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and Viper.

A discussion followed, concluding with a vote of

thanks to the author for his paper.

The President announced that the meetings of

the society were adjourned to the 12th of October

next.

THE HISTORY AND STATISTICS OF AMERI

CAN WATER-WORKS*

BY J. JAMES R. CROES, M. AM. SOC. C. E.

(Continued from page 204.)

XX.—JERSEY CITY.

Jersey City, New Jersey, in lat. 40° 18' 80" N.,

long. 74° 8' W., is situated on the western shore of

New York Bay and the Hudson River.

The average level above high tide for about a

mile back from the river is 8 ft. ; it then rises ab

ruptly to a ridge running north and south, with an

elevation of 180 ft. , and again descends to a few

feet above tide on the west side.

Laid out in 1804 by the name of Paulus Hook, it

was incorporated as the City of Jersey in 1820, and

as Jersey City in 1838. The district now supplied

with water comprises also Hoboken. In 1852, the

population being about 8,000, water-works were

constructed after the plans of William Whitwell,

C. E.

The water is taken from the Passaic River at

Belleville, about 8 miles from the city, and is

pumped by steam to a receiving reservoir on the

ridge near the river, whence it is conveyed by

pipes across the Newark meadows to distributing

reservoirs on Bergen Hill, in the city.

The conduit from the river to the pump well is

of brick to the edge of the river, whence a wooden

box extends out to the charnel with a gate at the

outer end. The first pipe across the meadows was

of cast iron, 20 in. in diameter and 5J 2 miles long,

laid mostly on a salt marsh, the depth of which is

from 12 to 40 feet. This meadow was formerly

covered with heavy growths of cedars, and the

matted roots were deemed a sufficient support for

the pipe. Stumps were removed and material

taken from ditches spread over the surface. On

this, planks were laid, and upon these the pipe,

the whole being covered with a muck embank

ment topped with gravel and sodded. The

pipe crosses the Hackensack River on piers, built

by the side of the turnpike bridge. It is

protected from the shipping by piles and a brack

eted string-piece. A 80-in. siphon passes under the

draw. The pipe rests on rollers and has slip joints

at the ends. It is covered with an air-tight box

for protection from frost. In 1862 this conduit

had settled in places below the meadows. In 1862

a 36-in. main was laid. On the slope from the re

ceiving reservoir to the meadows, a distance of

2,000 ft. it was of wrought iron and cement; for the

remaining distance it was of cast iron. Two rows

of piles were driven 3 ft. apart to solid founda

tion, cut off 16 in. below the ground and cross

capped by 10X12 in. pine timber, upon which a

brick pier 12x44 in., by 16 in. high was laid. The

pipe was secured to this by additional courses of

brick up its sides. The main crossed the bridge by

the side of the 20-in. one, and siphoned under the

draw, resting on a timber foundation secured to

piles. This siphon leaked, and in 1871 a diver

found that it had settled very unevenly. It was

abandoned in 1874 and removed.

In 1871 a 36-in. cast-iron pipe with flexible

spherical joints was laid across the river on its

bed, just above the old bridge crossing and connec

tion made with the 36-in. main. In 1873 a wrought-

iron and cement-lined 36:in. pipe was laid. The

foundation consisted of two rows of piles 2 ft.

apart, capped transversely by timbers 12 in. square

and 6 ft. long, on which are laid five stringers 8 by

10 in., with a plank flooring, the whole

securely spiked. On this a brick cradle is built in
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whiph rests the pipe imbedded in an inch of

cement and an 8-in. arch of brick turned over the

pipe, 1 in. of cement intervening, the whole

covered with 12 in. of earth and sodded.

The length is 22,300 ft., of which 17,500 ft. are

laid on the meadows. There are now three 36-in.

submerged pipes crossing the river connected with

the 36-in. mains.

The first engine was a Cornish beam engine,

pumping through a 86-in. force main, into a reser

voir 2,000 ft. distant and 160 ft. above the river.

The diameter of the steam cylinder was 80 in. ;

diameter of pump plunger, 34% in.; length of

stroke, 132 in.

The ram of this engine was so great that in 1856

it started nearly every joint in the rising main. A

stand-pipe, to relieve this, was built in 1859. A

second Cornish engine, with 80-in. steam cylinder

and 35-in. plunger, of 132-in. stroke, was put in

operation on Nov. 2, 1861.

A third Cornish engine was put in operation on

Nov. 22, 1870, with 85-in. steam cylinderand 36-in.

plunger of 182-in. stroke.

In 1873 two Worthington Compound Duplex

engines were purchased for high-service supply

by direct pumping, to be erected on Bergen Hill.

In consequence of needed repairs at the Belleville

works, however, one of the pair was erected

there.

The other was erected in 1877 on Bergen Hill.

Their capacity is 8,000,000 gallons each in 24

hours. Diameter of high-pressure cylinder, 29

in.; low pressure, 50J4 in.; pump plungers, 28 in.;

length of stroke, 48 in.

In 1878 a temporary high service was supplied

by a Knowles and Sibley pump.

The stand-pipe erected in 1859 is of plate iron,

from to TV in. in thickness; diameter of base, 6

ft. 6 in.; top, 4 ft.; height, 160 ft. above ground.

This increased the pumping capacity of the first

Cornish engine 75 per cent. This pipe being

unprotected fell, on Dec. 81, 1869, it was said,

from the weight of ice formed in it. It was

repaired and re-erected.

A stand-pipe of plate iron, to x7j in. in thick

ness, secured by flanges to the base, 6 ft. in diam

eter and 160 ft. high, was erected in 1871, 15 ft.

from the first one. A silicious composition was

applied to the old and new pipes to prevent oxida

tion. In 1872 a brick and brown-stone tower, 210

ft. high, was built, inclosing both pipes.

The receiving reservoir at Belleville is rectangu

lar, 299 by 868 ft. and 16 ft. deep. It is built in

excavation and embankment. The inside slopes

are puddled, lined with brick on edge, set in cement,

with a backing of 18 in. of rubble for 5 ft. below

the top.

The distributing reservoir on Bergen Hill is of

oval shape, with 12 acres of water surface, an

average depth of 15 ft. and a capacity of 70 million

gallons. The flow line is 125 ft. above high tide.

Its inside slopes are lined with brick, with a course

of stone near the flow line. The bottom is pud

dled with clay and gravel. In 1871-74 a stqrage

reservoir was built on Bergen Hill, adjacent to the

distributing reservoir. It has earth embankments

supported on the outside by masonry walls, having

a base of 12 ft. and an outside batter of 1 in. to 1

ft., rising by steps on the inside, the top being 8 ft.

wide. The banks are 27 ft. wide at the top, with

inside slopes of 1% aDa 2 to 1. A puddle wall 8 ft.

wide at the bass runs through the middle of the

bank. The bottom is puddled with clay and gravel

and the slopes lined with rubble masonry for

about one-third of the height from the top, the

lower portion being unprotected.

The reservoir is nearly a rectangle and is divided

in the centre by a masonry wall containing con

necting gates. It is of 27 acres area, and has a

storage capacity of 167 million gallons. This res

ervoir leaked badly when water was introduced in

September, 1880. It was found that the water

escaped under the bank along the natural surface

which had not been properly prepared or puddled.

In December, 1863, a portion of the lining of the

Belleville reservoir, 125 ft. long, and half as deep

as the slope, fell in. An examination showed that

the earth underlying the bricks had been washed

out by leakage to a depth of 6 in. The occurrence

of heavy rains, and the rapid lowering of the

water, caused by a break in the main at the Hack

ensack river, caused this weakened portion to slide

into the reservoir.

On Nov. 22, 1871, an accident occurred, badly

wrecking Cornish engine No. 8. The induction

valve of the water cylinder broke, the heavily

loaded plunger fell, crushing through the guard

blocks and destroying the pump. The steam pis

ton drove out the cylinder head, wrecking all con

tiguous valve gearing, the piston being entirely

ejected from the cylinder and the rod badly bent.

Much trouble has been experienced from time to

time by sludge or anchor ice in the effluent gate

house of the reservoir obstructing the screens. In

December, 1871 , during varying extremes of tem

perature, the screws being clogged with ice and

the well exhausted, the pressure from without

broke the screens and the well filled with a mass

of slush ice, which consolidated and took 11 hours

to remove.

The distribution pipes are partly of cast iron and

partly of wrought iron and cement. There are 828

miles of pipe in all, of which 63 miles are of wrought

iron and cement, and about 260 of cast iron. The

city is laying no cement pipe at present.

The population, pipeage and consumption for

each tenth year have been as follows :

Daily Consump-
Miles of tion in Millions

Year. Population. Pipe. or Gallons.
1850 6,856
1860 20,227 20.6 2.01
1870 82.546 71.2 6.07

1880 120,728 3.23 14.95

The works cost to Jan., 1881, about $4,950,000,

and the outstanding bonds amount to $4,838,000.

The revenue for 1880, including amount received

from Hoboken and for metered water, was about

$450,000.

The use of meters was begun in 1862; there are

now 177 in use in Jersey City, and 43 in Hoboken.

Until 1871 the works were managed by a Board

of Water Commissioners; since that time the Board

of Public Works has controlled them.

The engineers and superintendents have been:

From To
William Whitwell 1851 1854
George H. Bailey 1854 1860
William Parker 1860 1861
Robert C. Bacot 1861 1866
John F. Ward 1866 1871
John F. Culver 1871 1875
S. B. Dougherty 1875 1877
Levi W. Post 1877 1879
W. W. Ruggles 1879 1881
WilmotW. L\ Sites 1881

XXI.—ALBANY.

Albany, New York, in lat. 42° 39' 8" N., long.

73° 32' W., is situated on the west bank of the

Hudson River, 160 miles from the ocean. The site

of the city extends from the bank of the river with

two miles of frontage, for a few hundred feet over

an alluvial plain, and then rises quite abruptly to

a plateau 150 to 220 ft. high, which extends west

ward in a sandy plain. The slope towards the

river is divided by three or four valleys worn by

former streams in the clay bluffs.

Settled in 1614 by the Dutch, possessed by the

English in 1664 and incorporated as a city in 1686,

its population in 1813 was 11,000. About this time

a supply of water was introduced from small

streams. The water was conveyed 3 miles in a cast-

iron pipe of 6 in. diameter. Three hundred tons of

these pipes were laid, some of which are still in

use after a longer term of service than is recorded

of any other cast-iron pipe in the United States.

They are claimed to have been the first cast-iron

water pipe made inthe United States. Two straight
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pipes and one branch of this pipe are in the posses

sion of the American Society of Civil Engineers,

having been presented by L. B. "Ward, C. E., for

exhibition at the Centennial Exhibition in 1876.

In 1830, the population being 24,000, a company

was formed for supplying the city with water

obtained from three streams—Maezlundt Kill,

Middle Creek and Patroon Creek—across each of

which a dam was built. On the Maezlandt Kill a

second small reservoir was formed and housed in.

Water was brought to this by a wooden trunk, or

flume, 3 ft. square; from here it was conducted to

the city, partly by a small square brick conduit and

partly by a 20-in. cast-iron pipe. The water from

Middle Creek and Patroon Creek was also bi ought

to this conduit in square brick aqueducts of small

size. The distribution was by cast-iron pipe and

wooden logs from a small reservoir, situated south

of the railroad on Eagle street. This company,

failing to adequately supply the city, surveys were

authorized by the City Council in 1842; several

■were made from time to time, but none adopted

until ia"50, when, the population being 50,000,

works were built after the plans of William J.

McAlpine.

Water was taken from Patroon Creek at a

point four miles from the city. A dam was built

and water conveyed by a masonry conduit to a

reservoir on Bleecker Hill, about a mile from the

river. A second impounding reservoir was formed

by a dam just below Tivoli Falls.

The brick conduit connecting the Patroon Creek

reservoir, called Rensselaer Lake, with the Bleecker

reservoir, was 21,000 ft. in length. It was 8 in.

thick and of oval form, 8% x 4 ft. in diameter ;

its grade was 1 ft. to the mile, and its capacity

when flowing 3% ft. of water was 600,000 gallons

daily.

The ground for foundation was cleaned, the

earth excavated was used for back filling. The

embankments were built of clear earth wet and

rammed in 6-in. layers, and carried 9 ft. above

the grade line. The width of foundation was 42

ft., slope, 2% to 1, and the top of the bank 6 ft.

wide. The conduit was completed and in use by

September, 1852, when water was let into the

Bleecker reservoir. After being in use a short

time the conduit was found to have settled and

cracked very much throughout its entire length.

Cracks from 50 to 200 ft. long were found admit

ting large quantities of quicksand and water. At

other places large holes in the bottom allowed

hea.vy leakage ; the top arch in many places hung

only by the bricks, the mortar having been washed

out . It was repaired and afterward did service.

The dam of the Rensselaer Lake reservoir is an

earth bank; it is carried 8 ft. above the water line,

and is 34 ft. high; it is 10 ft. wide at the top, has

outside slopes of 2 to 1 ; it was built in layers and

puddled. The inside slope of \% to 1 has a clay

puddle lining, covered with coarse sand. The

area of the lake is 30 acres and its capacity 160,-

000,000 gallons. The Bleecker Hill reservoir was

begun in the" spring of 1852; it is in excavation

and embankment, and is 500 by 570 ft. and con

tains 20,000,000 gallons; its inside slopes were pud

dled and covered with flagging stones; these were

removed in 1876 and a paving of blocks in cement

substituted. Both reservoirs had stone masonry

gate-houses.

The reservoir at Tivoli Falls has an earthen dam

25 ft. high..

Its area is 20 acres, and it contains 30,000,000

gallons. This reservoir was connected with an

old reservoir of the first company, at Eagle street,

south of the railroad, for the supply of the lower

districts.

"While the works were in construction, the use

of water from Maezlandt Kill and Middle Creek

was continued. This supply was afterward incor

porated with the new. The old reservoirs were re

paired and the connecting trunks and conduits

cleaned. Connection was made with the city

mains by means of a 20-in. iron pipe.

The works were constructed in a sandy country.

The increase of population and the clearance of the

water sheds of their timber growth caused great

deficiency in supply.

The quality of the water from Rensselaer Lake

was generally quite bad from its shallowness. The

sand, driven by wind in storms, gradually filled

this lake up, so that much water was lost by its

incapacity to hold storm water.

In 1872 the supply from Rensselaer Lake had

fallen so short that a Worthington pump of 1,000,-

000 gallons capacity was erected to pump water

from Tivoli Lake into the Bleecker reservoir. This

materially increased the supply, but afforded but

temporary relief. A second pump was erected in

the following year, forcing water into Rensselaer

Lake.

In 1873 a plan was adopted to pump water from

the Hudson, and after receiving the endorsement

of James P. Kirkwood, C. E., and Prof. C. F.

Chandler was undertaken by I. C. Chesbrough,

C. E. . as engineer. Water is taken from the Hud

son River at the foot of Quackenbush street and

conveyed by a tunnel 870 ft. long to the pump-

well, where a pair of compound condensing beam

engines, coupled to one fly-wheel, force the water

to the Bleecker reservoir.

A brick shaft 10 ft. in diameter and 47 ft. deep,

secured to :i cast-iron shoe by vertical tie rods, was

sunk on the pier between the river and Erie canal

basin. Much difficulty' was encountered in the

influx of water, and much work was done by a

diver. On reaching the depth of 47 ft. , the first shaft

being much strained and cracked, a second was

sunk within it 7% ft. in diameter; this was

forced with much difficulty to a depth of 51 ft.,

or about bed rock, where the existing work was

secured by cast-iron cylinders, and further progress

made by the same. The shaft was carried to a

depth of 80 ft., when a horizontal drift 6 ft. in

diameter was driven toward the pump well,

220 ft.

The tunnel from the engine house to the edge of

the Erie basin had been completed; it was mostly

through hard-pan gravel and was bricked. This

was pumped out, and a short distance from the

basin end of the tunnel a shaft was sunk in the

rock 13 ft., from which a drift descending 2% to 1

connected with the rock tunnel.

Connection between the inlet shaft and the river

was made by a masonry culvert opening into the

river about the middle of the pier, its outer end

fitted with gates. The shaft is fitted with a copper

wire screen 6 ft. 4 in. in diameter and 16 ft. high.

The foundation for the engine and well was

carried down to bed rock. Each engine has a

steam cylinder of 42-in. diameter and 132-in. stroke,

and two plunger pumps of 22-in. diameter of

plunger and 84-in. stroke. .

The engines have a capacity of 10,000,000 gal

lons per day. The length of the force main is

9,723 ft. It is of 80 in. diameter. The lift is

249 ft.

A better high, service being needed, a reservoir

was constructed in 1875 on Prospect Hill, formerly

known as Powder-house Hill, 1,800 ft. distant

from the Bleecker reservoir and 55 ft. above it.

Water was taken from the Bleecker reservoir

through a 24-in. main to a pump well 1,390 ft. dis

tant, where it was elevated to the Prospect Hill

reservoir by means of a pair of compound con

densing beam engines connected with one fly-wheel.

Each engine operates one pump of the Thames

Ditton pattern.

The diameter of the high-pressure cylinders is

11% in., stroke 58 in. Diameter of the low-

pressure cylinders is 20% in., stroke 72 in. Diam

eter of pumps, 21% in., diameter of plunger 15 in.,

stroke 54 in.

The Prospect Hill reservoir was completed in

May, 1877. Its area is \% acres, depth 14 ft. Its

capacity is 6,743,378 gallons. The banks are car

ried 6 ft. above the flow line. The embankment is

of sand rolled in layers. The outside slopes are 2

to 1. The bank is covered with soil and sodded.

The inside slope is 1% to 1. The bottom is lined

with puddle for 6 in. ; on this lies 6 in. of concrete,

and on this again is 18 in. of puddle, the whole

covered with brick laid in cement 4 in. thick. The

inside slopes have 6 in. of puddle and concrete, and

2 ft. 6 in. of puddle over it for a height of 10 ft.;

they are lined with 10 in. of brick in cement. From

here to 5 ft. above the water-line is a paving of

stone, in cement backed with 3 ft. of gravel laid

over 3 ft. of puddle and concrete.

The city is divided into upper and lower services,

the dividing line being about 120 ft. above the

river. The distribution is by cast iron pipe. On Jan.

1, 1880, there were 75.69 miles in use, of which

42.45 miles are less than 6 in. diameter.

The use of 3-in. pipe has been discontinued.

There are 36.45 miles of 4-in. pipe in use.

The annual reports do not contain full statements

of the receipts and expenditures of the works. In

January, 1880, the Commissioners report that here

tofore the net income had been ample not only to

make all improvements and extensions but also to '

contribute largely to the payment of the debt, but

that the introduction of pumping works had

greatly increased their expenditures. The pay

ments for 1879 were $57,353.23, and the receipts

from special rates $31, 235.37.

XXII.—INDIANAPOLIS.

Indianapolis in Indiana, on the east bank of the

White River, in lat. 39° 55' N., long. 86° 5' W.,

comprises an area of about 20 square miles on a

plane sloping to the southwest at the rate of about

15 ft. to the mile, and 80 ft. above lowwater at the

river bank.

The city is on a bed of gravel from 60 to 30 ft.

thick, overlaid with five or six feet of alluvial soil

and underlaid with from 5 to 10 ft. of clay, beneath

which is another bed of gravel. The ground water

in the upper gravel rises from the river level at

the rate of about 20 ft. to the mile, and furnishes

a large proportion of the water used for domestic

purposes by well. It is badly contaminated by

drainage from cesspools and privy vaults.

Founded in 1819, its population in 1869 was 30,-

000 when a private company was organized to

supply water. Two wells 20 ft. in diameter

and 80 ft. apart were sunk near the river bank to

a depth of 10 ft. below low water in the river and

connected by a tunnel. The lower 6 ft. of one of

the wells is only 12 ft. in diameter. A 4-in. pipe

was sunk 80 ft. to the lower water-bearing stratum,

but its yield is very small. The water from the

lower level is strongly impregnated with mineral

salts. It is used by some manufacturing establish

ments from tube wells, but scales boilers badly and,

even when cold and running in a trough, forms a

hard reddish deposit-.

The Water Company owns the Central Canal,

which was built by the State about 1850, and ex

tends from the city to Broad Ripple, on the White

River, 8 miles distant, and is used no longer for

navigation, but furnishes water-power to several

mills in the city, and for driving three turbine

wheels, which operate'three rotary pumps and six

single-acting pumps, of B. Holly's design, of 16-

in. diameter and 16-in. stroke. A Holly steam en

gine is also connected with the pumps. The water

is pumped directly into the mains.

The supply from the wells was sufficient for a

few years, but it soon became necessary to draw

water from the river directly, in case of fire or any

extraordinary demand. The works were located on

the concave shore of a bend in the river, where the


