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REPORT OF THE COMMISSION ON ADDI-
TIONAL WATER SUPPLY FOR THE

CITY OF WORCESTER. 1

In accordance with chapter 176 of the Special Acts of 1918
the Commission appointed under the provisions of that act has
the honor to submit the following report upon the question of
procuring an additional water supply for the city of Worcester.
The language of the act is as follows:

An Act relative to procuring an Additional Water Supply foe
the City of Worcester.

Be it enacted, etc., ns follows:
Section 1. The mayor of the city of Worcester is hereby authorized

to appoint a commission of three members, of whom one shall be the
mayor, to investigate, consider and report, with the advice of the state
department of health, upon the question of an additional water supply
for the said city, and upon all questions relating to the quantity of water
to be obtained from available sources, its quality, the best methods of
protecting its purity, the construction, operation and maintenance of
works for storing, conveying or purifying the water, the cost of the same,
the damages to property and all other matters pertaining to the subject.

Section 2. The said commission shall have power to employ such
engineering and other assistance and to incur such expenses payable by
said city as may be necessary for carrying out the provisions of this act,
but not exceeding the sum of fifteen thousand dollars. Before incurring
any expense the commission shall from time to time estimate the amounts
required and shall submit the same to the mayor and city council of
Worcester for their approval, and no expense shall be incurred beyond the
amount so estimated and approved.

Section 3. The said commission shall report fully, with plans and es-
timates, to the general court on or before the first Wednesday of January,
nineteen hundred and twenty, together with drafts of such bills as may be
necessary to carry out its recommendations.

Section 4. This act shall take effect upon its acceptance by the city
government of the citv of Worcester. \Awroved May 28, 1918.

The act was accepted by the city government of the city
Worcester July 1, 1918. and the mayor, Hon. Pehr G. Holnyor, Hon. Pehr G. Holme

Ma
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appointed to serve with him on the Commission Frederick A.
McClure, the city engineer, and John W. Mawbey, the city
solicitor.

The Commission employed the late Frederic P. Stearns and
Ralph H. Stearns to assist it, and made careful investigations
of the possible sources of water supply lying north and north-
west of the city of Worcester as far as and including the Ware
River, and to the south and southwest to and including the
Five Mile River, lying in the towns of Brookfield and Oakham,
also many intermediate sources.

Soon after the first general examination of the possible sources
of supply above mentioned, arrangements were made, with the
co-operation of Mr. X. H. Goodnough, director and chief engi-
neer, Division of Sanitary Engineering, Department of Public
J-Jealth, to have chemical and physical examinations made of
the wrnters of the different sources, the samples being collected
under the direction of Mr. Geo. W. Batchelder, water commis-
missioner of the city of Worcester.

Present Water Consumption.

The amount of water consumed from the high service sys-
tem of the Worcester Water Works in the twelve months ended
November, 1919, has averaged 5,520,000 gallons per day, and
from the lowr service system 9,100,000 gallons per day, a total
of 14,620,000 gallons. Studies show that if the draft from
the high service system were to increase, which it is likely to
do in any years of unusually high water consumption, and
there were to be a recurrence of two successive dry years like
1910 and 1911, the reservoirs of the high service system would
be emptied, so that the capacity of the sources of this system
needs to be increased promptly. Fortunately, the safe capacity
of the sources supplying the low service system is slightly in
excess of present low service consumption, and by pumping
from the low service into the high service, if in any year the
high service reservoirs failed to fill in the spring, a sufficient
supply for both services probably can be maintained for about
one year.
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Stiles Reservoir.
The most advantageous plan for securing additional water

from the south is to utilize Stiles Reservoir. This reservoir
lies at the head waters of the French River, in the towns of
Spencer and Leicester, and stands at an elevation of 840.6 feet
above mean sea level. It has a watershed of about 4.08 square
miles, and its storage capacity estimates 1,280,000,000 gallons.
In order to get these waters into the reservoir system of the city
it will be necessary to build a conduit about 5 miles in length
through which the water would flow by gravity into the present
Lynde Brook Reservoir and supply in part the high service
water of the city, also augmenting the low service system.

The watershed of Stiles Reservoir itself is small, but there
is another watershed of 3.92 square miles adjoining that lies
at a sufficient elevation to drain its waters into this reservoir,
making a total watershed in this immediate vicinity of 8 square
miles from which water can be obtained by gravity.

Lake Lashaway.

As the water consumption increases and a greater watershed
is required, the most available supply in quantity would be
from Lake Lashaway (formerly known as Furnace Pond), in
the southeasterly part of North Brookfield and the easterly
part of Brookfield. Water from this source would require
another conduit about 5 miles in length to connect with Stiles
Reservoir, and would also require a lift of the water of about
300 feet. The watershed of this source to the outlet of Lake
Lashaway, as determined by the State geological map, is about
24.72 square miles. The capacity of Lake Lashaway at the
present time approximates 1,046,000,000 gallons, but only a
portion of this can be taken without interfering with other
water rights now existing therein. This supply could be further
augmented by building a dam above the lake with a reservoir
capacity of about 3,920,000,000 gallons.
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Seven Mile River.
Additional water could be procured from the stream lying

next easterly from the Five Mile River, known as the Seven
Mile River. Building a dam in the vicinity of Hillsville would
add an additional watershed of 7.90 square miles.

The combined watersheds of these two streams estimate 32.6
square miles, but the water would have to be pumped, as above
stated.

To augment the supply of water now controlled by the city
of Worcester in any manner from this direction, and provide
sufficient storage therefor, would require the raising of Stiles
Reservoir about 33 feet.

It will be seen that to obtain water in any considerable
quantity from these sources it will be necessary to take these
several streams that flow in two different directions to the sea,
thereby entailing large water damages to riparian owners, not
only in this State, but also in the State of Connecticut.

The building of several large dams, with the necessary con-
duits of considerable size, in order to make use of these waters
when impounded, would require such a large expenditure of
money that it should not be undertaken until the population
of Worcester has grown to such proportions as to warrant such
expenditure. The city’s needs for the next few years will not
increase in large quantities, but should be met by a supply so
situated as to be obtainable in a short time.

Quinapoxet Pond and Tributaby Streams,
The most available source of additional water for the city of

Worcester lies to the northwest, and is from a watershed ad-
joining watersheds now controlled by the city. It is known as
the Quinapoxet River. This is logically and naturally Worces-
ter’s next source of additional -water supply. The city has been
extending its reservoirs in this direction since the year 1883,
and had reached the territory drained by this stream some years
before the metropolitan water supply entered this territory and
cut off any further advance in this direction by the city. The
point at which the city ought to divert a portion of the waters
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of the Quinapoxet River is at Quinapoxet Pond. The storage
capacity of the stream, as now developed, is small, the area of
the present pond being about 165 acres, and containing approxi-
mately 230,000,000 gallons. After careful examination it is
believed that this pond could be more than doubled in capacity
without interfering with the Boston & Maine Railroad, which
runs near it.

Immediately above this reservoir conditions are favorable for
building a reservoir 60 feet in depth, with a capacity of about
2,130,000,000 gallons. Smaller reservoirs can also be built on
some of the branch streams that are tributary to the South
Wachusett Brook, and there is ample opportunity to create a
storage sufficiently large to impound the waters of this stream
in increasing quantities in a convenient and suitable manner
as required.

To obtain water from this source, lying comparatively near
existing works of the city as it does, would require the building
of a conduit about 3 miles in length, and lifting the water about
110 feet, including frictional resistance, where it would flow by
gravity through three reservoirs now owned by the city.
These reservoirs combined impound a little more than 1,926,-
000,000 gallons of water, and in times of drought could readily
be utilized as storage for the waters of the Quinapoxet River.
The ease with which the waters of this stream can be obtained,
and the short time in which the diversion can be made, makes
this the most desirable and economical source of additional
water supply for the city. The water and land damages sus-
tained by such a diversion would also be very much less than
would be incurred by going elsewhere, and the city of Worces-
ter should not be denied the right to procure water from terri-
tory adjoining its present reservoirs.

The estimated cost of procuring water from Quinapoxet Pond
under its present development, amounts to $833,000.

The cost of obtaining any water from the Stiles Reservoir
estimates $2,065,000.

Present conditions for construction are very disadvantageous,
because of the scarcity of labor and the poor quality of the
labor that is available. This makes it difficult to carry work
through rapidly and economically to completion. For these
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reasons we believe the city of Worcester ought not to make any
extensive takings, or undertake any extensive work to provide
for a long period of time.

An examination and comparison of the estimates of costs of
the several sources of water supply referred to in the report of
the engineers annexed hereto, will further show that the city
of Worcester ought not to be denied the right to obtain water
from the Quinapoxet River and its tributaries at and above
Quinapoxet Pond.

It seems to this Commission that long before the metropoli-
tan district will need this portion of the Quinapoxet River area
as an assurance against failure of its water supply, further ex-
tensions of the metropolitan system embracing much larger
areas will make it unnecessary to rely upon or use it. It will be
some years before the city of Worcester will require any con-
siderable amount of water from Quinapoxet River or its tribu-
taries, and then only during periods of extreme drought. It
is not the purpose or desire of the city to divert any water
from the area sought until it is actually needed. For a long
time to come the bulk of the waters of this stream will continue
to flow to the Wachusett Reservoir.

It has been observed that the waters from this reservoir have
recently been wasting, and it has also been observed that
within a comparatively short time water was wasted to such an
extent as to cause considerable damage in the valley of the
Nashua River.

Under these conditions it becomes perfectly apparent that the
amount of water which the city would require in times of
drought, and for some years to come, would be so small in
comparison to the quantity available from this source as to
have little effect, if any, upon the water supply of the metro-
politan district.

It is also observed that the Metropolitan Water Board has
under advisement the building of a conduit from Wachusett
Reservoir to the cities of Lowell and Lawrence. We do not
object to this. But, on the other hand, we submit that no
reasonable objection can be made to Worcester receiving at least
equal consideration and not be compelled to pass by a water
supply almost at its doors and go to a great distance for water,
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at an expense that the present population of Worcester cannot
afford.

This water flows by the very outskirts of the city, and the
city should not be denied the right to use it with reasonable
limitations.

We therefore recommend that the city of Worcester be au-
thorized to increase its water supply from the said Quinapoxet
River area, substantially as provided in the draft of a bill
accompanying this report, entitled “An Act to authorize the
city of Worcester to increase its water supply.”

Respectfully submitted,

PEHR G. HOLMES.
FREDK. A. McCLURE
JOHN W. MAWBEY.
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An Act to authorize the City of Worcester to increase
its Water Supply.

Be it enacted, etc., as follows.
Section 1. The city of Worcester is hereby authorized, for

the purpose of increasing its water supply, to take by purchase
or otherwise, from time to time, and to hold and convey, di-
rectly or indirectly, into and through said city the waters of
South Wachusett brook, so-called, and the waters of Quina-
poxet river, so-called, at or near an elevation of seven hundred
eight feet above mean sea level at Boston, all of said places of
taking being in the town of Holden, and also the waters in any
ponds and reservoirs thereon and the waters flowing, directly or
indirectly, into and from the same, and all springs and tributa-
ries thereto, and the water rights connected with said sources
above said places of taking; and the said city may take existing
reservoirs and ponds upon said streams and their tributaries
above the points at which it may take the said waters, and may
by aqueduct bring the waters so taken, directly or indirectly,
into the city or through any reservoir and any aqueduct belong-
ing to said city and now existing. The said city may, for the
purposes aforesaid, construct, lay and maintain conduits, pipes,
canals, watercourses, dams, reservoirs and other works under or
over lands, watercourses, railroads, railways, public or private
ways and along such ways, and may take by purchase or other-
wise and hold in fee or otherwise any lands, dams or structures,
easements or rights in land that may be deemed necessary for
said purposes and for collecting, purifying, storing, discharging,
conducting or distributing said waters or preserving the purity
thereof.

Section 2. The rights, powers and authority given by this
act shall be exercised by the city of Worcester from time to
time by such officers, servants and agents as the city council
may appoint, ordain and direct.

Section 3. The city shall be liable for all damages to prop-
erty sustained by the commonwealth or by any persons or cor-

PROPOSED LEGISLATION.
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porations by the taking of any lands, dams, structures, ease-
ments, rights in land, water or water rights as aforesaid, or by
the construction of any dams, aqueducts, reservoirs or other
works by authority hereof, the same to be ascertained and de-
termined so far as the commonwealth is concerned in the manner
set forth in chapter four hundred and fifty-six of the acts of the
year eighteen hundred and ninety-seven, and so far as all other
persons or corporations are concerned in the manner and within
the time set forth in chapter three hundred and sixty-one of
the acts of the year eighteen hundred and seventy-one: provided,
however, that no application shall be made for the assessment
of damages for the taking of any water or water rights or for
any injury thereto until the water is actually diverted under
authority of this act, and no water shall be diverted until said
city has given at least three months’ notice to all parties by
publishing the same in two daily newspapers published in said
Worcester, said notice to set forth the fact that said city intends
to divert said waters and to fix the exact day upon which it
intends to divert the same; and the day so fixed shall be deemed
the time of actual diversion, and the application aforesaid may be
made within one year after such actual diversion and not after-
ward.

Section 4. For the purpose of defraying all costs and ex-
penses incident to the acts herein authorized, including the pay-
ment for land, water and water rights taken or purchased, the
city council shall have authority to borrow from time to time
such sums of money as it shall deem necessary, to an amount
not exceeding one million dollars, and to issue therefor notes,
bonds or certificates of indebtedness, to be denominated on the
face thereof Worcester Water Script, and subject to the provi-
sions of chapter twenty-seven of the Revised Laws and acts in
amendment thereof and addition thereto.

Section 5. This act shall take effect upon its passage.
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Dec. 27, 1919,

Hon. Pehr G. Holmes, Frederick A
Esq., Commissioners on Additi
TForcesfer, Mass.

McClure, Esq., JohnW. Mawbey,
nal Water Supply for the City of

Gentlemen : Your Commi
sions of chapter 176 of the Acts

ision, created under the provi-
of the year 1918, entitled “An

Act relative to procuring an additional water supply for the
city of Worcester,” requested Mr. Frederic P. Stearns to direct
investigations of the sources of water supply in the vicinity of
Worcester which might be available for furnishing additional
water for the city. Air. Stearns died on Dec. 1, 1919, while
the report was in progress, and the undersigned was asked to
carry it to completion.

Visited.SOURCE!

arns met the members of your
spent the whole day with them

On Sept. 27, 1918, Mr. Ste
Commission at Worcester, and
examining various possible sources of supply, including the
following: •

Quinapoxet Pond in Princeton and Holden, the stream which feeds it,
and another stream which could be diverted into it, all of which now con-
tribute water to the metropolitan water supply.

Ware River in Hubbardston, above the village of East Hubbardston,
Ware River inBarre and Hubbardston, above Barre Falls.
Five Mile River, which flows southerly from Oakham through the east-

erly part of the town of North Brookfield, thence into and through a reser
voir known as Lake Lashaway near the.village of East Brookfield.

Seven Mile River in the town of Spencer, above the village of Hillsville.
Turkey Hill Brook in the town of Spencer, above Wire Village on a

branch, of Turkey Hill Brook.
Stiles Reservoir and Cedar Meadow Pond, with tributary waters, in the

towns of Leicester and Spencer.

On Dec. *l5, 1919, the writer visited Long Pond, on the
southern branch of the Ware River in the town of Rutland,
and incidentally Quinapoxet Pond and dam site just above it.

ENGINEERS’ REPORT.
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Soon after the first general examination of the possible sources
of supply above mentioned, arrangements were made, with the
co-operation of Mr. X. H. Goodnough, director and chief engi-
neer, Division of Sanitary Engineering, Department of Public
Health, for having chemical and physical examinations made
of the waters of the different sources, the samples being collected
under the direction of Mr. Geo. W. Batchelder, water commis-
sioner of Worcester.

Present Water Consumption in Worcester and Safe
Capacity of Present Sources of Supply

Attention is first directed to the existing conditions of water
supply, in order to determine the future requirements. The
amount of water consumed from the high service system of the
Worcester water works in the twelve months ended November,
1919, has averaged 5,520,000 gallons per day, and from the low
service system 9,100,000 gallons per day, a total of 14,620,000
gallons per day.

Studies show that if the draft from the high service system
were to increase about 10 per cent, which it is likely to do in
any years of unusually high water consumption, and there were
to be a recurrence of two successive dry years like 1910 and
1911, the reservoirs of the high service system would be emp-
tied, so that the capacity of the sources of this system needs
to be increased promptly.

Fortunately, the safe capacity of the sources supplying the
low service system is slightly in excess of present low service
consumption, and by pumping from the low service into the
high service, if in any year the high service reservoirs failed to
fill in the spring, a sufficient supply for both services probably
can be maintained for two years. It is of the utmost impor-
tance that Pine Hill Reservoir should be completed and filled
as soon as possible, so as to assure a supply in years as dry as
those which have occurred in the past. Statistics regarding the
present sources of supply are given in Appendix No. 1.

Estimates have been made of the safe capacity of the present
sources of supply, in the event of a recurrence of as low flows
as have occurred in the past on the adjacent Wachusett drain-
age area, assuming that the Worcester reservoirs will be drawn
down until they contain only a month’s supply of water. The
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estimates are based on the quantity of water which flows from
a square mile of drainage area, and make due allowance for
differences in the percentage of water surfaces upon the drain-
age areas. The Wachusett basis has been used because this
source is close by Worcester, and the records there have been
kept with extraordinary care. It is not unlikely that the
Worcester drainage areas, on account of their elevation above
the sea being somewhat greater than the average of the Wachu-
sett drainage area, will furnish a little more water, but it seems
better to be on the safe side and not to count on more water
than that computed by the Wachusett basis. A small deduc-
tion has been made from the low service yield to cover loss of
water by leakage. The results are given in the following table,
in comparison with the present water consumption:-—

Safe Estimated
Capacity Normal Water

of Sources Consumption
(Gallons in 1920 (Gal-
Daily). lons Daily.)

High service system, 6,000,000 5,700,000
Low service system, with existing reservoirs only, . .

_ 10,000,000 9,380,000
Low service system, with Pine Hill Reservoir completed and 13,300,000 9,380,000

filled.
Highand low services combined, with existingreservoirs only, 16,000,000 15,080,000
High and low services combined, with Pine Hill Reservoir com- 19,300,000 15,080,000

pleted and filled.

Although no one can tell at all precisely what the future con-
sumption of water will be in a city, or its future population,
it is necessary to make the best prediction practicable when
attempting to forecast what may be necessary in the way of
new sources of supply, and to determine how long the present
sources will provide sufficient water.

The best basis for such an estimate appears, as a rule, to be
to estimate separately the future population of the city and the
future water consumption per inhabitant, basing these figures
largely on the statistics of the past, and taking into account the
fact that the consumption per inhabitant increases with the
wealth of the community and the facilities for using water.
The population of Worcester has grown with unusual regularity,
and with a generally increasing five-year increment from 1870
to the date of the last census, in 1915, as shown by the table
following. The increment of growth in the five-year period
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from 1895 to 1900 was unusually large, but for the next five
years was correspondingly low, so that the average for the ten-
year period was about normal. The table also shows the aver-
age daily consumption of water per inhabitant for each year
that the records are available, these beginning in 1896.

On the whole, there has been a growth in the consumption
of water per inhabitant, but the growth is not a regular one,
as it depends upon business conditions and variations in
weather, the consumption being larger in a hot, dry summer
than in a cool one, and in a very cold winter than in one of
moderate temperature. Moreover, the activity of industry
owing to the war probably increased the consumption per in-
habitant in 1916, 1917 and 1918. Notwithstanding these vari-
ations, it is possible to note the general trend of the consumption
per inhabitant, and to make an estimate for the future. The
last column of the table gives the average daily consumption
in million gallons, based on the records of the water depart-
ment at Worcester, to and including November, 1919, and the
predicted consumption in future years.

Population and Consump
1 .... .... ' .■3

T , Average Normal Av-
, .. Increment Daily Con- „Population ■ Qumntion erage Daily

Year. to Nearest Five vear noAn Consump-
Hundred. live :

year pei In- tion (MillionPeriod. habitant rJnllonO(Gallons). Canons).

1870, 41,100
1875, 49,300 8,200
1880 58,300 9,000
1885, 68,400 10,100
1890 84,700 16,300

1895 98,800 14,100
1896 102,700 - 59.8 6.13
1897 106,600 - 57.0 6.08
1898 110,600 - 61.5 6.80
1899, 114,500 - 66.7 . 7.63
1900, 118,400 19,600 68.8 8.15
1901, 120,400 - 74.8 9.01
1902,

....... 122,300 - 67.1 8.211903 124,200 - 78.0 9.69
1904 126,200 - 81.0 10.22
1905, 128,100 9,700 75.2 9.64
1906, 131,700 - 70.0 9.221907, 135,300 - 69.7 9.431908 138,800 - 65.2 9.061909 142,400 - 62.3 8.87
1910. 146,000 17,900 73.2 10.68
19H 149,300 - 69.3 10.351912 152,700 - 72.8 11.12
J913 156,000 - 75.6 11.791914 159,400 - 77.3 12.32
E— ■ ■

... 3
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Population and Consumption Concluded.
Average -> T „

, .

Ponnlation Increment Daily Con- Worm“Av-
I opulation . aumntinn erage DailyYear. to Nearest 1 sumption Consume- '
RnerieoH Five-year per In- , ■ a ““P-Hundied. Period. habitant

(Gallons). Gallons).

1915 162,700 16,700 77.6 12 611916, 166,500 1 - 84.91 14 M1917 170,300 - 89.2 15.191918, 174,100 - 90.5 15.761919 177,900 - 82.2 14.62
1920 181,700 19,000 83.0 15 0811925 201,700 20,000 87.3 17 611930 222,700 21,000 91.2 20 311935 244,700 22,000 94.8 23.201940 267,700 23,000 97.8 26.18
1945 291,700 24,000 100.0 29.171950 316,700 25,000 102.0 32.301955, 342,700 26,000 103.0 35.301960 369,700 27,000 103.0 38.08

The statistics and estimates given in the table are also repre-
sented graphically on an accompanying diagram, marked Fig.
1. It will be noted that the estimated safe capacity of all
sources of supply taken together, after Pine Hill Reservoir is
completed and filled, which amounts as stated above to 19.3
millions gallons daily, corresponds closely to the estimated total
consumption in 1928.

In using either table or diagram, it must be remembered
that estimates of future population and water consumption are
necessarily very uncertain, and that even if the general rate of
increase were accurately predicted, individual years are liable
to run considerably above the general rate. Allowing for years
of unusually high consumption, this supply probably is not
dependable after 1927.

The table of estimated future consumption indicates that in
order to provide for thirty years in the future, until 1950, the
new sources of supply should be capable of furnishing not less
than 13,000,000 gallons daily in addition to the amount that
the present sources will supply after Pine Hill Reservoir is com-
pleted and filled, and to provide for forty years in the future
not less than 19,000,000 gallons daily.

With the above data at hand we can proceed to examine and
compare the various sources which are available for the Worces-
ter supply, and should look forward to securing an ultimate
supply of at least 13,000,000 gallons daily.
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Present Situation as Regards Available Supplies.

In making investigations for a new source of supply for the
city of Worcester, it is of value to review the past development
and existing conditions.

Worcester is situated on high ground, but there is much
higher ground to the north and west, while the ground slopes
to lower elevations to the east and south. If gravity supplies
are sought, it must be in a northwesterly direction, and these
highland watersheds, being at the headwaters of streams, are
naturally small in area. Large supplies can be found only at
lower elevations.

Thus Worcester’s present supply has been built up piecemeal
by the successive addition of small areas in adjacent territory
to the northwest. The city has taken most of the available
headwaters of the streams flowing east and south that can be

brought in by gravity, and has extended its system northward
to and into the Wachusett drainage area and westward to the
divide which separates the eastern and southern drainage areas

from those of the Ware and Quaboag rivers, which are tribu-
tary to the Connecticut River. The only remaining gravity
supply east of the divide is the area above Stiles Reservoir,
Cedar' Meadow Pond and Sargents Pond. All other sources,

except the upper waters of the Ware River at East Hubbarcls-
ton, must be brought in by pumping from lower elevations or
over the divide.

The sources will be taken up in order, starting from the north
and going south along the westerly boundary of the Wachusett,
and Worcester drainage area.

Uncertainty of Estimates of Cost.
It is well to state here that while many features affecting the

suitability of different sources of supply, such as quality and
quantity of water and opportunity for constructing dams and
reservoirs, can be determined as well now as at any time in the

past, it is practically impossible, on account of the abnormal
conditions of the present time, to estimate the probable cost of
performing work some years in the future, and of water damages
due to the diversion of water for use by the city.
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Present conditions for construction are very unsatisfactory
on account of the high wages and poor quality of available
labor, and the difficulty in carrying work through rapidly and
economically to completion.

Water damages are usually determined by the cost of sub-
stituting either steam or electric power. At the present time
the cost of coal is fully double the pre-war price, and as yet has
shown no tendency to decrease. As there is no surplus water
power available locally, the cost of electric energy is also deter-
mined by the price of coal. Unless cheaper coal becomes avail-
able in the near future, the water damages would naturally be
computed on present high prices, and would greatly exceed the
damages paid in the past.

The cost of pumping has also been increased proportionately
to the increased cost of coal, labor and equipment, and there-
fore in much the same proportion as the water damages.

There are considerable water damages or pumping charges
involved in any of the schemes for supplying the city of Worces-
ter with water.

For the above reasons it is believed that Worcester should
not now make any extensive takings or undertake any exten-
sive works to provide for a long period, but should endeavor to

obtain from the Legislature the necessary rights to take the
sources which it will later require.

In view of the facts above stated, decisions reached at the
present time as to future sources of supply must be regarded as
somewhat tentative, and there are strong reasons why, if the
sources to the west of Worcester are to be developed, any legis-
lative act authorizing the city of Worcester to increase its wmter
supply should give the city considerable latitude as to the
sources which it may take, and the time and method of making
such taking, so that it may, when it needs from time to time to
increase its water supply, adopt the plan which is best under
the conditions then existing.

Another reason why an act should be drawn so as to give the
city rights to select from several sources is that the. taking of
the only available gravity supply that of Stiles Reservoir
and Cedar Meadow Pond, might involve interstate ques-
tions, due to numerous developed water powers affected on the
river below in the State of Connecticut.
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There are many precedents for the diversion of water which
creates water power in another State, and the owners of such
powers have usually preferred to accept damages for the water
power taken rather than to contest the legality of such diver-
sion of water under the authority of the Legislature in another
State.

Considering the fact that all States not bordering on the
ocean must divert water from other States, and that western
Massachusetts is so situated that it must do likewise, it is diffi-
cult to see how such contention could be sustained against any
city’s domestic requirements. However, the sources tributary
to the Connecticut River present a much simpler case, in that
the only water power below them in the State of Connecticut
is at Windsor Locks, and the taking of such sources for Worces-
ter would have a very insignificant effect upon that great
power.

In the case of Quinapoxet, all diversion damages in New
Hampshire have been taken care of by the metropolitan water
district, and Worcester would merely have to assume its share.

Certain features of the available new sources are tabulated
in Appendix No. 2.

Quinapo'xet Pond and Tributary Stream
This source would furnish a considerable supply of water of

good quality. The drainage area above the dam of Quinapoxet
Pond is 13.7 square miles, of which 12 miles are above an ex-
isting dam at Gray’s Mill, a short distance above the pond.
By diverting into Quinapoxet Pond a stream coming from the
west, the drainage area would be increased by 3.7 square miles
making the total area 17.4 square miles.

It is not feasible to raise materially the level of Quinapoxet
Pond without flooding a large ice house, or more than about
12 feet without relocating the railroad beside it, but at Gray’s
Mill above the pond a higher dam could be built, creating a
reservoir with its water surface at about elevation 790 above
mean sea level, without flooding the railroad. This would make
the depth of water at the dam about 60 feet. The area of the
reservoir as deduced from the topographical map and a few
known elevations would be about 140 acres, the amount stored
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about 1,200,000,000 gallons, and the average depth 26 feet.
Quinapoxet Pond will store 220,000,000 gallons, but could not
be lowered without damage to the ice company. Owing to the
small amount of available storage in comparison with the size
of the drainage area, much of the flood flow would go over the
dams to the Wachusett Reservoir.

The Quinapoxet supply could be developed progressively, the
first installation being merely a pumping station and pipe line
which would be kept in operation for such portions of the time
as water was available at this source and a deficiency existed
in the present sources. With a pump of 20,000,000 gallons
daily capacity, the amount of water which could be obtained
from this source without storage during such dry years as 1910
and 1911 would amount to 10,000,000 gallons daily.

This supply would be increased by constructing the storage
reservoir at Gray’s Mill, and as this reservoir would fill every
year, the additional amount of water thus obtained, in a dry
year, would be the total storage capacity of the reservoir, or
about 1,200,000,000 gallons. This is equivalent to about 2.2
million gallons per day for the driest eighteen months of 1910
and 1911, making the total yield about 12,000,000 gallons per
day.

The ground at the lower end of Quinapoxet Pond and also at
the site of Gray’s Mill is of a very gravelly nature, and there
are neither outcrops of rock nor impervious clay or soil in
evidence in the immediate vicinity. There is therefore consid-
erable uncertainty as to the cost of securing a water-tight
foundation for a dam in either place, and it may be found that
the cost is large for the amount of storage obtained.

The installation of an additional pump so as to obtain a
greater proportion of the flood waters might be found more
economical than the construction of a newr reservoir if the water
could be discharged into the high service system and used in
part to refill Lynde Brook Reservoir.

If this new supply were pumped into the headworks of the
channel leading to Kendall Reservoir, which is a part of the
low service system, the lift from Quinapoxet Pond, exclusive
of friction, would be about 100 feet, or, including the friction
through a 48-inch cast-iron pipe 3 miles in length, the total
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lift would be about 110 feet. If the reservoir at Gray’s Mill
is constructed, a pipe line from this reservoir should be built
to decrease the lift, as the greater part of the water would be
drawn from this reservoir.

It is the high service system of the Worcester water works
which most needs supplementing, and in order to make this
additional 'water available for the high service supply it would
have to be lifted an additional 20 or 30 feet and the pipe ex-
tended 8 miles further to a connection with the existing high
service pipe system in the city, at the corner of Chandler Street
and Park Avenue. At this junction there are 30-inch and
24-inch high service pipes in place, and a 36-inch supply pipe
should be installed.

For the present it will cost less to pump from the low r service
into the high service system than to lay such an additional
length of pipe, as the main pipes of the tw-o systems are near
together and the cost of connecting them would not be large.
The additional lift for that part of the Quinapoxet water re-
quired for the high service would be about 110 feet.

The Quinapoxet drainage area forms an important part of
the Wachusett basin of the metropolitan rvater supply, and the
diversion of all of its waters to the city of Worcester 'would
involve a considerable damage to that system. However, the
present Worcester sources will furnish sufficient water in any
but an exceedingly dry year to supply its needs, and with the
Pine Hill Reservoir completed there wall probably be no need
of pumping from Quinapoxet Pond until 1930. After that year
a small amount of pumping may be necessary in dry years,
and with the assumed increase of consumption the amount of
pumping in 1940 will probably average about 5,000,000 gallons
per day. The above figures are based on the fullest use of
the city’s present sources, as provided in the case of Asnebums-
kit Brook under chapter 351 of the Acts of the year 1902, under
title “An Act to authorize the city of Worcester to increase its
water supply. ”

The Wachusett supply probably obtains about 18,000,000
gallons daily from the drainage area in question in a dry period,
so that until 1940 the amount required by Worcester to sup-
plement its supply wall be but a fraction of the total yield of
the drainage area above Quinapoxet Pond.
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For the present, and probably until the year 1935, the com-
bined interests of the city of Worcester and the metropolitan
district would be most economically served if the city of Worces-
ter were to use the Quinapoxet source as a reserve supply,
because of the very small requirements of the city, but the
city desires perpetual rights to the Quinapoxet source, and
with the growth of consumption will require the greater part of
that supply by the year 1950. The metropolitan district cannot
readily obtain a substitute source, and the taking of this drainage
area will have an influence on all of its future extensions.

Before the year 1930 the metropolitan district will probably
have use for the run-off of its entire present drainage area, so
that it would naturally contest any subtraction from it.

Aside from the complications due to interference with the
developed supply of the metropolitan district, the Quinapoxet
source is most desirable both as to the quality of the water
and the rapidity and low cost with which it can be brought
into the city. The cost of the first installation to get water
into both high and low service systems is but $833,000, and the
construction should take less than a year. This sum includes
estimated payments to the Commonwealth on account of the
taking of the waters of the Quinapoxet source, as provided in
chapter 456 of the Acts of the year 1897, under title “An Act
to require certain payments by municipalities taking water
from the South Branch of the Nashua River in certain cases.”
The rights and interests of the city of Worcester and of the
metropolitan district in the Quinapoxet drainage area will be
determined by the appropriate authorities. However, on ac-
count of the possibility that the city of Worcester may be
denied this source, the fullest consideration has been given to
the other available sources from which it might derive its addi-
tional supply.

Ware River above East Hubbardston.
Ihere seems to be on this stream a practical dam site a

short distance above the first highway which crosses the stream
above the Boston & Maine Railroad. The drainage area is
9.8 square miles.

Analyses of the water of this stream show that it has the
brownish color of water which comes largely from swamps. No
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surveys were made of the reservoir site at this place, but,
judging from the United States Geological Survey topographical
map, the reservoir would be large and shallow and cover
swampy areas so that the water would deteriorate in quality,
if the swamp mud and the loam were not removed, instead of
improving by storage. The cost of such removal would in this
case be prohibitive.

The capacity of this source with a reservoir which would
contain about 1,900,000,000 gallons is estimated to be 7,800,000
gallons daily. With the reservoir nearly full it is probable that
the water would floiv by gravity over the dividing ridge into the
stream which flows into Quinapoxet Pond, and if the pipe con-
tinued from the reservoir at East Hubbardston to Kendall
Reservoir, a distance of about 9.5 miles, the water would flow
by gravity into Kendall Reservoir. With the reservoir drawn
down, however, pumping would be required to force the water
over the ridge.

The quality of this water, however, is so far inferior to any
now used by the city of Worcester that this source would
furnish an unsatisfactory as well as an inadequate supply.

Ware River at Barre Falls.
A short distance above the highway which crosses the Ware

River at Barre Falls, in the town of Barre, there is a favorable
location for a dam which would create a great reservoir on the
Ware River, wdiere the drainage area above the dam site is
56.1 square miles. Measurements from the United States Geo-
logical Survey map indicate that a reservoir with a capacity
of 33,000,000,000 gallons, which is more than half the capacity
of the Wachusett Reservoir, could be obtained with a dam
about 70 feet high, and that with a dam 50 feet high a reservoir
of 15,000,000,000 gallons, which is nearly one-fourth the size
of the Wachusett Reservoir, could be obtained.

This site is so favorable for the construction of a great reser-
voir that it has long been considered as a possible place for
storing water for use by the mills below. It is much more
favorable for this purpose than for wmter • supply purposes for
the reason that the analyses of the river water at this point
show that it has the deep brownish color characteristic of water
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draining from swamps, and the construction of a reservoir at
this place would cause the flowage of extensive swamps which
would further injure the quality of the stored water and make
it unfit for water-supply purposes.

If this water were suitable for use, it could be pumped about
8 or 9 miles with a lift, including friction, of substantially 300
feet into Kettle Brook Reservoir No. 4, thence to flow through
existing streams and reservoirs to Lynde Brook Reservoir, from
which the high service supply is now taken. An outlet dis-
charging into the Pine Hill Reservoir could be provided en
route. It would, however, so damage the quality of the waters
in these reservoirs as to make them also unsuitable for use
without filtration.

The only possible way to utilize the water from this Barre
Falls Reservoir would seem to be to decolorize and purify it by
filtration through mechanical filters, using a coagulant, and to
pump it directly to Worcester, which is distant from 14 to 16
miles in an air line. It would not be well to filter the water
and then turn it into existing storage reservoirs and mingle it
with the present supply, because filtered waters stored in reser-
voirs usually develop growths of microscopic organisms which
give the waters unpleasant odors and tastes.

Long Pond in Rutland.
Long Pond is at the head of Long Meadow Brook, a branch

of the Upper Ware River, and is formed by a low dam which
creates a shallow reservoir 2 miles in length and generally
about .2 of a mile in width. Originally the bottom must have
been rather swampy, but it has been covered a long time so
that it does not impart color to the water. The area of the
pond is given in the “Report of the Commission on Waterways
and Public Lands on Water Resources of Massachusetts, 1918,”
as 208 acres, and the estimated storage as 78,000,000 cubic
feet. The drainage area is about 7 square miles.

This source lies directly west of the Pine Hill Reservoir, and
the water from Long Pond could be pumped over the divide
by a pipe line not over 2.5 miles in length with a lift not ex-
ceeding 200 feet, according to the topographical map of the
Pnited States Geological Survey. The only works which would
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be necessary to add this supply to the Pine Hill Reservoir
source would be a pump of 10,000,000 gallons daily capacity
and a 36-inch pipe line. With such works this source would
yield about 5,000,000 gallons daily in a dry year.

Two highways and the Central Massachusetts Division of
the Boston & Maine Railroad would have to be raised, if it
were attempted to enlarge the storage in the pond. The in-
creased yield due to such enlargement would probably not
warrant the expense, and would probably cause a deterioration
in the quality of the water due to overflowing new areas.

On the drainage area is the small village of West Rutland,
through which the main stream of the watershed flows to the
pond. Before entering the pond the water is used by a woolen
mill, and its quality must be considerably affected thereby.
Samples of the water taken showed a very considerable growth
of organisms which it is not desirable to discharge into Pine
Hill Reservoir, and the quality of the water is therefore un-
satisfactory. This source, then, can only be regarded as avail-
able after treatment for an emergency supply, or in case other
better supplies cannot be obtained.

Turkey Hill Brook above Wire Village, and Sugden

Reservoir.
If the waters of Turkey Hill Brook were to be taken, the

point of taking would be at or near the dam of a storage reser-
voir on the stream, about 1.5 miles above Wire Village. The
elevation of the existing reservoir when full is 861.9 feet above
mean sea level, so that it might be possible to convey water
from this source to the proposed enlarged Stiles Reservoir with
only a low lift pumping. The tributary area above the pro-
posed dam site is about 8.9 square miles.

The analyses show that the water of this brook has a high
color, probably owing to the presence of swamps on the brook
above the reservoir, but this defect might be overcome in part
by proper treatment of the swr amps by drainage or otherwise
and the -would bleach to a very considerable extent by
storage in the proposed enlarged Stiles Reservoir.

Sugden Reservoir has a drainage area of approximately 5.9
square miles, and analyses show the water to be of reasonably
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good quality. It would require pumping against a head of
about 150 feet to lift the water over the ridge, whence it could
flow through Burncoat and Cedar Meadow Ponds to Stiles
Reservoir.

One of the serious objections to these sources for present use
is that the mills at Wire Village have used the waters of the
reservoirs on Turkey Hill Brook and of the Sugden Reservoir
on a branch of this brook, to supply water for their operations
and to dilute to an inoffensive condition the waste products
discharged into the streams, and the complete taking of these
waters would probably prevent the further operations of the
mills.

It might be feasible, however, by providing additional storage
on Turkey Hill Brook, to develop this supply so as to furnish
enough water for the mills, if an agreement could be reached
with the mill owners, and to supply considerable water to Stiles
Reservoir for the city of Worcester. It does not seem proba-
ble, however, that if enough water were left for the use of
the mills there would be sufficient remaining water to make it
worth while to utilize it for the city’s water supply.

Seven Mile River above Hillsvilli
The analyses show that the water of Seven Mile River above

Hillsville is of excellent quality, about the same as the water
of Five Mile River, which is a much larger stream lying to the
west, and practically the only reason for not considering
the Seven Mile River as one of the supplies which may be
acquired in the near future is that it is better to go to the larger
stream which is not much farther away and get a more ample
water supply. If water is taken from Five Mile River, the
water from Seven Mile River can be added at such time in the
future as it may be needed.

No surveys were made at the Seven Mile River for a reser-
voir site, but an inspection of the ground indicated that a good-
sized reservoir might be built upon the stream a short distance
above Hillsville. The drainage area above the probable dam
site is 7.75 square miles. The lift required to deliver water
into Stiles Reservoir is about 250 feet, or about 50 feet less
than from Lake Lashaway.
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Stiles Reservoir and Cedar Meadow Pond.
Stiles Reservoir and Cedar Meadow Pond, with the possible

inclusion of Sargents Pond, form the only remaining source in
the neighborhood of Worcester for supplying the city by gravity.

There is now an existing Stiles Reservoir, having an area of
344 acres and a capacity when full of 1,350,000,000 gallons,
which was built for the storage of water for mill use in about
1865. The quality of the water in this reservoir is now very
good and can be improved. The elevation is sufficient so that
most of the present storage can be drawn by gravity into the
existing Lynde Brook Reservoir of the high service system by
means of a concrete conduit about 5 miles long. The margins
of the reservoir are very favorable for raising the water surface
and greatly increasing its storage capacity. On account of its
favorable location and characteristics, Stiles Reservoir has been
given the most serious consideration as the basis of a new sup-
ply for the city of Worcester.

The area of the watershed tributary to Stiles Reservoir is
only about 4 square miles, and the flow therefrom in a normal
year would just about fill the present reservoir. In a dry year
this drainage area would furnish only about 1,000,000,000 gal-
lons, or three-fourths of the reservoir capacity. This source
alone would have a safe yield of about 3.8 million gallons per
day, which would provide the city of Worcester with water
for an additional period of six or seven years after the present
supply became inadequate. It is believed that a more compre-
hensive taking should be made at the beginning.

Cedar Meadow Pond, which lies about one-half mile north
of Stiles Reservoir, has a drainage area of about 3.9 square
miles, which includes Burncoat Pond, and is at sufficient height
so that water can be brought from it into Stiles Reservoir by
gravity through a canal or conduit. This would not only in-
crease the drainage area, but would increase the storage also
to the extent of the capacity of Burncoat Pond (329,000,000
gallons) and several feet depth of Cedar Meadow Pond (total
capacity, 239,000,000 gallons.

The combined yield of Stiles Reservoir and Cedar Meadow
Pond with tributary waters is about 6,700,000 gallons daily,
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and if used in conjunction with the present system might add
7,000.000 gallons daily to its capacity. Without any enlarge-
ment of these reservoirs the sources in combination with the
present system would provide the city of Worcester with an
assured supply until about the year 1938. Prior to that time
the enlargement of Stiles Reservoir could be undertaken, and
new sources of supply acquired with which to replenish its
storage when the tributary areas became insufficient.

The Stiles Reservoir can be raised from its present elevation
of 840.6 feet to substantially 873 feet without flooding a swamp
of about 166 acres, known as Wilson’s Swamp, and at this
elevation the enlarged reservoir would have an area of 685
acres and would contain in all 6,800,000,000 gallons of water
which is 5,450,000,000 gallons in excess of the storage in the
existing reservoir. This storage would be a very valuable asset
for the city of Worcester, as the total capacity is almost double
that of all the existing storage reservoirs, and somewhat larger
than the total (6,440,000,000 gallons) after Pine Hill Reservoir
is completed and filled. The combined storage capacity, in-
cluding the increased quantity in Stiles Reservoir, amounts to
13,240,000,000 gallons, which would supply the present rate of
consumption (14.62 million gallons) for about two and one-half
years if no water ran into the reservoirs in the meantime.

With the present conditions of limited water storage, the
reservoirs are likely to be emptied at the end of a very dry
year following another dry year, whereas with the larger stor-
age proposed such exhaustion of the reservoirs could not occur,
except after a term of three or four years, and sufficient notice
would be given by the gradual depletion of the reservoirs from
year to year to enable steps to be taken to augment the supply,
with a reasonable amount of time in which to do it.

Investigations have been made immediately below the exist-
ing dam of Stiles Reservoir, with reference to the construction
of a higher dam at that place for a reservoir at elevation 873.
The ground has been explored by borings, and the site has been
found to be very favorable for an earth dam, as the ground
each side of the bottom of the valley has been found to be sub-

Enlarged Stiles Reservoir.
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stantially water-tight, so that no deep foundations for a dam
would be required. A boring in the bottom of the valley indi-
cates that the cut-off trench for this portion of the dam should
be excavated to the rock, which was shown by a boring to be
17 feet below the surface.

Besides the main dam which is needed at the outlet of Stiles
Reservoir, which would have a length of about 1,950 feet, there
are four low places on the rim of the basin where dikes will
have to be built to prevent overflow. Three of these are small
dikes, but one is of considerable magnitude, as it has a length
of about 1,850 feet, and a maximum height to the proposed
water surface of 23 feet.

Three borings have been taken at or near the site of the
principal dike, and rock has been found from 12 to 15 feet
below the surface of the ground. The earth here is somewhat
sandy and not of the impervious character found at the greater,
part of the main dam site, so that the plans contemplate excav-
vating a cut-off trench in the earth to the rock, to be filled
with impervious material to prevent the water from leaking
from the reservoir.

An examination of many samples of water taken from Stiles
Reservoir at the outlet shows that the water is soft, and that
under ordinary circumstances it has but little color notwith-
standing the swamp of 166 acres on the drainage area. It is
proposed to improve the quality of the water coming into the
enlarged reservoir by draining or otherwise improving the large
swamp, and this, together with the bleaching action of the large
reservoir, should provide the city of Worcester with water fully
up to the standard of the water which is now furnished by the
existing reservoirs.

It is proposed to remove all trees and brush and to strip the
loam and other organic matter from the area to be flowed in
enlarging the reservoir. This is an important factor in the
preparation of this reservoir, as the water will bleach and purify
if the reservoir is properly prepared. Moreover, the material
stripped from this territory can be utilized in building the
dams and dikes.

The bed of the existing Stiles Reservoir has been covered
with water for about fifty-four years, so that no stripping of
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its area will be needed, as after such a long period there is
nothing left in the bottom to injuriously affect the quality of
the stored water.

Projects for developing Stiles Reservoir.
The enlarged Stiles Reservoir is or will become a principal

feature in all of the plans recommended for an additional water
supply from westerly sources, although its immediate enlarge-
ment is not essential in all cases.

The ordinary way to proceed to obtain a water supply from
this and adjacent sources would be for the city to make a
taking of the property at Stiles Reservoir, under the authority
of an enabling legislative act, including the water which flows
into and from the reservoir. As the supply which now flows
into the reservoir is small, the taking should include the water
which flows into Cedar Meadow Pond, as above stated.

R is not recommended in this case that such line of procedure
be followed exclusively, on account of the large water damages
which might have to be paid in proportion to the limited quan-
tity of water obtainable in this way, and because of the conten-
tion which may be caused by the taking, under the provisions
of a Massachusetts legislative act, of this water which produces
power on a total fall of 274 feet in Connecticut. If by negotia-
tion water power rights in Connecticut can be obtained for a
reasonable sum, the city of Worcester would be warranted in
proceeding to take the remaining power rights in Massachusetts
provided these also could not be obtained by negotiation.

An alternative to the procedure which has been indicated
would be to take Stiles Reservoir, but to reserve to the riparian
owners on the stream below the rights to all water from Stiles
Reservoir drainage area to which they are entitled. In other
words, to pass downstream at all times the entire influent into
Stiles Reservoir from its own drainage area. The storage in
the reservoir would in such case be maintained entirely by the
city by the discharge of water into it from outside drainage areas.

A third method of procedure, should the owners place a value
on their storage in excess of its value to the city, would be to
take all rights necessary for building the enlarged Stiles Reser-
voir while reserving to its owners all rights of storage therein
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now enjoyed, and again reserving to all other riparian owners
on the stream below the right to all the water from the Stiles
Reservoir drainage area to which they are entitled. In other
words, one project proposed is that Stiles Reservoir be enlarged
and that the city pump water into it from Five Mile River, and
that the mill water and the city water be stored in the same
reservoir. This third method may seem like a complicated
arrangement, but an examination of the details of the accounting,
as described in Appendix No. 4, shows that it is fairly simple.

The question whether Stiles Reservoir should be filled and
maintained full from its own drainage area and by the diversion
of water from Cedar Meadow Pond, or whether it could be
more economically filled by pumping from the Five Mile River
involves many uncertain factors.

If filled from its own drainage area, the reservoir must be
purchased, as well as the inflowing water. If water is pumped
from Five Mile River, storage rights must be reserved to its
present owners with practically no damage, provided the reser-
voir were enlarged. If the city depends upon the local drainage
areas the source will be outgrown after a number of years, and
it will then be necessary to go to the Five Mile River or some
other source for additional water.

One fundamental question, then, is the amount of the dam-
ages from the full taking of the Stiles Reservoir and Cedar
Meadow Pond with the waters flowing into them.

In the past, such damages frequently have been estimated
as the price for each square mile of drainage area taken multi-
plied by the number of feet fall utilized for power. A com-
pilation was made in 1910 on this basis by a committee of the
New England Water Works Association, appointed to collect
data relating to awards for water and water power diversion.
Computations show that, taking into account the quantity, the
following average prices were paid for damages per square mile
per foot fall:
Sudbury River, 550.70
Nashua River, 42.20
Kettle Brook, 151.50
Average price in 185 cases, disregarding amount involved, . . 69.07

Damages from taking Stiles Reservoir and Cedar Meadow Pond.
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The combined drainage area tributary to Stiles Reservoir and
Cedar Meadow Pond is 7.9 square miles. The total utilized fall
on the French River in Massachusetts is shown by the report
of the Waterways Commission to be 286 feet, and that in Con-
necticut on the Quinebaug River was found by your city en-
gineer’s staff to be 274 feet, making a total of 560 feet. The
details regarding the various powers in Connecticut are given
in Appendix No. 3. Based on the above data and the settle-
ments as cited, the water power damages from the taking of
the two drainage areas, neglecting storage values, would amount
to the following

Sudbury River, $224,000
Nashua River, 187,000
Kettle Brook, 671,000
Average of 185 cases, 305,000

There were special reasons why in the case of Kettle Brook
the damages were unusually high, but, on the other hand, these
damages are not representative of present conditions, with the
advanced prices of coal, electric power and equipment.

To the diversion damage must be added the value of the
storage in Stiles Reservoir and Cedar Meadow and Burncoat
Ponds. The capacities of these reservoirs are as follows: -

Gallons,

Stiles Reservoir, 1,350,000,000
Cedar Meadow Pond, 239,000,000
Burncoat Pond, 329,000,000

Total, 1,918,000,000

The damages due to the taking of such storage will depend
upon how many of the mills have an interest in it, and it
appears that joint rights in Stiles Reservoir are held by nearly
all the mills on the stream below in Massachusetts, but not by
those in Connecticut.

Cedar Meadow and Burncoat Ponds are assessed to the
American Woolen Company, which has three powers developed
on the stream below. The value of the land and works per-
taining to these reservoirs probably does not exceed $lOO,OOO,
but they have also value because of their availability as storage

J

sites. This intangible value can be obtained only by estimating
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the entire value of the water power which can be derived fromsuch storage, and deducting from it the value of the land andworks. In other words, the value which can be derived fromthe water power is the total value of the reservoirs to their
owners.

Not all of the water stored in the reservoirs could be utilized
in practice, as in some years Stiles Reservoir would not fill,
and in other years the season may be so wet that the reservoirs
would not be drawn upon to any extent. In some years, how-
ever, the reservoirs may become partially refilled after they are
drawn down and a part of their storage utilized twice.

For the purpose of estimate, it is assumed that 1,700,000,000
gallons will be drawn out in an average year, which is believed
to be liberal. If this amount of water could be utilized by all
the mills below these reservoirs in Massachusetts during working
hours, it would furnish 588 average horsepower, which at $3O
would amount to about $17,600. At 5 per cent interest rate,
this annual sum would capitalize at $352,000. As aforesaid,
the mill owners in Connecticut apparently have no rights in
in these reservoirs.

In practice, it will not be possible to utilize the stored water
to the full advantage of each individual mill. The above figures
are for the water-power damage to developed powers, and to
them must be added the value of undeveloped powers, any
indirect damage to mills from loss of water, and the cost of
engineering and litigation.

The above general method gives an indication of the cost of
acquiring Stiles Reservoir, Cedar Meadow Pond and the tribu-
tary areas. Because of the great divergence in prices in the
past, and the many factors entering into them, no exact esti-
mate can be made, but the above figures point to a total dam-
age somewhat in excess of $1,000,000.

In addition to the above general method of valuation, an
estimate has been prepared of the actual horsepower that can
be developed by each of the powers downstream in the State of
Massachusetts with their present developed falls and wheel
capacities. This estimate is based upon concentrating the flow
of twenty-four hours into nine working hours, but not upon
utilizing Sunday flow. The storage ponds are sufficiently large
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to accomplish this result. An average monthly run-off per square
mile equal to that of the Wachusett drainage area was used.

The estimates made include, first, the power which would be
derived from the present drainage area without utilizing the
reservoir storage; second, the power which could be derived
by utilizing to the very best advantage each year 1,700,000,000
gallons from the storage in Stiles Reservoir and Cedar Meadow
and Burncoat Ponds; and third, the power which could be
derived after Stiles Reservoir, Cedar Meadow Pond and all
tributary waters had been taken by the city.

It was found that the taking of 7.9 square miles of drainage
area would involve a loss to the Massachusetts mills of 260
horsepower, while the taking of the reservoir storage would
involve the loss of an additional 180 horsepower, making a
total of 440 horsepower. There was not sufficient data to
determine the loss to the Connecticut powers, but on the basis
of the ratio of the total developed falls in the two States the
loss of power due to taking the drainage area would amount to
250 horsepower.

Assuming no loss of power in Connecticut from the taking of
the reservoirs, the total loss would amount to 690 horsepower.
This amount at §3O or $4O per horsepower would give $20,700
or $27,600 as the annual loss, or, capitalized at 5 per cent, the
damage would be $414,000 or $552,000. This is considerably
below the total damage obtained by the first method, the
reason being that in the case of moderate wheel capacities and
large mill ponds for concentrating the flow there are many
months in which the figures computed by the second method
show no loss of power due to the diversion of the 7.9 square
miles, whereas in many of the settlements due to different con-
ditions damages were awarded for similar months of large
stream flow. Probably the damage obtained by the first
method, although not so accurately computed, is nearer what
may be expected in the actual settlements.

Sargents Pond and Other Areas above Stiles Reservoii
In regard to supplementing the watersheds of Stiles Reser-

loir and Cedar Meadow Pond by the addition of adjacent
areas, Sargents Pond, with a drainage area of 2.8 square miles,
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can be taken at a later date, and its waters delivered bygravity through a pipe line into Cedar Meadow Pond andthence into Stiles Reservoir.
There is also a small area of about 1.5 square miles lying

southwest of Stiles Reservoir and north of North Charlton, the
waters of which might be diverted by gravity into Stiles Reser-
voir by a pipe line through one of the southerly dikes. Such
additions would bring the total drainage area of the Stiles
Reservoir system up to about 12.2 square miles.

The taking of Sargents Pond would affect one or two water
powers in addition to those affected by Stiles Reservoir. The
area to the southwest could be taken without affecting as many
powers as Stiles Reservoir.

As these areas will not be needed until 1935 or 1940, the
taking may be deferred, but in order to avoid a later taking
the water rights might be acquired now, to become effective in
the year 1935. The payment to be made now with interest for
fifteen years at 5 per cent should equal the amount of the
damage in 1935, and should be about one-half of the cost of
acquiring the rights were they to become effective immediately.

Five Mile River Projects.

If the storage in Stiles Reservoir is to be maintained from
other sources than its own and adjacent drainage areas, the
Five Mile River at or above Lake Lashaway will furnish the
largest supply of good water.

The maximum drainage area which may be utilized is that
above the dam of Lake Lashaway, which is about 24.7 square
miles. By locating a pumping station of 20,000,000 gallons
daily capacity directly on the lake and drawing down the lake
to the extent to which it may be drawn at present by the
owners, this source would furnish an additional supply of
16,000,000 gallons daily. By the construction of a storage

reservoir about lj miles above Lake Lashaway, the drainage
area could be further developed to yield the full 20,000,000
gallons daily.

The installation of an additional pump, so as to obtain a

greater proportion of the flood waters, might be found more
economical than the construction of a new reservoir.
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The elevation of Lake Lashaway is 613.4, and it would be
necessary to raise the water approximately 300 feet to get it
over the divide into the drainage area of Stiles Reservoir. The
length of conduit would be about 4 miles. A steel pipe 48
inches in diameter is proposed for the greater part of the dis-
tance, but near the summit it would be advisable to substitute
a cheaper concrete pipe. This water would be carried a short
distance in open channels through Wilson’s Swamp to the
reservoir.

Water Damages on Five Mile River.
This source of supply will furnish a quantity of water greatly

in excess of immediate needs, and if the waters are taken in
full would result in the payment of damages far beyond the
value of the water actually diverted. On account of the larger
drainage area, the water damages, if all the water were taken,
might even exceed those for Stiles Reservoir and Cedar Meadow
Pond, although there is much less utilized fall below Lake
Lashaway. It has therefore been sought to devise some method
of taking a portion of the water during the early years, and to
provide for subsequent takings of the remaining water if that
later becomes necessary.

The progressive taking of the waters might be made, in fact,
and probably as a matter of law, in two ways: First, the
original taking might be a limited one, sufficient to meet the
requirements of the city of Worcester for about twenty years
and when the necessity for a further taking became imminent
such further taking could be made. There might be either two
or three takings made at different dates, to cover the taking
of the entire flow of the stream above Lake Lashaway Dam.
Second, there might be a single taking embodying the two or
three separate takings above suggested, the dates when each
becomes effective being stated in the taking.

If the second plan were adopted, it would be feasible as a
matter of engineering to determine the water damages in each
year for the first, second and third periods, respectively, and to
discount these damages for each future year so as to ascertain
a sum, which, paid at the present time and put at compound
interest, would equal the total damage suffered by the mill
owners. This sum based upon a progressive taking should be
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very much less than that based upon a complete taking in thebeginning, provided the legality of such progressive taking canbe assured.
The initial taking of the waters of the Five Mile River wouldlimit the taking to the five months from January to May, in-

clusive, and would provide for the taking of the existing storage
in Lake Lashaway and Brooks Pond and for diverting and
storing what would be mainly the flood flow of the stream;
that is, the flow of the stream in excess of a fixed quantity
which may be called 1,000,000 gallons daily per square mile of
drainage area.

A second limitation might be considered, in which the city
in addition to taking the existing storage in Lake Lashaway
and Brooks Pond, might divert or store without limitation the
entire flow of the stream during the five months from January
to May, inclusive.

The final taking would include rights to all water above the
dam at Lake Lashaway, except process water for the mills
below, and water for supplying the towns of Brookfield and
North Brookfield, both of which now take water from this
drainage area.

Due to the complexity of the initial taking and the compli-
cation of making three takings, it will probably be found unde-
sirable to make such an initial taking. For this reason no
studies relating to it have been made.

The utilized fall below Lake Lashaway, according to the
report of the Commission on Waterways and Public Lands on
the water resources of Massachusetts, 1918, amounts to 109
feet on the Five Mile and Quaboag Rivers, 225 feet on the
Chicopee River, and 35 feet on the Connecticut River in the
State of Connecticut, making a total of 369 feet. In addition
to the utilized fall there is a further fall of 17 feet on the
Quaboag River at dams which are now unused.

Fifty-nine feet of the fall on the Chicopee River and 16 feet
of the fall on the Quaboag River, making 75 feet in all, are
utilized for twenty-four hours, and the remainder, with the
possible exception of some of the falls of the Ludlow Manu-
facturing Company, is utilized for eight or nine hours per day.
At Windsor Locks the long canal leading to the mills is rather
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small, and only a limited portion of the flow of the Connecticut
River is used for power.

In the complete taking of the water of the Five Mile River
at the dam of Lake Lashaway there would also be taken the
storage rights in Lake Lashaway and Brooks Pond. The stor-
age capacity of Lake Lashaway is given in the report of the
Waterways Commission as 43,000,000 cubic feet, which is equiv-
alent to 322,000,000 gallons. This is in the upper 4 feet, which
is said to be the limit to which the lake may be drawn. The
capacity of Brooks Pond was found to be 565,000,000 gallons,
making a total of 887,000,000 gallons for the two. In practice,
the average yearly use from these reservoirs would probably
not exceed 750,000,000 gallons.

Counting the twenty-four hour power as equivalent to twice
the amount of nine-hour power, the power lost to all the mills
below due to the taking of these reservoirs would be about 155
horsepower. This assumes all the water to be utilized by the
twenty-four hour powers and one-half of the water by the
nine-hour powers. At $3O or $4O per horsepower, the annual
loss would amount to $4,650 or $6,200, which, capitalized at 5
per cent, would amount to $93,000 or $124,000. It is not known
that the mill owners other than the one at the outlet of Lake
Lashaway have any rights in the storage in the lake, in which
case a smaller damage might result.

The value of the power due to the natural run-off of the
drainage area must now be considered, and this can again be
done by the general method of multiplying the number of
square miles of drainage area (24.7) by the number of feet of
utilized fall (369), and applying the average prices paid in
previous settlements. Thus computed, the damage on the four
bases used above would amount to the following:

Sudbury River,
Nashua River,
Kettle Brook,

1462,000
385,000

1,381,000
Average of 185 case: 330,000

These sums are about double the values similarly obtained
for taking 7.9 square miles of the French River drainage area.

A second computation was made on the basis of the actual
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installed wheel capacities on the streams below. The mills onthe Quaboag River, with the exception of one at Palmer, havevery small mill ponds, and on the Chicopee River the ponds,
though of considerable size, are small relative to the large
drainage areas above them. They are therefore unable to con-
centrate any considerable part of the twenty-four hour flow
into the nine working-hour period. The wheel capacities are
comparatively large under these conditions.

A rough estimate shows that the total power lost, counting
the twenty-four hour power as equivalent to twice the amount
of nine-hour power, would be 650 horsepower. This power at
$3O or $4O per horsepower would mean a loss of $19,500 or
$26,000 annually, and capitalized at 5 per cent, would give a
damage to developed water powers of $390,000 or $520,000.
The Wachusett basis has been used, as before.

It will be seen that this is nearly equal in amount to the
damage found by the same method for Stiles Reservoir and
Cedar Meadow’ Pond (page 35).

Water Damages from taking Fire-Months’ Flow of Five Mile
River from January to May, Inclusive.

The general method of multiplying the number of square
miles of drainage area by the number of feet of fall and apply-
ing a price based on past settlements cannot be used in this
case, as there is no precedent for this form of partial taking.

An estimate has been made of the horsepower lost by the
taking of the fkws above Lake Lashaway from January to
May, inclusive, in the same manner as the full taking. It was
thought that during these months there would normally be an
excess flow above the wheel capacities and therefore little actual
damage. However, due to the unusually large wdieel capacities
per square mile where little concentration of flow can be ef-
fected by drawing down mill ponds, computations show 7 that
the damage is not eliminated even by 7 confining the taking to
the flood period of the year. The results indicate that, counting
the twenty-four hour pow7er as equivalent to twdce the amount
of nine-hour pow7 er, the loss of nine-hour powr er w7ould amount
to 270 horsepower,. which is 41 per cent of the amount com-
puted for the full twelve months’ taking. The damage, on the
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basis of $3O or $4O per horsepower, would amount to $B,lOO
or $lO,BOO annually, which, capitalized at 5 per cent, would
amount to $162,000 or $216,000.

Based on the estimated horsepower lost, the damage, due to
taking the flow of the Five Mile River for the five months’
period together with the storage in Lake Lashaway and Brooks
Pond, would amount to about one-half the damage resulting
from the taking of Stiles Reservoir and Cedar Meadow Pond
and the flow from the tributary drainage areas. The saving in
water damage from going to the Five Mile River might there-
fore amount to $500,000.

The amount of water obtained for the supply of the city of
Worcester, by taking the flow for the five months’ period to-
gether with the storage in Lake Lashaway and Brooks Pond,
was found to average about two-thirds of the yield for the
entire year, and fully double that furnished by the drainage
areas of Stiles Reservoir and Cedar Meadow Pond. With the
proposed pump of 20,000,000 gallons daily capacity, operated
for five months plus the time necessary to draw out the reser-
voir storage, the amount of water obtained each year would be
equivalent to an average of 10,000,000 gallons daily for the
twelve months. This is almost 50 per cent greater than the
safe yield of the drainage areas of Stiles Reservoir and Cedar
Meadow Pond with present storage.

Should the capacity of Stiles Reservoir and Cedar Meadow
Pond become exhausted in 1940, as estimated, the above dam-
ages for takings on Five Mile River might then be incurred in
addition to the initial damages from the taking of Stiles Reser-
voir and Cedar Meadow Pond drainage areas.

Storage Reservoir on Five Mile River.
In order to store the flood flows in excess of the capacity of

the pumps during the first five months so that they could be
pumped during the later months of the year when all natural
flows would pass to the mills, investigations have been made for
a storage reservoir immediately below Brooks Pond. The dam
site is about 1J miles north of Lake Lashaway and a few hun-
dred feet north of a small cross road. By creating a reservoir
with its water surface at elevation 665, a storage of about
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3,900,000,000 gallons could be obtained. The reservoir area■would be approximately 528 acres and the average depth 22 7feet.
The material at the dam site above the bottom of thevalley is generally fine sand, and would require a cut-off trenchto be excavated to rock or impervious earth. At the bottom

of the valley a boring showed a thick layer of clay, so that it
probably will not be necessary to provide any cut-off under this
portion of the dam. The quantities of earthwork involved in
this dam are relatively small, and the total cost of the reservoir
relative to its capacity will not be excessive.

By a pipe connection from this reservoir to the pumping
station at Lake Lashaway the lift could be decreased about 45
feet when the reservoir was filled.

As stated on page 21, it would probably be cheaper to in-
crease the pumping capacity at Lake Lashaway than to build
such a large reservoir to accomplish the same purpose.

Cost op Pumping.

If the enlarged Stiles Reservoir is to be filled from the Five
Mile River, pumping would have to begin at the completion
of the reservoir, which is assumed to be in 1925. After the
first filling, very little pumping would be required for several
years. In the case of the Quinapoxet, the first pumping is
assumed to be necessary in 1930, and will be intermittent for
the next few years.

In order to obtain the value of the Stiles Reservoir and Cedar
Meadow Pond drainage areas as a gravity supply, estimates
have been made of the cost of pumping each year the additional
amount of water that Worcester would necessarily draw from
its new source until such year as the estimated consumption
shown on page 16 or 17 reaches the normal yield of these drain-
age areas. After that time it is assumed that the full average
yield of these drainage areas about 8,000,000 gallons daily
is drawn from them, and that the excess is pumped from a new
source.

The saving in pumping costs for each year thus obtained was
discounted to the year 1925 at an interest rate of 4.5 per cent,
and thus a sum was obtained which placed at interest in 1925
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would provide for all future pumping of an amount of water
equivalent to that furnished by the Stiles Reservoir and Cedar
Meadow Pond drainage areas. On this basis the saving in cost
of pumping by taking these drainage areas over going to Lake
Lashaway amounted to $980,000, and the saving as compared
with pumping from Quinapoxet Pond and also pumping half
of the water there obtained from low to high service amounted
to $460,000.

These figures were obtained on the assumption of an electric
pumping plant pumping mainly nights, with a current charge
of 1.5 cents per kilowatt hour. One dollar per million gallons
was also added for operation and a small charge for mainte-
nance and depreciation.

Conservation
The Commonwealth is now giving particular attention to the

conservation of water power, and the present condition of the
coal market warrants giving careful attention to this feature in
every water works development. It is particularly desirable,
both for the reduction of damages to be paid by the city of
Worcester and for the maintenance of all water power possible,
that the primary horsepower on the streams as represented by
the dry weather flow should not be encroached upon.

This point cannot be raised in favor of the Five Mile River
project as a whole, because of the energy required to pump the
water into Stiles Reservoir. Taking the .efficiency as 75 per
cent for both pumping and power development, the amount of
power necessary to raise the water 300 feet from Lake Lasha-
way to Stiles Reservoir slightly exceeds the power which can
be derived from the same amount of water flowing from Stiles
Reservoir to the sea with a total developed fall of 560 feet. In
addition, there must be charged against the Five Mile River
project the entire energy lost by the mills downstream.

Along the line of conservation, it might be desirable to in-
vestigate the possibility of taking from the drainage areas of
Stiles Reservoir and Cedar Meadow Pond only the flows of the
first five months of each year, as proposed for the Five Mile
River project, although the amount involved is relativelv small.
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Estimates of Cost.
Early in the report it was

are impossible under the pre
and high prices of coal and
This is especially true because
for a number of years, when
conditions will obtain. The :

itated that satisfactory estimates
sent conditions of labor scarcity
other materials and equipment.
much of the work will be deferred
it is probable that more normal
scarcity of labor has been felt by

the city in carrying on current work, and this would be aggra-
vated by starting immediately on any large program of construc-
tion. However, to reach a decision, estimates have been pre-
pared for the Quinapoxet project (No. 1), for the project which
involves taking Stiles Reservoir and Cedar Meadow Pond (No.
2), and for the Five Mile River project (No. 3) which involves
taking and enlarging Stiles Reservoir for storage only and filling
it from the Five Mile River source. In these estimates the
current high prices for construction have been used, and also
water damages above the average paid in the past.

Quinapoxet Project {No. 1)

The first cost of obtaining water from the Quinapoxet source
and delivering it to both high and low service, including works
and damages as outlined on pages 20 to 23, is estimated to
amount to $833,000.

It is estimated that a dam at Gray’s Mill, with its top at
elevation 800, with appropriate works for stream control during
and after construction, including the expense of purchasing and
improving the site of the reservoir, with a flow line at eleva-
tion 790, would cost in the neighborhood of $1,050,000. Such
a reservoir would not appear necessary until 1940.

Stiles Reservoir Cedar Meadow Pond Project {Nc
The initial works necessary for bringing water from Stiles

Reservoir to the city of Worcester involve a concrete conduit
to Lynde Brook Reservoir, a connection from Cedar Meadow
Pond to Stiles Reservoir, and the drainage of the large swamp
on its watershed. These works, together with the cost of ac-
quisition and the damages for diversion of water, are estimated
to amount to $2,250,000.
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In about 1935 it will probably be found desirable to raise the
level of Stiles Reservoir to elevation 873, and thereby develop
its great storage capacity as a safeguard to the city of Worces-
ter against a dry period. The cost of the dam and dikes,
together with the improvement of the area to be flowed, is
estimated at present prices to be about $2,370,000.

Not many years after the construction of the reservoir it will
probably be necessary to bring in water from a new source ■—
presumably the Five Mile River —to maintain the reservoir
full.

Five Mile River Project (No. 3).
The necessary works to deliver water to the city of Worcester

from the Five Mile River at Lake Lashaway include the en-
largement of Stiles Reservoir, the concrete conduit from there
to Lynde Brook Reservoir, the improvement of the swamp
above Stiles Reservoir, and the building of a pumping station
at Lake Lashaway with a force main and channels to carry
the water over the divide and deliver it into Stiles Reservoir.
The estimated cost of this project, including the cost of acquir-
ing the Stiles Reservoir site and the damages from the taking
of Lake Lashaway, Brooks Pond and the flows of the Five Mile
River for the months of January to May, inclusive, of each
year, amounts to $4,700,000.

An increased pumping capacity or a large storage reservoir
would be necessary in about 1940. The cost of such storage

reservoir and a pipe line to connect it with the pumping sta-
tion at Lake Lashaway at present prices is estimated to be
$1,100,000.

For a final comparison of these schemes there should be added
to the Quinapoxet supply the sum of $460,000, which, assumed
to be set aside in 1925 at per cent interest, would pay for
all future pumping of the amount of water which could be
furnished by gravity from the drainage areas of Stiles Reservoir
and Cedar Meadow' Pond. Similarly, $980,000 should be added
to the ultimate cost of the Lake Lashaway project.
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Conclusions.
From the foregoing survey of the available sources, it is evi-

dent that, were there no restrictions, the natural development
of the water supply system for the city of Worcester would be
to proceed to the Quinapoxet source. Worcester needs an addi-
tional supply of about 13,000,000 gallons daily to fortify its
system for a period of about thirty years, and the Quinapoxet
source will furnish approximately this amount if fully developed.
The drainage area is of an upland gravelly character, free from
swamps and sparsely populated. With proper sanitary re-
strictions and the passage of the water through Kendall and
the two Tatnuck Brook Reservoirs, the water as delivered will
be of good quality, even if the present ice cutting on the pond
continues.

Under present conditions the interests of a city are best
served by deferring, if possible, large construction such as dams
and reservoirs and obtaining a supply with the least amount o'
immediate construction. The Quinapoxet source requires only
a short pipe line and pumping station to deliver water to the
city, and such connection could be made in less than a year’s
time, so that the source could be made available prior to the
completion of the Pine Hill Dam. The only disadvantage of
this source is the requirement of pumping. The storage facili-
ties are somewhat deficient for the full development of the
large drainage area.

If the Quinapoxet source is not available because of its
present use by the metropolitan district, Stiles Reservoir and
Cedar Meadow Pond, with their drainage areas, furnish a very
satisfactory source, and one from which water can be brought in

by gravity. It is not necessary that Stiles Reservoir, if taken,
be enlarged immediately, as the present reservoir, together with
the existing sources of supply of Worcester, will probably insure
an ample water supply until the year 1935.

The balance between high and low service supplies would be
improved by the addition of this source, and the city could
continue to be supplied without pumping to either system.

The only work immediately required is the construction of a
concrete conduit between Stiles Reservoir and Lynde Brook



SENATE—No. 346.1920.] 47

Reservoir and the drainage of Wilson’s Swamp, followed soon
after by a connection between Cedar Meadow Pond and Stiles
Reservoir. It is probable that water could be brought in from
this source within eighteen months of the time it was under-
taken.

Stiles Reservoir once obtained could be enlarged when neces-
sary, and furnishes an exceptionally good storage site. The
one unfavorable feature is the relatively large damages that
will probably have to be paid for the limited drainage area and
small supply obtained. It will be necessary to proceed to a
less favorable favorable source when the supply from this area
is exhausted. At such time Worcester would naturally again
look to the Quinapoxet source, but it is improbable that condi-
tions will have changed sufficiently so that that source will be
available then, if not at present.

The city of Worcester must then of necessity proceed to the
Five Mile River, or some smaller source which, when the city
has grown considerably, would tide it over but for a relatively
few years. Sargents Pond, Sugden Reservoir and Long Pond
might thus be added, with little construction work.

As the city of Worcester can afford to pay any price within
reason for the Stiles source, before proceeding to incur the
great expense involved in the Five Mile River project, the
latter source should be resorted to now only in the case of
the most unfavorable developments in proceeding with the first
two projects.

The Five Mile River source at Lake Lashaway will, however,
furnish an abundant supply of good water, and should be re-
served as an available source for the use of the city of Worces-
ter at such time as its growth shall determine.

It might be stated here that the proposed extension of the
metropolitan water supply does not contemplate the develop-
ment of a source at sufficient elevation to be economically
brought into Worcester.

Respectfully presented

RALPH H. STEARNS,
Consulting Engineer.
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Appendix No. 4

Method of Accounting fok Stored Water in Joint Use of
Stiles Reservoir. 1

Meters are now made which will record accurately the number
of million gallons of water discharged into Stiles Reservoir by
the city of Worcester from outside sources, and similarly will
record all water discharged from the reservoir for city use and for
mill use. Such meters are in successful use for measuring the
water delivered to Boston and the other cities and towns in the
metropolitan water district, and payments for the water supplied
to them is based largely on these measurements. The city of
Worcester would be credited with all water discharged into Stiles
Reservoir from outside sources, and would not be allowed to take
out more water than it had previously put in, and the amount of
water in the reservoir belonging to the city at any time would be
that which it had discharged into the reservoir up to that time,
less the amount it had drawn from the reservoir up to that
time.

In order to be entirely fair to the mill owners who control the
existing Stiles Reservoir, the city would not be credited with
quite the whole of the difference between the quantity of water
it had discharged into the reservoir and the quantity drawn from
it, but there would be a small deduction as an allowance for the
increased evaporation from the enlarged reservoir. This quantity
would be so small that the interested parties ought to have no
difficulty in reaching an agreement as to its amount.

The total quantity of water in the reservoir corresponding tc
different elevations of water surface would be determined at the
outset and tabulated, and at any given date the total quantity
in the reservoir could be found from the table. After deducting
from the total the quantity belonging to the city, obtained as
before described, the remainder would be the quantity of stored
water in the reservoir belonging to the mills, but the owners of
Stiles Reservoir would not be permitted to acquire permanent
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M Quantity of Water in Reservoir at
Beginning of Month.

w discharged into Reservoir by City

Measured Draft from Reservoir for
City Use during Month.

Quantity of Water, if any, charged to
City on Accountof Increased Evapo-

covering Additional

uantity of Water in Reservoir for I
of Mills at Beginningof Month.

Drainage Area dur
Month

in

Quantity of Water from Other
of Worcester during Month

Land Surface with Water

m Quantity of Water in Reservoir for
of City at Beginning of Month.

Water R

Measured Draft from ]
Mill Use during Month



1

Quantity of Water in Reservoir at
Beginning of Month.

wQuantity of Water from Other Sources
discharged into Reservoir by City

3of Worcester during Month

Measured Draft from Reservoir fc
City Use during Month.

Quantity of Water, if any, charged to
City on Account of IncreasedEvapo-
ration due to covering Additional

2

Surface with W

Quantity of Water in Reservoir for I
of City at Beginning of Month.

Quantity of Water in Reservoir for I
of Mills at Beginning of Month. 1

Quantity of Water Running into Res-
ervoir fromits Drainage Area during
Month

y. Measured Draft from Reservoir for
Mill Use during Month.
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date, as given in Column 3, and deducting the metered quantities Prawn
from the reservoir for use by the city as given in Column 4, and the in-
creased evaporation as given in Column 5.

Column 7 is obtained by subtracting the quantities in Column 6 from
those in Column 2.

Column 8. The figures in this column are the differences between
consecutive figures in Column 7.

Column 9 gives the metered quantity discharged from the reservoir
into the stream below for the use of the mills, and would be the quantity
of water which the owners of the reservoir asked to have discharged for
their purposes.






