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Boston, Mass., Jau. 13, 1912

To the Honorable the Senate and House of Representatives of the Com-
monwealth of Massachusetts in General Court assembled.

By chapter 87 of the Resolves of the year 1911 the Metro-
politan Water and Sewerage Board and the State Board of
Health, acting jointly, were requested to make “an investiga-
tion and report as to Lake Cochituate.” The resolve reads as
follows:

Resolved, That the metropolitan water and sewerage board and the
state board of health are hereby requested to make an examina-
tion of the water of lake Cochituate and of its immediate tributaries,
and of the adequacy of the protection of the purity of said water, in
order to determine whether or not the water is suitable for a domestic
water supply, and as to the advisability of providing a method of
filtration for the water. Said boards, acting jointly, shall report the
result of their investigation, with such recommendations for legisla-
tion as they may deem advisable, to the general court on or before the
fifteenth day of January, nineteen hundred and twelve, and they shall
submit as a part of their report an estimate of the cost of a method
of filtration.

The Board named, acting jointly, respectfully report that a
committee, consisting of Hiram F. Mills of Lowell and C.
Eugene McGillicuddy of Worcester, of the State Board of
Health, and James A. Bailey, Jr., of Arlington, of the Metro-
politan Water and Sewerage Board, was appointed “to make
an examination of the water of Lake Cochituate and of its
immediate tributaries, and of the adequacy of the protection
of the purity of said water.” The report of the committee was
duly received, and after careful consideration of the whole sub-
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ject the Joint Board reports the result of its investigation and
submits herewith an estimate of the cost of a method of filtra-
tior

Lake Cochituate receives water through the ground, and from
the surface of the ground immediately surrounding it, and from
four brooks. Natick village, situated within the watershed of
the lake, has a sewerage system discharging outside of the water-
shed. Pegan Brook, flowing through Natick, is not known to
receive any sewage, but is exposed to such pollution as may
flow in, through or over the ground. There is upon another side
of the village an intercepting ditch from which sewage is also
excluded, but it receives street washings and other surface wash-
ing. The waters of the brook and of this ditch are conveyed to
reservoirs from which they are pumped to filter beds which
render a very satisfactory effluent, flowing into the lake. For
several years these filter beds have removed more than 99.5 per
cent, of the bacteria in the applied water.

Beaver Dam Brook flows through swamps and is backed upon
by an unclean part of South Framingham. This brook is con-
tinually under inspection by the Metropolitan Water and
Sewerage Board to see that no sewage enters it, and to remove
whatever enters that is objectionable. This brook flows into
a large reservoir through which it moves for half a mile before
entering the lake, at the circular dam. The appearance of the
water of this brook as it enters the reservoir when examined on

October 16 was like a clear stream in the country running from
a swamp area.

Following this examination the committee had made during
two months an extensive series of bacterial examinations of the
water entering and going out of the reservoir. Observations
made in the latter part of November showed the number of
bacteria to vary greatly from day to day and in different hoi
of the same day, especially in the water of Beaver Dam Brook,
and the executive officers of the Metropolitan Board were
requested to make more critical examination of the branches
of this brook, and if necessary more rigidly enforce the regula
tions for its protection against the entrance of sewage. We are
informed that this work was promptly entered upon.

Course Brook flows through a sparsely settled territory with
Lome swamp, and enters the same reservoir, appearing like a
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clear country stream, and moves through this reservoir for
about two-thirds of a mile to the circular dam, from which it
enters the lake as a clear, satisfactory looking stream. This
brook is also continually under inspection to see that no sewage
enters and to keep out anything objectionable.

Water entering from either of these brooks has to flow through
the lake two and a half miles or more to the entrance of the
aqueduct.

Snake Brook flows through a sparsely settled district until it
reaches Cochituate village. All sewage is excluded, and the
street wash as well as the surface wash of this village is conveyed
by a conduit across the lake to beyond the watershed. The
water of this brook appeared like a clear country brook; after
entering the lake it moves for about one mile through the lake
to the entrance of the aqueduct.

Although the population within the watershed of the lake
has continued to increase, the precautions taken by the Metro-
politan Water and Sewerage Board to prevent increase of pollu-
tion, by constant inspection of the whole area and cleaning up
and removing whatever is objectionable, have resulted in pre-
venting any deterioration in the quality of the water drawn
from the lake, as shown by chemical analyses of the past ten
years.

The water from either of the brooks entering the lake, except
that which is filtered, could not be considered safe for drinking
because of the disease germs that it might contain.

But disease germs, which flourish and sometimes increase
rapidly in numbers in the human system with blood tempera-
ture and suitable food, find the conditions in the water of our
reservoirs unhealthful for them; the sunlight appears to be too
strong for them; other'bacteria whose domain is in the reser-
voir water overpower them, and they gradually disappear, some
in days and some in weeks of such exposure.

Taking the distance, the depth of lake and area of sections
across the lake from point to point, and the quantity of water
moving toward the outlet and toward the entrance to the aque-
duct, it is estimated that in the period of greatest flow of water
from the south end of the lake of which we have record, it
required about one and a half months for a particle of water
entering the lake from Beaver Dam Brook to reach the entrance
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of the aqueduct, and that during probably three-quarters of the
year, when no water is wasting from the lake and the aqueduct
is drawing all that it can convey, the time required for a particle
of water to pass up the lake from the southerly end would be as
much as six months.

The time required for a particle of water entering from
Snake Brook to reach the aqueduct is estimated to be about
four-tenths of the above periods.

During the past twelve years monthly observations of the
number of bacteria in the water entering from each of these
brooks have been made and the mean number entering the lake
determined, due weight being given to the quantity of water
flowing from each stream. Observations have also been made
during the same years of the number of bacteria in the water
in the lower end of Cochituate aqueduct as it enters Chestnut
Hill Reservoir. The water reaching here from the brooks enter-
ing the lake has not only passed for a distance of one mile to
two and a half miles across the lake, but has flowed about
thirteen miles through the aqueduct, losing a large part if not
all of the disease germs and a large part of the other bacteria
to which the conditions of life were not suitable.

The present actual conditions may be more definitely stated
as follows

The average number of bacteria per cubic centimeter found
in the water of Cochituate aqueduct as it enters Chestnut Hill
Reservoir, for the four years 1906 to 1909, was found to be
per cent, of the average number per cubic centimeter in the
water entering the lake through the principal inlets; namely,
Beaver Dam and Course brooks, through Circular Dam, Snake
Brook and the effluent from Pegan Brook filters; and observa-
tions made during the present investigation show a similar
reduction in numbers and present a very satisfactory water
entering Chestnut Hill Reservoir.

This result gives nearly complete assurance that all of the
disease germs entering the lake by these inlets are removed by
storage in the lake and aqueduct before reaching Chestnut Hill
Reservoir. This result, together with the continued mainte-
nance of the quality of the water as shown by chemical analysis,
and the fact that no injurious effects have in thepast been known
to result from the use of this water, convince us that the public
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health does not at present require that the water drawn from
Cochituate Lake through the Cochituate aqueduct should be
filtered.

Increase of population upon the watershed and slacking of
vigilance on the part of the Metropolitan Water and Sewerage
Board in preventing sewage from entering the lake might
increase the impurities there to such an extent that they would
not be sufficiently removed by storage to render the water
delivered by the aqueduct safe for drinking, but in our judg-
ment this stage has not yet arrived and may be averted many
years.

The resolve provides further that this Joint Board shall sub-
mit as a part of their report “an estimate of the cost of a
method of filtration.”

Appended hereto is an estimate made in considerable detail
by Mr. Dexter Brackett, chief engineer of the Metropolitan
Water Works.

The estimate provides for a pumping station containing five
pumping engines, each operating a centrifugal pump having a
capacity of 6,000,000 gallons in twenty-four hours, together
with the necessary boilers and accessories required for raising
water from the lake on to the filter beds, six in number, having
an area of 1 acre each, designed for filtering at the rate of
5,000,000 gallons per acre per day.

The estimated cost of this apparatus is 8562,000,
The yearly cost of maintaining and operating the same up to

the capacity of supply from the lake, with reasonable account
for depreciation, is estimated to be 821,000, exclusive of inter-
est on the cost of its works, making the whole the equivalent
of an investment of 8982,000.

The chief engineer of the State Board of Health has not been
able to make a careful study of the location and a detailed esti-
mate of the cost, but has carefully examined the above estimate
and believes it a reasonable one.

Respectfully iUbmitted,

METROPOLITAN WATER AND SEWERAGE BOARD, STATE
BOARD OF HEALTH

W. N. Davenport,
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Boston, Mass. Dec. 26, 1911

Mr. Hiram F. Mills, Chairman, Committee, State Board of Health
and Metropolitan Water and Sewerage Board, Lowell, Mass.

Dear Sir: At your request I submit herewith an estimate of the
cost of filtering the water drawn from Lake Cochituate for the supply
of the Metropolitan Water District.

can be conveyed to the metropol-
aqueduct is 25,000,000 gallons per

The maximum quantity which
itan district by the Cochituate
day, and I have therefore assum
have sufficient capacity to supply
pumping unit and one filter bed to
or repairs.

;d that the filtration works should
that amount daily and permit one
oe thrown out of service for cleaning

the most advantageous location for
by the Commonwealth lying south
east of Lake Cochituate. The Co-

My investigations indicate that
filter beds is on land now owned
of Pond Street in Wayland, and
chituate aqueduct passes through the land and the water can be
drawn from the aqueduct, and after being filtered returned directly
to the aqueduct and conveyed to Chestnut Hill Reservoir.

The estimate provides for a pumping station containing five pump-
ing engines, each operating a centrifugal pump having a capacity of
6,000,000 gallons in twenty-four hours, together with the necessary
boilers and accessory pumps required for raising water from the lake
on to the filter beds, six in number, having an area of 1 acre each,
designed for filtering at the rate of 5,000,000 gallons per acre per
day. Detailed plans of the filter beds have not been made, but the
estimate is based upon the construction shown on the accompanying

The beds are to have concrete floors and side walls, groined arch
roofs supported by concrete piers spaced 13 feet from center to center.
The filtering material is designed to consist of a 12-inch layer of gravel

graded sizes and 4 feet of sand, which is to be obtained by selec-
tion from material excavated on
The water is to be drawn from a

the site or in the immediate vicinity,
pump well about 10 by 50 feet, built
lonveyed to and returned from the
luare feet in area, located in the filter

lueduct, to b
uits from 6 to 12 sc

walls, the return conduits to disc
feet, from which the filtered wate
the flow of water to the pumps, f
by sluice valves. A sand-washin

rrge into an outlet well 10 bv 20
is to be returned to the aqueduct;
ters and aqueduct to be controlled
riant is to be provided by mes

which the dirty sand removed •m the surface of the filters will be
to different yhen necessary

The be at elevation
140, the surface of the sand on the ation 145 and the

The eleva-
n of the Cochituate aqueduct invert is 131.03 and of high water
Lake Cochituate 144
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Estimate of C
General excavation, spoiling and covering filters, 200,000 oubt

yards, at 40 cents,
........ $BO,OOO

Trench excavation, 1,000 cubic yards, at 2,000
Concrete for filters and foundation walls, 25,000 cubic yards, a 25,000
Reinforced concrete for conduits and sand court floor, 2,000 cubic

yards, at $1 24.000
30.000Filter gravel in place, 12,000 cubic yards, at

Filter sand selected, washed and pi d. 44,000 cubic yards at 6C
400

Lateral drains, 12-inoh split tile pipe
Main collectors, ....

100 lineal feet, at 50 cents, 10,00020,

4,000

Drains, 18-inch vitrified pipe, 1,000 lineal feet, at 1,000
ater drains, 8-inoh vitrified pipe, 3,000 lineal feeturface we

1,000
Catch-basins, 50, at S4C 2,000

and wash ■n; 15,000
Pumping station superstructure 25,000
Pumping machinery, five 6-million gallons per day ceutrifug

imping units, one drain and pressure pump, two boilers and
rrtenances, ...... 20,000

5,000valves, about 8 square feet area, 10, at $5OO,
about 4 square feet area, 18, at $2OO, 3,600

Gate valves, 16-inch, 8, at $2OO, ,000

ers and miscellaneous castings, 50 tons, at $6O, 3,000
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f operating and maintaining the plant, including

,ue of water used i
per cent, of the c




