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At Greenfield, Mass., the water works are owned and operated
by a fire ‘district, which contains about ninety per cent. of the
valuation of the town, and supplies water to the whole town, with
the exception of the farming district.

The water supply is taken from the watershed of Glen Brook
in the town of Leyden, by gravity, supplemented by an auxiliary
pumping station, taking a supply from a well located in the valley
of the Green River, near the river.

The original works, built in 1872, are composed of a reservoir
on Glen Brook, of about 24 000 000 gal. storage capacity, situated
225 ft. higher than the main street, and located about five miles
from the center of the town. At the time of the construction of |
the system, cast-iron pipe was very high, compared with the pres-
ent market, and the mistake was made, which was a common
one in our New England towns and cities at that time, of putting
in mains that were too small.

As the town grew, and its demands for water and fire protection
became greater, it became necessary in 1885 to lay an additional
14-in. main to the reservoir, to give better protection in case of
fire. This, together with some essential reinforcements of the
pipes in the built-up section of the town, was constructed at a
cost of about $75000. The next improvement, other than the
regular extension of the mains within the town, was made in
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1894. At this time it was found that the 5.5. sq. miles of
area which supplies the Glen reservoirs would not in the drought
years, with the available storage, yield sufficient water to supply
the town. After considerable investigation by committees it was
decided to install an auxiliary pumping station on Green River,
taking raw water from the stream, and pumping it into the mains
through a 10-in. force main half a mile long, where it connected
with the existing main pipes from the reservoir to the town. The
equipment then installed consisted of a locomotive type boiler,
and a 16 by 10 by 10 steam pump, with which it was possible to
maintain a supply of water for the town when the gravity
supply failed, although at a very excessive cost for pumping.
This excessive cost of pumping (about $40 per million gallons)
added considerable to the cost of maintenance, but did not
amount to a very serious expense until 1909, when an increased
amount of pumping became necessary. .

About ten years after this original pumping station was in-
stalled, the growth of the town made it necessary to obtain a
greater supply to carry the town through the dry seasons. The
capacity of the pump was insufficient, and the location was such
that, in order to get sufficient water, it was necessary to build
temporary dams in Green River to raise the water a few feet, so
that it would flow into the pump pit. As the river bed at this point
was composed of coarse gravel, a large portion of the flow of the
stream was lost through seepage; there were also several small
water powers located about five miles further up the stream which
held back the flow at times, so that there was not enough water
flowing to supply the pump.

, At this time it was voted to build a storage reservoir above
the existing reservoir on Glen Brook, which was expected to store
sufficient water to tide over the dry periods. This reservoir was
completed in 1906, at a cost of about $85 000. The dam was de-
signed by E. A. Ellsworth, of Holyoke, who worked in connection
with Chas. J. Day, a civil engineer, who was at that time chair-
man of the board of water commissioners. The storage capacity
‘is 44 000 000 gal. This dam raises the water about 45 ft., but,

- as the reservoir is located in a narrow valley, and the watershed

is abrupt, the result is that a comparatively small amount of stor-
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age is obtained. A large item of the cost of the reservoir was the
construction of the foundation. A pocket was found in the bed
of the stream, which had to be excavated to a point 42 ft. below
the water level to obtain rock foundation. The whole structure
rests on ledge, and is built of 1 : 3 : 5 concrete with large stone im-
bedded. From the upper reservoir to the lower, and connected
below the lower, a 30-in. cast-iron pipe is laid. The gate arrange-
ment is such that supply may be drawn from either reservoir
separately, or water discharged from the upper to the lower. The
30-in. pipe is laid along the easterly shore of the lower reservoir,
and has been tapped for 23-in. fire-hose connections at inter-
vals of about 100 ft. along the whole length of the reservoir.
During the spring, when the lower reservoir is being cleaned, we
use fire hose for flushing out the silt and mud, and find this method
very economical and thorough.

The fire department at Greenfield is operated by the fire district,
and there are no steam fire engines, all the fire service being obr
tained from hydrants. The length and size of the main pipes from
the reservoir to the town are such that a large volume of water
at reasonably good pressure cannot be delivered. About seven
years ago, a short time after coming to Greenfield, I became aware
of this condition, and hydrant tests showed that, in the center of
the town, not over four efficient hydrant streams were available
at the same time.

At this time I recommended, as a remedy, the construction of
a reservoir on Rocky Mountain, about a mile from the town, to
be supplied by the present gravity supply, through a 24-in. pipe.

In May, 1909, there was a very serious fire, which demonstrated
clearly the lack of water for fire service. Very shortly after-
wards a meeting of the voters was held, at which an appropria-
tion of $75 000 was made to build a covered concrete reservoir on
Rocky Mountain with the necessary pipe connections, and Mr.
Wm. S. Johnson of Boston was employed to prepare the plans.
The contract for its construction was awarded to Daniel O’Con-
nell’s Sons, of Holyoke. The work of installation of pipe valves
and laying about 6 000 ft. of 24-in. pipe to the center of the town
was done by the water department.

The reservoir is built wholly on ledge, a portion of it being ex-
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cavated from the trap rock which occurs on the summit, obtain-
ing in this way sufficient material for the embankment. A concrete
floor, 6 in. thick, was laid in alternate sections after the walls were
completed. The roof is of groined arch construction, supported
by 24 in. square concrete columns, spaced 17 ft. on center. The
reservoir has a capacity of 2 000 000 gal. and is supplied through
a 24-in. cast-iron main which is laid to the center of the town, and
which also protects the main business portion of the town. In
operation, this reservoir has a standpipe effect, supplying at all
times enough water for fire service. Water flows in during the night
to take the place of that which is used during the day. The con-
trol of the water level in the reservoir is entirely automatic, and
the same 24-in. pipe through which the water supply comes is
used for water to return to the town. By the use of two check-
valves and a float valve, the water is shut off automatically when
the reservoir becomes full, and in case of a slight drop in pres-
sure down-town, a check-valve in the 24-in. outlet pipe opens and
water from the reservoir enters the system.

Although the contract to the reservoir was started in 1909,
the addition to the system was not completed until the following
summer, at which time a hydrant test was made, which illustrates
the gain in fire service obtained.

The first part of the test was made with the Rocky Mountain
reservoir shut off, and represents the conditions as they were be-
fore this addition to the water system. This test was as follows:

With the hydrant pressure at 97 1b. the normal ten fire streams
were connected, using 150-ft. lines of 23-in. hose with 1}-in. noz-
zles. With these streams, the pressure dropped to 27 Ib. With
six of the above streams, the pressure was maintained at 39 1b.

The Rocky Mountain reservoir was then turned on, the pres-
sure standing at 87 lb., which is normal from this source. With 16
streams the pressure dropped to 81} lb. and then four more
streams were added, and a wagon-pipe with three-way siamese
connection, 50-ft. lines of 2%-in. hose and 1%-in. nozzle. With
all the above streams, which were connected with 150-ft. lines of
23-in. hose and 1}-in. nozzles, excepting the wagon-pipe, which
had 13-in. nozzle, the pressure was maintained at 81} Ib.

The streams with 13-in. nozzles should discharge, under the
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above conditions, about 266 gal. per minute, which indicates that
the total discharge with 20 streams and wagon-pipe was about
6 000 gal. of water per minute.

The streams with 1}-in. nozzles, when all were in service at the
same time, were sufficient to give effective service at a height of
80 ft.

The wagon-pipe as connected will furnish an effective stream
120 ft. in height.

The upper reservoir on Glen Brook dld not accomplish the result
for which it was intended, as it lacked sufficient storage. In fact,
the first year it was used it was necessary to pump water from
Green River at the old pumping station. The question of a fur-
ther additional water supply was given very careful study before
anything was done regarding construction. Investigation of a
possible ground-water supply was made over a large area. The
first work in this connection was done in the valley of the Barton
Brook, lying easterly of the Glen Brook watershed. In this val-
ley we obtained some very encouraging results from flowing wells,
and located a good supply of water; but analyses showed it to be
unfit for use on account of an excessive amount of iron and chlorine.
Further investigation on the same stream up the valley developed
a supply of good water, but at such a distance from the town that
the cost of development would be quite large; and, as the water-
shed was a comparatively small one (five or six square miles), it
seemed better to depend on the larger.Green River watershed,
if suitable locations could be found. Therefore test wells were
driven, msaking a very thorough exploration of the river valley
from a point about half a mile northerly of Greenfield to the pres-
ent new pumping station which was built last year. At this
point the river valley widens out and, leaving the narrow moun-
tain gorge, enters a more level plain. Test wells driven at this
location showed a large bed of gravel containing sharp sand of about
the quality of filter sand. The gravel, however, contained many
large-sized stones, and some bowlders.

In connection with further investigation of additional water
supply, surveys were made up the valley of the Green River to
determine the cost of obtaining a gravity supply; also surveys
were made above the existing reservoirs on Glen Brook watershed
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for a storage reservoir. On the Glen Brook watershed a favorable
dam-site was located where storage could be obtained at a cost of
about $300 per million gallons. The capacity of a reservoir on
this site would be about 400 000 000 gal. with a sufficient water-
shed to easily fill it in the driest years. When we compare the
cost of storage at this proposed site ($300 per million gallons) with
the cost of storage at the present upper reservoir (about $2 000
per million gallons) it was evident that proper engineering in-
vestigation was not made before the upper reservoir was con-
structed.

On the Green River watershed, surveys indicated that a gravity
supply could be obtained, but it was necessary to construct about
11 miles of pipe line to bring it into town. Green River has a
watershed of about 50 sq. miles above our new pumping station.
Its source is in the state of Vermont. Our taking would occur at
a point so near the Vermont line that a large portion of the water-
shed would be over the line, where it would be difficult for us to
exercise sanitary control. A gravity supply from Green River
was not considered the best for our present needs, because of the
expense — estimated cost being about half a million dollars, our
present needs requiring slightly over 100 000 000 gal. per year
to carry us over the dry period, as shown by our pumping records.

The ground water supply which was completed last year was
decided upon because of the comparatively small outlay, and the
better, cleaner supply of water available. All the work of con-
struction was done by the water department. :

Some of the features connected with the new supply were the
construction of a large well, and a filter-bed which was built in
the gravel about 100 ft. from the well. A low dam was constructed
on Green River, about 800 ft. northerly of the well, which raised
the water 8 ft., sufficiently to flow on to the filter bed. The
pumping station is a brick building with concrete foundations, in
which is installed an electric driven pump. There was also laid
a 16-in. force main about 2 600 ft. long, which is connected to the
existing main from the reservoir to the town.

The construction of the well was done under unusual conditions,

-and, therefore, may be of interest to water-works men. The wall
is built of reinforced concrete, circular in form, and it was sunk
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into place. The bottom of the wall was designed to act as a cut-
ting edge, and was beveled at the inside lower corner, heavily re-
inforced. The bevel was made to allow workmen to shovel
underneath the edge.

The well is 40 ft. in diameter and 30 ft. deep, twenty-five feet
of which is below the ground water level. The first five feet of ex-
cavation was made to the water line, and forms were built and the
walls of the well constructed about 10 ft. high, projecting out of
the ground about 5 ft. Excavation was then carried on inside the
well, the water being pumped out; and the wall lowered down
by excavation underneath it; also more wall was added to the
top until the well was sunk to its depth. It was found necessary
to place a pump inside the well, on account of the excessive suc-
tion lift, and a centrifugal pump, placed on brackets bolted to the
wall, driven by an electric motor and belted connection, was in-
stalled. This 6-in. pump worked very nicely under this arrange-
ment, as it was not necessary to lower the suction pipe, the pump
following down with the wall of the well as the work progressed.
The discharge pipe was constructed in such a way that it would
turn on an elbow outside the wall as the well lowered down, with-
out straining the connections. As this pump was about 8 ft. be-
low the ground water level, it was necessary to keep the well
pumped out at night.

The well is covered with a reinforced concrete dome, and about
2 ft. of earth, leaving a manhole over the suction pipe. A large
number of pieces of 23-in. pipe were placed in the concrete wall
as it was constructed, to allow the water to come through the wall
readily.

The pump was built by the Platt Iron Works Company, of
Dayton, Ohio, and has a capacity of 3 000 000 gal. per twenty-
four hours, against a head of 285 ft. It is a 16 by 18 duplex, hori-
zontal pump, direct connected to a 200 horse-power, slip-ring
type, two-speed motor, through a single-reduction or herring-
bone gears. After erection, a test was made to determine the
mechanical efficiency of the pump, the discharge water being
passed through a Venturi meter, and it was found that the plant
efficiency was a little better than 75 per cent., which exceeded the
guaranty of the manufacturers by 3 per cent.
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The cost of electric current, taken on a five-year contract, is
1ic. per kw.-hr. The present cost of pumping is about $18
per million gallons. The power cost is about $13.50 per million
gallons. During the last season we pumped 2000000 gal. of
water per day from the well for about two weeks, which filled up
the lower reservoir more than was consumed; and for the balance
of the pumping season we operated the pump during the night
hours (one shift) and obtained in this way sufficient water for
our needs, about 1.2 million gallons per day.

The system is about eight per cent. metered. Meters are placed
on hotels, railroads, manufactories, and any consumption that
comes outside of the ordinary flat rate basis. The average water
consumption is about 1200000 gal. a day, population supplied
being 11 500. Through the summer months, when garden hose
is used, this is considerably increased; also during cold weather,
when people allow water to run to prevent its freezing, it reaches
a million and a half gallons a day.

Total cost of work, about $450 000. The total bonded debt
is $150 500. Cost of supplying water per million gallons, based
on total maintenance plus interest on bonds, $52.68.

It is interesting to note how the last two extensions — the
construction of Rocky Mountain Reservoir and the additional
supply — have overcome two serious defects, the lack of fire serv-
ice and the insufficient supply of water, at a reasonable cost.

In connection with this new work, I have worked under the
direction, had the hearty support and aid of our able board of
water commissioners, Messrs. C. C. Dyer, Wm. F. Aiken, and
Thos. L. Lawler. Wm. S. Johnson, civil engineer, of Boston, was
employed as consulting engineer in connection with the Rocky
Mountain Reservoir, also on work of additional water supply.
George A. Kimball, civil engineer, also of Boston, was consulted
regarding details of construction of Rocky Mountain reservoir.
Allen Hazen, consulting engineer, of New York, was consulted
regarding additional water supply.
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DISCUSSION.

MR. G. A. SampsoN. I would like to ask if you had any trouble
in sinking your well.

MRg. MERrILL. We had no difficulty whatever. The well went
down readily. I believe in the case of the first section, which was
only about ten feet high, one side of the well got uneven bearings
on some bowlders and caused a very slight crack in the wall,
probably about one sixty-fourth of an inch. But we saw it before
the pressure became great enough to do any damage, and we had
no further difficulty. As the well went down, the height of the
wall and the reinforcement made it much stronger against a
breakage of that sort.

Mer. W. 8. JounsoN. In connection with the construction of
the reservoir, we had some experiences which might be of interest
which Mr. Merrill did not mention. The bottom of the reservoir
was entirely upon trap rock, and there were six inches of very
rich concrete, which I certainly expected was going to hold water;
but when the reservoir was completed the bottom leaked like a
sieve, so much so that we could not fill the reservoir. Mr. Merrill
got busy, after the contractors got through, and pumped grout
into the bottom and made it practically watertight. But it cer-
tainly was something which I had not anticipated, that six inches
of concrete on that rock, and a very rich mixture, could not hold
water under a 20-ft. head. Mr. Merrill speaks of the filter bed
beside the Green River. That is hardly a filter bed. The well is
located in a comparatively limited deposit of sand of good filter-
ing quality, and this so-called filter bed is simply an area prepared
by scraping off the soil, so that the water discharged on it can
enter the sand and find its way at a very slow rate to the well. The
idea is simply to keep the sand stratum saturated with water
and thus keep up the supply of the well.

Greenfield is one of those towns which was unfortunate enough
to build water works before the eighties. They didn’t know in
those days what our modern water-works system meant. The
pipes in such systems are always too small, and every town that
built works at that time has suffered ever since from lack of
sufficient capacity. Of course some of the large cities have rem-
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edied that, but comparatively few of the smaller towns, and it is
due solely to Mr. Merrill’s activity and his method of presenting
things so that the citizens could see them, that this water-works
plant has been remodeled and made up-to-date. Of course he
would have been a good deal better off if an earthquake had come
and destroyed the whole plant, so he could have rebuilt, but con-
sidering what was there, and considering the fact that the plant
was producing a big revenue, he has certainly accomplished
wonders. There is one thing, however, which remains a relic of
the past, and that is the system of charging for water. They have,
a8 Mr. Merrill says, but very few meters. The water takers seem
to feel that they are paying for all the water they can use, and at
times they can use a very large quantity.

Mr. MEeRRILL. Regarding leakage of the Rocky Mountain
Reservoir, one might infer from what Mr. Johnson said that it
was due to defective concrete. This, however, was not the case,
as practically all the leakage that we were able to detect was due
to contraction of the floor slabs and wall sections, which were
all poured in separate sections. The floor slabs were about seven-
teen feet square, and the wall sections not over twenty-five feet in
length.

The concrete was poured during the hottest summer weather,
and the reservoir was filled about the first of November, when the
water had a temperature of about 45° or 50° fahr. The work of re-
pairs was done during the coldest winter weather, in order to allow
the concrete to contract all that the colder water we have during
this season would make it.

The repairs were made by drilling holes in the concrete in the
joints and inserting a short pipe nipple which was calked in with
jute packing so that it would hold pressure. The discharge hose
from a grout pump was then connected to the pipe and grout
pumped in. In the walls we used pressure as high as 100 1b. per
sq.in. It was necessary, as the grout began to flow out of the joints,
to calk them with jute packing in the same manner that the joints
of a boat are calked.

In one or two cases, while repairing the floor, the grout appeared
in joints about fifty feet distant from the drill hole where it was
being pumped in. We did not use as high pressure in repairing
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the floor as we did for the walls, as there was danger of lifting the
floor slabs.

We used about one carload of cement, reducing the leakage from
about 400 000 gal. a day to practically nothing.

In connection with the repair work, we were indebted to Mr.
A. E. Lockridge, of Springfield, Mass., for advice, and we used the
same method used by him in repairs at Springfiéld.





