VII.) Except for its high initial
cost, estimated at $62,000 per mile, Douglass believed
the enclosed channel of brick and stone “was preferable

to every ot:’k-ner."l9
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In choosing a "horse-shoe" cross-section for the

enclosed conduit, Douglass struck a compromise between
hydraulic principles and the realities of construction. He
knew that a cylindrical conduit would be the most efficient
for carrying water. The water passing through any channel
is slowed by friction as it passes against the walls, or
the channel’'s "wetted perimeter.“" The cylindrical conduit
is the most efficient, because for any given cross-sectional
arm it maintains a smaller “wetted perimeter® than any
other geametric shape. Yet despite their knowledge and
acceptance of this principle, engineers rarely constructed
power or transportation canals or other hydraulic works
in strict accordance with it. Instead, they generally
adopted a cross-section which resembled a circle, but was
less expensive, easier to construct, and, in some instances,
more stable when put in the ground:

The circle presents the best surface, and

is therefore the most suitable for the con-

veyance of water, and the nearer we come to

e « « & circle in the formation of the cross-

section, the least resistence will the water

meet with in its flow.20

Douglass' “"horse-shoe” indeed mimicked a circle. The

bottam was in fact part of a circle, an inverted arch. Then,
in imitation of a circle which rises up and outward fram
its lowest point, Douglass planned for flat side walls
which sloped outward as they rose from each end of the

inverted arch. Over the bottom and sides, which would

carry most of the water, the engineer proposed a semi-
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circular top arch. Compared with a circular cross-section,
the “horse-shoe” was slightly less efficient, but its
flat side walls were simpler to construct, the overall
shape was easier for men to move and work in, and it pro-
vided, Douglass felt, “the greatest degree of stength and
stability, with the smallest amount of material."21

Taken as a whole, Douglass' second report was much
more thorough than his first, but it was certainly not
camplete or definitive. The engineer did not describe
any of the aqueduct’'s structures -- its dam, reservoir,
conduit, bridges, culverts, or embankments -- in detail
sufficient to quide any future contractors in their work.
And when Douglass' report was taken together with Martineau's,
or with Cartwright's brief report, the proposed aqueduct
became even less distinct. The engineers differed on
point after point. While Douglass suggested a 33-foot dam
at Garretson's Mill, Cartwright leaned towards a 40-foot
dam at the mill, and Martineau, determined to shorten
the aqueduct as much as possible, opted for a 150-foot
dam just a mile upstream of the Croton's maut]%.z Douglass
proposed a “"horse-shoe" conduit, while Martineau, following
hydraulic principle to the letter, proposed a cylindrical
conduit, and Cartwright an open canal. Douglass' aqueduct
would deliver 30 million gallons of water per day. Mar-
tineau's would deliver 40, and Cartwright's only 20. Doug-
lass would cross deep valleys with aqueduct bridges, while
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Martineau preferred to throw massive embankments across

low areas. Douglass retained his idea of a high masonry
bridge to maintain the aqueduct's grade across the Harlem
River; Martineau recommended that the river be crossed
on a low structure carrying an "inverted syphon" of

23 The Douglass aqueduct ran 41 miles

wrought iron pipes.
and would cost an estimated 4.8 million dollars, if the
enclosed conduit were used exclusively. Martineau‘’s ran
36 miles at a cost of 4 million dollars. But despite all
these differences, the engineers agreed on the essential
point: New York could successfully build a Croton aqueduct
which ran to Manhattan in the margin of the Hudson River.
The Water Cammissioners, when they digested the engi-

neers® reports, seemingly were nonplussed by the variant
plans. Perhaps they were even pleased that their resource-
ful consultants presented them with such an assartment of
means to accomplish the same end. At any rate, on February
16, 1835 the Cammnissioners reported to Cammon Council their
own plan for a Croton aqueduct which would cost an esti-
mated 4.25 million dollars. The Camuissioners proposed:

that a dam of sufficient elevation be erected

near the mouth of the Croton River, and fram

thence the water to be conducted in a close/d/

stone aqueduct to Harlem River. The river to

be crossed by inverted syphons of wrought iron

pipes of B feet in diameter, formed in the

manner that steam boilers are. Fram the south

side of the river, a line of stone aqueduct

will again cammence, and proceed across Man-

hattan valley 52 the distributing reservoir at
Murray's Hill. ’
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The Cammissioners' “plan” was none too specific, but

it certainly succeeded in presenting the Croton aqueduct
as a simple and straight-forward exercise in civil engi-
neering. Cammon Council approved the plan, and in the
next general election, held April 14-16, New York City's
voters supported it by a three-~to-one margin. With that
final endorsement in hand, early in May the Cammon Council
instructed the Water Cammissioners to get on with the
work. The Camuissioners immediately began searching for
a Chief Engineer for the Croton Aqueduct, and on June 2
they unanimously .chose to employ Major Douglass at an
annual salary of $5,000. The Camunissioners and Douglass
entered the aqueduct's implementation phase with the
highest expectations. The Water Cammissioners expected
their seasoned engineer to carry the work to a prompt
canpletion, and Douglass expected the Croton project

to shoot him to the top of his profession.

By the time the Cammissioners hired Douglass as
Chief Engineer, they had fleshed out the skeletal
aqueduct plan written up in February. They decided that
the Croton Dam should be 40 feet tall and located a short

25 They also wanted

ways downstream of Garretson‘'s Mill.
a receiving reservoir north of the single distributing
reservolr that Douglass specified in his 1835 report. After
informing their new Chief Engineer of these decisions,

the Cammissioners instructed him “"to select a proper Corps
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of assistants at as early a day as possible."” Douglass
accordingly requested an engineering corps of 17 men,
camposed of 5 assistant engineers, 5 rodmen, and 7 chain-
men and labo::'ers.z6 With about a third of these positions
already filled, the new Chief Engineer and his party
hurriedly took to the field on June 6 and headed up to
the Croton.27

The first order of business was to identify the land
the aqueduct would occupy, so Douglass‘' corps staked out
the boundaries of the fountain reservoir to be formed
behind Croton Dam. The Cammissioners hired George Cart-
wright to assist in this work by surveying the reservoir

28 After staking the fountain

and preparing its land maps.
reservoir, Douglass moved back to Manhattan to stake out
the reservoirs there. Then he and his men returned to
Westchester to run the aqueduct’s line from the dam down
to the Harlem River, a line predicated on a 40-foot dam
and a declivity of a little over 13 inches per mile.
Cartwright presented the Commissioners with his land
maps of the fountain reservoir in November, while Douglass
still worked the line. Finally, by January 8 the corps
had staked the line all the way to the Harlem. and Doug-
lass abandoned field work for the rest of the winter.

Set up in a New York office, Douglass retained eight

members of his corps to conduct the office work needed in
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advance of the next summer'’'s field operations. Their
foremost task was to prepare a set of maps showing the
Cammissioners exactly what land they needed to purchase.,
and who presently owned it. The engineering corps also
started to develop a general schema for embankments, tun-
nels and excavations, and more particularized plans for
larger structures such as Croton Dam and the high bridge
over the Harlem. Because the Water Camnissioners now wanted
a larger aqueduct, Douglass worked on the cross-section
for a new conduit capable of delivering 45 to 50 million
Imperial gallons dai.ly.29 (Plate VIII.)

In February Douglass temporarily put these tasks
aside to deal with an inquiry from the Mayor regarding
“the practicability and expense of raising water from
the North /Hudson/ or East River by steam power, and deliv-
ering it into the contemplated reservoir on Murray's H:I.ll.go
As soon as Douglass could finish the reservoir, the Mayor
wanted to store local river water in it for fire-fighting
purposes. This practice would of course be temporary, last-
ing only until the Chief Engineer campleted the entire
aqueduct, and Croton water filled the reservoir. Doualass
sympathized with the Mayor's request. In December, when
he was still staking the line for the long overdue aque-
duct, New York had suffered the worst fire in its history,
which ravaged 20 blocks in the cammercial district and
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put thousands out of work. But although sympathetic to the

request, the Chief Engineer discouraged it. First, he could
not complete the Murray Hill reservoir much in advance of
the rest of the line, and secondly, it would be a mistake to
run corrosive salt water through any cast iron pipes later
to be used for distributing the Croton‘’s water.

The office work proceeded slowly during the winter,
and when the season drew to a close the engineering corps
had not finished the land maps or any final drawings or
specifications for the aqueduct. The Cammissioners were
dismayed by such a *"lack of energy in the operations of
their Engineer department,® but actually they were growing
accustomed to this kind of disappointment.31 Their high
expectations had faded. Long before the winter ever closed,
the Camnissioners, and particularly Stephen Allen, were
at odds with the Chief Engineer.

The friction between Allen and Douglass resulted from
a variety of factors. A politician and an engineer were not
above having a personal squabble, and to an extent their
falling out reflected the fact that two strong-willed,
proud individuals were seeking prestige and credit for
executing the same project. Allen felt that Douglass, with
two feasibility studies behind him, should have proceeded
more quickly with the work in 1835. Douglass, on the other
hand, considered the two earlier reports as mere prelim-
inaries, every point of which he had to carefully review.
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The real conflict, however, resided in their opposing views
of the proper working relationship between the engineering
corps and the Board. Douglass believed that his corps
should be virtually autonomous, and that he should decide
all technical matters regarding the aqueduct. Allen, on
his part, felt that if Douglass exercised such authority,
then the Caunissioners would be "deprived . . . of nearly
all the powers given them by the act under which they were
appo:l.nt:ed.""‘2

This basic conflict must have arisen almost simul-
taneously with Douglass' appointment. In his last feasi-
bility study, he had opted for a 33-foot dam just below
Garretson's Mill; the Commissioners instructed him to
construct a dam 40 feet tall and a little further down-
stream. The Water Commissioners, not Douglass, brought
in George Cartwright to prepare land maps of the fountain
reservoir. Douglass continued to plan for a high bridge
across the Harlem; the Commissioners publicly endorsed
Martineau's idea of an inverted syphon. Douglass protested
each time the Camissioners intervened in the affairs of
his engineering corps, and with each protest Stephen Allen
grew more weary of the Chief Engineer's recalcitrance. It
was a situation that could only grow worse over time, as
the two men played a serious game of constantly testing
the mettle and resolve of the other.

Stephen Allen had hoped to let some contracts on the
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aqueduct in 1835. Since the Chief Engineer had failed to
complete the land maps over the winter, he began to fear
that no contracts would be let even in 1836. Knowing how
anxious Allen was to put the line under contract, Douglass
tried to manipulate that anxiety. He tried to get Allen
to recognize that only a strong and well-manned engineering
corps could quickly dispatch the work. On March 12, 1836
the Chief Engineer proposed to engage a corps of 60 to 70
men for the summer, including Major Thamas B. Brown, who
was to be hired as his principal assistant engineer at an

33 This proposal was extravagant,

annual salary of $3,500.
even for a project of the aqueduct'’s size and importance.
The Water Cammissioners immediately denied it, and Allen

no doubt hoped that the denial would prompt the Chief
Engineer to resign -- but he did not. On March 15 Douglass
proposed a smaller, more modest corps. The Commissioners
delayed their approval until April 9 -- and still Douglass
did not resign. So on April 11 a dogged Chief Engineer
took to the field with a corps which numbered, in different
months, fram about 13 to 21.

Allen, needless to say, was distraught to see Douglass
return to Westchester County only to begin his fourth
survey of the aqueduct's line. Allen called him on the
need for such repetition, and Douglass answered that he
was still seeking to shorten and improve the aqueduct. He
also said, according to Allen, that “It would be a great
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advantage to the work, if every one of the engineers

employed, did instrumentally make a level and survey of

34 The Cammissioners' Chairman took this to

the line.”
mean that another survey would be good training for Doug-~
lass' engineers, and even though he knew that many engineers
still learned their profession on the job, Allen felt it
imprudent of Douglass to be running training exercises
at this time. Stephen Allen wanted nothing to do with
neophyte engineers; he wanted land maps, specifications,
contracts, and then construction.
Allen finally received some of the land maps on June
11, and on June 17 Douglass provided the remainder. But
as far as Allen was concerned, this was a case of getting
too little too late. If the recalcitrant Chief Engineer
would not resign, then the Cammissioners simply had to
establish proper grounds for firing him. They quickly set
this up. On June 23 they passed a resolution requiring
Douglass to furnish them with:
plans and specifications of the Croton Aqueduct,
the several tunnels along the line of the aque-~
duct, the embankments on said line, culverts, the
Croton Dam, the Aqueduct Bridge over Sing Sing
K11l and across Harlem River, with proper des-
criptions of materials to be used, the manner in
which they would be worked together, and all
necessary information to enable the cammissioners
to place a part or whole of the work unggr con-
tract with as little delay as possible.
Major Douglass acknowledged receipt of the resolution
on July 26, but he sent no plans or specifications. On Sep-

tember 13, instead of sending plans, he again requested
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that Major Brown be hired as his principal assistant. If
Douglass stalled in a final attempt to impress the Cammis-
sioners with the need for a stronger, larger engineering
corps, the ploy failed miserably and played right into
their hands. The Camnissioners did not believe Douglass
was short-handed; they believed he had proved himself an
incompetant Chief Engineer:

The conclusion was irresistible, and it was
unanimous with the cammissioners, that Mr.
Douglass doubted his own ability to perform
the duty required of him in preparing the 36
necessary specifications . . . of the work.

Long before September 1836, Stephen Allen had reached
another conclusion: that the Board had hired the wrong

type of civil engineer. They had hired "a mere theorist in

37

engineering.*” In 1840, in a published letter Allen more

fully expressed this conviction:

I have always admitted, that Mr. Douglass was

a ripe scholar, a good mathematician, and in
theory., well acquainted with the science of
engineering . . . . But my opinion, neverthe-
less, was and still is, that he does not possess
that practical knowledge which I deemed neces-
sary to carry on a work of so much importance
to the City . . . ., and holding these opinions,
I should have been traitor to the trust reposed
in me, if I had not urged upon the commissioners,
the necessity of a change in the office of the
Chief Engineer.38

Douglass, the Yale graduate, the professor at the
Military Academy and at New York University, was a man
steeped in engineering literature, and a man practically

devoid of any first-hand experience in construction. Aside
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from his work on the Morris Canal, Douglass had never built

anything. He was an excellent surveyor, and he often served
well as a consultant. But a consultant offered opinions
and structures on paper. A Chief Engineer had to go beyond
the paper, beyond initial conceptions, and carry them through
to finished bridges, culverts, embankments, reservoirs and
dams. Because Douglass failed to meet the more exacting
demands placed upon a Chief Engineer, the Commissioners
fired him on October 11, after already hiring his successor.
Following his dismissal, for the next 12 years before he
died in 1848, Douglass wandered in and out of several aca-
demic positions. Ultimately he became known not as a great
engineer, but as a capable designer of cemetaries.

In 1840, when Stephen Allen's Board of Water Cammis-
sioners were themselves removed from the Croton project,
in favor of a Whig Board appointed by a Whig governor,
Major Douglass attempted to regain the Chief Engineership.
In defense of his failure to put the Croton Aqueduct prompt-
ly under contract, he recited all of the times when
the first Cammissioners had refused to provide him with
a strong engineering corpé? This defense, although it gar-
nered some support for Douglass, was really a poor one,
because the man who succeeded him had already destroyed
the alibi four years earlier in a six-month flurry of
engineering activity. In September of 1836, Douglass had

had a corps of 21 men: S assistant engineers, 2 draftsmen,
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2 levellers, 7 rodmen and 5 axemen.‘o

When his successor
took over on October 20 he did not augment the staff. On
the contrary, when winter arrived and field work ceased,
he laid off two-thirds of the men. Yet by the beginning
of spring, 1837, the successor, "an energetic and prac-
ticable Engineer.“‘lhhad prepared the structural plans
and specifications needed to put the Croton Agqueduct
under contract. The successor was John Bloomfield Jervis,

Civil Engineer.
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CHAPTER THREE

In September, 1836 Stephen Allen and Saul Alley
visited John Jervis in Albany, where he was working on the
enlargement of the Erie Canal. They told Jervis that they
were definitely going to oust Major Douglass, and they
asked him to assume the role of Chief Engineer for the
Croton Aqueduct. Jervis, a man with a strong sense of
professional ethics, later wrote that he was "quite sur-
prised at receiving the proposition.” which he accepted
because he saw "no impropriety in accepting a position
that appeared professionally desirable and /had been/
offered without the least effort or knowledge® on his
part.l Yet Jervis should not have been too surprised by the
Water Camnissioners® offer, because for over nine months
he had known that Douglass had only a tenuous hold on his
Chief Engineership.

The first inkling of Douglass® fall fram grace came
to John Jervis from Stephen Allen himself. Towards the end
of 1835, Allen asked Jervis for copies of specifications
and contracts he had written for canals in New York State.
Allen said he wanted to study these documents; he wanted
to see if they were in any way applicable to the Croton
Aqueduct.2 John Jervis recognized that Allen's commun-
ication was more than a simple request for information. He

66
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took it as a distinct sign that Douglass had performed
his duties unsatisfactorily. There was no other reason
for Allen to have consulted an outsider on the matters of
specifications and contracts, which were clearly the
responsibilities of the incumbent Chief Engineer.

Between January and March of 1836, Senator Myndert
Van Schaick presented Jervis with a stronger signal of
the trouble brewing between Douglass and the Camuissioners.
Van Schaick, the influential supporter of the legislation
which created the Board of Water Cammissioners, invited
Jervis to New York to examine the plans for the aqueduct.
He also expressed the desire that Jervis become profession-
ally involved in the project, perhaps as Chief Engineer.
It is not clear today, and it may not have been clear to
Jervis, if Van Schaick contacted him strictly on his own
initiative, or if in fact he spoke as a liason sanctioned

3 In either case, men closely associated

by Stephen Allen.
with the Croton Agqueduct had contacted Jervis twice, and
both contacts pointed to serious problems within the engi-
neering corps. His curiosity aroused, John Jervis investi-
gated the situation, using a very convenient and reliable
informant. His brother, P. B. Jervis, worked on the aque-
duct. When Jervis sent Allen the requested documents on
state canals, Allen had reciprocated the favor by placing
P. B. Jervis in a position under Douglass.4

On January 27, 1836 F. B. Jervis wrote his brother
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that progress was being made, "though very slow/ly/, in
getting ready for contracts on the water works. When the
plans are developed, I shall advise you in relation to
their character." On February 16 he wrote that "We are
going on quite slowly with our office work,* and he
added that "I have through the politeness of Maj. Douglass
obtained a copy of the most important documents published
in relation to the N. Y. Water Works, which I will send
you by first opportunity.” Then, an March 25, apparently
in response to a specific query fram John Jervis, F. B.
Jervis wrote:

I do not know that it would be practi-

cable for me to give you an accurate

view of the difficulties existing between

Maj. Douglass and the Water Camnissiocners.

I have formed the opinion that the Commis-

sioners, and especially Mr. Allen, wish to

8o arrange the work so that the credit of

its successful prosecution will fall exclu-

sively to them . . . . The Board have been

almost continually passing Resolutions for

the last two or three weeks, the general

tenour of which go to show in some form

that the Board have little confidence in

the Engineer. Ig my opinion, he should

resign at once.

So before Allen and Alley called on him in September,

John Jervis was familiar with the history of the Croton
project and with the progress, or lack of progress, in its
planning. He also knew that a new Chief Engineer for the
Croton Aqueduct was a virtual certainty. Yet there is no
evidence that Jervis in any way conspired with Allen for

Douglass' removal in order to further his own career. Ste-
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phen Allen may have schemed for Douglass’ removal on

both personal and professional grounds, but Jervis had no
active part in this. If he exacerbated the falling out of
Allen and Douglass in any way, it was only by his proxim-
ity and stature. Jervis was close at hand, and he was a
better engineer than Douglass -- and Jervis could hardly
be faulted for that.

John Jervis could have attributed his success as
a civil engineer to numerous factors, including happy cir-
cunstance. He had a nimble, inquisitive mind. A small man,
whatever he lacked in size he more than made up for in
energy and perseverance. Judged by modern standards, he
was perhaps a "workaholic." He lived for his profession,
was totally dedicated to it, and his private life was sub-
servient to his professional one. Engineering, to Jervis,
was more than a bread-winning occupation. It was a serious,
demanding way of life imbued with heavy responsibilities.
And yet his entrance into the profession had been quite by
accident.

Jervis was born in Huntingtan, Long Island on Decem-
ber 14, 1795, the son of Timothy andPhebe Jervis.® In 1798
his family moved to Rame, a small cammmity in heavily-
t.ﬁnbered upstate New York. Raised in Rome, John Jervis
endured the hardships and trials of a pioneer. The young
boy undoubtedly learned a great deal from his father. Tim-
othy Jervis had been trained as a carpenter, but in Rome
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he farmedand operated a sawmill. While John Jervis worked

beside his father to clear land. cut timber, and run logs
through the family sawmill, he provided himself with a
very practical knowledge of labor, materials and mechanics
that would be of much use later in his life. Jervis himself
never underestimated the value of the hard toil he had
undertaken in Rome's rugged envircmment. Later, when he
was in a position to hire young men aspiring to become
civil engineers, he displayed a marked preference for
aspirants raised in the country. He preferred the sons of
farmers over the sons of "influential men in the city."7
Timothy and Phebe Jervis belonged to the Congrega-
tional Church in Rame, a church aligned with Calvinist
theology. The parents were anxious for their children to
receive a good education in the proper life of a Christian,
so John Jervis, like his six brothers and sisters, read
his Bible and New England primer and developed a life-long
interest in man's relationship to his God. In Jervis' case,
this interest went far beyond any intellectual or spiritual
curiosity. He integrated his religion, his life and his
work. Jervis trusted in God, but he believed that a "proper
trust in God does not exclude the means God has provided
for our use. It rather inculcates prudence and energy in
conforming to . . . His Cammands."® His religion freed him
to act, to build, and to strive for success, but all the
while John Jervis tried to act in a moral, sober, dedicated
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and responsible manner. When Jervis was 81 years old

and wrote on the attributes of a good engineer, he made
apparent the influence of his moral philosophy:

A true engineer, first of all, considers

his duties as a trust, and directs his

whole energies to discharge the trust,

with all the solemnity of a judge on the

bench. He is so immersed in his profes-

sion, that he has no occasion to seek

other sources of amusements, and is

therefore always at his post.9

His cammon schooling ended at age 15, and John
Jervis, as he grew to adulthood, looked forward to a
life that was much like his father's. He toyed with
learning Latin for a short while; he contemplated various
careers. But at age 22 he was still hame, still working
the farm and sawmill. As it turned out, that was the
perfect place for him to be at the time. °
In 1817 Judge Benjamin Wright, a friend of the Jervis

family, stopped by the house to ask Timothy Jervis for
the use of a few of his men. Wright was embarking upon an
exciting project -~ the construction of the Erie Canal --
and as Chief Engineer he needed men to clear timber for
a surveying party. John Jervis was luckily in attendance
when Wright visited, and axe in hand he went off to join
a surveying party on the Erie Canal. Eight years later,
when he left the canal, he was one of the foremost gradu-

ates of the Erie's "school” of engineering.

Jervis' rise from axeman to engineer was meteoric.
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In the summer of 1817 he cleared timber and cut stakes and

pegs for the men routing the canal. In the summer of 1818
he served as a rodman. Later that year, having advanced to
became one of the "men using the instruments," Jervis
conducted levels. During the winter he served as a stone-
weigher between Onandaga and Syracuse, and the following
sumner Benjamin Wright named him resident engineer of the
17-mile stretch of canal running from Canastota to Lime-
stone Creek. In truth, John Jervis had not proven himself
an engineer by 1819, but at least for the first time he
attained the title. That was one fortunate aspect of the
Erie project -- there were so few qualified civil engineers
in America that a hard-working, inquisitive beginner, quick
to learn, was also quick to be given greater responsibili-
ties. These responsibilities in turn presented new prob-
lems to solve, new knowledge to be acquired, and new
opportunities for advancement. As long as a young, ambi-
tious prospect did not falter, his upward mobility was
almost unlimited.

By the time Jervis left the Erie Canal in 1825, he
had indeed earned the title of "civil engineer." He had
learned to survey, run levels, draw maps and profiles. He
had learned how to manage construction and repair opera-
tions and to provide cost estimates for work to be done.
Jervis had constantly studied the work done by the men

above him, so that whenever an opportunity came for
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advancement, he was always ready for it. He carefully

studied the plans provided by the office of the Chief
Engineer for locks, wooden aqueducts, waste weirs, and
culverts. All the while he gained more experience and
became more confident of his own abilities. Jervis began
to initiate his own technical designs, and this was a
critical step in his professional development:

Holding strict ideas of discipline, I was

very careful . . . to fully understand and

strictly carry out all directions from my

superiors . . . . They rarely made complaint

of my operations but often gave me encourag-

ing words, implying satisfaction with the

direction I had exercised. As time went on,

and I had become more familiar with the wants

of such works, I gradually began to criticize

the plans, being careful to keep my own coun-

sel until I had fully matured my views in

every particular.l0

On the Erie Canal, Jervis learned most of his engi-

neering in the field. It was a practical education, de-
signed to improve his caompetence in solving real and
immediate problems. But the young engineer did not slight
the academic side of his profession. To supplement his
field lessons, he started building a collection of tech-
nical literature that he continued to augment throughout
his life. Jervis was not content with learning a new skill
simply by imitating his peers or by relying on his own
ingenuity. He began to read. He studied surveying and
drawing, mathematics, mechanics, mill-wrighting, carpentry,

architecture, hydraulics, and natural philosophy.l1 In 1830,
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in a letter to Professor James Renwick at Columbia College,
he faulted those early American engineers, even the "most
eminent" ones, who had not done the same:

In the profession generally, there is

doubtless a great deficiency in scien-

tific knowledge. This in great measure

may be attributed to the limited educa-

tion of a large portion of those who were

early admitted to subordinate stations in

the parties of engineers, and who by their

application becoming familiar with the

ordinary duties and the plans of construc-

tion pursued on the work in which they were

engaged, were considered.engineers, without

ever having made much inquiry into the

reasons or principles of what they had been

doing or its applicability to other situ-

ations.1l2

After serving for two years as a supervising engineer

on an operating 50-mile stretch of the Erie, Jervis left
the canal in March, 1825. In his own words, he was "an
engineer seeking new fields of occupation," and he "looked

13 Jervis wanted to further his own

to new enterprises.”
education and to elevate higs status within the profession
by becaming involved in a new and different project. In
doing so he was following a camron pattern for early civil
engineers in this country. The best engineers sought out
the most difficult and challending work they could get,
and after completing that work they quickly moved on to
yet another project.

Benjamin Wright, who hired Jervis as an axeman in 1817,

hired him as his principal assistant engineer on the Dela-

ware and Hudson Canal in 1825. Although he was second in
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cammand of the Delaware and Hudson. Jervis organized its
engineering department and superintended the work because
Wright, busy working on several projects at once, was
largely a Chief Engineer in absentia. Wright maintained
final authority, but Jervis routed the canal and prepared
its plans and specifications. When Wright resigned his
position in 1827, the canal company appointed Jervis, for
the first time in his career, as Chief Engineer.

In the spring of 1830 Jervis resigned his position
on the Delaware and Hudson to become Chief Engineer for the
Mohawk and Hudson Railway. In 1833 he returned to canal
building as Chief Engineer for the Chenango Canal. which
ran 98 miles from Utica to Binghamton, New York. While
working on the Chenango he also served as a consultant on
the proposed enlargement of the Erie Canal, and when New
York State began the enlargement in 1836 Jervis served as
Chief Engineer an the Erie's eastern division. Jervis,
however, did not work long on the new Erie project. On
September 27, 1836 he accepted the position of Chief

14 The Water Camissioners

Engineer for the Croton Aqueduct.
terminated Douglass on October 11, and Jervis took over
nine days later. If Douglass had been too academic, lacking
in experience and in the confidence necessary to erect the
Croton Aqueduct, John Jervis suffered from none of these
i11s. He took command in a very literal sense, and within

just a few days the project was his. In 1842, when describing
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the first flow 6£ Croton water into Manhattan's distrib-
uting reservoir, one of Jervis' subordinate engineers
wrote that "our Chief Engineer arranged his corps and made
his movements with all the circumspection and tact of a
Napoleon.”" Fayette B. Tower's remark aptly underscored
Jervis' daminant role in buildin