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LEBANON WATER WORKS.

The following graduation thesis given before the board of overseers of

the Thayer School of Civil Engineering at Dartmouth College by Arthur

John Ela, B. S., will be found to be an interesting description of the Leb

anon Water Works, especially that part explaining the filtration plant:

Up to 1887 the village precinct of Lebanon, then with a population of

about three thousand, was supplied with water only by private wells and

an extremely inadequate semi-public aqueduct system of spring water

brought from the surrounding hills, and of an amount limited to the needs

of only about ninety families. In this year (1887), after a very destruc

tive fire in the manufacturing section of the town, it was voted to put in

a municipal supply and the necessary funds were obtained by bonding

the precinct. A pumping station was erected on the Mascoma River

above the town and water was pumped through a distance of 1,900 feet

with 250 feet lift to a distributing reservoir of 1,000,000 gallons capacity,

built mostly in solid rock, on top of a hill three quarters of a mile south

east of the center of the town.

The pump first used was of a type almost obsolete today; it had three

pistons 120° apart (Lang, Goodhue & Co., Burlington, Vt., makers), and

was driven by‘water power obtained through a canal of some 1,000 feet

length. ~

At first water was pumped directly from the canal leading from the

river. The source of the river'is Mascoma Lake, a body of water five

miles long by one and one half wide, three miles above the pumping sta

tion. The capacity of this lake has been considerably increased by a dam

at East Lebanon, built by an association of mill owners in order to obtain

a more uniform flow of water for power purposes. This lake is the main

storage reservoir to which a catchment area of 148 square miles is tribu

tary and even in the driest seasons it provides an ample storage capacity

for precinct uses.

During the first few years after the installation of the system the water

was repeatedly tested, and was always reported as excellent; but after a time,

owing to the greatly increased pollution, principally from the increased

mill wastes at Enfield, it was thought necessary, in 1894, to take some

steps toward purifying the water by filtering or otherwise. Accordingly
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in 1896, after considerable investigation, a well was dug near the canal

from which water was to be pumped, and it was expected that in passing

through the few feet of soil between the canal and the well the water

would be purified sufliciently. This method shortly proved to give water

of an unsatisfactory quality, and in 1898 a gravity system similar in gen

eral plan to that just previously built at Hanover was considered, using

the head waters of Great Brook, with a storage basin near East Plainfield.

This source of supply was abandoned because of the great expense in

volved and because of the uncertainty as to its being free from sewage

pollution.

In 1901, with hopes of improving the quality of its supply, two covered

filter galleries were built near the canal, one, rectangular, 30’ x 65’ x 15’,

the other, circular, 8’ in diameter and 11’ in depth. The rectangular gal

lery was walled with stone to a thickness of three feet. The covering

was made of steel beams, spaced six feet apart, supported by brick piers;

the spaces between the piers were filled in with brick arches and all was

covered with earth to a depth of three feet. From the two galleries

150,000 gallons per day of rather unsatisfactory water was obtained,

which comprised the main part of the amount required, water being taken

directly from the river only in case of fire.

In September, 1904, attention was called to the immediate necessity

for a better quality of water than that obtained from the filter galleries;

periodic analyses of the water from the pumping station by the State

Board of Health gave evidences of sewage pollution in the form of

colon bacilli in dangerous proportions, and the authorities at Lebanon

were accordingly advised. Thereupon, three artesian wells were bored

with a combined depth of 712 feet, but as all these evidently tapped the

same vein and yielded but 20,000 gallons a day, and as the last one of

the three had not increased the yield, some further supply was impera

tive. The “Great Brook” plan was again considered, but because of the

expense involved (about sixty thousand dollars, as determined by Messrs.

Everett and Smith of last year’s class, not including the cost of the area

drained), it was finally abandoned in favor of mechanical filters, which

were duly installed and are in present use.

MECHANICAL FILTERS.

These filters are two in number and of the gravity type, built by The

New York Continental Jewell Filtration Company; they have a pessible

combined capacity of 1,000,000 gallons per twenty-four hours. Each fil

ter consists of a circular wooden tank, 15 feet in diameter, resembling a

large barrel set on end. This tank contains the filtering material sup
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ported upon small spheroidal strainers screwed into collecting pipes at the

bottom. Outside this tank, and with an open space between, the two, is

another of similar form and material, one foot greater in diameter and

two feet greater in height.

The filtering material consists of four inches of % tog inch gravel at

the bottom; next, another four inches of Q; to %} inch gravel; and then 28

inches of moderately fine “ quartz ” sand of 20 to 40 mesh.

One of the distinctive features of mechanical filtration is the process of

coagulation, and so essential is it that a brief description of the process

will be given. , Roughly considered, coagulation is produced by the intro

duction into the raw water of a soluble chemical salt, capable of disinte

grating and becoming insoluble when brought into contact with certain

constant constituents of the water itself. The result is the formation of

an insoluble gelatinous coagulum of greater bulk and relatively greater

specific gravity than is possessed by the impurities contained in the water.

This coagulum is precipitated and gradually aggregating together, settles

throughout the water, enveloping and dragging down such suspended

matter as it comes in contact with and at the same time reduces the color.

The filter bed of sand offers so much more resistance to the coagulum

than it offers to the impurities as originally contained in the water that

only a very small part of the coagulum with its entangled suspended mat

ter finds its way down through the sand and gravel to the collecting pipes.

A very common example of the work accomplished by a coagulum is that

furnished by the practice of clarifying coffee by means of the white of an

egg.

In the filters at Lebanon sulphate of alumina is used for the coagulent.

It has been found from analyses of the water that there is sufficient alka

linity to neutralize 1i} grains of the sulphate to the gallon of water; yet

only one grain per gallon is used, and this proportion has proven entirely

satisfactory. I

The water is taken from the canal and treated with the sulphate about

seventy-five feet before it reaches the filter; it then enters the outer tank

of the filter, flows up through the open space between the tanks and over

the circular rim of the inner one, covering the surface of the sand to the

depth of a foot. Thence under the influence of gravity, it goes down

ward through the sand and gravel to the strainers and collecting pipes.

The collecting pipes carry the filtered water to the large underground fil

ter gallery (30’ x 63’ x 15’), before mentioned, whence it is pumped to

the distributing reservoir on the hill. The term mechanical as applied to

filtration does not mean, as is ofttimes thought, that the process of filtra

tion is chiefly mechanical or that it differs essentially from sand filtration,
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but it refers to the mechanical nature of the appliances used to clean the

sand. When the filters become clogged through the accumulation of

sediment on the surface of the sand, it is cleaned by an operation nearly

the reverse of filtering; the water from the canal is shut off and water

from the reservoir, under a head of 250 feet, is let into the collecting

pipes at the bottom of the tank and forces its way up through the sand,

thoroughly cleaning it and carrying the sediment back over the edge into

a pipe discharging into the river. Revolving rakes, operated by a water

motor, agitate the sand and facilitate the cleaning of it. The interval

between washings averages twenty-four hours, and the operation requires

fifteen or twenty minutes.

The color and turbidity efiiciences of this filter are nearly one hundred

per cent; the bacterial efficiency is said to be 96 to 99%., per cent.—

results as good as it is practicable to obtain by any method now known.

The cost of the coagulent for the amount of water treated is 35 to 40

cents a day. '

It is inevitable in works of this kind (considering the system as a whole)

that certain deficiencies in the equipment will appear from time to time,

and this is particularly true in cases where great reliance is placed upon

mechanical appliances; the necessary wear and tear must always be reck

oned with. So in this case, considerable trouble and expense have been

occasioned at different times by the equipment as originally installed, and

much of it has been supplemented or replaced. From the first the triple

piston pump never proved very efiicient under so great a lift as 250 feet,

and it frequently needed repairing; it was supplemented in 1898 by one

of the two-piston type (Laidlaw-Dunn-Gordon, Cincinnati, makers), with

a capacity of 28 gallons per stroke, 26 strokes per minute, or a daily

capacity of 1,000,000 gallons. The reservoir was lined and a low parti

tion wall put in. The pumping station was found to have been built on

quicksand, and twice was nearly wrecked by undermining; new founda

tions of stone were built. Owing to the friction while pumping, due to

the small size of pipe, the line of eight-inch pipe from the pump to the

reservoir is to be supplemented with another of ten-inch at an early date.

At the present time there are about four thousand water takers in the

precinct; the daily consumption of water is 200,000 to 300,000 gallons,

or 50 to 75 gallons per capita. The present system has a capacity of

1,000,000 gallons a day,—a capacity sulficient, except in case of a large

conflagration or some other unforeseen trouble, to supply the demands of

12,000 people, —nearly three times the present population,—a number

which probably will not be reached for many years.


