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Chapter 48, Resolves of 1936.

Resolve providing for an Investigation by the Metropolitan
District Water Supply Commission and the Department of
Public Health relative to improving the Distribution of
Water and More Adequately preventing Pollution of
the Sources of Water Supply of the Metropolitan Water
District.

Cf)t Commontoealtt) of sgassac&usetts

RESOLVE AUTHORIZING COMMISSION.

Resolved , That the metropolitan district water supply commission
and the department of public health, acting jointly, are hereby au-
thorized and directed to investigate methods of improving the dis-
tribution of water from the sources of supply to the metropolitan
water district, more adequately preventing pollution of the sources
of water supply of such district by the construction of pressure tun-
nels, aqueducts or other works, and by the elimination of sources of
pollution, and of protecting the purity of the water, and to investi-
gate as to the cost of such improvements and works, the damage to
property and other matters pertaining to the subject, including all
questions relating thereto. Said joint board may make such surveys
and borings and do such other preliminary work on public or private
lands as it may deem necessary or desirable, doing as little damage
as possible and paying for the same. For the purpose of carrying out
the provisions of this resolve, said joint board shall proceed with the
respective organizations of said commission and said department and
in the manner provided by chapter three hundred and seventy-five
of the acts of nineteen hundred and twenty-six, chapter three hundred
and twenty-one of the acts of nineteen hundred and twenty-seven,
and chapter one hundred and eleven of the General Laws. The funds
provided for metropolitan water supply purposes by said chapter
three hundred and seventy-five and said chapter three hundred and
twenty-one, and any additions thereto or amendments thereof, are
hereby made available for carrying out the purposes of this resolve.
Said joint board shall report to the general court the results of its
investigation and recommendations relative thereto, together with



plans and estimates of the cost of any changes in existing works and
of any new works that it may deem necessary or desirable, and drafts
of legislation necessary to carry its recommendations into effect, by
filing the same with the clerk of the house of representatives on or
before the first Wednesday in December in the year nineteen hun-
dred and thirty-seven. Approved June 16, 1936.
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December 1, 1937.
To the General Court of Massachusetts.

In 1936 the Legislature, by chapter 48 of the resolves
of that year, approved June 16, 1936, directed the Met-
ropolitan District Water Supply Commission and the
Department of Public Health, acting jointly, to investi-
gate methods of improving the distribution of water
from the sources of supply to the Metropolitan Water
District, and more adequately preventing pollution of
the sources of supply by the construction of pressure
tunnels, aqueducts or other works for such distribution,
and by the elimination of sources of pollution, thus pro-
tecting the purity of the water. The Joint Board was
further directed to investigate the cost of such improve-
ments and all questions relating thereto, and to submit
recommendations, plans and estimates, together with
drafts of legislation necessary to carry its recommenda-
tions into effect. As a result of these investigations, the
following report is submitted.

Organization of the Joint Board was effected July
10, 1936. Eugene C. Huffman, chairman of the Metro-
politan District Water Supply Commission, is chairman;
R. Nelson Molt, secretary of the Metropolitan District
Water Supply Commission, is secretary; Frank E. Winsor,
chief engineer of the Metropolitan District Water Supply
Commission, is chief engineer. Arthur D. Weston, direc-
tor and chief engineer of the Division of Sanitary En-
gineering, Department of Public Health, and William E.
Foss, director and chief engineer of the Water Division
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of the Metropolitan District Commission, act, with the
chief engineer, as a board of engineers. Chairman Huff-
man was designated as representative of the Metropolitan
District Water Supply Commission and Dr. Henry D.
Chadwick, Commissioner of Public Health, as repre-
sentative of the Department of Public Health. Thaddeus
Merriman, formerly chief engineer and now consulting
engineer of the New York Board of Water Supply, was
retained as consulting engineer; and Prof. Warren J.
Mead of the Massachusetts Institute of Technology, as
consulting geologist.

The chief engineer has been in active charge of the
investigation, which has included extensive sanitary
surveys of all the watershed areas of the District, except
the Cochituate watershed, of which a similar sanitary
survey was completed the previous year by the Metro-
politan District Water Supply Commission, the Metropoli-
tan District Commission, and the Department of Public
Health in accordance with the provisions of chapter 18
of the Resolves of 1936, reported to the Legislature in
House, No. 293 of the year 1936. About 17,000 feet of
core borings were made along a projected tunnel line.
The chief engineer has prepared an outline of progress
on the new supply now available in part from the Ware
and Swift rivers, a detailed report including computations
and estimates of the water supply needs of the District
and surrounding communities, and plans for the elimina-
tion of sources of pollution and adequately distributing
the water. Many airplane photographs of the watersheds
and other data of great permanent value to the Common-
wealth, omitted from the report because of the expense
of reproduction, are on file in the engineering offices of the
Metropolitan District Water Supply Commission. The
report also proposes a definite plan of development. We
concur in this plan and recommend as follows:

1. That all sources of pollution be eliminated from
the drainage areas tributary to the Metropolitan water
supply as soon as possible. This is particularly necessary
in the case of the important drainage area of the Wachu-
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sett Reservoir, from which all such sources of pollution
should be removed by diversion, purification or other
adequate means. The rules and regulations adopted by
the Department of Public Health on June 16, 1925, for
the purpose of preventing pollution and securing the
sanitary protection of the sources of water supply for
the Metropolitan Water District should be strictly
enforced.

2. That the regular use of the entire Sudbury supply,
along with the Cochituate supply, and of the Sudbury
Aqueduct be discontinued as soon as the completion of
Quabbin Reservoir makes the additional supply from
the Ware and Swift rivers available, and as soon as ade-
quate means of distribution can be provided. The Sud-
bury system must be continued, but only as an important
reserve in emergencies.

3. That the retention of Lake Cochituate as a part of
the Metropolitan water system be discontinued as soon
as possible. This can be done as soon as the capacity of
the Weston Aqueduct to deliver water to the District is
increased by the construction of additional pipes in the
siphons, so called, of this aqueduct, and by the construc-
tion of a pressure aqueduct from the Weston Aqueduct
Terminal Chamber to Chestnut Hill. This construction
should require a period of not more than three years after
the necessary legislation has been provided.

4. That a general plan be adopted for the distribution
system, which will ultimately use pressure aqueducts
only east of the Wachusett Aqueduct Terminal Chamber.
The present grade-line aqueducts, which pass through
urban areas and are exposed to surface pollution, should
be retained for emergency use only.

5. That new construction be undertaken under a
program of planned development which will not further
materially increase, but which will rather gradually
decrease, the cost per million gallons of the supply de-
livered to the cities and towns in the District. This
development should be undertaken step by step, with the
desired goal always in mind.
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6. That a policy be adopted, governing the admission
of new member municipalities to the District, which will
encourage them to join and share the benefits of the new
supply so that the cost per million gallons of water sup-
plied may be further reduced to the mutual advantage
of all.

7. That the privileges of membership in the Metropoli-
tan Water District be extended to include, at the discre-
tion of the Metropolitan District Commission, towns out-
side the present limit of ten miles from the State House.

8. That a plan of development be adopted which will
provide for ultimate discontinuance of the principal
pumping stations at Chestnut Hill and Spot Pond, and
which will eliminate the expense of the pumping at these
stations, including labor, fuel, maintenance, repairs and
renewals. The construction necessary to complete the
pressure-aqueduct plan and discontinue nearly all pump-
ing in the District should be undertaken as soon as prac-
ticable, and not later than fifteen years hence. This will
avoid further duplication of large mains in crowded
centers of high valuation, eliminate the hazards of such
mains, and provide a supply adequate at all times, both
in quantity and in pressure, for satisfactory fire protec-
tion. Such a supply should result in the lowering of fire
insurance rates.

9. That all sources of pollution be eliminated from the
regular system of aqueducts and distribution by con-
structing immediately, as indicated in the appended re-
port of the Chief Engineer: a new aqueduct to permit by-
passing the open channel, below the Wachusett Aqueduct
Terminal Chamber, and the Sudbury Reservoir and thus
discontinuing the use of the inferior Sudbury supply,
except in emergencies; an enlargement of inadequate
portions of the Weston Aqueduct to carry the entire
supply to the District and permit discontinuing the use
of Reservoir No? 3 and the Sudbury Aqueduct, except in
emergencies; a section of distribution tunnel between
the Weston Aqueduct Terminal Chamber and Chestnut
Hill pumping station, which will be a major factor in
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permitting the discontinuance of the regular use of Chest-
nut Hill Reservoir and Spot Pond; and other minor con-
nections. Such a tunnel to Chestnut Hill will also make
it possible to discontinue the building of additional large
pipe lines from the Weston Terminal Chamber into the
District, which are now necessary, and hence will not
require any expenditures which do not contribute to the
ultimate plan for improving the distribution system.

Accordingly, in addition to the strict sanitary control of
the District’s watersheds and the adoption of the policies
above outlined, we specifically recommend the immediate
construction of -

1. Works to relieve the Wachusett Reservoir from dan-
ger of pollution by diverting domestic and other wastes
from the drainage area, or by adequately treating the
same.

2. A section of pressure aqueduct about 5 miles long
between the Wachusett Aqueduct Terminal Chamber and
the Weston Aqueduct inlet at Sudbury Dam, this aque-
duct to have a carrying capacity at least equal to that of
Wachusett Aqueduct.

3. An additional pipe line in each of the two inverted
siphons on the Weston Aqueduct, totaling 4,735 feet in
length, which will permit the entire aqueduct to carry its
full capacity.

4. A section of pressure aqueduct about 5% miles
long between a point near the Weston Aqueduct Terminal
Chamber and a point near the Chestnut Hill pumping
station.

5. A pipe line about three quarters of a mile long along
the shore of Spot Pond between the outlet of the present
line from Weston Aqueduct and the Spot Pond pumping
station.

6. Such miscellaneous connections at the Chestnut
Hill and Spot Pond pumping stations and elsewhere as
are required to adapt all portions of the future pressure
aqueduct distribution system, as proposed herein, to the
present needs, and to provide, without undue interference,
for its future extension.
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We also recommend that land be acquired for a high
level distributing reservoir, as close to the distribution
tunnel as the topographic conditions will permit, which
will be required as a part of the future plan of develop-
ment.

The Metropolitan District Water Supply Commission
is well organized to prosecute the recommended construc-
tion effectively; and on account of economies effected
in the construction of the Ware-Swift project, the cost of
carrying out these recommendations for immediate con-
struction may, it is believed, be fully met from moneys
already provided by chapters 375 of 1926 and 321 of
1927. Accordingly, the accompanying draft of recom-
mended legislation to initiate the new program places
the work in the hands of the Metropolitan District Water
Supply Commission.

If the recommended program is adopted, and the first
stage of the new construction is financed as above pro-
posed, the large annual appropriations now required by
the Water Division of the Metropolitan District Commis-
sion for extension of mains and other capital improve-
ments within the District, averaging about $350,000 per
year can, after three or four years, be materially reduced.
The first stage of the new distribution tunnel, however,
will require several years for construction, and it cannot
in any event alleviate the necessity in the immediate
future for such continued extension of mains, those in
the southern high service areas being now particularly
inadequate.

The provisions of the legislation recommended, drafts
of which are appended hereto, may be briefly summarized
as follows:

1. An amendment of existing statutes relative to the
work of the Metropolitan District Water Supply Com-
mission, authorizing it to proceed with the construction
of the first stage of the comprehensive plan herein pro-
posed for the elimination of pollution from the sources
of supply, and for the improvement of the distribution
system.
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2. An amendment of existing statutes to extend the
limits of the Water District beyond the radius of ten
miles from the State House.

3. An amendment of existing statutes under which
certain receipts from sales, rentals, etc., are now paid
into the sinking fund of the Water District, which fund
insures the retirement of the sinking fund bonds by which
the original Metropolitan system was financed. The
amendment proposed provides for an allocation of such
receipts after the maturities which are now pending
have been satisfied. This sinking fund will total about
$24,300,000 on January 1, 1938, and although the last of
the outstanding sinking fund bonds will not mature until
January 1, 1950, an aggregate total of $18,000,000 will
mature during the next three years.

Attention is called to a report, published December 2,
1936, as House, No. 293, by a joint board consisting of
the Metropolitan District Commission, the Metropolitan
District Water Supply Commission, and the Department
of Public Health, authorized and directed by chapter 18
of the Resolves of 1936, in which said joint board recom-
mended that no action in the matter covered by said
chapter 18, relative to the setting off of a portion of Lake
Cochituate for boating and fishing, be taken until after
the investigation by the present Joint Board under
chapter 48 of the Resolves of 1936. In this connection it
should be noted that the first stage of construction of the
plan herein recommended includes the construction not
only of additional pipe lines in the siphons of the Weston
Aqueduct to make the full capacity of the aqueduct effec-
tive to the terminal chamber, but also a section of pressure
aqueduct and distribution tunnel between the Weston
Aqueduct Terminal Chamber and Chestnut Hill. This
latter is essential to the delivery of the entire supply
through the Weston Aqueduct. Until these works may
be completed, which should take not longer than three
years after appropriate legislation has been adopted,
Lake Cochituate and the Cochituate Aqueduct, which
delivers directly to Chestnut Hill Reservoir, are necessary
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as reserves in case of a temporary shutdown of Weston
Aqueduct. However, as soon as the works herein pro-
posed for immediate construction can be put into opera-
tion Lake Cochituate should be abandoned as a source of
water supply.

Respectfully submitted,

Chairman.

RICHARD M. SMITH, M.D.
FRANCIS H. LALLY, M.D.
CHARLES F. LYNCH, M.D.
GEORGE D. DALTON, M.D.
RICHARD P. STRONG, M.D.

HENRY D. CHADWICK, M.D.
JAMES L. TIGHE.

EUGENE C. HULTMAN,

THOMAS D. LAVELLE,
EDWARD J. KELLEY.
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I.

In the Year One Thousand Nine Hundred and Thirty-Eight.

An Act authorizing the purchase of lands and the

CONSTRUCTION OF WORKS FOR IMPROVING THE DISTRIBU-

TION OF WATER FROM THE SOURCES OF SUPPLY TO THE

METROPOLITAN WATER DISTRICT AND MORE ADEQUATELY

PREVENTING POLLUTION AT THE SOURCES OF WATER

SUPPLY OF SAID DISTRICT

1 Whereas, The deferred operation of this act would,
2 in part, defeat its purpose, therefore it is hereby de-
-3 dared to be an emergency law necessary for the im-
-4 mediate preservation of the public convenience.

Be it enacted hy the Senate and House of Repre-
sentatives in General Court assembled, and by the
authority of the same, as follows:

PROPOSED LEGISLATION.

C&e Commontoealtb of 00assacfui0ett0

1 Section 1. The metropolitan district water supply
2 commission established under chapter three hundred
3 and seventy-five of the acts of nineteen hundred
4 and twenty-six, hereinafter called the commission, is
5 hereby authorized, for the purpose of improving the
6 distribution of water from the sources of supply to the
7 metropolitan water district and more adequately
8 preventing pollution of the sources of water supply
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9 of said district, to construct forthwith: (1) a pressure
10 aqueduct from a point on the Wachusett aqueduct
11 of said district at or near the terminal chamber, so-
-12 called, in the city of Marlborough to a point on the
13 Weston aqueduct in said district near its Sudbury dam
14 in the town of Southborough; (2) additional pipe lines
15 to supplement existing lines in the two Weston aque-
-16 duct siphons, so-called, in the towns of Framingham
17 and Wayland; (3) a pressure aqueduct from a point
18 on said Weston aqueduct at or near the terminal
19 chamber, so-called, in the town of Weston, to a point
20 near the Chestnut Hill pumping station in the city
21 of Boston; (4) a pipe line from the Spot pond south
22 gatehouse, so-called, in the city of Medford, to the
23 Spot Pond pumping station in the town of Stoneham;
24 and (5) such other works as may be necessary or
25 desirable to deliver the entire regular supply of the
26 district from its Wachusett reservoir directly to the
27 district, to eliminate from the district’s watersheds
28 all sources of pollution, and to eliminate from regular
29 use its Sudbury water supply system and its Chestnut
30 Hill and Spot pond distributing reservoirs.
31 That portion of one of the said pressure aqueducts
32 which crosses the Sudbury reservoir and that portion
33 of the other which lies east of a point near the terminal
34 chamber of the Weston aqueduct shall be constructed
35 as pressure tunnels; and the entire works herein
36 authorized shall so far as practicable be designed and
37 constructed at such grade and of such capacity and
38 otherwise that they can be used as a part of a future
39 system of distribution by pressure conduits and tunnels
40 for the entire distance between the terminal chamber
41 of the Wachusett aqueduct and various points of
42 delivery, which may later be constructed, in sub-
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43 stantial accordance with plans and recommendations
44 of the joint board consisting of the metropolitan dis-
-45 trict water supply commission and the department of
46 public health as contained in its report to the general
47 court in the year nineteen hundred and thirty-seven,
48 printed as house document number two hundred and
49 sixty-two of said year. The commission may for the
50 purposes aforesaid acquire, install and operate such
51 machinery, pumps and other appurtenances of any
52 kind which may from time to time be found necessary
53 or desirable for carrying out the purposes of this act.
54 For the purpose of providing for the future exten-
-55 sion and improvement of the distribution system,
56 the commission, on behalf of the commonwealth,
57 may take by purchase or otherwise such lands and
58 other property along or near the line of the proposed
59 future pressure conduits and tunnels as it may deem
60 necessary or desirable in preparation for the future
61 use of the same as a part of the water supply system.
62 The proposed works and appurtenances and prop-
-63 erty incidental thereto, when completed, shall be
64 turned over to the metropolitan district commission,
65 and shall be thereafter maintained by it as a part of
66 the metropolitan water system under chapter ninety-
-67 two of the General Laws and amendments thereof
68 with all the powers and duties conferred and imposed
69 upon it by said chapter, and upon the metropolitan
70 district water supply commission by this act.
71 In constructing the works authorized by this act
72 and carrying out the provisions thereof, the commis-
-73 sion shall proceed with the organization and in the
74 manner provided by chapter three hundred and
75 seventy-five of the acts of nineteen hundred and
76 twenty-six and by chapter three hundred and twenty-
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77 one of the acts of nineteen hundred and twenty-seven,
78 with all the powers and duties conferred and imposed
79 thereby; and the funds provided for metropolitan
80 water supply purposes by said chapter three hundred
81 and seventy-five and three hundred and twenty-one are
82 hereby made available for carrying out the purposes
83 of this act.

1 Section 2. The commission, acting for and on
2 behalf of the commonwealth, may take by eminent
3 domain under chapter seventy-nine of the General
4 Laws, or acquire by purchase or otherwise, any land,
5 water rights, rights of way or easements, public or
6 private, in the cities of Boston, Marlborough, Medford
7 and Newton and the towns of Framingham, North-
-8 borough, Natick, Southborough, Stoneham, Wayland
9 and Weston necessary or desirable for accomplishing

10 any purpose mentioned in this act, and may construct
11 such works under or over any bridge, railroad, railway,
12 boulevard or other public way, or within the location
13 of any railroad, and may enter upon or go upon any
14 private land, public way or railroad location for the
15 purpose of constructing such works and of maintaining
16 and repairing the same, and may do any other thing
17 proper or necessary for the purposes of this act; pro-
-18 vided, that it shall not take in fee any land of any
19 railroad or railway corporation, and that it shall
20 not enter upon or construct any works within the
21 location of any railroad or railway corporation except
22 at such times and in such manner as it may agree
23 upon with such corporation, or, in case of failure so to
24 agree, as may be approved by the department of public
25 utilities; and provided, further, that it shall not enter
26 upon or construct or repair any such works within
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27 the location of any state highway except at such time
28 and in such manner and location as it may agree
29 upon with the commissioner of public works, or, in
30 case of failure so to agree, as may be approved by the
31 governor and council.

1 Section 3. Any taking under this act may be in
2 fee or otherwise, perpetual in duration or for a limited
3 period of time, according as the commission shall deter-
-4 mine and set forth in the order of taking.
5 All takings under this act and all proceedings in
6 relation to or growing out of the same shall conform
7 to the provisions of chapter seventy-nine of the General
8 Laws, except in the following particulars:
9 (a) The commission need make no award of dam-

-10 ages sustained by persons or corporations in their
11 property by any such taking.
12 (b) The notice required by section eight of said
13 chapter may be given at any time within one year
14 after the recording of the order of taking as provided
15 in section three of said chapter.

16 (c) Petitions for the assessment of damages under
17 section fourteen of said chapter may be filed within
18 two years after the recording of the order of taking
19 provided for in section three of said chapter. The
20 last six lines of section sixteen of said chapter seventy-
-21 nine beginning with the word “but” in line three,
22 shall have no application to takings under this act.

1 Section 4. The commission may at any time sell
2 at public or private sale, or exchange or lease any
3 property, real or personal, or any easement or water
4 right whether taken by eminent domain, or otherwise
5 acquired under this act, which in the opinion of the
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6 commission is no longer needed for the purposes
7 thereof.

1 Section 5. Any work done under this act in any
2 street or highway shall be subject to such reasonable
3 regulations as may be prescribed by the officers in
4 charge of highways in the city or town in which such
5 street or highway is located. In case of dispute
6 between the commission and any city or town the
7 questions at issue shall be determined by the com-
-8 missioner of public works of the commonwealth.

1 Section 6. Whenever the commission shall dig
2 up any street or highway as aforesaid it shall restore
3 the same to as good order and condition as the same
4 was in when such digging commenced, and the com-
-5 monwealth shall at all times indemnify and save
6 harmless the cities of Boston, Marlborough, Medford
7 and Newton and the towns of Framingham, North-
-8 borough, Southborough, Stoneham, Wayland and
9 Weston against all damages which may be recovered

10 against them respectively, and shall reimburse to
11 them respectively all expenses which they shall
12 incur by reason of any defect or want of repair in any
13 street or way caused by the construction of works
14 under this act or by the maintaining or repairing of
15 the same; provided, that the commonwealth shall
16 have due and reasonable notice of all claims for such
17 damages or injury and an opportunity to make a legal
18 defence thereto.

1 Section 7. The works and all appurtenances
2 thereto to be constructed under this act shall be the
3 property of the commonwealth, and the commission
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4 and the metropolitan district commission shall at all
5 times have the right to repair the same.

1 Section 8. The supreme judicial court or any
2 justice thereof and the superior court or any justice
3 thereof on the petition of the commission or of any
4 city, town, corporation or person interested, shall
5 have jurisdiction in equity or otherwise to enforce
6 the provisions of this act and to prevent any violation
7 thereof, and to enforce the terms of any agreement
8 made hereunder.
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11.

In the Year One Thousand Nine Hundred and Thirty-Eight.

An Act providing for the extension of the limits

Be it enacted hy the Senate and House of Repre-
sentatives in General Court assembled, and hy the
authority of the same, as follows:

C&e Commontoealtl) of

OF THE METROPOLITAN WATER DISTRICT.

1 Chapter ninety-two of the General Laws, Tercen-
-2 tenary Edition, is hereby amended by adding at the
3 end of the first paragraph of section ten the words:
4 Any city or town, no part of which is within ten
5 miles of the state house, may petition the commission
6 for admission into said water district and may there-
-7 upon, if the commission so determines, be admitted to
8 membership in the district on the same basis as towns
9 located within the ten mile limit.
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In the Year One Thousand Nine Hundred and Thirty-Eight.

An Act establishing a certain method of accounting

IN ANTICIPATION OF THE MATURING OF OUTSTANDING

SINKING FUND BONDS OF THE METROPOLITAN WATER

DISTRICT.

Be it enacted by the Senate and House of Repre-
sentatives in General Court assembled, and by the
authority of the same, as follows:

111.

Cfte Commontoealtl) o(

1 All receipts in any year from rentals, sale or ex-
-2 change of property, sale of materials and power or
3 other sources on account of the construction, main-
-4 tenance or operation of the metropolitan water works
5 shall be applied by the state treasurer to increase the
6 sinking fund for the retirement of bonds of the com-
-7 monwealth issued for the construction of works of the
8 metropolitan water district, to, and only to, the extent
9 that he may determine they are needed to supple-

10 ment the earnings of said fund so that the total earn-
-11 ings including such receipts shall be at the rate of
12 four per cent per annum, and the balance shall then
13 be applied to reduce the amount of metropolitan water
14 assessments on account of maintenance; except that
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15 such of these receipts as are received on account of the
16 construction of water works by the metropolitan dis-
-17 trict water supply commission shall be applied to
18 increase the construction fund used for the construc-
-19 tion of works by said water supply commission.
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346 Broadway, New York City, November 29, 1937.

Joint Board, consisting of the Metropolitan District Water Supply Commis-
sion and the Department of Public Health, Boston, Massachusetts.

Gentlemen: In response to the request of your chair-
man, I have considered the matter of extensions of the
Metropolitan water system and the elimination of sources
of pollution, as recommended in the report being prepared
by your Commission for submission to the Legislature pur-
suant to chapter 48 of the Resolves of 1936, and report
thereon as follows:

I have carefully examined and studied all of the recom-
mendations of your chief engineer in his detailed report on
the various items which look toward improving the deliv-
ery of water into the District. The execution of these
recommendations will also, and most importantly, result in
a very substantial betterment of the quality and the safety
of the supply.

The program developed by the chief engineer is both
logical and orderly, and will impose no unreasonable bur-
den of cost. In fact, no financial authorization in addition
to that now available is necessary to initiate this program.
Instead, it is proposed that the savings which have been
realized from the authorizations of 1926 and 1927, and in-
cidental accruals from the Ware-Swift project, be applied
to defray the cost of the important extensions and better-
ments which are recommended.

The importance of the proposed works becomes immedi-
ately evident when it is noted that the present conduit
system for delivering water into the District is so arranged
that the pure and excellent water from the Wachusett
Reservoir must be mingled with the inferior water of the
Sudbury area before it can be delivered to the consumer.

REPORT OF THADDEUS MERRIMAN, CONSULT-
ING ENGINEER.
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This fact alone is ample and sufficient reason for the pro
gram which is proposed.

As the population has spread westward the Cochituate
and Sudbury areas have become heavily populated, while,
at the same time, it has grown increasingly difficult to
maintain the sanitary conditions surrounding Spot Pond
and Chestnut Hill reservoirs. Safety requires that both of
these supplies and both of these reservoirs should be re-
tired in the near future and be maintained thereafter only
as emergency reserves.

The proposed program looks forward to the end of bring-
ing pure water from the Wachusett Reservoir directly into
the District without exposing it to any hazard of contami-
nation such as now exists both in the old Sudbury Aque-
duct and in the water from that area. The complete plan
calls for pressure delivery all the way from the Wachusett
Reservoir, with a deep pressure tunnel feeding in two direc-
tions into the heart of the District. The geology of the for-
mations through which the necessary tunnels will pass is,
most fortunately, such that the excavations can be easily
made, and the resulting structures will be watertight, safe
and permanent.

It need hardly be said that of all public utilities none is
more vital or important than a water supply of ample
quantity and unquestioned quality. In the Ware-Swift-
Wachusett system the District has ample insurance as to
quantity, while the improvements now proposed, including
those looking toward the elimination of all possible sources
of pollution, have ag their objective the safeguarding of the
quality in order to protect the health of the multitude of
people who use this water. I believe that these proposals
are in the public interest, and have no hesitation in recom-
mending that they be advanced as rapidly as possible, and
that the complete plan for pressure delivery be also put
forward at an early date.

Respectfully submitted

THADDEUS MERRIMAN,
Consulting Engineer.
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Charles River Road, Cambridge, Mass., December 9, 1937,

Joint Board, consisting of the Metropolitan District Water Supply Commis-
'on and the Department of Public Health, Boston, Massachusetts.

Gentlemen : In accordance with a letter of April 14,
1937, from Mr. Frank E. Winsor, chief engineer, Metro-
politan District Water Commission, I have investigated the
geological conditions along the line of the proposed aque-
ducts and tunnels designed to convey water to the Metro-
politan District of Boston. I have been over the surface
geology of the line, and have examined much of the more
important sections of the drill core. I have been in close
touch with the work of Mr. Cortland Pearsall, assistant
geologist, and am in agreement with his report on the geology
of,the line.

The subsurface exploration has been carried out in a
commendably thorough fashion and is adequate to establish
the profile of the rock surface and to disclose all important
structural features of the bedrock having a bearing on the
conditions to be met with in tunneling operations and on
the location of the several shafts.

The plans for the tunnels and shafts are acceptably in
keeping with the bedrock geology, and no geological features
in any way challenge the feasibility of the project as planned.

Respectfully submitted,

W. J. MEAD,

REPORT OF WARREN J. MEAD, CONSULTING
GEOLOGIST.

Consulting Geologist
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REPORT OF ARTHUR D. WESTON, CHIEF ENGI-
NEER, DIVISION OF SANITARY ENGINEER-
ING, DEPARTMENT OF PUBLIC HEALTH.

511 A State House, Boston, December 20, 1937.

Mr. Frank E. Winsor, Chief Engineer, Joint Board, consisting of the
Metropolitan District Water Supply Commission and the Department
o] Public Health, 20 Somerset Street, Boston.

Dear Mr. Winsor: — I have reviewed the report pre-
pared by you as a part of the Joint Board report under the
provisions of chapter 48 of the Resolves of 1936, and in my
opinion you have clearly and concisely stated the conditions
which at the present time adversely affect the sanitary
quality of the water of the Metropolitan Water District.

Since the year 1927 it has been necessary for the Depart-
ment of Public Health to call the condition of the water
of the Metropolitan water supply to the attention of the
Metropolitan District Commission on numerous occasions,
and starting with April 3, 1928, the Department has sent
23 written recommendations relative to the supply below
Wachusett Reservoir. Of these communications, 3 have
referred to the condition of the water because of the pres-
ence of microscopical organisms, and 10 to the presence of
bacteria characteristic of pollution in the system, possible
sources of pollution and chlorination. The water of Wachu-
sett Reservoir throughout this period has generally been
found to be clear, low in color, comparatively free from
odor and taste and of excellent quality for drinking and
domestic purposes, but the water from the open conduit
above Sudbury Reservoir and in Sudbury Reservoir and
other sources supplied from the Sudbury system has con-
tained from time to time large numbers of bacteria char-
acteristic of pollution, necessitating that all water supplied
therefrom be chlorinated. The Department of Public Health
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has also expressed the opinion that, while chlorination of
the water is an effective measure in removing bacteria
characteristic of pollution, sole reliance on the proper opera-
tion of chlorinating apparatus to render polluted water
safe for drinking cannot be considered adequate protection
of the public health, and that other measures should be
taken to protect the supplies from pollution.

Construction of an aqueduct system, as proposed by the
joint board under chapter 48 of the Resolves of 1936, de-
scribed in detail in your report, should permit the supply
of water from Wachusett Reservoir without deterioration
in condition between this reservoir and the distributing sys-
tem of the Metropolitan Water District, and make it un-
necessary to chlorinate the water supplied except at the
lower end of AVeston Reservoir, where the plans you pro-
pose provide for open storage until the completion of the
entire plan.

The results of the sanitary survey made under the pro-
visions of chapter 48 of the Resolves of 1936 are clearly
set forth in your report as Appendix B. The writer concurs
with the recommendations that more adequate oversight of
the sources of supply of the Metropolitan Water District
should be exercised. The writer also recommends that, in
addition, the rules and regulations adopted by the Depart-
ment of Public Health under date of June 16, 1925, for
the purpose of preventing the pollution and securing the
sanitary protection of the sources of water supply of the
Metropolitan Water District, be rigidly enforced.

Very truly yours,

ARTHUR D. WESTON,
Chief Engineer, Division of Sanitary Engineering,

Department of Public Health.
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To the Joint Board.

Gentlemen: I present herewith a report upon the in-
vestigations relative to improving the distribution of water
and more adequately preventing pollution of the sources of
water supply of the Metropolitan Water District.

Organization and Scope of the Investigation

The work has been carried on almost entirely by the
personnel of the engineering department of the Metropoli-
tan District Water Supply Commission. Karl R. Kennison,
assistant chief engineer, was in charge of all studies in con-
nection with the general plan of the work, design of struc-
tures, and the preparation of boring contract specifications.
Walton H. Sears, mechanical engineer, and Stanley M.
Dore, associate civil engineer, were responsible for the
detailed designs and estimates and the preparation of plans.
Coleman C. McCully, senior civil engineer, had charge of
the field work, including the surveys of aqueduct and reser-
voir sites and supervision of investigations by borings. In
these studies he was assisted by Cortland S. Pearsall, as-
sistant geologist. George W. Coffin, assistant civil engi-
neer, had charge of the sanitary surveys of the watersheds
and the preparation of plans.

Frequent consultations were held with Arthur D. Weston,
director and chief engineer, Division of Sanitary Engineer-
ing, Department of Public Health, whose report is attached,
and with William E. Foss, director and chief engineer, Water
Division, Metropolitan District Commission, and valuable
assistance was rendered by the engineering personnel of
these departments. Samuel E. Killam, deputy chief engi-
neer of the Water Division, E. R. B. Allardice and Israel

REPORT OF FRANK E. WINSOR, CHIEF ENGINEER
OF THE JOINT BOARD.
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Aubey, superintendents of the Wachusett and the Sudbury
sections, and Clarence H. Reed, assistant sanitary engineer,
helped in the studies and surveys. The officials of cities
and towns in the District and in the areas surveyed co-
operated fully in the furnishing of maps, plans and other
data. The reports of Thaddeus Merriman, consulting
engineer, and Warren J. Mead, consulting geologist, are
attached. The average force employed during the period
of subsurface investigations and topographic and sanitary
surveys was about twenty-seven.

In order to determine the feasibility of a pressure distri-
bution tunnel and its best location, a contract for making
borings to the surface of sound bedrock and core borings in
sound bedrock in the counties of Middlesex, Norfolk, Suf-
folk and Worcester was prepared. Six bids were received
ranging from $52,950 to $116,930; three were from drilling
companies in Pennsylvania, two in New York and one in
Minnesota. The contract was executed March 30, 1937,
with the lowest bidder, the Pennsylvania Drilling Company
of Pittsburgh, Pennsylvania. Under this contract 76 bor-
ings were made, including about 7,200 linear feet to the
surface of sound bedrock and about 10,400 linear feet in
sound bedrock. Borings were made generally along a line
from the Wachusett Aqueduct Terminal Chamber via Sud-
bury Dam, Weston Aqueduct Terminal Chamber, Chest-
nut Hill, Columbus Avenue, Boston Common, and Charles-
town to Everett, and also along a more northerly line in
the District through Waltham, Belmont and Somerville.
The results are shown in plans attached hereto, and are
discussed in an appended report by the geologists. Briefly,
it has been established that a satisfactory pressure distri-
bution tunnel can be constructed which will require a maxi-
mum depth of approximately 475 feet below mean low tide
in Boston Harbor. The contractor used 3 churn drills,
4 light tripod drills and 9 core drills, and worked in mixed
shifts, and his total force averaged 18 men for a period of
eight months.

Comprehensive sanitary surveys were made of all the
District’s watersheds, except the Cochituate watershed, a
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survey of which had already been accomplished under the
direction of a joint board established by chapter 18 of the
Resolves of 1936 and reported to the Legislature as House,
No. 293, 1936. The services of the Massachusetts National
Guard were engaged to take aerial photographs from which
a series of mosaic photographic maps were prepared on a
scale of approximately 1 inch =800 feet, covering the entire
area of all the District’s watersheds. Field measurements
were made to determine the location of controlling points
in order to insure the accuracy of the scale of these mosaics.

General plans were prepared on a scale of 1 inch =800
feet of the entire Sudbury area and of that portion of the
Wachusett watershed most closely tributary to the Wachu-
sett Reservoir, and a general plan on a scale of 1 inch =

2,000 feet was prepared, covering the entire Swift, Ware
and Wachusett areas. Copies of these plans on a reduced
scale are appended hereto.

Studies have been made of the operation of the distribu-
tion network, pumping stations, distributing reservoirs, etc.,
under a variety of conditions both present and future. De-
signs and estimates of cost have been made of the con-
struction of pressure aqueducts of different types. Studies
and designs for tunnel unwatering plants, shaft head con-
nections, etc., have been made in sufficient detail for the
purpose of present estimates.

A program of extending the sources of supply of the
Metropolitan Water District from Wachusett Reservoir, on
the Nashua River in Clinton, westerly to include the Ware
and Swift rivers has been in progress since 1926 by the
Metropolitan District Water Supply Commission, under the
provisions of chapter 375 of the Acts of 1926 and chapter
321 of the Acts of 1927. The accompanying sheet, Acces-
sion 24682, is a general plan showing the development of
water supplies on the Ware and Swift rivers, and the con-
nections of these supplies with the other reservoirs and
with the distribution network of the District.

The first step in the Ware-Swift program was the con-
struction of a tunnel from the upper end of Wachusett

The Sources of Supply.
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Reservoir in West Boylston to intercept the Ware River at
Coldbrook. This was completed in 1931, and by it the
supply from this source was made available to a limited
extent, pending the completion of more ample storage ca-
pacity than is now available in Wachusett Reservoir.

The second step was the extension of this tunnel westerly
to the Swift River in Greenwich. Although this tunnel,
24.6 miles long, known as the Quabbin Aqueduct, was prac-
tically completed in 1935, except for buildings and other
appurtenances at certain shaft heads, the taking of an addi-
tional supply from the Swift River awaits the completion
of Quabbin Reservoir in the Swift River valley. However,
if a severe drought should occur before this reservoir is
completed, emergency measures could be arranged whereby
a small additional supply could be taken from the East
Branch of the Swift River at the point where it passes the
tunnel intake.

The third step will be the completion of Quabbin Reser-
voir and the storage therein of the waters not only from the
tributary drainage area of the Swift River itself, but also
from the Ware River, which on account of its high eleva-
tion will, when so required, be diverted through the tunnel
into Quabbin Reservoir. The work now in progress under
existing contracts is expected to be sufficiently advanced in
1939 so that the flow of the Swift River may be diverted
at the main dam, and storage in Quabbin Reservoir com-
menced.

Hence, so far as quantity is concerned, the Metropolitan
Water District is now assured of an ample supply of water
of excellent quality and from sources well protected against
pollution. There are, however, immediately pressing prob-
lems in protecting the sources from pollution by providing
a safe, adequate and economical distribution system so that
this supply may be delivered to the cities and towns in the
District, free from pollution that may be picked up en
route, without danger of interruption to a continuous and
ample supply, and at minimum expense. These are the
problems that are the subject of this report.

Appendix A presents a summary of the safe yield of the
water supply sources of the District.
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Sanitary Conditions of the Watersheds.
Appendix B presents the results of a sanitary survey of

the watershed areas of the District. It shows that the
gradual encroachment of residential and industrial activi-
ties, which has caused the virtual retirement, except in
emergencies, of the District’s earlier sources in the Cochit-
uate and South Sudbury areas, has now progressed west-
erly to such an extent that the entire northern Sudbury
supply should, upon the completion of Quabbin Reservoir,
be discontinued and held in reserve for emergency use only.
The District could then be supplied with the best of its
available water only, through closed conduits all the way
from Wachusett Reservoir, with pressure conduits east of
Wachusett Aqueduct. The most practicable safe alternative
to such closed conduits would be the immediate construc-
tion of filtration plants at the principal points of delivery
in the District, on the sites of Chestnut Hill Reservoir and
at Spot Pond.

Population is also rapidly encroaching upon parts of the
drainage area of Wachusett Reservoir to an extent which
should demand immediate attention. Steps should be taken
promptly to provide for the removal or adequate treat-
ment of domestic or other wastes which threaten the quality
of the water supply; strict enforcement of the rules and
regulations adopted by the State Department of Public
Health for the purpose of preventing pollution and securing
the sanitary protection of these sources of water supply
should be made; and the specific recommendations for im-
proving the sanitary conditions listed at the conclusion of
Appendix B should be carried out at the earliest practicable
date.

Estimated Future Consumption Requirements

Accompanying diagrams, Accessions 24684 and 24685, and
the tabulation show estimates of the growth of population
and water consumption in the Metropolitan II ater District.
These estimates provide the basic data, shown on sheet
Accession 24686, to determine the adequacy of existing dis-
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tribution mains, and the most economical plan to provide
adequately for the future. Although the consumption per
capita has been reduced about 10 per cent during the re-
cent business depression, and has continued so to date, a
safe provision for the future must assume its early return
to normal, followed by a slow, gradual increase.

It does not seem wise to provide for a rate of population
growth less than that which has been observed in the Dis-
trict during the last twenty years. This rate of growth
was decidedly less than the earlier pre-war rate; further-
more, it indicates a definite relationship between density of
population and rate of growth, and hence provides a rea-
sonable basis for predicting the future. This relationship
is graphically illustrated on sheet Accession 24684. It is
recognized, however, that others have, on the basis of re-
cent statistics of age groups and birth rates, predicted a
slower rate of growth of population, which may be con-
sidered as a minimum possibility.

Briefly stated at ten-year intervals, it is estimated that
the total water supply demand on the District sources,
which averaged 137.7 million gallons daily in 1936, will be
as follows:

DYear

157.51940 1
202.61950
261.51960

1970 310

Also, that the quantity required to be delivered through
the distribution mains of the District, in average million
gallons daily over a period of one week, excessive peaks of
short duration being drawn from the distributing reservoirs
within the District, will be as follows:

Year. M.G. D

1940' 184.2
1950 231
1960 294.5
1970 352

These rates are based on per capita consumption of 100 gallons in 1940. Although th
■rv in water consumptionmay notactually occur quite so soon, a lower rate would be ii

with a safe provision for the future
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Moreover, even if the District should grow at no more
than the minimum rate referred to above, the correspond-
ing total water supply demand on the District sources, and
the quantity required to be delivered through the distri-
bution mains over a period of one week of excessive peak
demand, will, it is estimated, be, respectively, as follows:

Year. M. G. D.

1940 1 / 154
\ 180

1950 ....

| 185,5
[ 210.5

1960 | 225.5
\ 251.5

1970 | 250,5

[ 280

These estimates of future water supply requirements do
not include the effect of any action the Legislature may
take to divert a portion of the supply to uses not provided
for by existing legislation. For example, although Worces-
ter’s needs after twenty years will probably exceed the sup-
ply allotted from the Wachusett system, no additional use
is included in the estimates. Although it is possible that
Lowell, Lawrence and other municipalities in the Merri-
mack valley may require a supply from Wachusett Res-
ervoir, as suggested in House, No. 1135 of 1926 and House,
No. 302 of 1928, and as recently recommended under chap-
ter 60 of the Resolves of 1937, no such use of the District’s
sources is included in the estimates.

Enlargement of the Water District.
Appendix C discusses the enlargement of the Water Dis-

trict and the water supply needs of near-by cities and
towns, which are wholly or in part within ten miles of the
State House and hence eligible to membership under exist-
ing statutes, but which have not yet joined the Water
District. The additional quantity that may be consumed
by any new members is not expected to result in any large

ipita consumption of 100 gallons in 1940. Although this re
ot actually occur quiteso soon, a lower rate would be inoon

pi
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addition to the total demand during the next ten or fifteen
years, such estimated addition being only 14 per cent in
1960.

The additional quantity that would be required to supply
any shortage in the local supplies of municipalities outside
the 10-mile limit which might be admitted to membership
in the District, if the Legislature approves the recommenda-
tions made to extend the limiting radius beyond 10 miles
from the State House, is relatively immaterial.

Now that the early completion of Quabbin Reservoir is
assured, there is no longer justification to continue a policy
under which high entrance fees discourage new cities and
towns from joining the Water District. Several near-by
municipalities with filter plants, wells and collecting basins
find it increasingly difficult to maintain a satisfactory sup-
ply because of impaired quality, insufficient quantity, need
for major replacements, etc. However, they enjoy, with-
out charge, the insurance which the District continually
provides, on account of their ability, under section 40,
chapter 40 of the General Laws, to make an immediate
connection in case of a conflagration, severe drought, or
other failure of their local supplies.

A policy should now be adopted in determining entrance
fees which will recognize the extent of obsolescence of the
District’s old works and the fact that future new members
join to share the new supply, both its advantages and its
cost; and which will encourage rather than postpone such
action, to the benefit of all concerned.

As affecting the time when municipalities, whether or
not members of the District, taking their water supply
from the valley of the Charles River, may abandon their
local supplies, particular attention is directed to the large
total diversions for water supply now aggregating about
30 million gallons daily from the flow of the Charles River.
Nearly all of this quantity is diverted from the drainage
area of the river itself into Boston Harbor through the
sewerage system, with the result that in periods of low
summer flow the Charles River at Waltham is so low as to
seriously threaten the quality of the water in this part of
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the river and in the Charles River Basin for recreational
or other use. The increasing popularity of the Charles
River Basin for water sports, including bathing, boating,
etc., as well as the necessity of safeguarding the health
and comfort of the large population adjacent to it, renders
the protection of the quality of its water of the greatest
importance.

The Present Distribution System.

At the present time the supply from Wachusett Reservoir
is discharged from Wachusett Aqueduct through an open
channel into Sudbury Reservoir. Because of the large and
growing population on the drainage area of the latter, the
water which leaves the dam of Wachusett Reservoir prac-
tically free from pollution becomes polluted in this open
channel and in Sudbury Reservoir. The amount of this
pollution is now considerable and is increasing materially
each year. The accompanying sheet, Accession 24682,
shows the general relation of the various watersheds and
reservoirs, and sheet Accession 24683 shows the plans,
profiles and sections of existing main line aqueducts. From
the Sudbury Dam, elevation 259 feet above Boston city
base, the supply, wßich during a week of very heavy de-
mand may reach a peak of 160 million gallons daily, comes
to the District by two routes:

1. About 30 m. g. d. follows an old low-level route: first,
about 2.5 miles through Basin No. 3, an open channel
exposed to pollution along the shores; thence about 1.0
mile through two 48-inch cast-iron pipes from Dam No. 3
along the shores and the bed of Basin No. 1 to Dam No. 1;
thence about 17.5 miles through the Sudbury Aqueduct to
Chestnut Hill Distributing Reservoir, elevation 134. The
water is chlorinated at a point about 2.5 miles after it
enters the aqueduct at Dam No. 1. This aqueduct is a
grade-line aqueduct, completed in 1878 by the city of Bos-
ton. It is not sufficiently tight to insure the exclusion of
ground water where this is higher than the water level in
the aqueduct, and there are many known leaks in Fram-
ingham, Natick and Wellesley where polluted water may
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enter the aqueduct. Chestnut Hill Reservoir, at the outlet
of Sudbury Aqueduct, offers further possibilities of pollu-
tion along its exposed shores. The accompanying sheet,
Accession 24691, shows the distribution reservoirs and large
distribution mains within the Metropolitan area. The
water at Chestnut Hill Reservoir is then again chlorinated
and raised 117 feet by pumping, at the Chestnut Hill pump-
ing station in Boston, to the Fisher Hill Distributing Res-
ervoir of the southern high service, elevation 251, where it
is again chlorinated, and supplies Quincy, Milton, Hyde
Park, Roxbury, Dorchester and other parts of Boston,
through a network of large surface mains, up to 54 inches
in diameter. A small portion of this, about 2m. g. d., is
pumped a second time at the Hyde Park pumping station
to the Bellevue standpipe of the southern extra high serv-
ice, elevation 375.

In addition to this pumpage to Fisher Hill Reservoir, a
small portion of this low-level supply is chlorinated and
pumped from Chestnut Hill to the Waban Hill Distributing
Reservoir of the southern high service in Newton, elevation
264.5, where it is again chlorinated and from which most
of the supply now goes to Watertown. All the pump in-
takes at the Chestnut Hill station are equipped for emer-
gency chlorination.

2. About 130 m. g. d. leaves the Sudbury Dam via the
Weston Aqueduct, about 11.3 miles to the Weston Dis-
tributing Reservoir, elevation 200. This aqueduct is a
grade-line aqueduct, completed in 1903 by the District. It
is 10 feet wide by 9.25 feet high for the first 3.43 miles at a
slope of 4.224 feet per mile, and for the remaining distance
the grade-line portions are 13.17 feet wide by 12.17 feet
high at a slope of 1.056 feet per mile. It was designed to
carry about 300 m. g. d., but at each of the inverted siphons,
so called, about 3,610 feet across the Sudbury River valley
and about 1,125 feet across Happy Hollow, there is only a
single line of pipe, with provision for future addition.
Until these siphons are completed, the capacity of the
aqueduct is only about 150 m. g. d. This aqueduct is the
most important present link in the distribution system.
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It is well constructed, and there is little risk of pollution
from surface infiltration of ground water. The exposed
shores of Weston Reservoir, comprising an open channel
1.0 mile long to the screen chamber, are, however, possible
sources of pollution, since the ditches for diversion of local
drainage are not, under some unusual conditions, entirely
effective. From Weston Reservoir screen chamber, where
the supply is chlorinated, the aqueduct extends another
1.1 miles to the Weston Aqueduct Terminal Chamber.

From the Weston Aqueduct Terminal Chamber three
routes are followed, all in large mains. About 60 m. g. d.
is carried by two cast-iron pipes, one 60 inches and one
48 inches, along Commonwealth Avenue to Cleveland Circle;
thence in three 48-inch cast-iron pipes to the low service in
Boston. The 60-inch and 48-inch pipes also discharge at
times into Chestnut Hill Reservoir, to supplement the flow
from Sudbury Aqueduct and supply the southern high-
service pumps, which handle about 35 per cent of the total
consumption of the District. About 40 m. g. d. is carried
from the Weston Aqueduct Terminal Chamber by a 60-
inch steel pipe via Washington Street in Newton and the
Metropolitan Parkway along the Charles River to Allston
and supplies more of the low service. About 30 m. g. d. is
carried from the Weston Aqueduct Terminal Chamber by
a steel pipe, ranging from 56 inches to 60 inches, through
Waltham, Belmont and Arlington to Medford and thence
through a cast-iron pipe, 48 inches to 60 inches in size, into
the distribution system in the vicinity of Spot Pond, ele-
vation 163. A small portion, about 2m. g. d., of the flow
through this pipe will, after certain changes now planned
are made effective, be pumped at the Belmont pumping
station into the new Arlington Reservoir of the interme-
diate high service, elevation 320; and another small por-
tion, less than 2 m. g. d., will be pumped at the Arlington
pumping station into the Arlington standpipe, elevation
442.5.

Spot Pond, into which this pipe from Weston Aqueduct
discharges, is surrounded by Metropolitan Park areas, with

menagerie, bridle paths and many public roads, and hence
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is particularly difficult to protect from pollution. At the
Spot Pond pumping station the supply is again chlorinated
and about 10 per cent of the total supply is raised 108
feet and 137 feet by pumping to the Fells and Bear Hill
distributing reservoirs of the northern high service, ele-
vation 271 and 300, respectively. These reservoirs, par-
ticularly the former, should be protected by adequate
fencing. The line from Weston Aqueduct Terminal Cham-
ber to Spot Pond is also connected with the low-service
network north of Boston, which under heavy draft draws
its supply directly from Spot Pond, the draft from the east
outlet at the pumping station being chlorinated. Hence
Spot Pond, with its 1,800 million gallons’ storage capacity,
serves the low-service distribution system and is the most
important present distribution reservoir in the system.
Appendix E presents the details of operation of the pumping
stations.

In order to reduce the effect of extreme fluctuations in
the rate of demand from hour to hour throughout the day,
and to prevent too high pressures, particularly in the low-
service pipes in Boston proper, during hours of low de-
mand, (1) the rate of discharge through Weston Aqueduct
is varied by the regulating gates at Sudbury Dam to as
great an extent as is feasible, and (2) the discharge into the
Chestnut Hill Reservoir from the Weston Aqueduct pipe
lines is also varied during the day by the regulating gates
at Chestnut Hill.

Under the present plan of operation there is practically
no surplus capacity in the distributing mains from Weston
Terminal Chamber during a week of heavy draft, 20 per
cent in excess of the yearly average. Under average condi-
tions such surplus as exists is controlled by throttling the
60-inch main to Spot Pond. Unless and until another
60-inch main is built, the only way in which additional
capacity can be obtained is by the poorly protected low-
level route above described, that is, by taking more water
through Sudbury Aqueduct. Any sudden increase in the
low-service demand will make it necessary to pump this
Sudbury Aqueduct supply into the low-service mains
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Three low-service pumps at Chestnut Hill are kept in
readiness for such a call and steam is kept on the boilers.
West of the Weston Aqueduct Terminal Chamber, if there
should be any interruption of the flow in the Weston Aque-
duct the District could be supplied for three or four days
from the reserve storage in Spot Pond and Chestnut Hill
reservoirs. Any longer interruption is improbable, but if
it should occur, the flow in the Sudbury Aqueduct could
be increased to its full capacity, probably little, if any,
over 100 m. g. d., and in addition the old Cochituate Aque-
duct and its emergency source could be used, at a maximum
rate of 23 m. g. d. This would make a total supply to the
Chestnut Hill pumps of not over 125 m. g. d. entering the
District in such an extreme emergency.

Inadequacy op the Present System.

Briefly stated, the future water supply of the District
will come from sources remarkably free from pollution, and
the water as drawn from long-term storage in Wachusett
Reservoir will continue to be of excellent quality. How-
ever, between the Wachusett Aqueduct Terminal Chamber,
where the supply is discharged into an open channel, and
the pump intakes at Chestnut Hill pumping station and
Spot Pond pumping station, a distance of roughly twenty-
five miles, the present means of distribution are particularly
vulnerable from the standpoint of quality. This situation
can be satisfactorily remedied by eliminating the Sudbury
Reservoir and Aqueduct system from regular use, and
retaining it as an emergency reserve only, in a role similar
to that now played by the Lake Cochituate system; and
by eliminating from regular use the low-level distributing
reservoirs at Chestnut Hill and Spot Pond, which are prac-
tically impossible to adequately protect from pollution.
The accompanying sheet, Accession 24683, shows the dis-
tribution reservoirs and aqueducts now in use.

The situation is equally, if not quite, as bad from the
standpoint of carrying capacity. The cities and towns of
the District are scattered over a wide, fairly level area
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resembling the bottom of a bowl, and it is only in the
surrounding ring of hills that adequate high-service dis-
tributing reservoirs can be found, for example, in the
Middlesex Fells, in Weston and in the Blue Hills. In ad-
dition, high ground near Chestnut Hill furnishes several
meager sites. As a result, the cities and towns in the Dis-
trict are supplied through a network of surface mains
which extend to great lengths between the distributing
reservoirs and the points of consumption.

Furthermore, these mains have to cross the natural bar-
riers of the Charles and Mystic rivers. Their great lengths
and crowded condition in the highways make for extreme
vulnerability to breaks, leaks, long shutdowns for repairs,
etc., and even those areas which can normally be supplied
by gravity require, on account of the fire risk, the main-
tenance of the pumps in continual readiness for operation
to furnish adequate pressures. There are already three
60-inch mains and one 48-inch main fed from the Weston
Aqueduct Terminal Chamber. Without a radical change
in the plan of development, the District faces the necessity
of constructing a new 60-inch pipe line in the next year or so,
and one about every six or seven years thereafter. As soon
as the urgently needed additions are made to the Weston
Aqueduct inverted siphons, its capacity will be increased
to its designed 300 m. g. d. When it becomes necessary
to deliver this quantity to the District, if the delivery had
to be made through 60-inch mains, as at present, a total
of about six or seven such mains would be required.

Future Delivery by Pressure Aqueducts.

The District should now plan for the future a method of
distributing the water which will eliminate the multiplicity
of large mains in the streets, reduce to a minimum the
hazards of breakage, maintain the desired pressures under
conditions of extraordinary draft due to conflagration or
other causes, and insure the delivery from its best upland
sources with no contamination from sources of pollution
en route. The problem can best be solved with the dis-
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tribution confined in pressure aqueducts for the entire dis-
tance from the Wachusett Aqueduct Terminal Chamber to
the points of consumption, the pressure aqueduct being
eventually extended to Wachusett Dam. This plan has
the added advantage that practically all pumping now re-
quired will be eliminated, and the 5 or 6 per cent still re-
quiring pumping to the extra high services will have the
benefit of a reduction in the head pumped against. The
accompanying sheet, Accession 24691, shows quantities of
water delivered within the District in the year 1936, and
Accession 24692, the estimated quantities to be delivered
after the construction of the tunnel loop (about 1960).
These sheets show graphically relative quantities pumped
before and after the pressure tunnel completion.

The most practicable plan for constructing pressure con-
duits in the District proper is by a tunnel driven deeply
through the underlying rock. Geological studies (see Ap-
pendix D), with the aid of core borings along a projected
line have demonstrated the feasibility of this plan. In the
outlying areas, also, west of the Charles River, the geo-
logical studies and borings have demonstrated the feasi-
bility of tunnel construction for the entire distance. How-
ever, progress in the art of construction of large pressure
conduits of steel and concrete has been rapid in recent
years, and the economics of the situation justifies the use,
in portions of the line, of large surface aqueducts similar
to those recently constructed in portions of the Colorado
River Aqueduct for the supply of the Metropolitan Water
District of Southern California. The accompanying sheet,
Accession 24682, shows generally the location of the rec-
ommended pressure aqueduct in relation to the rest of the
water supply system; sheet Accession 24687 shows this
location in more detail; sheet Accession 24688 shows pro-
files along the location, and sheet Accession 24692 shows
the portion of the pressure aqueduct under Boston at a
larger scale.

The details of such a plan for the future depend to a
great extent upon the desired pressures at the points of
delivery. These pressures are largely determined by the
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available sites for adequate distributing reservoirs. For-
tunately the most suitable site within the District proper
is on land controlled by the District. The Fells Distrib-
uting Reservoir of the present northern high service is at
elevation 271 above Boston city base. Its area of 8| acres
and its capacity of 41 million gallons, although ample for
present needs, are hardly adequate to serve the principal
distributing reservoir needs under a comprehensive plan
for the future. However, the topography in its vicinity is
such as to permit, economically, extensions which will
double its area and capacity at a 3-foot reduction in ele-
vation. This elevation, 268, will, under the conditions of
tunnel distribution, satisfactorily serve all cities and towns
now served by the northern high service, the requirements
of which are about 20 feet higher than those of the southern
high service.

The flow line of Wachusett Aqueduct at the terminal
chamber is at elevation 278, 10 feet higher than the en-
larged Fells Reservoir. Hence the problem of high pres-
sure gravity delivery will be nicely solved by a pressure
aqueduct, operating under this differential in head, from
the terminal chamber of Wachusett Aqueduct to the prin-
cipal centers of consumption in and around Boston, with
sufficient connections to the Fells Reservoir so that this
reservoir can take care of day and night and week-end
fluctuations in its general vicinity. Looking ahead to the
more remote future, such an aqueduct may be extended
farther west to Wachusett Reservoir, and thereby be in-
creased in capacity, under Wachusett pressure. While the
Wachusett Aqueduct Terminal Chamber is several miles
south of a direct route to Wachusett Reservoir, the ad-
vantages of the southerly line, on account of its adapta-
bility to gradual development in conjunction with the
existing works, are such that the Wachusett Aqueduct Ter-
minal Chamber is unquestionably the best present starting
point for the pressure aqueduct.

A pressure aqueduct beginning at the terminal chamber
of the Wachusett Aqueduct will receive its supply from
Wachusett Aqueduct, which is a grade-line aqueduct, the
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rate of flow in which cannot be easily and quickly con-
trolled. For this reason, as well as on account of the fact
that a distributing reservoir in the Middlesex Fells is not
so located or of sufficient capacity to fill the entire require-
ments of the District, a future distributing reservoir should
be provided on the line of the pressure aqueduct west of
the District proper. A suitable location for such a dis-
tributing reservoir, covering about 40 acres and storing
about 130 m. g. d. at elevation 272, has been found, and
is one of several such sites available.

The best route for a pressure aqueduct, therefore, starts
at the terminal chamber of the Wachusett Aqueduct, where
the supply is now satisfactorily delivered at a suitable ele-
vation; thence to the Sudbury Dam, where a connection
can be made with the Sudbury Reservoir and with the
Weston Aqueduct which will permit the Sudbury works to
continue indefinitely to serve as emergency units; thence
to the new high-level distributing reservoir site; thence to
a point west of the Charles River near the Weston Aque-
duct Terminal Chamber and the existing 60-inch mains
therefrom; thence to a point near Chestnut Hill Reser-
voir, since a connection at this point to the Chestnut Hill
pumping station is essential to the satisfactory and eco-
nomic development of the plan by stages; thence through
the city of Boston, the largest and most important center
of demand. Adequate outlets into the distribution system
at each shaft would be provided.

The diameter of such a pressure aqueduct from Wachu-
sett Aqueduct Terminal Chamber to the Metropolitan Dis-
trict which will best fit both present and future require-
ments does not exceed 15 feet. An aqueduct of this
diameter will continue to be adequate until the maximum
weekly demand within the District is 350 m. g. d., which
appropriately equals the capacity of the present Wachusett
Aqueduct through which the supply is carried to the ter-
minal chamber. It is designed so that in the more remote
future it can be extended westerly to Wachusett Dam, and
so that sufficient additional head can then be put on the
entire line to the new high-level reservoir to increase its
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capacity fiom 300 to 600 m. g. d., a peak load figure appro-
pi iately consistent with the aqueduct capacity provided
west of the Wachusett Dam. Furthermore, the design of
the new high-level distributing reservoir contemplates the
possibility of raising its level several feet when such an
extension is made.

East of the shaft near the Weston Aqueduct Terminal
Chamber west of the Charles River, the tunnel should
ultimately be extended in two branches to form a loop under
the principal centers of consumption in the District. The
accompanying sheets, Accessions 24692 and 24688, show
the tunnel loop in plan and profile. The extension to the
south will supply the heavy demands in the centers of high
valuation in Boston. The extension to the north will sup-
ply the heavy demands in the northern communities and
eliminate the necessity of crossing the Charles and Mystic
rivers with main pipe lines. It will also provide suitable
connections by way of large mains with the Fells Dis-
tributing Reservoir. This plan of a loop tunnel lends itself
readily to the gradual economic development. It also pro-
vides for the maintenance of service in any emergency
which would necessitate the partial or complete unwater-
ing of any section of the tunnel in order to make repairs
at any connection between the shaft head and the dis-
tributing mains.

A closed-loop system of distribution, by which the water
can be supplied to any point from two directions, is an
ideal solution to the problem of emergency tunnel unwat-
ering. The tunnel loop will permit the dismantling of all
pumping stations except those which will be used to pump
about 5 or 6 per cent of the supply to the extra-high-
service areas in parts of West Roxbury, Hyde Park, Milton,
Brookline, Newton, Stoneham, Arlington and Belmont.
Furthermore, the reduction of tunnel diameter, made pos-
sible by the loop system, is particularly advantageous, be-
cause that section of the tunnel required to be built as the
first stage of the development may be materially reduced

Future Loop Tunnel.
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in diameter and still satisfactorily meet present require-
ments. The tunnel loop and the pressure aqueduct paral-
leling the Weston Aqueduct can later be completed to
obtain the ultimate carrying capacity and pressure —■

about fifteen years later when the cost can be more easily
financed. With one unwatering shaft near the Weston
Aqueduct Terminal Chamber discharging into the Charles
River, and another on the water front in Charlestown
discharging into Boston Harbor, it will be possible to un-
water any one of four sections of the loop without any
interruption of the service or without material drop in
pressure. Otherwise it would be necessary to maintain the
Chestnut Hill and Spot Pond high service pumps for emer-
gency operation.

A branch tunnel should also be extended from the loop
to the south to supply heavy demands in the southern
communities and to reach a point within striking distance,
via large mains, of a distributing reservoir site in the Blue
Hills. There is in the Blue Hills Reservation, on land
already controlled by the Metropolitan District Commis-
sion, an excellent site for such a reservoir. It should be
constructed as soon as the needs of the District in the
more remote future make it economically desirable to ex-
tend large mains to this point. The site can be developed
by the construction of a dam of moderate height so that it
will provide emergency storage for as much as 350 million
gallons.

Immediate Construction Recommended.
1. Specific recommendations for the construction of sani-

tary works to improve conditions at Wachusett Reservoir
are contained in Appendix B. It is of the utmost im-
portance that this reservoir be protected from pollution,
particularly at the intake at Wachusett Dam. To this end,
it is recommended that the drainage area near the dam be
diverted from the watershed, and that adequate sanitary
facilities connected with the Clinton sewer be provided
downstream from the dam for the large number of visitors
to this vicinity. There is also particularly urgent need for
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a fiitration plant to treat the run-off from Gates Brook
W " ' (rams the most densely populated area on the Wa-chusett watershed, for adequate sewage disposal works forthe adjaeent village of West Boylston, and for diversionof Holden sewage.

2 To by-pass the Sudbury Reservoir a closed pressure
conduit should be constructed from the Wachusett Aque-duct Terminal Chamber to the Sudbury Dam, having con-
nections at the latter point with the Weston Aqueduct.The accompanying sheets, Accessions 24687 and 24688,show this by-pass in plan and in profile. Such a by-passshould have a capacity at least equal to that of WachusettAqueduct, namely, 350 m. g. d., and should be able to
carry this quantity with the flat gradient under which it
must opeiate as a part of the future pressure conduit to
the District. For many years an additional head of about
50 feet will be available, since until the proposed improve-
ments are completed and the future aqueduct is built for
the entire distance to the District, the only requirement
at this by-pass will be to deliver 300 m. g. d., the capacity
of Weston Aqueduct, to the head house of Weston Aque-
duct. This section will consist of a steel and concrete cut-
and-cover pressure conduit, about two and one half miles
long, in the city of Marlborough and the town of South-
borough, from the Wachusett Aqueduct Terminal Cham-
ber to a tunnel shaft. 4 hence under Sudbury Reservoir
about three miles to the Weston Aqueduct at Sudbury
Dam the aqueduct will be built as a pressure tunnel about
14 feet in diameter. It may be desirable to build the cut-
and-cover portion of this section of the aqueduct of a
diameter smaller than the 15 feet which would otherwise
be ultimately required, and to increase the capacity by a
parallel line when needed.

3. Aside from the urgent matter of the elimination of
sources of pollution, a necessary immediate step in order
to insure adequate present capacity in the Weston Aque-
duct is the addition of a second pipe line in each of the two
so-called inverted siphons, namely, 3,610 feet at the cross-
ing of the Sudbury River in Framingham and Wayland,
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and 1,125 feet across Happy Hollow in Wayland. The
locations of these siphons are shown on the accompanying
sheet, Accession 24687. The original design of the siphon
head houses, made thirty years ago, provided for this con-
struction in three stages, in other words, for two future
additional lines of 90-inch steel pipe in each siphon. How-
ever, recent progress in the art of constructing surface steel
and concrete aqueducts, of larger diameter than was for-
merly considered practicable, has advanced to such an ex-
tent that now the most economical way to obtain the re-
quired capacity is to add a single pipe. Consideration
should also be given to the fact that the present pipe may
require replacement in the future. With this in mind, the
new pipe should be approximately 9 feet in diameter. The
construction of such a pipe can be made just as permanent
as, and will require no more frequent unwatering for in-
spection and maintenance purposes than, the main aqueduct
itself.

4. Another necessary immediate step, required, in any
event, at an early date to insure adequate capacity, and
required immediately to permit the discontinuance of the
use of Sudbury Aqueduct in order to eliminate sources of
pollution, is provision of more adequate carrying capacity
from the Weston Aqueduct Terminal Chamber to Chestnut
Hill pumping station. The accompanying sheets, Acces-
sions 24692 and 24688, show this section of tunnel loop in
plan and in profile. Accordingly, it is proposed to build at
once a section of the future distribution tunnel loop which
will supply this urgent present need. This tunnel, about
10 feet in diameter and 5.6 miles long, will extend from the
tunnel inlet shaft west of the Charles River, to a shaft in
the grounds of the Chestnut Hill pumping station. A con-
nection between the Weston Aqueduct Terminal Chamber
and this inlet shaft will be made by a surface conduit. The
connections from the outlet shaft at Chestnut Hill will in-
crease the pressure head on the lines to Boston and vicinity
by about 60 feet, which will be distinctly advantageous,
and there will be sufficient excess capacity so that the
Chestnut Hill pumps can obtain their supply directly from
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the closed mains, suitable air chambers being provided,
with a saving in head pumped against of about 60 feet.

5. There would also be sufficient excess capacity on all
other lines in the low service network extending northerly
to Spot Pond, so that, by the construction of a pipe line
about 60 inches in diameter along the shore of Spot Pond,
to extend the existing supply line about 3,500 feet from
its present outlet chamber to the Spot Pond pumping sta-
tion, pumps at this station can then obtain their supply
directly from the closed mains. Under this proposed ar-
rangement, the regular use of both Chestnut Hill Reservoir
and Spot Pond will be discontinued and their principal
purpose will be as stand-bys for certain emergencies.

6. In order to eliminate the possibility of occasional pol-
lution from ground water entering Weston Aqueduct and
from surface drainage along the shores of Weston Reser-
voir, certain improvements should be made in the embank-
ments and ditches for local drainage, and certain short sec-
tions of the aqueduct should be waterproofed.

Appendix F presents the results of studies made to de-
termine the details of the design of the plan proposed. The
following tabulation shows the estimated cost of the first
stage of the proposed construction if done at costs for
labor and material prevailing in 1937. This work will
require several years to complete, and if authorization is
obtained in 1938 to proceed with the development of
detail plans, it is estimated that the urgently needed im-
provements in the distribution system can be made effec-
tive in 1942.

Estimated Cost of Proposed First Stage at 1937 Prices.
Construction costs;

Sanitary works, sewers, etc., on Wachusett Watershed
5.5 miles of pressure aqueduct (surface conduit and

pressure tunnel), from Wachusett Aqueduct Terminal

$400,000

3,500,000Chamber to Sudbury Dam
3,610 feet second pipe, to complete Sudbury River siphon

300,000of Weston Aqueduct
1,125 feet second pipe, to complete Happy Hollow siphon

100,000of Weston Aqueduct
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Construction costs Con
1,000 feet surface conduit, from Weston Aqueduct Termi-

nal Chamber to downtake shaft at Charles River . #lOO,OOO
5.6 miles of pressure tunnel from downtake shaft at

Charles River to Chestnut Hill, including the head
house over the shaft and miscellaneous equipment for
tunnel connection and unwatering 5,300,000

300,0003,500 feet 60-inch pipe connection at Spot Pond
Miscellaneous revisions at Spot Pond and Chestnut Hill

stations: improvements and alterations in present dis-
tribution network and connections to present works,
etc. 300,000

Real estate, property damages, acquisition of property,
appurtenant legal expenses, etc 200,000

#10,500,000
Administration, engineering and contingencies 1,500,000

Total cost, first stage 112,000,000

Savings effected on Ware-Swift Development.

The design and construction of the Ware-Swift project
have been made at costs materially less than those allowed
in the preliminary estimates, and provided for by the Leg-
islature. It is now evident that the residue, if made avail-
able, would be sufficient to carry out the construction pro-
gram that is so urgently needed and is recommended herein.
The appropriations for the Ware-Swift project, not includ-
ing $900,000 appropriated for the construction of emer-
gency works in the South Sudbury area, totaled $65,000,000.
They were based on the best estimates then available as to
what the work would cost. There have been several con-
tributing factors that have made possible the material sav-
ings that have been accomplished. The largest single item
was the construction of Quabbin Aqueduct, a tunnel be-
tween Quabbin Reservoir and Wachusett Reservoir. This
tunnel is located at depths up to 800 feet below the surface
and is 24.6 miles long through rock, the nature of which
could not be fully determined in advance. The self-sup-
porting character of the rock and the dryness of the exca-
vation resulted in a very material saving in the tunnel cost.
Another important item of the work is the construction of
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two large dams, the main dam and the dike of Quabbin
Reservoir. The engineering force had ample time to do
experimental work in the sinking of caisson foundations,
which not only disclosed a most economical method of
construction, but also eliminated a large part of what would
otherwise be the contractor’s risk, so that these dams are
being constructed at a much lower cost than originally
estimated. On the other hand, work not contemplated in
the legislation of 1926-27 has been built and paid for from
the original appropriations, such as the Rutland-Holden
sewer 10 miles in length, the investigation of the use of
Lake Cochituate for recreation, and the investigation cov-
ered by this report; also a reservoir clearing project was
carried on as an unemployment relief project at a cost in
excess of similar work performed by contract.

Nevertheless, in spite of the additional work done, there
will be a residue from the original appropriations; and
fortunately it is sufficient, if available, to satisfactorily
initiate the urgently needed program of the sanitary protec-
tion of the water supply and the improvement of the dis-
tribution system, as herein recommended.

Operation Following the First Construction.
Until the first stage of construction as outlined above is

completed, the Cochituate Aqueduct will continue to serve
as an emergency connection to the District. After this
first stage is completed, say in 1942, Lake Cochituate can
be abandoned as a part of the water supply system, and it
will be possible to by-pass Sudbury Reservoir so that no
Sudbury water will be regularly used, and to discontinue
the regular use of Sudbury Aqueduct as has been ex-
plained. However, this aqueduct will continue to serve as
an important emergency connection to the District.

Upon the completion of the recommended first stage of
construction, the works can be so operated that there will
be no regular use of water from either Chestnut Hill Reser-
voir or Spot Pond. Chestnut Hill Reservoir will act mainly
as a receiver for the overflow of occasional surges when any
one of the pumping units is stopped. Spot Pond will be
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similarly used, also held in reserve for emergencies. The
pressure in the mains in the vicinity of both these dis-
tributing reservoirs will be ample, so that by the exercise
of care in the starting and stopping of the pumping units
it will not be necessary to draw from them, except in emer-
gencies. However, Spot Pond is a large and important link
in the present system, and must be kept in reserve ready
for heavy drafts in extraordinary emergencies. Mystic Res-
ervoir also, at an elevation 8 feet lower than Spot Pond,
would continue as a reserve in emergencies. The locations
of these reservoirs are shown on the accompanying sheet,
Accession 24691.

At the present time the wide variation throughout the
day and night in the low-service demand is taken care of
by fluctuations in three distributing reservoirs; (1) Spot
Pond, with its large area of 308 acres, located within the
District and riding directly on the low-service lines, is the
most important of these; (2) Chestnut Hill Reservoir, with
an area of 122 acres, helps to equalize the daily fluctua-
tions, although it is- at too low an elevation to ride on the
low service, by receiving the overflow at a variable rate
from the Weston Aqueduct mains in the vicinity of the
Chestnut Hill pumping station through a blow-off valve
which is manually regulated to maintain a fairly constant
pressure in Boston; (3) Weston Reservoir, with an area of
60 acres and an available capacity of 200 million gallons,
located near the Weston Aqueduct Terminal Chamber, also
contributes its share to the regulation of fluctuations. At
the present time its fluctuations are held within small
limits, not exceeding 1 foot through the week, by varying
the gate opening at the entrance to the Weston Aqueduct
at Sudbury Dam.

Upon the completion of the first construction as herein
proposed, the Weston Distributing Reservoir will take the
place of Spot Pond as the main distributing reservoir; and
it may be necessary to install automatic rotary screens in
the screen chamber on account of the increased fluctuation
in level. In order to keep its fluctuations within as low
limits as possible, it will be necessary to regulate the re-
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leases into the Wachusett Aqueduct so that as much as
possible of the normal daily fluctuations will be taken care
of by varying the flow in the Wachusett and Weston aque-
ducts. The Weston Reservoir will be called upon to make
up the balance of the regulation required. As the rate of
water consumption in the District increases, and particu-
larly during periods of high-peak flows, it will be necessary
to supplement the fluctuation of Weston Distributing Res-
ervoir by a more timely schedule for the operation of
Chestnut Hill and Spot Pond pumps, particularly the lat-
ter, by means of which the pumps will be slowed down as
required, or, if necessary, stopped entirely during the hours
of highest demand. It is expected that the present capacity
of the long 48-inch to 60-inch lines which now supply Spot
Pond will be adequate for about fifteen years, after which
it will be necessary to undertake the second step of the
program herein outlined, namely, completing the distribu-
tion tunnel loop under the District, constructing a pressure
conduit from Sudbury Dam to the downtake shaft at
Charles River, constructing the new high-level distribut-
ing reservoir, enlarging the District’s northern high service
distributing reservoir in Middlesex Fells, and discontinuing
all the low service pumping at Chestnut Hill and Spot
Pond pumping stations.

If the District were to construct the entire program at
once, many economies and benefits would be realized, on
account of the elimination of pumping and of the hazards
of many large mains in the streets, on account of the
greater protection against fire and probable reduction in
insurance rates, and on account of the better service ren-
dered areas of high valuation. However, under present
conditions it is undoubtedly wise to postpone the authori-
zation of the additional expenditures necessary for comple-
tion of the entire program. Under the plan of development
herein proposed, the length of time during which the first
stage of construction will continue to give satisfactory serv-
ice cannot be estimated with precision, and depends upon
the rate at which consumption of water actually increases
and on the regulations which can be made in operating
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schedules to prevent the resumption of any use of Spot
Pond with its increasing liability to pollution. It is pos-
sible that such a contingency as the admitting to the Dis-
trict of several communities north of Boston, which would
draw their supply from the relatively inadequate mains,
may determine the date of construction of the second stage.

Proposed Later Construction.
In order to complete the second stage herein proposed,

the necessary construction will consist of
1. A steel and concrete cut-and-cover pressure conduit,

about 13 miles long and about 15 feet in diameter, in the
towns of Southborough, Framingham, Wayland, Natick and
Weston, extending from the uptake shaft at Sudbury Dam
to the downtake shaft at the Charles River near the Weston
Aqueduct Terminal Chamber. This construction will per-
mit the full head available at the Wachusett Aqueduct
Terminal Chamber to be made effective through pressure
conduits for the entire distance to Chestnut Hill.

2. A new high-level distributing reservoir, at about ele-
vation 272, with an area of about 40 acres and a capacity
of about 130 million gallons. This will be the most im-
portant distributing reservoir in the system; and, on
account of the fact that its location is restricted by topo-
graphic conditions, the necessary real estate should be pur-
chased at the earliest opportunity.

3. Completion of the distribution tunnel loop within the
District, about 19 miles of pressure tunnel varying from
about 12 to 9 feet in diameter, extending from the down-
take shaft at the Charles River by way of shafts in Waltham,
Belmont, Somerville, Everett, Charlestown and Boston, to
connect at Chestnut Hill with the section of tunnel loop
previously completed. One shaft near the water front in
Charlestown should be constructed as a tunnel unwatering
shaft, all shafts should have ample connections into the
distribution system, and there should be ample connections
northerly to Fells Distributing Reservoir.

4. A branch tunnel extending southerly to the vicinity
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of Franklin Field, about 3 miles of pressure tunnel about
9 feet in diameter.

5. Enlargement of the present Middlesex Fells Distribut-
ing Reservoir, at about elevation 268, to such an extent as
may be required, probably to give it a total area of about
15 acres, and a capacity of about 90 million gallons.

6. The present Waban Hill Distributing Reservoir of
the District should be made to ride on the future tunnel
loop by raising its water level about 2.5 feet to elevation
267 and increasing its capacity to about 15 million gallons.

It should also be noted that at some more remote future
time, if the District expands for a considerable distance
southerly, and when conditions may warrant the expendi-
ture, it will be possible to construct another large distrib-
uting reservoir with a capacity of 350 million gallons in
the Blue Hills, this location being about 5 miles south of
the proposed end of the branch tunnel to Franklin Field.

The accompanying sheets, Accessions 24687, 24688 and
24692, show the locations of the second stage of construc-
tion recommended. The following tabulation shows the
estimated cost of this second stage of the proposed con-
struction if done at costs for labor and materials prevailing
in 1937. This work will require several years to complete,
and the estimates herein presented as to the methods of
financing the entire program assume that the necessary
expenditures to complete the work will be made about
1954 to 1957.

Estimated Cost of Proposed Second Stage at 1937Prices.
Construction costs:

13 miles of pressure aqueduct surface conduit from the
uptake shaft at Sudbury Dam to the downtake shaft at
Charles River ■16,000,000

400,000High-level distributingreservoir
19miles of pressure tunnel to complete tunnel loop within

the District, including a head house over water front
shaft and miscellaneous equipment for unwatering
tunnel 16,500,000

3 miles of pressure tunnel branching southerly from tun-
nel loop 2,250,000
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Construction costs Cor
Enlargement of Middlesex Fells Distributing Reservoir . $300,000
Enlargement of Waban Hill Distributing Reservoir . . 100,000
Miscellaneous improvements and alterations to connect

with the distribution network 450,000
Real estate, property damages, acquisition of property,

appurtenant legal expenses, etc. . . 1 .
.

. 630,000

$26,630,000
Administration, engineering and contingencie 3,370,000

Total cost, second stage $30,000,000

At some future time the pressure aqueduct may be ex-
tended from the Wachusett Aqueduct Terminal Chamber
to Wachusett Reservoir. The cost of this extension is not
included in the above tabulation, since its need is consid-
ered to be too remote, well beyond the time when construc-
tion of the second stage is to be made.

The covering of such distribution reservoirs as are in
regular use is desirable in order to further safeguard the
water circulated through them from pollution, due mainly
to waterfowl and other birds. Although no such work has
been included in the above tabulation, at such time as the
second stage of pressure aqueduct construction is under-
taken, the covering of these reservoirs, or at least such
portions of them as may be required to be in continuous
service, should be given consideration.

Operation Following the Completion of the

Construction Program.

Upon the completion of the proposed second stage of con-
struction, including the pressure aqueduct from Wachusett
Aqueduct Terminal Chamber directly to tunnel shaft heads
placed at strategic points throughout the District, the regu-
lar use of Weston Aqueduct will be discontinued. It will
continue to serve as an emergency connection to the Dis-
trict and should be retained as such in spite of the fact
that the new pressure aqueduct which supplants it will be
as nearly invulnerable to shutdowns as it will be practi-
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cable to make it. Sudbury Reservoir, although discontin-
ued from regular use, will be held as a most important
reserve, and the District’s Fisher Hill Distributing Reser-
voir will play a similar role. Both the Sudbury storage
and the Fisher Hill distributing reservoirs will be approxi-
mately 15 feet below the normal future pressure gradients,
and in case of the remote contingency of a shutdown of
the aqueduct west of the Sudbury Dam, the District can
be supplied, temporarily, with the distribution tunnel fed
from Sudbury Reservoir through a connection at Sudbury
Dam. Fisher Hill Reservoir will then serve to make up for
any deficiency in distributing reservoir capacity, due to the
fact that the capacities of the new high-level Middlesex
Fells and Waban Hill distributing reservoirs will have been
substantially decreased in such an emergency by the nec-
essary 15 feet lowering of the levels.

A second tunnel unwatering plant will be installed on
the tunnel loop at a shaft on the water front in Charles-
town, where the unwatering pumps may discharge directly
into Boston Harbor. This will supplement the unwatering
plant to be previously installed at the downtake shaft near
Weston Aqueduct Terminal Chamber, where unwatering
pumps may discharge into the Charles River. By these
means it will be possible to divide the tunnel loop into four
sections for unwatering, so that when any one of the four
is required to be unwatered, the other three will be con-
nected to both the new high-level Waban Hill and Fells
distributing reservoirs, and will serve all points in the
District.

On this account it will not be necessary to further main-
tain any low service pumps. The only pumping that will
then be required will be: the southern extra high service
to Bellevue standpipe, a lift of about 130 feet to elevation
375, and also to a standpipe of the town of Brookline at
about the same elevation; the northern extra high service,
a lift of about 190 feet to Arlington standpipe at elevation
442.5, and also to a standpipe of the town of Lexington at
the same elevation; the intermediate extra high service, a
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lift of about 60 feet to Arlington Reservoir at elevation
320; and a small portion of the northern high service, a
lift of about 40 feet to Bear Hill Reservoir at elevation 300.
There will also be some pumping to higher elevations in
Newton. The total quantity to be pumped in the future,
after the completion of the work recommended, is esti-
mated to be only about 5 or 6 per cent of the total District
supply. Because the entire system will be supplied through
Wachusett Aqueduct, the total quantity supplied to the
District at any time will be governed solely by the extent
to which the gates at Wachusett Dam on the entrance to
the aqueduct are open. In ordinary operation about 15
or 20 per cent of the normal week-day flow will be shut off
by partially closing these gates between Saturday noon
and Monday morning.

Estimated Metropolitan District Water Assessments.
The original Wachusett-Sudbury supply was financed

with sinking fund bonds of which a total of $41,398,000
were issued from 1896 to 1910, inclusive. These were forty-
year bonds and the interest rate varied from 3.0 to 3.5
per cent. About 91 per cent of this indebtedness will have
been paid off out of annual assessments, to and including
that of the present year 1937. Additional construction,
principally for additions and improvements in the distri-
bution system, was financed by serial bonds, of which a
total of $4,287,000 were issued from 1911 to 1925, inclu-
sive. These bonds were for terms varying from thirty to
forty years, and the interest rate varied from 3.50 to 4.25
per cent. About 46.6 per cent of this indebtedness will
have been paid out of annual assessments, to and including
that of the present year. Funds for subsequent additional
construction of a similar character, principally for addi-
tions and improvements in the distribution system, have
been raised annually by direct assessment without incur-
ring any bonded indebtedness. Entrance fees paid by
Swampscott and Brookline have also been applied directly
to such new construction.
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The new Ware-Swift supply has been financed entirely
by serial bonds, except $1,000,000, paid by Worcester for
about 21 square miles of the drainage area of Wachusett
Reservoir, which was applied directly to the new construc-
tion. A total of $42,250,000 of such bonds have been
issued from 1927 to 1937, inclusive. With the exception
of the first issue in 1927, which was for a term of twenty
years, these are thirty-year bonds, and the interest varies
from 2.25 to 4.25 per cent, the rate for bonds issued during
the last two years being the minimum, 2.25 per cent.
About 16.4 per cent of this indebtedness will have been
paid off out of annual assessments, to and including that
of the present year. In addition to assessments on capital
account as outlined above the annual assessments against
the cities and towns in the District have included interest
on the outstanding indebtedness and the cost of adminis-
tration, maintenance and operation, including pumping.

The accompanying diagram, Accession 24693, and the
accompanying tabulation show what the annual assess-
ments have been in the past and what may be expected in
the future if the recommended program for improvements
in the distribution system is adopted, and if the work can
be done for the costs estimated which are based on 1937
prices for labor and materials.
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Annual Assessments on Cities and Towns in the Metropolitan Water
District.

A' Expenditures for Maintenance,
C Construction of

Total 1 Million
gallonsW

'UP- recoin- ,
dailyWachusett,

,

su recorn- Additi<and mended im- uaiu onsumed Cost pefduriK,,™ P lles and mended im- uuluv i', consumed Cost pciYeak - Coohituite , miscel- Pavements ac“
c
u
o'^.o( by cities million

suoolies— Janeous ~ by pressure m/nr]T- Total and gallons.
Metronoli- Metropoli- ‘ aqueduct assess- towns

t-an Dis" construction ments. in the
Total and gallons.

towns
+ an tS 1c tan iJis- construction r ments. in the

rict Com- ‘Hct Watec o r any sub- b
=cT

mission y ». r>nnctnu.tmn

C
n

pollutii

1905 52.177.586 116.08 $5l 40
1910 2,297,788 56 10
1915 2,164,330 101.94 58 20

54 10518,284
1925 2,527,416 128.86 53 80

1928 1 3,36( 69 00
137.16 79 00

131.26 105 502
131.53 104 00

1930 3,139,066 821,193 3.

1935 3,143,622 1,908,122 5,051,744

1937 2,668,792 2,330,962 4,999,754

Estimated.

$2,893,000 $5,325,000 $44,000 $5,369,000 153.5 $95 50
4.551.000 439,000 4,990,000 168.0 81 40
4.079.000 342,000 4,421,000 192.6 62 90
3.774.000 690,000 4,464,000 216.9 56 40

1940
1945
1950
1955

604,000 2,136,000 5,740,000 4 233. 67 50*
5.244.000 245.5 58 50
4.152.000 274. 41 50
3.079.000 293. 28 80
2.374.000 312. 20 80

1958
1960
1965
1970
1975

After 1975 additional major expenditures at the sources of supply may be required,

Ware-Swift assessments began in 1928.
The maximum cost was reached in 1935.
Estimated.

•p rise in cost just before pumping is eliminated

Estimates of the effect on annual assessments of the
adoption of this program are based on the assumption that
all these improvements will be financed by thirty-year
serial bonds; that the Commonwealth cannot expect to
continue to sell its bonds at the present low rate of interest,
but that in the next six years or so this rate will gradually
increase to about 4 per cent; that “pay-as-you-go” ex-
penditures, mainly for additions and improvements in the
distribution system, which have in recent years averaged
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considerably over $300,000 per year, will continue to be
made for the next few years at a slowly decreasing rate;
and that if the recommended program is adopted, the
direct expenditures other than those financed by serial
bond issues will be reduced, within the next ten or fifteen
years, to relatively nominal sums.

In the twenty-year period from 1905 to 1925, the total
annual assessments increased from about $2,180,000 to
about $2,530,000, the cost per million gallons varying be-
tween $5O and $6O. These costs, without the Ware-Swift
supply, reached a maximum in 1928 of about $3,366,000,
or about $67 per million gallons. In that year the effects
of the Ware-Swift cost were first felt in the annual assess-
ments, the total assessment being about $3,450,000, or $69
per million gallons. During the next seven years the large
expenditures for the Ware-Swift supply materially in-
creased the annual assessments, the maximum being reached
in 1935 when the total assessment was about $5,052,000,
or about $105.50 per million gallons consumed by the Dis-
trict’s members in the year. The abnormally low rate of
consumption during the depression was, of course, a con-
tributing factor in the high cost per million gallons in those
years. The obligations already incurred on the Ware-
Swift project make it certain that these high costs will be
maintained for the next three or four years, the maximum
total assessment being reached in 1940 at approximately
$5,325,000. However, it is expected that the return to a
normal consumption of 100 gallons per capita per day by
that time will materially reduce the cost per million gal-
lons. It is expected that there will be continual recession
from the peak reached in 1935. The extent of this reduc-
tion is due to a number of factors, most of which are inde-
pendent of any new financing.

If the program herein recommended is adopted, it is
estimated that following the construction of the first stage,
consisting of the by-passing of Sudbury Reservoir and the
construction of a tunnel from Weston Aqueduct Terminal
Chamber to Chestnut Hill, the annual assessments will be
gradually reduced to about $4,100,000, or about $53 per
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million gallons in 1954. The construction of the second
stage, consisting of the completion of the pressure aque-
duct system, will necessarily cause an increase in assess-
ments for several years during and immediately following
the construction period until the pumping at Chestnut Hill
and Spot Pond can be eliminated, after which the assess-
ments will again drop even more rapidly, being probably
not over 868 per million gallons at the peak of the future
tunnel construction, and falling within three or four years
to a cost per million gallons less than that effective for
many years prior to the Ware-Swift development.

There does not appear to be any plan under which a
satisfactory supply can be delivered to the cities and towns
in the District as cheaply as under the plan herein recom-
mended. To maintain adequately the distribution system
without the recommended pressure tunnel will require an-
nual appropriations averaging approximately 8350,000 per
year for new construction, and in any event the Weston
Aqueduct siphons will have to be increased in capacity
immediately. In addition, it is most essential that the
present and growing pollution, particularly of the Sudbury
source, be eliminated if this supply is to be continued in
use. To safely continue the use of Sudbury water would
demand filtration. The annual requirements of bonded in-
debtedness to meet the cost of such construction, and the
high annual cost of the operation of the filters, coupled
with the cost of additions to the distribution system as
above outlined, and with no possibility for saving by elimi-
nating pumping costs, would, it is estimated, result in
annual assessments at least 15 per cent in excess of those
estimated under the recommended plan. The costs as
shown in the accompanying diagram, Accession 24693, will
in any event be only about 8 per cent greater during the
next fifteen years than would be the case if none of the
steps herein recommended should be taken to by-pass the
Sudbury sources and to eliminate pollution.

In any such consideration of the cost of Metropolitan
water, in order to obtain a true perspective of the matter,
it should be borne in mind that the assessments for this
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indispensable necessity are, at their highest, not more than
the equivalent of 1 cent per capita per day.

The expenditures herein recommended will under existing
statutes be borne by the cities and towns in the Metro-
politan Water District as a part of their annual assessments
to the extent indicated in the estimate of assessments in-
cluded herein. The proportionate share borne by each
municipality will be approximately the same as in the case
of the assessment for 1937, which is approximately as
follows;

Per Cent. Per Cent.
Arlington . . . 1.849 Milton .... .991
Belmont .... 1.330 Nahant ....

,182
Boston .... 65.648 Newton .... .423
Brookline . . . 1.008 Quincy . . . . 4.234
Chelsea .... 2.212 Revere .... 1.597
Everett .... 3.210 Somerville . . . 6.140
Lexington . . .610 Stoneham . . . ,528
Malden .... 2.839 Swampscott . . . .722
Medford .... 2.660 Watertown . . . 1.701
Melrose . .

.
. 1.226 Winthrop

...
. 890

Possibility of Immediately Undertaking the Whole
Project.

All estimates of capital cost and of annual costs herein-
before given are based on the assumption that the pro-
gram of pressure tunnel construction and elimination of
pollution will be carried out in two stages as recommended.
However, the possibility of the early completion of the
entire distribution tunnel is well worth considering. Al-
though the additional capital cost of immediate construc-
tion of the entire project would be $30,000,000, as herein-
before outlined, this would be offset by a number of
advantages. Current interest rates are the lowest that they
have ever been since the District was organized. Much of
the waterworks construction during the last twenty-five
years was financed at an interest rate of 4 per cent, but
the last water loan was floated at 2\ per cent. The saving
in pumping cost due to the completion of the pressure
tunnel would be about $200,000 annually, and all hazards



1938.] HOUSE No. 262 69

of pumping except to the very small extra-high service
areas would be eliminated. The construction of additional
large surface mains through congested areas would no
longer be necessary. More uniform pressures throughout
the District would be maintained. Much better fire pro-
tection, which should be reflected in decreased insurance
rates, would result. The above factors alone may warrant
the completion of the program in advance of the time
when water supply requirements demand it.

Expenditures for Investigations under Chapter 48
of the Resolves of 1936.

There was no specific appropriation. The expenditures
were authorized to be made out of the appropriations which
were made for the construction of new works under chapter
375 of 1926 and chapter 321 of 1927. The work is nearly
completed. Expenditures up to November 30, 1937, are
as follows:

Engineering salaries 152,363 92
Clerical salaries 3,144 89
Furniture and fixtures 287 31
Maps 2,097 00
Laboratory supplies 23 46
Engineering instruments 1,122 71
Automobiles and maintenance 3,313 98
Contract for aerial photographs

.... 3,179 30
Contract for borings 44,794 00
Printing and blueprinting 370 01
Stationery and office supplies 278 02
Administration and other miscellaneous expense . 4,231 08

$115,205 68
Respectfully submitted,

Chief Engineer.
FRANK E. WINSOR,
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Following is presented a brief summary of the extent to which
the water supply sources of the District are capable of yielding a
continuous and satisfactory supply, in order that the relation
between the estimated requirements for water supply purposes
and the safe yield may be fully understood. It is particularly
important to indicate the extent to which sources are now used
which are subject to complaint not only on account of occasional
unsatisfactory conditions which affect taste and odor, but on
account of increasing pollution which can be remedied only by
improvements on a large scale such as are recommended herein.

It is difficult to appreciate the necessity for continued expan-
sion of the water supply sources in view of the waste of flood
waters that occurs occasionally. However, such waste is eco-
nomically unavoidable and has no bearing on the problem. In
the spring of 1936, large quantities were wasted over the spill-
way of the Wachusett Reservoir. In fact, there has been some
waste in seven of the eleven years since the Metropolitan Dis-
trict Water Supply Commission has been extending the sources
to the Ware and Swift rivers. However, there were three years,
1925 to 1927 inclusive, and three more again, 1930 to 1932 in-
clusive, when not a drop was wasted.

We are not concerned, in the development of our water supply,
with the yield in the wet years nor with what is often referred to
as “average yield.” We are concerned only with making pro-
vision so that the adequate supply which we have in abundance
in all the wet years may be continued through a series of dry
years. That is the primary purpose of the water supply works.
Our estimates are based solely on the long-term record of past
years, and after each spring in May or June of a year wet enough
so that water is wasted, we face the fact that the following one,
two or three years may be years of drought during which our
only supply of water will be that which we have already sue-

Appendix A.

SAFE YIELD OF THE WATER SUPPLY SOURCES OF
THE METROPOLITAN WATER DISTRICT.
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ceeded in holding in storage during that previous wet period,
plus the meager stream flow currently available through the
years of drought.

Prior to the development of the Ware and Swift rivers, the
Wachusett Reservoir was of ample capacity in relation to its
own watershed to furnish 85 million gallons daily continuously
throughout a drought of three or four years’ duration, such, for
example, as would be the case if the climatic conditions follow-
ing the spring of 1908 were repeated. Although the Ware River
was made partially available in 1931, and the drainage area
furnishing water for storage in the Wachusett Reservoir thereby
substantially increased, this reservoir is nevertheless relatively
inadequate to store the floods from the increased area so as to
tide over such an extended period of drought if the rate of con-
sumption in the District is materially increased. In other words;
the full benefit of the Ware supply cannot be obtained until
Quabbin Reservoir is completed in accordance with the original
plan and adequate storage thereby provided.

In spite of the great quantities wasted over the Wachusett
spillway last spring, the repetition of a short twenty-one months’
drought such as occurred, for example, in 1929-30, would so
seriously tax the capacity of the District sources that their entire
safe yield during such a period would only slightly' exceed the
present rate of consumption in the District. In other words, if
the total draft on the District sources were at a continuous rate
of 147 million gallons daily, or only about 10 m. g. d. more than
last year’s rate, Wachusett Reservoir would be drawn down to
a level about 56 feet below the spillway, or somewhat lower
than the extremely low level in 1931, when water from the Ware
was first diverted thereto. There would be less than 20 billion
gallons left to cover the bottom of the reservoir, which is mate-
rially less than the joint board of 1921 and the Department of
Public Health have considered adequate to protect the quality
of the supply.

The “wastage” during flood periods and the so-called “aver-
age yield” have no bearing on the problem. The only safe way
to estimate the yield of a watershed is to assume a repetition
of known climatic cycles and compute the maximum continuous
yield available under the most economical and practicable opera-
tion of the system as a whole, having in mind at all times that
longer periods of lower stream flow than recorded in the brief
life in any available records may occur at any time. This esti-
mated safe yield is shown in the following tabulation:
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Before Completion of Quabhin Reservoir.

Continuous ,, ~.. ,

safe yield Additional
Available (each area Storage storage re-
drainage operated not safely avail- ser™d

area (square by itself but able (billion protect
miles). as a part of gal ons). Quality of

the whole) supply (bll-
(m. g. d,). llon gallons)

Wachusett 107. 69 1 85 2 45 20North Sudbury
Ware
South Sudbury
Cochituate

68 24 72
96.8 11 0 0
46.98 19 3 2
17.4 823

147

After Completion of Quabhin Reservoir.

Wachusett 107.69 1
27.68
96.8
185.9 4

10.61 3

99 45 20
North Sudbury
Ware

24
40 00

Swift 154 395 20
South Sudbury 3 1

3202

After deducting 1.15 square miles tributary to East Waushacura Pond, diverted July 1, 1937;
and including the entire area of 20.7 square miles from which Worcester in 1926 and 1931 was
granted the right to divert at a yearly average rate of 10 million gallons daily.

2 After deducting 10 million gallons daily which Worcester has the right to divert from an area
of 20.7 square miles.

3 Including and Hopkinton reservoirs only.
4 Not including 1.8 square miles, of which 1.0 has been diverted into and the remaining 0.8

is naturally tributary to North Pond in the town of Orange, from which occasional floods will
flow into Quabbin Reservoir

There are several factors which tend to lessen the gravity of
the situation in which the District finds itself before the com-
pletion of Quabbin Reservoir. In the first place, Worcester has
not yet started to pump from the 20.7 square miles of Wachusett
area recently allotted to her. She has a right to take an average
of 10 million gallons daily in any calendar year. Accordingly,
it is not safe to include this quantity in the net safe yield. As a
practical matter, however, it may be a number of years before
this entire quantity will be taken by Worcester, and in the mean-
time the District gets the benefit of the portion which the city
does not take. In the second place, it would be possible to divert
into the West End of Quabbin Aqueduct, which is now com-
pleted, the flow of the East Branch of the Swift River as it passes
the tunnel portal. This could be done on fairly short notice as
an emergency measure. However, resorting to such an expe-
dient before the completion of Quabbin Reservoir would increase
the present safe yield by not over 10 m. g. d.
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Reference to the estimates herein presented in diagrams and
tabulations indicates that provision should be made for an in-
crease in the demand for water from the District’s sources at
the rate of about sm. g. d. each year. Accordingly, the margin
of safety in the available yield, without the benefit of Quabbin
Reservoir, is very small. Even this small margin depends on
the maintenance of unsatisfactory emergency sources in the
Cochituate and South Sudbury areas which would have to be
used to their fullest extent in any extended period of drought,
not to mention the necessary regular and continuous use of the
northern Sudbury source with its increasingly objectionable
sources of pollution, the elimination of which from such regular
use is one of the objectives of the recommendations herein
contained.

Boston’s first real water supply worthy of the name, from
Lake Cochituate in 1848, proved to be adequate for a
period of about twenty-five years. An additional supply, the
Sudbury system, was adequate for another twenty-five year
period. This supply was first obtained in 1872 by a diversion
from the Sudbury River into Lake Cochituate, and the finished
system, including the Sudbury Reservoir and Aqueduct, was put
into operation in 1878. A further addition to the supply, the
Wachusett system, has served its purpose admirably for another
thirty or thirty-five year period. This supply was first obtained
from the Nashua River at Clinton in 1898 by the then newly
organized Metropolitan Water District, and the Wachusett Res-
ervoir was first filled in 1908. Looking ahead into the future,
the comparison of the safe yield with the estimated requirements
indicates that the water supply needs of the District will, upon
the completion of the present program of construction, be well
taken care of for approximately another forty years. After this,
it should be borne in mind, as has been pointed out in previous
reports, notably, House, No. 500 of 1895 and House, No. 1550
of 1922, that it may become necessary to divert additional sup-
plies into Quabbin Reservoir. This reservoir is six times as large
as Wachusett Reservoir, and has adequate storage capacity for such
future diversions, which can be made at relatively small expense.

The accompanying tabulations A, B, C and D show the rain-
fall on the Sudbury, Wachusett, Ware and Swift watersheds,
and the accompanying tabulation E shows an analysis of the
run-off from the Wachusett watershed. The flow from the Ware
and Swift watersheds is recorded by the United States Geological
Survey and published periodically in their water supply papers.
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RESULTS OF A SANITARY SURVEY OF THE WATER-
SHED AREAS OF THE METROPOLITAN WATER
DISTRICT.

The North Branch of the Sudbury River above Dam No. 3,
Framingham, and the Wachusett Reservoir on the South Branch
of the Nashua River, Clinton, are the two principal sources of
water supply for the Metropolitan Water District. Lake Cochit-
uate, 1 Farm Pond and the South Branch of the Sudbury River
above Dam No. 1 are still integral parts of the Metropolitan
water works, but are not now regularly used and are considered
only as reserve or emergency sources. The recently developed
Ware River supply has been used to a considerable extent since
it was put into service in March, 1931. Its ultimate yield, how-
ever, will not be available until the completion of the Swift River
development, as there is insufficient storage capacity in the res-
ervoirs now in use to store the available flood flows from the
Ware River.

The following brief outline of the development of the Metro-
politan water system is of interest in connection with the present
sanitary survey:

The water system began with the development of Lake Cochit-
uate by the city of Boston in 1848. Lake Cochituate, then in
a sparsely settled region, was chosen after some twenty years
of study and debate. In finally deciding to develop this lake
for a water supply for the rapidly growing city of Boston, a policy
of taking water from clean, unpolluted upland watersheds was
established as being the most practicable method of providing
a safe and acceptable water supply. This policy has proved to
be farsighted, and its soundness has been thoroughly demon-
strated by knowledge gained through the development of the
modern science of water bacteriology.

Appendix B.

INTRODUCTORY, GENERAL AND HISTORICAL.

mention of Lake Cochituate1937, for report on the
his lake for recreation!

House Dc
watershed and the availabi



1938.] HOUSE —No. 262. 93

Although it was not known at the time, it is probable that the
high typhoid death rate in Boston prior to 1850 was largely due
to the use of polluted wells, springs and other water sources.
The marked reduction in the typhoid death rate coincides with
the increasing use of Cochituate and other water from clean
watersheds, and undoubtedly aided in the discovery of the ty-
phoid fever bacillus in 1880, and later in the discovery of the
now well-known fact that typhoid fever can be transmitted by
drinking water contaminated by this bacterium.

By 1870 it became necessary to supplement the Cochituate
supply, and after thorough studies the Sudbury River at Fram-
ingham Center was chosen as the most suitable source, the water-
shed of this river then being in relatively sparsely settled country.
Although there were two large and growing towns, Marlbor-
ough and Westborough, within the watershed, these towns are
situated at the headwaters of tributaries so that sewage from
the more densely settled parts could be, and since has been,
diverted out of the watershed.

The Sudbury River development, begun in 1872 by the city
of Boston, was carried out progressively to practical completion
in 1898. The Sudbury Aqueduct was completed in 1878, Fram-
ingham Basins or Reservoirs 1, 2 and 3, in 1880, Ashland Reser-
voir, in 1886, and Hopkinton Reservoir, in 1895. Whitehall
Reservoir, constructed in 1846 by the city of Boston, by raising
a natural pond, was designed to be operated as a compensating
reservoir for the riparian owners on the lower Sudbury and Con-
cord rivers to repay them for loss of water in the summer months
due to the diversion of Lake Cochituate. Subsequently, it was
leased and later sold. It was reacquired by the city in July,
1890, as a part of the Sudbury River development and its level

raised 2 feet in 1896. It has been operated as a water supply
reservoir since that time, its outlet works being rebuilt by the
Metropolitan District in 1923. The Sudbury Dam and Reser-
voir, begun by the city, was completed in 1898 by the then
recently created Metropolitan Water Board.

The Sudbury Aqueduct crosses Farm Pond, and provision was
made at the time the aqueduct was constructed to divert water
from this pond into the aqueduct. The watershed of Farm Pond
has an area of only 0.54 square mile, including the area of the
pond, and as it is now largely devoted to industrial and resi-
dential uses, and as the pond is very shallow and subject at times
to extensive growths of microscopic organisms, it has been prac-
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tically abandoned as a source of water supply and will not be
considered further in this report.

By 1890, even before the completion of the Sudbury develop-
ment, it was realized that a larger addition would have to be
made to supply the rapidly increasing needs of the city of Bos-
ton and also to supply the even more rapidly growing suburban
cities and towns around Boston. Encroachments were being
made on the watersheds of the suburban supplies, and the water
consumption of most of these communities was fast approaching
the yield of their sources.

As the result of a thorough study and investigation by the
State Board of Health under Frederic P. Stearns, chief engineer,
between 1893 and 1895, relative to the cost and desirability of
going to the Nashua River and constructing a large storage
reservoir as against the proposal to take the near-by Merrimack
River waters and filter them, it was decided that, although an
adequate supply could be then had from the Merrimack and
rendered acceptable for domestic consumption by filtration and
at somewhat less cost than a development of the Nashua River,
it was by far the better public policy to go to the clean, unpol-
luted upland watershed of the Nashua River. This watershed
had a population of only 69 persons per square mile at that
time, and with but few small industries other than those which
would be taken by the construction of the proposed reservoir.
Thus again was the policy originally adopted in 1848 reaffirmed.

In 1895 following this investigation, the Metropolitan Water
District, consisting of twelve cities and towns (originally thir-
teen, Hyde Park having been annexed to Boston in 1911), was
created and authorized to construct the Wachusett Dam and
Reservoir on the South Branch of the Nashua River at Clinton,
the Wachusett Aqueduct to bring this water into the Sudbury
Reservoir, and extensive changes and improvements in the dis-
tribution system. Chestnut Hill and Spot Pond reservoirs were
purchased in 1898 and the latter reservoir completely redeveloped.
Weston Aqueduct was built in 1901-1904.

In 1908 the general introduction of water meters was begun
to check the rapidly rising per capita consumption. This had the
effect of checking for a time the upward trend, but by 1915 the
consumption again began to increase, and with the probability
of many additional cities and towns desiring admission to the
Metropolitan District, further studies for an additional supply
became necessary. It was realized at this time that the South
Sudbury could not be counted upon to furnish a suitable supply
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for many more years, as the population and industrial activity
on this watershed were rendering the water subject to serious
pollution.

In 1922 a joint board, consisting of the State Department of
Public Health and the Metropolitan District Commission, with
X. H. Goodnough as chief engineer, reported a plan for the
development of the Ware and Swift rivers which would insure
an adequate supply of water of the finest quality for many years
in the future, not only for the present but for an ultimately
much greater Metropolitan Water District. Construction of this
development was begun in 1926 by the Metropolitan District
Water Supply Commission. Water from the Ware River, the
first step in the development, became available in March, 1931.
The Swift development still under construction is expected to
be sufficiently advanced to begin storage of water in Quabbin
Reservoir by 1940. The sources of this supply are from water-
sheds in relatively remote and sparsely settled regions, the Ware
watershed having a population of only 34 1 persons per square
mile and the Swift, a population of only 8 l persons per square mile.

With the increasing use of the automobile and the constant
improvement of roads and highways, making heretofore inacces-
sible regions near the populous centers in eastern Massachusetts
available for attractive home sites, the problem of protecting
near-by watersheds is becoming more difficult.

The Metropolitan watersheds are located in east central Massa-
chusetts, and have a total area, exclusive of Lake Cochituate and
Farm Pond, of 474 square miles. The accompanying Table 1
show's the areas of the cities and towns located wholly or princi-
pally within the Metropolitan watersheds. Table 2 shows the
growth of population of these municipalities. Table 3 shows the
growth of population within the Metropolitan watersheds.
These data on the growth of population are shown in graphical
form on accompanying charts, Accessions 24672, 24673, 24674,
24675 and 24696. Table 4 shows miscellaneous data on the
Metropolitan water storage reservoirs and dams.

The general topographic and cultural features of each water-
shed are described as follows;

DESCRIPTION OF WATERSHEDS.

the census madeas part of the current sanitary survey. Does not include the popu-
se areas which have been or probably will be acquired for the development of the
apply.

i

latic
W
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The Cochituate Watershed.
(Drainage area, 17.4 square miles.)

The Cochituate watershed includes the principal business, in-
dustrial and residential sections of Framingham and Natick, and
parts of Ashland, Sherborn, Wayland and Weston. The water-
shed is fully described and its sanitary condition discussed in a
report to the Legislature by a joint board consisting of the Met-
ropolitan District Commission, the Metropolitan District Water
Supply Commission and the Department of Public Health, and
published as House Document No. 293, of 1936, this report hav-
ing been made pursuant to the provisions of chapter 18 of the
Resolves of 1936. Accompanying Table 5 from the above report
shows the recent increase in occupancy of the watershed lands
and gives in detail the results of the sanitary survey. As to the
advisability of the continued use of Lake Cochituate as a source
of water supply, the joint board stated as follows:

Lake Cochituate is not now a suitable source of public water supply.
It is exposed to pollution from a large population, numerous industrial
concerns and farms, especially along the banks of the tributary streams,
the sewage pumping stations of Framingham and Natick, the latter being
only a short distance from the lake, from the use of the land in the vicinity
of the lake for recreational purposes, and from the wash from several
large dumps along Beaver Dam Brook. The lake is also subject at times
to growths of microscopic organisms which render the water unpalatable.

To make the water of this lake of acceptable quality for drinking and
other domestic purposes would necessitate the expenditure of consider-
able sums of money for inspection and policing, possibly for the recon-
struction of parts of the sewerage systems of the towns of Framingham
and Natick in the vicinity of the lake, for the purchase of land where
enforcement of sanitary rules and regulations is impracticable, for the
construction of suitable filtration and treatment works, and for the main-
tenance of such works. Such expenditure would not appear to be advis-
able considering the small amount of water that Lake Cochituate is
capable of yielding during periods of drought. However, until additional
means are provided whereby the distributing works of the Metropolitan
Water District will be sufficiently supplemented so as to permit the
abandonment of the Cochituate Aqueduct, the Cochituate system should
be maintained in whole or in part.

The joint board also stated as follows

Regardless of whether Lake Cochituate is retained as a source of water
mpply or ultimately given over entirely for recreational uses, certain
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insanitary practices should be discontinued. The use of the tributary
streams for the disposal of waste and rubbish and the practice of deposit-
ing refuse near the lake should be discontinued.

Upon the completion of the first stage of construction recom-
mended in this report, Lake Cochituate should be abandoned as
a source of water supply for the Metropolitan Water District.

The Sudbury Watershed.
Drainage area, above Dam No. 1, 74.66 square miles.)

The Sudbury watershed contains the entire town of South-
borough, the principal industrial, business and residential sec-
tions of Marlborough and Westborough, practically the entire
towns of Ashland and Hopkinton and a part of the outlying resi-
dential and farm sections of Framingham. A few acres within
the towns of Holliston, Northborough and Upton are also within
the watershed. Southborough is primarily a residential and farm-
ing town and contains many large estates, particularly in the
region of the open channel forming the easterly portion of the
Wachusett Aqueduct and leading into Sudbury Reservoir. The
mill villages of Cordaville and Southville in Southborough still
exist, but a small chemical works occupying the plant formerly
owned by the Cordaville Woolen Company is the only concern in
either of these villages now in operation. It employs about six
persons. Marlborough is principally a shoe manufacturing city,
but also contains many other industries, numerous farms, dairies
and truck gardens. Westborough is an industrial and farming
town. Ashland is also an industrial and farming town, the largest
industrial concern being an electric clock manufacturing com-
pany. Hopkinton is mainly a residential and farming commu-
nity, although formerly there were several large shoe factories
located within the town.

Although the population of some of these municipalities has
fallen off slightly in late years, they have had periods of rapid
growth in the past, and with increased general business and in-
dustrial activity there is no reason to assume that they will not
again have such periods of prosperity and growth.

Topographic Features. The topography is irregular, there be-
ing no pronounced valleys or ranges. Hills are scattered through-
out the watershed and there are but few large areas of level
ground. Slopes are moderately steep. The elevation ranges
from about 165 to 700 feet above sea level and averages about
300 feet.
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Biooks, Sti earns and Run-off. The irregular topography of
this watershed has given rise to numerous brooks, many of which
are dry in summer but carry large quantities of water during
wet seasons. These brooks have a considerable sanitary signifi-
cance, as they enable polluting matter deposited on the surface
of the ground to be at times quickly carried into the main streams
and thence with only relatively short detention periods into the
Sudbury or Weston aqueducts.

Run-off from the uplands is fairly rapid, while that from the
lower areas is somewhat retarded owing to the distribution
throughout the watershed of the various reservoirs and also to
the large swamp areas, particularly those along the South Sud-
bury system. The built-up and paved areas of Ashland and
Westborough are nearly level, so that the run-off from these
centers is relatively slow. The corresponding areas in Hopkinton
and Marlborough are generally very steep and the run-off very
rapid. A continuous record of the yield and run-off of the Sud-
bury watershed has been kept since 1875, the mean run-off for
this period (62 years) being 0.975 million gallons per day per
square mile.

Ponds and Swamps. The reservoirs owned by the Metro-
politan District and the Westborough waterworks reservoir are
the only large bodies of water on the watershed, excepting a few
ponds of only a few acres each. These reservoirs and ponds have
a total area of 4.89 square miles, or 6.5 per cent of the total
drainage area. They are listed in accompanying Table 6. The
principal swamps are in Westborough and Ashland along the Sud-
bury River and in the vicinity of Crane Brook south of the open
channel. These swamps, together with numerous smaller ones,
have a total area of 7.61 square miles, of which 1.47 square miles
have been drained, a total of 8.94 miles of ditches having been
constructed for this purpose.

Soil. ■— In the lower areas of the watershed the soil is rich and
well suited for agriculture and truck gardening. On the higher
grounds the soil becomes sandy and stony, and on the hills there
are numerous ledge outcrops and many boulders.

Use. Outside of the built-up areas of the towns the water-
shed is largely cultivated or used for pasturage, about one third
of the land area being devoted to these uses. The remaining
areas are covered with second growth hardwood, pine and scrub.
The Metropolitan District owns about 4,140 acres around its
Sudbury reservoirs, a large part of this acreage having been re-
forested with pine.
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The vicinity of Whitehall Reservoir is the only locality where
there have been any considerable number of summer camps
established, although there are numerous individual camps scat-
tered throughout the watershed.

Highways. About 90 miles of main improved highways trav-
erse the watershed, of which the Boston-Worcester Turnpike,
running through the center of the watershed, is the principal one.

The Wachusett Watershed.
(Drainage area, including Pine Hill. Kendall and Quinapoxet watersheds, 117.04 1

square miles.)

Wachusett watershed contains practically all of the populated
areas of the towns of Boylston, West Boylston, Holden, Prince-
ton and Sterling, part of the town of Rutland and minor areas
of several other towns. Boylston and West Boylston are pri-
marily residential towns, but contain also several large farms.
A recently developed residential section of West Boylston just north
of Worcester is largely devoted to small truck gardens. Holden is
primarily a residential suburb of Worcester, but there is also a
small mill village contained within the town built up around a
textile plant. There are also numerous small farms within the
town. Princeton is principally a farming and summer residential
town, with many large and extensive summer estates. Sterling
is a farming town, but also contains a small but densely popu-
lated summer camp development.

The population of these towns changed but little from 1850 to
1900 and declined during the period of construction of Wachusett
Reservoir. Since 1910 there has been a steady increase in popu-
lation which with improved roads is likely to accelerate in the
future.

Topographic Features. The watershed is generally hilly, the
northwest section becoming mountainous, with Mount Wachu-
sett the dominating feature. The two principal river valleys are
the Stillwater from the north and the Quinapoxet from the west.
Slopes are moderate in the lower areas and steep to precipitous
at the higher elevations. The elevation ranges from 400 to 2,100
feet above sea level and averages about 750 feet.

Brooks, Streams and Run-off. The Wachusett watershed like
the Sudbury is provided with numerous channels for the rain
falling on this area to reach the rivers. These streams arc much
steeper, however, than those on the Sudbury, and so carry the

;d July 1, 1937, by the Metropolitan Water District subsequent to the div
um Pond, authorized by chapter 346, Acts of 1934.
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run-off to the rivers much more rapidly. Run-off from the up-
lands is very rapid, and as there are but few large ponds or
extensive swamp areas, the run-off from the lower regions is also
rapid. The mean run-off for the past forty years (1897-1936)
has been 1.102 million gallons per day per square mile.

Ponds and Swamps. There are 14 ponds within the water-
shed with an area of over 10 acres each, the largest being Chaffin
Pond with an area of 133 acres. These ponds, together with the
water surface area of Wachusett Reservoir and Pine Hill and Ken-
dallreservoirs of the city of Worcester, and numerous smallponds,
have an aggregate area of 8.29 square miles, or 7.1 per cent of the
total drainage area. They are listed on accompanying Table 7.
A program of swamp drainage was begun in 1899 but abandoned
in 1907. However, about 0.7 of a square mile out of a total of
3.6 square miles of swamp area has been drained by ditches,
these having a total length of about 11 miles.

Soil. The soil in the lower valleys is well adapted to culti-
vation, although not the highest grade farm soil. On the up-
lands, the soil becomes thinner and more stony. Ledge outcrops
and boulders are numerous at the higher levels.

Use. There have already been acquired for sanitary protec-
tion and for construction purposes 9,783 acres, or 15.3 square
miles, of which 4,135 acres are flooded by Wachusett Reservoir.
About one fifth of the drainage area outside of the residential
sections is devoted to farming and dairying. The remainder is
woodland, varying from scrub, second-growth hardwood to occa-
sional stands of merchantable pine. Twenty-three hundred acres
of the total owned by the Metropolitan Water District have been
reforested with pine. About 1,400 acres, under the control of
the State Department of Conservation, are used for forestry
purposes. The Wachusett Mountain State Reservation has a
total area of about 1,570 acres, 380 of which are in the Wachu-
sett watershed. There are about 370 acres of this reservation in
the Ware watershed and 820 acres in the Millers River drainage
area.

The only extensive summer camp settlements on the water-
shed are the Sterling Camp Ground and a group of camps around
Turkey Hill Pond, some of which are within the Pine Hill water-
shed of the city of Worcester. There are in addition numerous
other camps scattered through the drainage area.

Highways. About 110 miles of main improved highways
traverse the watershed, the principal ones being a newly con-
structed three-lane road from Worcester through West Bovl-
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ston, Oakdale and Sterling to Leominster and Fitchburg, a
through route from Worcester through Boylston to Clinton, and
a through route from Worcester through Paxton, Holden, Rut-
land and Barre to Athol.

The Ware Watershed.
(Drainage area, 96.8 square miles.

This watershed contains nearly all of the town of Hubbardston,
the greater part of Rutland, parts of Barre, Phillipston and Tem-
pleton, and lesser parts of Oakham, Princeton and Westminster.
The villages of Hubbardston, Williamsville and Rutland Center
are the only year-round communities within the watershed.
Rutland Center has become a tuberculosis sanatorium center,
the United States Veterans Hospital, the Rutland State Sana-
torium and several private hospitals or sanatoriums being located
here. Hubbardston and the portions of the other towns within
the watershed are very sparsely settled, farming and dairying
being the principal occupations.

Topographic Features. The topography is similar to that of
the Wachusett watershed, with no distinct valleys or high ridges.
The elevation ranges from 660 to 1,500 feet above sea level, the
average being about 1,000 feet.

Brooks, Streams and Run-off. The Ware River is the main
stream within the watershed. The principal streams tributary
to this river enter it within a few miles above Coldbrook, and are
similar in character to those in the Wachusett watershed, the
slope of most of these tributaries being moderately steep. The
run-off from the uplands is rapid but is retarded by numerous
ponds and swamps.

Ponds and Swamps. There are 21 ponds on this watershed
with an area of over 10 acres each, and about 12 smaller ponds.
These ponds have an aggregate area of 2.4 square miles, or 2.5
per cent of the total drainage area. They are listed on accom-
panying Table 8. There are extensive swamp areas just above
Barre Falls along the Ware River and along the Burnshirt River
jn Hubbardston and Phillipston, and numerous other smaller
areas throughout the watershed, these swamps having a total
area of about 8 square miles. Except for draining some of the
small mill ponds and filling a few marshy areas near Coldbrook,
no swamp improvement has been done on the watershed.

7. The soil, except in the bottom lands, is relatively thin,
while it has been rather extensively cultivated in the past,

suitable for the more valuable type of crops
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Use. There have already been acquired for sanitary protec-
tion and for construction purposes 14,237 acres, or 22 square
miles, and additional purchases are anticipated. The greater
part of the watershed is wooded, and there are still several areas
of good standing pine timber. The remainder of the watershed,
outside of the few inhabited areas, is devoted to farming. Two
small sawmills comprise the only industrial developments on the
watershed. The State Department of Conservation controls
about 1,900 acres of forest land and 200 acres devoted to fish
and game preserves within this area.

Of the numerous ponds within the watershed, Phillipston
Pond or Queen Lake, Asneconick or Comet Pond, and Brigham
Pond in the northern part of the watershed and Long and De-
mond ponds in the southern part, have a number of sumn

addition to these there are scat-
of several other ponds or in tne

camps along their shoies. In
tered camps around the shorei
woods.

70 miles of main improved high-Highways. There are only
ways crossing the watershed.

The Swift Watershed.
(Drainage area, 185.9 square miles

The Swift watershed, the largest of the Metropolitan drainage
areas, contains at present all of the towns of Dana, Greenwich,
Prescott, practically all of Enfield, New Salem and Petersham, a
considerable part of Pelham, Shutesbury, Wendell and Phillips-
ton, and smaller parts of Barre, Hardwick, Belchertown, Orange
and Athol. Upon completion of the Quabbin Reservoir, three of
these towns, Enfield, Greenwich and Prescott, will cease to exist
as corporate towns, and their territory will be annexed to the
surrounding towns in accordance with section 13, chapter 321,
Acts of 1927. The village of Petersham, with a resident popu-
lation of 400, will be the largest community left within the water-
shed. The small villages of Cooleyville, New Salem, North New
Salem and parts of the villages of Pelham and Shutesbury, with
an aggregate population of 290, will be the only other settlements
within the watershed. All the towns or portions of towns within
the watershed that will remain upon completion of the Swift
River development are primarily agricultural towns, although
Petersham has, in addition, many large country estates occupied
mainly in the summer.

Topographic Features. The topography of the easterly part
of the watershed is irregular with moderate slopes, and is similar
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to the Ware and Wachusett. The westerly part is marked by two
well-defined, steeply sloped ranges running north and south
throughout the length of the watershed.
f Streams, Brooks and Run-off. The East Branch of the Swift

above the new highway at Nichewaug, with a drainage
area of 30 square miles, will be the largest stream tributary to
Quabbin Reservoir. The streams and tributaries generally have
steep slopes and extend out into every part of the watershed.
Many of these smaller streams are dry in summer. The run-off
from the easterly areas is moderately rapid, while that from the
westerly ranges is extremely quick, and the brooks are very
flashv.

Ponds and Swamps. There are only 5 ponds of over 10 acres
each and 8 small ponds within the drainage area, these having
an aggregate area of only 225 acres. The area is singularly free
of swamps, there being only a few acres on the entire drainage
area. None of these swamps have been drained.

Soil. The soil is generally sandy and gravelly, and even in
the bottom lands is poorly adapted for any extensive agricultural
use, although farming has been conducted on a small scale
throughout the Swift River valley for many generations. On
the uplands the soil becomes more stony and rocky, and ledge
outcrops and boulders are numerous.

Use. There are included within the taking line adopted by
the Metropolitan District Water Supply Commission on Sep-
tember 2, 1937, 74,620 acres, and there have already been ac-
quired outside this taking line 3,854 acres, making a total of
78,474 acres, or 123 square miles, for sanitary protection and
for construction purposes. Agriculture is now the principal occu-
pation of the inhabitants, although there is still some lumbering

owns extensive tracts of forest in
2,300 acres, of which 1,900 are

being done. Harvard College
Petersham containing about
within the Swift drainage area
and 10 acres of fish and game
Department of Conservation

About 2,600 acres of forest land
preserve under the control of the
are located within the watershed.

There are only a few camps scattered throughout the watershed.
Highways. The new Daniel Shays Highway, the Barre-

jpetersham-Athol road, the new road from Petersham to the
paniel Shays Highway and the road from Petersham to Hard-
wick Center are the principal highways traversing the water-
shed. These, together with the main roads serving the several
villages on the watershed, have a total length of about 75 miles.
Other ways are mainly dirt roads.
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districts, each district representing a definite drainage area, the
run-off from which and the character of whose waters can readily
be determined. An accompanying index map, Accession 24679,
shows the location of these sanitary districts and bacteriological
sampling stations. In the case of the Sudbury watershed, a
further subdivision into sewered and unsewered areas was made,
a sewered area being defined as that area within which practi-
cally all of the premises are or may be readily connected with an
existing or relatively short extension of an existing public sewer.

In the high valuation residential sections in the sewered areas
of Marlborough and Westborough it was not considered neces-
sary to make a detailed examination of each property having
once ascertained that the premises were connected with the pub-
lic sewer, the population in these sewered areas being estimated.
An examination was made, however, where general appearances
indicated unsatisfactory sanitary conditions or where live stock
was kept. In the unsewered area which included all of the sev-
eral watersheds except the sewered areas of the city and town
referred to above, a detailed examination was made of every
dwelling, farm, institution, industrial plant, summer camp or
other property for human or animal occupancy or use. This
examination consisted of determining the number of residents at
each property, or, in case of industrial concerns, the number of
employees, the amount of live stock, the type and condition of
all sanitary facilities, the method of waste disposal, farm and
barnyard drainage conditions, and the source of water supply.

The sanitary survey also included an examination of the public
water supply systems, municipal and private sewage disposal
T/orks, the several surface water filter and chlorinating plants
operated by the Metropolitan District Commission, bathing
beaches and swimming pools, refuse dumps and other premises
and facilities having a bearing on the sanitary condition of the
watersheds.

Accompanying Tables 9, 10, 11, 12, 13 and 14 give summaries
of these sanitary examinations for the several watersheds, and
classifications of the various premises examined.

The Sudbury Watershed,

The Sudbury watershed consists of two main drainage sys-
tems, the North Sudbury and the South Sudbury. The North
Sudbury, with an area of 27.68 square miles, contains the prin-
cipal parts of Marlborough and Southborough and a small part
of Framingham. The South Sudbury, with an area of 46.98
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square miles, contains the principal parts of Ashland, Hopkinton
and Westborough and the villages of Southville and Cordaville
in Southborough. A part of Framingham is also in this area.

North Sudbury.
The North Sudbury watershed has a population of 550 persons

per square mile, making it one of the most densely populated
watersheds in Massachusetts used for public water supply. The
sanitary problem of preventing and controlling pollution from
this area is complicated by the diversified character of the prem-
ises within it, which consist of some 2,400 dwellings, numerous
farms, truck gardens, 18 industrial establishments emplojung
about 2,400 persons at present, and several institutions. Al-
though the principal residential, business and industrial sections
of Marlborough are provided with a system of sanitary sewers,
there are 160 premises within the sewered area still using private
sanitary facilities, of which facilities 30 are privies There are
several large dairy farms and estates within this area with sev-
eral hundred acres under cultivation or used for pasture.

Public Water Supplies. Both Marlborough and Southbor-
ough have public water supply systems, the latter town supplying
also the villages of Southville and Cordaville. The mains of these
municipalities, which supply about 86 per cent of the total popu-
lation, have an aggregate length of 57 miles within the watershed.

Industrial Developments. Shoe manufacturing is the leading
industry in Marlborough. Other important industries are the
manufacture of machine products, wire goods, cardboard and
paper boxes, book bindings, miners’ lamps, and skates. Whilo
these plants do not have at present any great amount of noxious
industrial waste, the fact that they are within the watershed and
likely to expand or to change the character of their product must
not be overlooked in considering the future policy respecting the
sanitary protection of the water supply. Liquid trade wastes
and sanitary sewage from most of these industrial concerns are
discharged into the municipal sewers and so disposed of outside
the watershed. A sausage and milk pasteurizing plant in South-
borough has an independent sewage disposal plant, discussed in
a later paragraph. Accompanying Table 15 gives a summary of
the various industries on this and other Metropolitan watersheds.

Municipal Sewerage Works. Marlborough has an intermit-
tent sand filtration plant located outside the watershed. The
Marlborough sewers which have a total length of about 29 miles
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are primarily for sanitary sewage, storm run-off being cared for
by a separate drainage system. The sewerage system of Fram-
ingham described in House Document No. 293, of 1936, does not
extend into the Sudbury watershed. Although steps have been
taken to prevent any sewage from the Marlborough sewerage
system being discharged into Sudbury Reservoir, the location of
about 2 miles of main trunk sewer and 2 miles of secondary
trunk sewer within the watershed below the area tributary to
the Marlborough Brook and Farm Street filters presents a very
real hazard, as any overflow from these sewers due to breakage or
other cause would allow raw, untreated sewage to flow directly
into the reservoir. It would be possible, although at consider-
able cost, to eliminate this hazard, as well as other sources of
pollution in Marlborough north of the reservoir, by the construc-
tion of a dike and intercepting channel around the north end of
the reservoir, to divert the run-off from this area out of the
watershed.

Sewerage Works of Institutions and Industrial Plants. Two
private schools and a sausage and milk pasteurizing factory in
Southborough and a chemical company in Ashland have inter-
mittent sand filters. The effluent from the sausage factory filters
is discharged into Taylor Brook, a tributary of Sudbury Reser-
voir. A chlorinator has been installed recently on this brook
below the point of discharge of the factory filters but above the
point where a stream on which the filters of one of the schools
are located enters this brook. Effluent from filters at the second
school is discharged into a small lagoon formed by a sand and
gravel dike which serves as a secondary filter between the sewage
filter and Sudbury Reservoir. The effluent is dosed with high-
test hypochlorite from a continuous-drip crock chlorinator which,
unless carefully attended, is subject to occasional stoppage. Sew-
age from a state hospital for the insane is discharged onto inter-
mittent sand filters outside the watershed.

Surface Run-off Fillers. Marlborough Brook Filter: Practi-
cally the entire industrial, business and residential area of Marl-
borough in the Sudbury watershed is tributary to a small stream
known as Marlborough or Walker Brook, having a drainage area
of 2.0 square miles. This brook originally discharged directly
into the Sudbury Reservoir. Since the run-off from this area is
very rapid at times, and carries with it the street wash and sur-
face refuse of the city, a system of sedimentation basins and sand
filters has been constructed by the Metropolitan District Com-
mission adjacent to Sudbury Reservoir to treat this run-off.
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These filters care for the ordinary flow satisfactorily, as they are
well constructed and efficiently maintained. At times when the
run-off exceeds the capacity of the filters, and it is necessary to
waste this excess directly into the reservoir, it is treated with a
solution of high-test hypochlorite.

Farm Street Filter: As the Marlborough Trunk Sewer has in-
sufficient capacity at times, and also occasionally becomes clogged
so that the sewage escapes from the manholes, a relief sewer
was constructed in 1903 to divert this excess or back-sewage into
a separate filter, sometimes known as the Marsland Filter, on
Farm Street. This filter, which also takes some surface drainage,
was constructed in a natural sand bank, and is well cared for
and maintained in readiness for use at any time. In 1905 a
secondary relief sewer was constructed, from the relief sewer
previously built to one of the natural beds of the Marlborough
Brook Filter, to prevent overloading of the Farm Street beds.

Swimming Pools. The two private schools in Southborough
previously referred to have swimming pools. The pool at the
larger school was formed by the construction of a low earth dam
across a small valley and is only used about one month a year.
Below the pool are two small ponds, formed by diking off a low
marshy area, which are used in winter for skating rinks. The
overflow from these ponds and the swimming pool, which is usu-
ally so small as to be negligible during the bathing season, is
discharged without chlorination or other treatment into a small
brook tributary to Sudbury Reservoir. The swimming pool at
the smaller school is a concrete structure of 250,000 gallons’
capacity and is filled with water pumped from Sudbury Reser-
voir. It is used for a skating rink in winter. The overflow is
discharged onto the sewage filters previously described.

A small pool was constructed in 1908 in Southborough by the
Metropolitan District Commission for the use of the inhabitants
of that town, this pool being formed by diking off a small cove
of the Sudbury Reservoir near Fayville. A small sand filter was
also constructed below or east of the pool to filter the overflow
from it. This pool, which was never satisfactory, has been used
but little and was condemned in 1936 by the local health authori-
ties. The pool is now unfit for use, as the water in it has become
stagnant and contains an extensive growth of brow n algie.

Camp Developments. There are only about fifteen camps on
the watershed, and the absence of bodies of water within this
area other than those used for water supply makes the develop-
ment of summer colonies unlikely.
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The Open Channel. The open channel forming the easterly
part of Wachusett Aqueduct has a tributary drainage area of 8.3
square miles above Deerfoot Road. It passes through an ex-
tensively developed farming region and is consequently subject
to a considerable degree of both human and animal pollution.
There are five small streams entering the channel from the north
and three from the south, some of which are usually dry in sum-
mer. This area has a population of 720 (87 persons per square
mile), and with about 760 cattle pastured within its boundaries
it is not surprising that the water at the lower end of the open
channel has a very high B. Coli index.

The results of bacteriological examinations of samples collected
by the Enfield Laboratory of the Metropolitan District Water
Supply Commission during the last season from the open channel
and its tributaries, and from other points in the Sudbury water-
shed, are given in accompanying Table 17 and are also shown
graphically on an accompanying chart, Accession 24667. The
locations of the various sampling stations are shown on Acces-
sion 24679, previously referred to.

There are several large estates bordering the open channel
where dairy and other farming are carried on extensively. This
use of these properties is a serious menace to the water supply,
to relieve which, even if possible, would be very expensive. The
by-pass aqueduct, recommended elsewhere in this report, from
the Wachusett Aqueduct Terminal Chamber to the Weston
Aqueduct at Sudbury Dam, provides for the elimination of the
open channel and other polluted Sudbury sources except for use
in extreme emergencies.

South Sudbury

The South Sudbury watershed has a population of 230 persons
per square mile. There are some 1,980 dwellings, many farms
and 21 industrial concerns, employing about 1,800 persons at
present, on this watershed. The principal residential, business
and industrial sections of Westborough are provided with a sys-
tem of sanitary sewers which discharge onto an intermittent sand
filter plant outside the watershed. There are, however, about
180 premises within the sewered area not connected with the
public sewer.

Public Water Supplies. Ashland, Hopkinton and Westbor-
ough and the villages of Southville and Cordaville in Southbor-
ough are supplied with water from municipal works. The mains
of Framingham also extend for short distances in the watershed.
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The mains of these several towns supply about 80 per cent of the
total population within the watershed and have a length of about
56 miles.

Industrial Developments. The industries on this watershed
are more diversified than those on the North Sudbury. The
largest industrial concern is an electric clock manufacturing com-
pany in Ashland, this company employing about 1,200 persons.
Among other industries that may be mentioned are the manu-
facturing of clothing, shoes, hats, ribbons, thread, tanned leather,
emery and abrasives, machine products, furniture and chemicals.
Sewage and liquid trade wastes from most of these industrial
plants are discharged into the public sewers. A chemical manu-
facturing plant in Ashland has an intermittent sand filter. Wastes
from this plant which are predominantly acid are treated with
lime before being discharged onto the filter and so require no
chlorination.

Municipal and Private Sewerage Works. As previously men-
tioned, Westborough has a sewerage system and treatment plant,
the sewers of this system having a total length within the water-
shed of about 8 miles. The sand filter plant of the chemical com-
pany in Ashland is the only such privately operated plant in the
watershed.

Swimming Pools. In Ashland a pool is now being constructed
as a project of the Works Progress Administration, on town land
just below the Lombard Governor Company’s mill pond. This
pool, which is being formed by an earth excavation, will have a
concrete dam at the lower end and a sand bottom and beaches.
The plans call for a small filter to be constructed between the
dam and the river to filter the discharge from this pool, which
will be filled through an 8-inch pipe from the mill pond above.

Camp Developments. There are two small camp settlements
in the vicinity of Whitehall Reservoir, these being practically
the only ones on the watershed. These camps are generally
poorly constructed, and many are not now used, owing to re-
strictions on the use of the reservoir.

The Present Status of the South Sudbury Watershed. The
water in the South Branch of the Sudbury River has always been
of relatively inferior quality. The river above Dam No. 1 is
now so grossly polluted as to be quite unacceptable as a source
of water supply. There are indications that this region may
again become a scene of industrial activity. Only this past sum-
mer an extensive addition was made to the plant of an electric
clock company in Ashland, this being located on the Sudbury
River just above Framingham Reservoir No. 2.
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It was realized in 1878, at the time the Sudbury Works were
built, that microscopic organisms of the alg£e and other groups
might be expected to cause occasional unpleasant tastes and
odors in the water from this source. Accordingly, in order to
prevent such water being drawn into the Sudbury Aqueduct,
arrangements were made whereby either the North or the South
Branch of the Sudbury River could be used independently of
the other. This was done by constructing a 48-inch pipe line
from Reservoir No. 3 on the North Sudbury Branch, and a simi-
lar line from Reservoir No. 2 on the South Branch, to the intake
gatehouse at Reservoir No. 1, thus completely by-passing this
latter reservoir. In 1897 an additional 48-inch pipe line was
constructed from Reservoir No. 3.

In 1927 a further redevelopment was made by the Metropoli-
tan District Water Supply Commission as an emergency measure
pending the completion of the Ware-Swift supply, whereby the
entire South Sudbury system below Cordaville and below Ash-
land and Hopkinton reservoirs could be by-passed and only the
less highly colored and unpolluted upland waters used. This was
done by diverting the water from Whitehall Reservoir into Hop-
kinton Reservoir, from Hopkinton Reservoir into Sudbury Res-
ervoir, and from Ashland Reservoir into Sudbury Aqueduct.
Provision was also made for emergency pumping from the Sud-
bury River above Cordaville into Sudbury Reservoir. These
redeveloped sources were used between 1928 and 1932 during a
severe drought, but no water has been drawn from these sources
since August, 1932, and with the completion of the Ware-Swift
development it is extremely unlikely that they will again be
required, except that the pipe lines from Whitehall and Hopkin-
ton reservoirs, which discharge into Sudbury Reservoir above
the Weston Aqueduct intake, will be useful in emergencies.

The Wachusett Watershed.
The Wachusett watershed has a population of 74 persons per

square mile. There are 1,844 residential premises, including 174
farms, 313 camps and other seasonal properties, 5 hospitals and
7 industrial concerns. There are three areas in general and sev-
eral individual properties that require special attention, the most
pressing and important sanitary problem being the disposal of
domestic and industrial wastes from the town of Holden.

Holden. A flagrant violation of the sanitary rules and regu-
lations of the Department of Public Health was observed in
Holden where the sewage disposal works for a district hospital
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have been allowed to overflow onto the surrounding hillside.
This is a condition which has apparently gone on for some time*
so that the surface of the ground around the cesspool is seriously
polluted with sewage, some of which at times of heavy rainfall is
undoubtedly washed into a stream tributary to Wachusett Res-
ervoir. There is also some question as to the adequacy of the
sewage disposal works at the local high school. A plan has been
recently submitted by the town of Holden for approval by the
Department of Public Health of the construction of a sewer to
take sewage from the hospital and high school and divert it into
the Rutland-Holden sewer.

A summer and year-around week-end hotel in Holden has a
sand filter consisting of eight beds. The filter has the appearance
of not being well maintained, but there is no visible effluent from
it. However, it appears that sludge removed from these beds has
at times been placed on a steep slope that drains to a tributary
of the Quinapoxet River. This practice created a serious hazard
and has been discontinued.

The industrial wastes from a woolen cloth manufacturing and
dyeing concern in Holden amount to about 300,000 gallons per
day when the mill is operating full time. These wastes, which
consist mainly of spent dye liquors and wash waters, are dis-
charged into the Quinapoxet River without any previous treat-
ment, and occasionally color the river as far downstream as the
circular dam at the upper end of Wachusett Reservoir. Domes-
tic sewage from this plant is now pumped to a large cesspool
located at the rear of the mill in a depression from which there
is no outward drainage. The mill, which employs from 250 to
300 when operating full time, was not operating during the last
few weeks of this survey.

A particularly bad situation also exists in Holden just north of
the Quinapoxet River in what was formerly known as Jefferson-
ville. There are several large mill tenements here, the largest of
which has piped the effluent from a cesspool to an open drain
less than 75 feet from the river. These tenements all have priv-
ies, several of which were found to be in unsatisfactory sanitary
condition. There is also a general refuse dump just east of these
tenements, drainage from which goes into the river a short dis-
tance away.

Samples for bacteriological examination collected by the Enfield
Laboratory during the past season from the Quinapoxet River
below the woolen mill in Jefferson, but above the tenements just
mentioned, showed a mean B. Coh index of 2,154, the highest
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index of all Wachusett tributaries. Such an index is unmistak-
able evidence of the polluted condition of this stream. The
results of these bacteriological examinations are given in accom-
panying Table 18, and also shown graphically on Accession
24667, previously referred to. See also Accession 24679 for loca-
tion of sampling stations. Studies by the Metropolitan District
Water Supply Commission have demonstrated the practicability
of a connecting sewer to divert domestic sewage from the woolen
mill and the summer hotel into the Rutland-Holden sewer, and
for diversion or treatment of industrial wastes from the woolen
mill.

Gates Brook and ITesf Boylston. Gates Brook has its origin
in an upland swamp in the southerly part of West Boylston, and
flows through a recent ami extensive real estate development in
Worcester and West Boylston. This development extends from
the headwaters of the brook and consists principally of one and
two family dwellings, many of which are surrounded by small
gardens which extend to the property line of a narrow strip along
the brook acquired in 1916 by the Metropolitan District Com-
mission. The lower reaches of this brook pass through the vil-
lage of West Boylston. Between this development on the upper
watershed and West Boylston is a large, open tract which is
already showing signs of real estate activity. Gates Brook is
now in the most densely populated area on the watershed, with
429 persons per square mile. The brook has become badly pol-
luted with a B. Coli index of 1,500, second only to the count
from the Quinapoxet River below the woolen mill in Jefferson.

The village of West Boylston adjacent to Gates Brook is also
a populous, residential section, and with the new Worcester-
West Boylston-Leominster-Fitchburg three-lane highway passing
through the village, it is rapidly becoming an important resi-
dential suburb of Worcester. In 1912 and 1913 studies were made
by the Metropolitan District Commission and a plan prepared for
a sewage disposal system for this village and also for a sand filtra-
tion plant to treat the run-off from Gates Brook. The need for
adequate works is imperative today.

Waushacum Brook. Waushacum Brook, draining the Sterling
Camp Grounds and the village of Sterling, is also a badly polluted
stream and at times has a high B. Coli index, this condition
probably being caused by drainage from improperly constructed
and maintained privies at the Camp Grounds. While the year-
around population of this area is only about 600, the summer
population brings this figure to over 1,000 persons (163 persons
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per square mile). Run-off from Sterling village, however, passes
thiough the Sterling filters, so that the condition of the stream as
it enters achusett Reservoir is probably due almost wholly to
the Camp Ground development.

Stillwater River. A large piggery, the largest on the water-
shed. located in Sterling about I \ miles above the mouth of the
Stillwater, is one of the most serious sources of pollution within
the Stillwater area, over 450 pigs being kept on two farms,
which are owned and operated by one family. Many of the pens
and runs for these pigs are so located that the surface run-off from
them may be readily washed into the river.

A chair manufacturing concern on East Wachusett Brook, a
tributary of the Stillwater River, employs about 100 persons at
present and apparently does a thriving business. The main
factory buildings are located in close proximity to the brook, a
rapidly flowing stream which occasionally overflows its banks,
and, according to the owner, floods the mill yard where the fac-
tory privies are located. These are concrete vault privies and
apparently reasonably tight under ordinary circumstances. A
cesspool is used for the office toilet wastes and is also possibly
subject to occasional flooding. Wood trimmings, shavings and
sawdust are the only trade wastes from this factory, and are either
burned in the factory’s boilers or sold for kindling. Adequate
corrective measures should be required.

Sewage Treatment Works. The Worcester County Training
School for Boys in West Boylston, and the summer and year-
around week-end hotel in Holden, previously described, are pro-
vided with sand filters. The Training School filter, operated by
the Metropolitan District Commission, is particularly well
located and constructed, so as to have no visible effluent, and
hence requires no chlorination.

Clinton has a general system of sanitary sewers and an inter-
mittent sand filtration plant. Except for about 650 feet of
sewers within the Wachusett watershed in the vicinity of Wachu-
sett Dam, the entire system of this town, including the treat-
ment plant operated by the Metropolitan District Commission in
accordance with the provisions of chapter 557 of the Acts of
1898, is located outside the drainage area. The drainage area of
Wachusett Reservoir near Wachusett Dam should be diverted
from the watershed, and adequate sanitary facilities connected
with the Clinton sewer should be provided downstream from the
dam for the large number of visitors to this vicinity.
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Public Water Supplies. Holden, Rutland and Sterling have
public water supplies. The mains of Clinton and Worcester ex-
tend for short distances into the watershed and supply a few
houses in these municipalities. The mains of these several munic-
ipalities have an aggregate length of 25 miles and furnish water
to about 27 per cent of the population on the drainage area.

Surface Run-off Filters. Sterling Filter: In Sterling there is
a sand filter which takes the surface run-off from an area of 0.82
of a square mile, including the village of Sterling Center. The
brook leading to this filter receives the effluent from the opera-
tions of a cider and vinegar mill which in the past has caused
some trouble in operating the filters due to clogging by the
pomace discharged from the mill. This pomace is now sold to
local farmers for feed. This filter, built by the Metropolitan Dis-
trict Commission, is well constructed and efficiently maintained,
and only at rare intervals is it necessary to by-pass the brook
around the filters, at which times the excess run-off over the filter
capacity is treated with high-test hypochlorite.

Gates Terrace Filter: There is another and smaller filter also
located in Sterling, this being designed primarily to take the
sewage from a number of houses just north of the Sterling Camp
Grounds in the vicinity of Middle Wauschacum Pond. This
filter is in good condition but is apparently not used to any
extent, there being only one house discharging its waste into it
at the present time.

Swimming Pools. A swimming pool was constructed by the
Metropolitan District Commission at the old Dawson Mill site
in Holden. This pool was built under the provisions of chapter
346, Acts of 1934, and was turned over to the town of Holden for
operation and maintenance June 17, 1935. This pool has not
proved satisfactory, owing to extremely unpleasant odors and
the muddy appearance of the water from Dawson Pond which is
used to supply it. In order to filter the discharge from this
pool, a rough dike was constructed across the entrance to a
gravel borrow pit into which the pool can be drained.

The Lily Ponds in West Boylston, on property of the Metro-
politan District Commission, are three small landlocked ponds.
A sandy beach has been formed at the southerly end of the west-
erly pond, and bathing by residents of West Boylston is per-
mitted in this pond. These ponds have no streams feeding them,
and the level falls appreciably during the summer and is also
probably affected by the elevation of Wachusett Reservoir. As
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there is considerable aquatic growth in these ponds and the bot-
tom is muddy, they are not particularly attractive for bathing.

Summer Camp Developments and Recreational Areas. The
Sterling Camp Grounds and a camp layout east of Turkey Hill
Pond in Paxton in the Pine Hill watershed of the city of Worces-
ter are the only such developments in the Wachusett area,
although there are numerous camps scattered throughout the
watershed. The Mount Wachusett State Reservation is the
only large public recreational development in this region.

The Ware Watershed.
The Ware watershed has a population of 34 persons per square

mile. There are 630 residential premises, including 132 farms,
211 camps and other seasonal properties, and 6 hospitals. The
most serious sanitary problem is the disposal of sewage from a
private sanatorium for tubercular patients located about one
mile northwest of Rutland Center. The hospital and sanitary
facilities are on a steep side hill which drains to Mill Brook about
1,000 feet distant. The sewage at present is cared for by numer-
ous cesspools which have been in use for many years, so that the
overflow and effluent from them have completely saturated the
ground in their vicinity. These cesspools are particularly sub-
ject to overflow in the spring, and one of them was overflowing
in August during the present investigation. A chlorinator has
been maintained since completion of the Ware development to
sterilize this brook at such times as water is being diverted from
the Ware River to Wachusett Reservoir. As with the situation
in Holden, remedial measures should be taken immediately to
prevent continued pollution from this hospital.

Studies by the Metropolitan District Water Supply Commis-
sion have shown that it is feasible to divert the sewage from this
hospital into the Rutland-Holden sewer by constructing a branch
from this sewer to the hospital. If this sanatorium is to con-
tinue, a connection to the sewer should be made, since there
would be no economy in building and operating a local treatment
plant.

Public Water Supplies. Rutland is the only town within the
Ware drainage area having a public water supply, this town hav-
ing a total of 8 miles of mains which supply about 85 per cent of
the town’s population, or 15 per cent of the total population
within the watershed.

Sewage Disposal Works. The United States Veterans Hos-
pital and the Rutland State Sanatorium for tubercular patients
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discharge their sewage into the Rutland-Holden sewer, com-
pleted and put into service November 7, 1934, by the Metro-
politan District Water Supply Commission to serve these insti-
tutions, and also, when so required, the towns of Rutland and
Holden.

Swimming Pools. A large pool has been constructed in Rut-
land at the Rufus Putnam Memorial Park by building a low
earth and masonry dam across a small brook. The water al-
though somewhat turbid was relatively clean, and the pool is
apparently used to a considerable extent. A small sand filter has
been constructed below the pool to filter the discharge from it.
A duplex bathhouse and two well-constructed privies have been
constructed at this site.

Camp Developments. The Ware watershed has numerous
camp developments, the principal ones being around Phillipston
(Queen Lake), Asneconick (Comet), Brigham, Long and Dernond
ponds. These ponds and several others are attractive for such
purposes, and the number of camps around them may be ex-
pected to increase. With improved roads making these ponds
more accessible, they will become increasingly popular.

The Swift Watershed.
There are only 8 persons per square mile on the Swift water-

shed. There are about 380 residential premises, including about
70 farms, and 60 camps and other seasonal properties. The
principal sanitary problem is one of attention to individual facili-
ties and farm drainage. People now residing on premises which
have been or will be acquired in connection with the construction
of Quabbin Reservoir were not counted in the present census.
There are but few large farms in the watershed, 95 and 60 cattle
being kept at the two largest ones. Only 25 pigs are kept at the
largest piggery, and there are only 15 henneries where over 500
fowl each are kept.

There are no general public water supplies, no public sewage
disposal systems, waste treatment works, or industrial develop-
ments within the watershed.

North Pond (Lake Mattawa) in Orange presents a minor haz-
ard, but one which should not be overlooked. There are about
65 camps on the watershed of this pond, with a summer popu-
lation of about 250. This pond is used by the town of Orange
for water power to pump water for their domestic supply, and
has also been used occasionally in the past as an emergency sup-
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ply for the town. On account of the polluted condition of the
watershed, the State Department of Public Health does not con-
sider this a safe pond for a public water supply, and has recom-
mended that it be thoroughly chlorinated whenever it is used.
North Pond was originally partly tributary to the Swift River, but
by the construction of a low earth dam at its southerly end it
was diverted northerly to the Millers River, so that now no
water is discharged from this pond into the Swift watershed except
at times of high water. It would be advisable to raise the dam at
the south outlet of this pond to prevent any discharge from this
polluted area into the Swift watershed.

There are no other camp developments on the Swift water-
shed, and only a few camps scattered throughout the area.

The following chlorinating plants are maintained by or under
the supervision of the Metropolitan District Commission for
sterilizing the water of certain streams before discharging into
the District’s reservoirs, or for sterilizing the waters delivered
through the various aqueducts to the Metropolitan District be-
fore final distribution to the consumer:

Fayville Brook In Southborough.
Taylor Brook In Southborough.
Fay School In Southborough.
Cordaville pumping station 1 . .In Southborough.
Sudbury Aqueduct . . . .In Sherborn.
Weston Aqueduct At screen chamber at Weston

Reservoir.
Chestnut Hill At high-service pumping station.
Chestnut Hill At low-service pumping station.
Spot Pond At pumping station.
Spot Pond At east gatehouse.
Fisher Hill Reservoir . . . .In Brookline.
Waban Hill Reservoir . . . .In Newton.

In addition to the above, a chlorinator on Mill Brook, Rut-
land, is operated whenever water is being diverted from the
Ware River.

Accompanying Table 19 gives a description of and operating
data on these chlorinating plants.

CHLORINATING PLANTS.

quipped for install!pumping stNot installed
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Summer Camp Sanitation. The usual practice of locating
summer or week-end camps near the water, or in many cases on
the water’s edge of a stream or pond, presents a serious hazard.
Most of the camps in the developments previously referred to have
but little land around them, and they are generally built with
little consideration given to the construction of properly located
or adequate sanitary facilities. More adequate and rigid super-
vision of the sanitary arrangements of summer camp properties
is necessary not only to protect the purity of the Metropolitan
water supply, but also as a general public health measure.

Swimming. No bathing or swimming is allowed under the
statutes, chapters 92 and 111 of the General Laws, in any of
the Metropolitan reservoirs or in any of the ponds or streams on
the watersheds. Bathing is permitted, however, as previously
mentioned, by the Metropolitan authorities in the landlocked
Lily Ponds in West Boylston, and in several artificially con-
structed swimming pools. It was noted, however, during the
recent investigation that there was some surreptitious bathing in
the Sudbury River by the younger element of the population.
Bathing was indulged in at a small beach on the shore of Eagle
Lake in Holden during the early part of the past summer, but
was stopped by the Metropolitan District Commission. Wau-
shacum Pond, on the Cochituate watershed, has been used for
several years for general recreational purposes, bathing, boating,
fishing and picnicking. Several diving rafts are used on this pond.

Fishing. Since there is widespread belief that waterworks
reservoirs contain many fish, there is a constant demand for
their use for fishing. While fishing of itself is not injurious, it is
practically impossible to prevent pollution of a serious nature if
fishing is permitted.

Dumps and Garbage Disposal. While there are no extensive
dumping grounds such as are common to large cities, there are
numerous small refuse dumps scattered throughout the drainage
areas. These dumps are generally located in or near swamps or
along the river banks, an unsatisfactory practice which should
be discontinued. In the larger towns, garbage is collected and
generally sold or given to the near-by piggery operators within
or without the watersheds. In the country districts garbage is
usually fed to the live stock or buried, although not infrequently
it is merely dumped in the surrounding brush.

GENERAL SANITARY CONSIDERATIONS.
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There are five aqueducts serving as integral parts of the Met-
ropolitan Water Works: the recently constructed Quabbin Aque-
duct, from Quabbin Reservoir, now under construction, to
Wachusett Reservoir; the Wachusett Aqueduct, from Wachusett
Reservoir to Sudbury Reservoir; the Weston Aqueduct, from
Sudbury Reservoir to the terminal chamber east of Weston Res-
ervoir; the Sudbury Aqueduct, from Framingham Reservoir No. 1
to Chestnut Hill Reservoir; and the Cochituate Aqueduct, from
Lake Cochituate to Chestnut Hill Reservoir. Details of the
dimensions and capacities of these aqueducts are given in an
accompanying Table 20. Table 21 shows the extent of their use
during the past thirty-nine years.

Quabbin Aqueduct. The infiltration into Quabbin Aqueduct
is negligible, and the possibility of contamination from this source
is so remote as to be nil.

Wachusett Aqueduct. The amount of infiltration into Wachu-
sett Aqueduct is slight, since the hydraulic gradient in the cut-
and-cover portion is generally higher than the ground water
table. Just east of Bartlett Road, Northborough, about three
quarters of a mile above the terminal chamber, is a short section
where the aqueduct is in a depression, so that at times consid-
erable water stands in this hollow. Although contamination
from this source is remote at present, drainage of this low area
would be desirable. The open channel, while considered as a
part of the aqueduct, is more in the nature of a stream, and
the sanitary condition of its watershed has been discussed pre-
viously.

Weston Aqueduct. This aqueduct, like the Wachusett Aque-
duct, is constructed for the most part above the ground water
table, so that infiltration into it is negligible. A short section of
the aqueduct east of Weston Reservoir is, however, subject to
some infiltration from a low marshy area through which the
aqueduct passes. As the water flowing through the aqueduct is
chlorinated above this section, drainage of this low area or some
other method should be resorted to in order to eliminate the
potential hazard of contamination from this source.

Sudbury Aqueduct. There is an appreciable amount of leak-
age into this aqueduct, as there are several sections where the
aqueduct passes through areas of high ground water. Chlorina-
tion of the discharge through the aqueduct is done in Sherborn,
about 3 miles below Framingham Reservoir No. 1. This in-

AQUEDUCTS.



Cochituate Aqueduct, 1925 Typical of Many Leaks through Crown of Arch

Cochituate Aqueduct, 1925 One of Larger Leaks
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filtration presents a real hazard, and steps should be taken to
prevent it in order to eliminate the danger which would result if
contaminated water were discharged into Chestnut Hill Reser-
voir.

Cochituate Aqueduct. The Cochituate Aqueduct, the oldest
and smallest, was constructed almost entirely in cut, and as sev-
eral sections of considerable length pass through swampy ground,
there is considerable infiltration into the aqueduct. Accompany-
ing photographs show one of the larger leaks and a typical sec-
tion showing leakage through the crown.

The principal distribution reservoirs subject to possible pollu-
tion are Spot Pond and Middlesex Fells Reservoir in Stoneham,
and Chestnut Hill Reservoir in Brighton. Weston Reservoir in
Weston is in reality an open channel section of the Weston Aque-
duct, and serves primarily to equalize the flow in the aqueduct.
Details of these reservoirs are given in accompanying Table 22.

Chestnut Hill Reservoir. This reservoir is divided into two
basins by an earth dam, through which the Cochituate Aqueduct
runs longitudinally. X chamber known as the intermediate gate-
house is located on the aqueduct at the center of this dam, and
is so arranged that water may be discharged into either the east-
erly basin, known as Bradlee Basin, or the westerly basin, Law-
rence Basin, The aqueduct continues past the Bradlee Basin
to the high service pumping station (Station No. 1) where it now
terminates. It originally ended at the old Brookline Reservoir
(now abandoned) on Boylston Street, Brookline. The Sudbury
Aqueduct ends at a terminal chamber on Beacon Street at the
westerly end of the Bradlee Basin about 500 feet south of the
intermediate gatehouse. The terminal chamber is arranged so
that water can be discharged either into the Bradlee Basin or
through pipe lines into the pump wells at the high or low service
pumping stations.

Chestnut Hill Reservoir was formed by a low earth dam or
dike across a natural valley. The original watershed contained
only a few acres, and by the construction of a system of drains,
ditches and low embankments the run-off from practically all of
it has been since diverted from the area tributary to the reser-
voir. The reservoir is entirely fenced in with a low iron picket
fence to exclude trespassers. Beacon Street, a heavily traveled
paved road, passes close to the southerly shore of the Bradlee

DISTRIBUTION RESERVOIRS
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Basin for a distance of several hundred feet at an elevation above
the reservoir level. Although the street wash is ordinarily di-
verted, it may to some extent, under severe winter conditions,
for example, be discharged into the reservoir. This is a most
unsatisfactory situation from a sanitary standpoint, and one
which should be remedied at once, pending the abandonment of
the use of this reservoir as recommended. The reservoir is also
subject to the hazard of having foreign matter thrown into it,
a sidewalk between Beacon Street and the reservoir being in
places very close to the water’s edge.

Spot Pond. This reservoir was formed by raising a natural
pond about 9 feet above its original level. The pond originally
had a natural drainage area of 1,660 acres, but by the construc-
tion of numerous drains, ditches and embankments, the run-off
from most of the watershed has been diverted. There are, how-
ever, several places around the reservoir where the diversion
works are inadequate, so that at times of high run-off, road wash
and other drainage may be discharged into the reservoir. Al-
though the reservoir is generally fenced, there is a large \mfenced
tract within the tributary watershed at the southerly end of the
reservoir, through which a bridle path has been constructed, and
which from indications is used to a considerable extent. Pending
the discontinuance of this reservoir, except for emergency use, as
recommended, such use of this watershed should be discontinued
and the public excluded.

Middlesex Fells Reservoir. This reservoir was formed by uti-
lizing a natural hollow or basin near the top of a hill in the Mid-
dlesex Fells Park Reservation. Its location in a widely used
public park makes it particularly necessary to exercise extreme
care to prevent the pollution of its waters. It has only a very
small tributary land area, which should be fenced to exclude the
public entirely. Under the recommended plan for improving the
distribution system this will become one of the most important
distributing reservoir sites in the District.

Weston Reservoir. This reservoir, formed by a low earth
dam across the valley of a small stream, has a natural drainage
area of 507 acres of land area. The run-off from 412 acres of this
area is diverted by a system of open ditches leading to a 36-inch
concrete conduit, which discharges below the dam. Of the re-
maining 95 acres, only 57 acres are owned by the Metropolitan
Water Works. The diversion works are adequate for all except the
most extreme run-off, and as long as these works do not become
obstructed, there is relatively little danger of contamination fromm
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the diverted parts of the watershed. Metropolitan property on
the watershed is enclosed by wooden post and wire fences except
where it borders on Ash Street at the upper end of the reservoir.
Except for contamination from trespassers and the possible in-
adequacy at times of the diversion works, sanitary conditions
around the reservoir are satisfactory.

The water as regularly supplied to the consumer is generally of
excellent quality. It has a low color, pleasant taste and is soft
enough for most industrial and domestic uses. Micro-organisms,
however, of the algaj and other groups are occasionally found in
the various reservoirs, but on discovery are treated with copper
sulphate, and the unpleasant consequences resulting from the
presence of these organisms are seldom experienced.

Coli-aerogenes, a bacterium of the human and animal intestine,
is but rarely found in the water as delivered to Wachusett Aque-
duct, although it is present generally in the open channel section
of this aqueduct, which passes through extensively developed
areas of farm land, and in Sudbury Reservoir.

The water of Lake Cochituate, as indicated by chemical analy-
ses, shows appreciable evidence of gradual deterioration in its
sanitary quality. The South Sudbury waters also show impair-
ment of quality. Although waters of the North Sudbury are
diluted with large volumes of water from Wachusett Reservoir,
yet chemical analyses show the effect of pollution on this water-
shed. Bacteriological examinations also show the effect of this
pollution. Accession 24667, previously referred to, gives in
graphical form the variation in the B. Coli index as the water
travels from the headwaters of Wachusett watershed to the
Sudbury and Weston aqueducts.

At each step in the development of the Metropolitan water
system, it has been the aim to provide water from clean, unpol-
luted upland watersheds. However, encroachments have been
made on the watersheds of the earlier supplies so that they now
no longer furnish water of satisfactory quality. The Cochituate
watershed has long since been, and the Sudbury watershed has
now become, grossly polluted. Certain areas within the Wachu-
sett watershed have also become grossly polluted, and immediate
remedial measures must be taken. It is extremely probable that

CHARACTER OF THE WATER

CONCLUSIONS
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the next few years will see a rapid increase in the population of
Boylston, West Boylston, Sterling and Holden, all within this
area. Our fresh water ponds and streams are too valuable a
heritage to permit their willful and unnecessary contamination,
and even if some of the older sources of water supply are ulti-
mately to be discontinued, the more serious sources of pollution
should be eliminated and further pollution prevented.

In the light of what has taken place on the older watersheds,
it is evident that the Metropolitan District Water Supply Com-
mission is well justified in the steps taken to prevent contamina-
tion of the newly developed Ware and Swift water supplies. The

policy of acquiring ample areas around these new sources is one

which will prove in the long run to have been in the best public
interest, both financially and in protecting the water supply.
The importance of the Wachusett supply justifies immediate
expenditures to protect these waters by establishing such sanitan

control as will prevent the development of conditions such as

now prevail on parts of the Sudbury and Cochituate watersheds.
Rules and regulations for the sanitary protection of the waters

of the Metropolitan water supply were adopted by the State

Department of Public Health, June 16, 1925, under the provi-

sions of section 17, chapter 92 of the General Laws. A copy of

these rules and regulations accompanies this report. Ihese rules
and regulations are specific in character and comprehensive in

scope, and their enforcement is essential as one of the duties o

the Metropolitan authorities in protecting the water supply.

To the end that Metropolitan Boston may be supplied with
the very best water obtainable at the least cost commensurate
with that quality, and that any danger of an epidemic of water-
borne disease be eliminated, the following specific recommenda-
tions are made:

1
"

Large-scale detail maps should be prepared of all the Met-

ropolitan watersheds, except the Cochituate and South Sudbury,
showing accurately the various premises and sanitary facilities,
nnd particularly their location in relation to the tributary streams

m other bodies of water. Such maps are essential for a compre-

hensive study of the problem of sanitary improvement and as a

means of recording changes in the status or location of premises

within the watersheds. The sanitary inspections should be con-

tinuous, and maps, plans and records kept up to date.

RECOMMENDATIONS.
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2. For proper sanitary control of the sources of water supply
a regular and systematic schedule of bacteriological examinations
should be established in order to detect at once changes in the
character of the water of the various tributaries, and as an aid
in locating sources of pollution or in determining the efficiency of
the numerous filter and chlorinating plants on the watersheds.

3. Stream gaging stations should be established and main-
tained on the tributaries where regular samples are collected for
bacteriological examination, as the flow of the stream is an im-
portant factor in the proper interpretation of the results of these
examinations.

4. A systematic form of record should be kept of all premises
having privately owned or operated sanitary facilities, and regu-
lar and frequent inspections made of these facilities. A greater
degree of co-operative supervision of privately owned filter plants
should be undertaken.

5. All shallow-pit, earth or wooden-vault privies should be
eliminated and proper and adequate facilities constructed. Over-
flowing cesspools or septic tanks should be relocated or enlarged
and provision made for their proper operation. Direct barnyard
and manure pile drainage should be prevented by such means as
a study of each case shall indicate to be the most practicable.

6. Spreading of night soil upon the land is forbidden by law.
This law should be rigidly enforced by adequate sanitary in-
spection.

7. The Rules and Regulations of the State Department of
Public Health for the sanitary protection of the waters used by
the Metropolitan District should be amended to require approval
by the Metropolitan authorities of all plans for new sewage dis-
posal works, swimming pools, or other sanitary facilities, or for
changes in existing works.

8. The granting of permits for fishing in the District’s reser-
voirs should be discontinued. The removal under proper super-
vision of fish from these reservoirs to ponds where fishing may
properly be permitted may be advisable.

9. Late night parking and picnicking along the roads around
the reservoirs should be discouraged, not only to prevent pos-
sible contamination but also to lessen the fire hazard on the for-
ested property of the Commonwealth.

10. A copy of the Sanitary Rules and Regulations should be
sent to each property owner and resident on the watersheds, and
his co-operation asked in eliminating and preventing contamina-
tion of the sources of water supply.



[Jan.HOUSE No. 262.126

11 An adequate force of trained sanitary engineers and police
should be provided in order to supervise the maintenance of the
sanitary facilities on the watersheds and to enforce the observ-
ance of the Sanitary Rules and Regulations.

12. More adequate supervision of the various chlorinating
plants is essential. While chlorine properly applied is an effec-
tive bactericidal agent, present-day chlorinating apparatus, like
most delicate mechanisms, is subject to occasional breakdown.
Provision should therefore be made by having such attendance
at the principal chlorinating plants, or by other means, to insure
uninterrupted chlorination of the supply as delivered to the con-
sumer. Provision should also be made for adequate control of
chlorination at the various plants on tributary streams.

13. It is necessary occasionally to institute court proceedings
against persistent or malignant violators of the sanitary rules.
To the end that such proceedings may result in conviction of
offenders, the prosecuting authorities should be thoroughly trained
in the rules ot legal evidence, as failure to obtain convictions of
flagrant offenders establishes precedents which make action against
other offenders futile.

14. In order to safeguard the waters of Wachusett Reservoir,
the towns of Holden, W est Boylston, Rutland and possibly Boyls-
ton should provide as soon as possible adequate works for the
collection and disposal of sewage.

15. Studies should be made of the various camp developments,
to determine the most practicable method of sewage and waste
disposal from these areas.

16. With increasing demands being made for swimming and
bathing privileges in the various ponds on the watersheds, studies
should be made to determine the extent to which swimming pools
should be constructed, and a policy adopted which will forestall
these demands by providing adequate and acceptable facilities.

17. The watershed of Gates Brook requires special attention,
and studies should be made to determine the most practicable
method of eliminating pollution in this area and of treating the
water of this stream so as to prevent further contamination of
Wachusett Reservoir. Until adequate works are provided, the
waters of Gates Brook should be chlorinated.

18. Steps have already been taken by the Metropolitan Dis-
trict Commission to remedy unsatisfactory sanitary conditions
found during the recent survey. This work should be continued
and court proceedings instituted where necessary against willful
and flagrant violators of the sanitary rules.
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19. A study should be made of properties bordering the tribu-
tary streams and ponds throughout the watersheds, with a view
to purchasing properties the prevention of pollution from which
offers unusual difficulties or expense,

20. The Cochituate system has practically outlived its useful-
ness. The yield of this supply is a very small percentage of the
yield of the Wachusett-Ware-Swift supply, and, the watershed
having become grossly polluted, Lake Cochituate should be dis-
continued as a source of water supply as soon as practicable after
completion of the first stage of the construction of aqueducts and
other works recommended herein.

21. Important as it is to keep the watersheds of the primary
sources free from pollution, it is more essential to protect the dis-
tribution reservoirs from any chance of contamination. To this
end, adequate diversion works should be constructed to divert
all surfacerun-off from roadways and other polluted areas. Fences
should be constructed entirely around the reservoirs and a suf-
ficient patrol maintained to keep out trespassers. The present
practice of permitting the use of parts of the Spot Pond and
Middlesex Fells Reservoir watersheds for horseback riding should
be stopped. The water leaving Middlesex Fells Reservoir should
be chlorinated. The regular use of Chestnut Hill Reservoir and
Spot Pond should be abandoned as early as practicable.
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RULES AND REGULATIONS OF THE STATE DEPARTMENT
OF PUBLIC HEALTH ADOPTED JUNE 16, 1925. BY SAID
DEPARTMENT FOR THE SANITARY PROTECTION OF
WATERS USED BY THE METROPOLITAN DISTRICT
COMMISSION FOR THE WATER SUPPLY OF ANY TOWN
OR WATER COMPANY UNDER THE AUTHORITY OF
SECTION 17 OF CHAPTER 92 OF THE GENERAL LAWS.

1. No cesspool, privy, or other place for the reception, deposit,
or storage of human excrement, and no urinal or water-closet not
discharging into a sewer, shall be located, constructed, or main-
tained, within fifty feet of high-water mark of any lake, pond,
reservoir, stream, ditch, water course, or other open waters, used
by the Metropolitan District Commission as a source, or for the
conveyance, storage, or distribution, of the water supply of any
town or water company, under the provisions of chapter 92 of
the General Laws, or within fifty feet of high-water mark of any
lake, pond, reservoir, stream, ditch, water course, or other open
waters, the water of which flows directly or ultimately into any
waters so used by said commission.

2. No human excrement shall be deposited or discharged in or
into any lake, pond, reservoir, stream, ditch, water course, or
other open waters, used by the Metropolitan District Commission
as a source, or for the conveyance, storage, or distribution, of
the water supply of any town or water company, under the pro-
visions of chapter 92 of the General Laws, or into any lake, pond,
reservoir, stream, ditch, water course, or other open waters, the
water of which flows directly or ultimately into any waters so
used by said commission; and no human excrement shall be kept
in or deposited or discharged in or into any cesspool, privy, or
other receptacle, situated within two hundred and fifty feet of
high-water mark of any open waters so used by said commission
or within two hundred and fifty feet of high-water mark of any
open waters flowing as aforesaid into waters so used by said com-
mission, unless such cesspool, privy, or other receptacle, is so
constructed that no portion of its contents can escape or be
washed into any such waters.
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3. No human excrement, or compost containing human excre-
ment, or contents of any privy or cesspool or sewer, or other
receptacle for the reception or storage of human excrement, shall
be deposited or discharged upon or into the ground at any place
from which any such excrement, compost, or contents, or par-
ticles thereof, may flow or be washed or carried into any lake,
pond, reservoir, stream, ditch, water course, or other open waters,
used by the Metropolitan District Commission as a source, or
for the conveyance, storage, or distribution, of the water supply
of any town or water company, under the provisions of chapter
92 of the General Laws, or into any lake, pond, reservoir, stream,
ditch, water course, or other open waters, the water of which
flows directly or ultimately into any waters so used by said
commission.

4. No house slops, sink waste, water which has been used for
washing or cooking, or other polluted water, shall be discharged
into any lake, pond, reservoir, stream, ditch, water course, or
other open waters, used by the Metropolitan District Commis-
sion as a source, or for the conveyance, storage, or distribution,
of the water supply of any town or water company, under the
provisions of chapter 92 of the General Laws, or into any lake,
pond, reservoir, stream, ditch, water course, or other open waters,
the water of which flows directly or ultimately into any waters
so used by said commission; and no house slops, sink waste,
water which has been used for washing or cooking, or other pol-
luted water, shall be discharged into the ground within fifty feet,
or upon the ground within two hundred and fifty feet, of high-
water mark of any open waters so used by said commission, or
into the ground within fifty feet, or upon the ground within two
hundred and fifty feet, of high-water mark of any open waters
flowing as aforesaid into waters so used by said commission.

5. No garbage, manure, or putrescible matter whatsoever, shall
be put into any lake, pond, reservoir, stream, ditch, water course,
or other open waters, used by the Metropolitan District Com-
mission as a source, or for the conveyance,. storage, or distribu-
tion, of the water supply of any town or water company, under
the provisions of chapter 92 of the General Laws, or into any
lake, pond, reservoir, stream, ditch, water course, or other open
waters, the water of which flows directly or ultimately into any
waters so used by said commission; and no garbage, manure, or
putrescible matter whatsoever, shall, except in the cultivation
and use of the soil in the ordinary methods of agriculture, be put
upon the ground within two hundred and fifty feet of high-water
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mark of any open waters so used by said commission, or within
two hundred and fifty feet of high-water mark of any open waters
flowing as aforesaid into waters so used by said commission.

6. No stable, pig-sty, hen-house, barn-yard, hog-yard, hitching
or standing place for horses, cattle, or other animals, or other
place where animal manure is deposited or accumulates, shall be
located, constructed, or maintained, any part of which is within
fifty feet of high-water mark of any lake, pond, reservoir, stream,
ditch, water course, or other open waters, used by the Metropoli-
tan District Commission as a source, or for the conveyance, stor-
age, or distribution, of the water supply of any town or water
company, under the provisions of chapter 92 of the General Laws,
or within fifty feet of high-water mark of any lake, pond, reser-
voir, stream, ditch, water course, or other open waters, the water
of 'which flows directly or ultimately into any waters so used by
said commission; and no stable or other place, as above enumer-
ated, shall be located, constructed, or maintained, within two
hundred and fifty feet of high-water mark of any open waters so
used by said commission, or within two hundred and fifty feet of
high-water mark of any open waters flowing as aforesaid into
waters so used by said commission, unless suitable and adequate
provision is made to prevent any manure or other polluting mat-
ter from flowing or being washed into such open waters.

7. No interment shall, except by permission in writing by the
Metropolitan District Commission, be made in any cemetery, or
other place of burial, within fifty feet of high-water mark of any
lake, pond, reservoir, stream, ditch, water course, or other open
waters, used by said commission for the water supply of any town
or water company, under the provisions of chapter 92 of the
General Laws, or within fifty feet of high-water mark of any lake,
pond, reservoir, stream, ditch, water course, or other open
waters, the water of which flows directly or ultimately into any
waters so used by said commission.

8. No lands, which were not under the control of cemetery
authorities and used for cemetery purposes on July 1, 1899, from
which the natural drainage flows into any lake, pond, reservoir,
stream, ditch, water course, or other open waters, used by the
Metropolitan District Commission as a source, or for the con-
veyance, storage, or distribution, of the water supply of any
town or water company, under the provisions of chapter 92 of
the General Laws, or into any lake, pond, reservoir, stream,
ditch, water course, or other open waters, the water of which
flows directly or ultimately into any waters so used by said com-
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mission, shall be taken or used for cemetery purposes until a
plan and description of the lands which it is proposed to use for
such purposes, sufficient for their identification, shall be presented
to the State Department of Public Health, and until such taking
or use shall be approved in writing by the State Department of
Public Health.

9. No manufacturing refuse or waste product or polluting
liquid or other substance of a nature poisonous or injurious either
to human beings or animals, or other putrescible organic matter
whatsoever, shall be discharged directly into, or at any place
from which it may flow or be washed or carried into, any lake,
pond, reservoir, stream, ditch, water course, or other open waters,
used by the Metropolitan District Commission as a source, or for
the conveyance, storage, or distribution, of the water supply of
any town or water company, under the provisions of chapter 92
of the General Laws, or into any lake, pond, reservoir, stream,
ditch, water course, or other open waters, the water of which
flows directly or ultimately into any waters so used by said
commission.

10. No system of sewers or other works for the collection, con-
veyance, disposal, or purification, of domestic or manufacturing
sewage or drainage, or any other putrescible organic matter what-
soever, shall, except in accordance with plans first approved in
writing by the State Department of Public Health, be con-
structed or maintained at any place within the watershed of any
lake, pond, reservoir, stream, ditch, water course, or other open
waters, used by the Metropolitan District Commission as a source,
or for the conveyance, storage, or distribution, of the water sup-
ply of any town or water company, under the provisions of chap-
ter 92 of the General Laws. No private or separate sewer shall
be constructed or maintained having an outlet upon or in the
ground within two hundred and fifty feet of high-water mark of
any open waters so used by the Metropolitan District Commis-
sion, or within two hundrd and fifty feet of high-water mark of
any lake, pond, reservoir, stream, ditch, water course, or other
open waters, the water of which flows directly or ultimately into
any waters so used by said commission.

11. No public or private hospital, or other place intended for
the reception or treatment of persons afflicted with a contagious
or infectious disease, shall, until the location and construction
thereof have been approved in writing by the State Depart-
ment of Public Health, be located or constructed at any place
within the watershed of any lake, pond, reservoir, stream, ditch,
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water course, or other open waters, used by the Metropolitan
District Commission as a source, or for the conveyance, storage,
or distribution, of the water supply of any town or water com-
pany, under the provisions of chapter 92 of the General Laws.
No public or private hospital, or other place intended for the
reception or treatment of persons afflicted with a contagious or
infectious disease, shall be maintained at any place within such
watershed, unless all the provisions required by the State De-
partment of Public Health for the purification or disposal of
sewage, drainage, or other polluting or organic matter, which
may be discharged therefrom, have been complied with, and un-
less all orders issued from time to time by the State Depart-
ment of Public Health in relation to the purification and disposal
of sewage, drainage, and other polluting or organic matter, which
may be discharged therefrom, are fully complied with.

12. No tannery, currying shop, or other establishment or place
where the skin, wool, hair, or fur, of any animal is treated, shall,
until the location and construction thereof have been approved
in writing by the State Department of Public Health, be located
or constructed at any place within the watershed of any lake,
pond, reservoir, stream, ditch, water course, or other open waters,
used by the Metropolitan District Commission as a source, or
for the conveyance, storage, or distribution, of the water supply
of any town or water company, under the provisions of chapter
92 of the General Laws. No tannery, currying shop, or other
establishment or place where the skin, wool, hair, or fur, of any
animal is treated, shall be maintained at any place within such
watershed, unless all the provisions required by the State De-
partment of Public Health for the purification or disposal of sew-
age, drainage, or other polluting or organic matter, which may
be discharged therefrom, have been complied with, and unless all
orders issued from time to time by the State Department of Pub-
lic Health in relation to the purification and disposal of sewage,
drainage, and other polluting or organic matter, which may be
discharged therefrom, are fully complied with.

13. No slaughterhouse or other building for carrying on the
business of slaughtering cattle, sheep, or other animals, and no
melting or rendering establishment, shall, until the location and
construction thereof have been approved in writing by the State
Department of Public Health, be located or constructed at any
place within the watershed of any lake, pond, reservoir, stream,
ditch, water course, or other open waters, used by the Metropoli-
tan District Commission as a source, or for the conveyance, stor-
age, or distribution, of the water supply of any town or water
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company, under the provisions of chapter 92 of the General Laws.
No slaughterhouse or other building for carrying on the business
of slaughtering cattle, sheep, or other animals, and no melting or
rendering establishment, shall be maintained at any place within
such watershed, unless all the provisions required by the State
Department of Public Health for the purification or disposal of
sewage, drainage, or other polluting or organic matter, which may
be discharged therefrom, have been complied with, and unless all
orders issued from time to time by the State Department of Public
Health in relation to the purification and disposal of sewage,
drainage, and other polluting or organic matter, which may be
discharged therefrom, are fully complied with.

14. No person shall bathe in, and no person shall, unless per-
mitted by a special regulation or by a written permit of the Met-
ropolitan District Commission, fish in, or send, drive, or put, any
animal into, the Wachusett Reservoir, so called, the open chan-
nel of the Wachusett Aqueduct, Sudbury Reservoir, Hopkinton
Reservoir, Ashland Reservoir, Whitehall Reservoir, Framingham
Reservoir Number 1, Framingham Reservoir Number 2, Fram-
ingham Reservoir Number 3, Lake Cochituate, Spot Pond, Chest-
nut Hill Reservoir, or any other lake, pond, reservoir, aqueduct,
stream, ditch, water course, or other open waters, used by the
Metropolitan District Commission as a source, or for the convey-
ance, storage, or distribution, of the water supply of any town or
water company, under the provisions of chapter 92 of the General
Laws. No person other than a member of the said Metropolitan
District Commission, its officers, agents, or employees, or public
officers whose duties may so require, shall, unless so permitted
by regulation or permit of the said commission, enter or go, in
any boat, skiff, raft, or other contrivance, on or upon the water
of any of said reservoirs, or said lake, pond, or open channel, or
of other such lakes, ponds, reservoirs, or streams, nor shall enter
or go upon, or driveany animal upon, the ice of any of said waters
or other such lakes, ponds, reservoirs, or streams.

15. No person shall enter upon the Wachusett Reservoir, so
called, the open channel of the Wachusett Aqueduct, Sudbury
Reservoir, Hopkinton Reservoir, Ashland Reservoir, Whitehall
Reservoir, Framingham Reservoir Number 1, Framingham Reser-
voir Number 2, Framingham Reservoir Number 3, Lake Cochitu-
ate, Spot Pond, Chestnut Hill Reservoir, or any other lake, pond,
reservoir, aqueduct, stream, ditch, water course, or other open
waters, used by the Metropolitan District Commission as a source,
or for the conveyance, storage, or distribution, of the water sup-
ply of any town or water company, under the provisions of chap-
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ter 92 of the General Laws, for the purpose of cutting or taking
ice, or cut or take ice from any such lake, pond, reservoir, aque-
duct, stream, ditch, water course, or other open waters, without
a written permit granted by said commission, stating the time
and place for which such permission is given.

16. All reports which may be made to any board of health, or
to any health officer of any city or town, of cases of contagious
or infectious diseases occurring within the watershed of any lake,
pond, reservoir, stream, ditch, water course, or other open waters,
used by the Metropolitan District Commission for the water sup-
ply of any town or water company, under the provisions of chap-
ter 92 of the General Laws, shall be open to the inspection at all
reasonable times of said commission, its officers or agents.

Table 1. Areas of Cities and Towns within the Metropolitan Watershedi
Sudbury Watershed.

[Col. 1, from 37th annual report of Harbor and Land Commission, 1915, page 134. Col. 2, from
1915 State Census, page 82.]

Area in square miles.

» I AREA OF CITY OR
TOTAL AREA OF

TOWN WITHIN THE
CITY OR TOWN. WATERSHED.

1. 2. 3. 4.

Gross Net land Gross Net land
area. area. area. area.

12.96 12.41 9.56 9.04
25.54 23.92 5.34 4.50Ashland

Framingham
Holliston 19! 10 18.90 Oil

27.92 26 40 21.07Hopkinton
Marlborough
Northboroui 1.15 1.15

15.42 13.7915.42Southborough
Upton 0.7421.6;

12'27 12.1521.51 21.0;Westborough

74.66 70.0Total

Wachusett Watershed.

19 15.84 11.11 45Bo3dston
Clinton
Holden 20 35.50

41.71 40
29.51 28

0
1Hubbardston

Leominster
Paxton 15,40 14

28.93Princeton
Rutland .

Sterling
West Boylston
Westminster

36.11 35,42 8.41
18.6231.62 30
12,64 n

10 35.63 0.41 OAI
50 37.15 0.22 0.22

Worcester
117.04Total

Includes Worcester's Pine Hill-Kendall area of 9.35 square miles, of which
is land are
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Chapter 48 - Resolves of 1936 c*
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Table 1. Areas of Cities and Towns within the Metropolitan
Watersheds Concluded.

Ware Watershed.

Area in square miles.

AREA OF CITY OR
TOTAL AREA OF

TOWN WITHIN THE
CITY OR TOWN. WATERSHED.

1. 2. 3. 4.
I

Gross Net land Gross Net land
area. area. area. area.

Barre 44.82 44.30 10.12 10.00

Oa
U
kham

Ston M 123 to.ll 4. 25
Phillipston ! ! i IT?Princeton 30.70 35.38 0.19 5. 7
Rutland 36.11 35.42 23.90 23.13
Templeton .... - a 407Westminster 37.10 -

Total - ' 96 80 94 26

Swift Watershed. 1
~

s-s Ss h-
“rtown : : ; : ?l;ii 8:8 .i:S . |iikh : : : ; S:S 10.: S 8:8 :8
Hardwick ' ■ 39.92 38.29 7.86 6.09
MaidwicK .... 26.48 22.27gr Tn|e lilt 35'03 1.60 1.80
Pelham ‘ 24.60 23.60 8.57 7.57
Petersham ‘ 39,02 38.39 34.00 33,54
DU-fr8 94 29 23 70 6.61 6.62
Phillipston f f 14 03 18.48 14.03Prescott 07 20 26 73 12 28 11.99?v“ry mii 6_m elio__

Total -

" 185 90 146 97

1 With town boundaries as at present but assuming Quabbin Reservoir to have filled to tin
designed flow line, elevation 530.
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There are fifteen cities and towns (including Lynn and Saugus),
not now members of the Metropolitan Water District, which are
located within a radius of ten miles of the State House and hence
are, under existing statutes, eligible for membership. About four
or five of these have local supplies which can take care of their
needs for a long period, and these need no consideration as far
as these present studies are concerned. The remainder will, it is
estimated, join the District from time to time during the next
twenty-five years.

Two principal factors determine whether or not and when a
community joins the District. One is the size of the entrance
fee charged and the other is the annual assessment to be paid,
compared with the cost of continuing its local supply.

A number of these communities may feel that they can afford
to use Metropolitan water as soon as the annual assessments are
reduced to a point where the cost per million gallons is less than
$6O. At the present time it is in the vicinity of $lOO. This high
cost will continue for two or three years and will then drop sharply,
and it is estimated that it will fall below $6O in about thirteen
years. The reasons for the present high cost and the expected
reduction are set forth in a discussion of the annual assessments in
the report. These assessments will not be materially increased by
any of the recommendations herein made for a program of im-
provements in the distribution system. The local supplies of a
few of the surrounding municipalities are in such condition that it
would be to their advantage to join the District at an early date,
regardless of the current high cost. They will probably do so if
they are not kept from joining by too high entrance fees.

An entrance fee should be based primarily on the fact that the

Appendix C

ENLARGEMENT OF THE METROPOLITAN WATER
DISTRICT.
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new member is buying a share in the works. Recognition should
also be made that it is necessarily assuming the obligation to help
pay the outstanding indebtedness. Such a fee should in no sense
penalize the applicant for membership on account of any alleged
failure to have exercised its prerogative and joined at an earlier
date, because membership in the District is and has been, since
the Metropolitan Water District, with the original fourteen cities
and towns, was created by the legislation of 1895, entirely volun-
tary, and because every municipality that has elected to develop
its own local sources has been entirely within its rights and has not,
on that account, infringed upon the rights of the members of the
Metropolitan Water District.

To determinesuch a proper basis for entrance fees, it is necessary
to determine the present depreciated value of the works of the
Metropolitan Water District. Some parts of the system have
served a useful purpose in the past, but are of little or no value as a
part of the works planned for the future. It should now be recog-
nized that it is the enlargement of the works and the improvements
in the distribution system which make it possible to increase the
membership; that new members come into the District to enjoy
the benefits as well as to share the obligations of the enlarged
system. Accordingly, after these improvements are made, en-
trance fees should be made as small as possible in keeping with an
equitable sharing of the depreciated value of the works, encourag-
ing new members to join. Not only is each new member itself
benefited, but also, since it shares in the distribution of the total
assessments, the cost per million gallons of water consumed by
every member is reduced somewhat. In a like manner it would
prove beneficial to all if eligibility to the present District were
extended to communities located outside the ten-mile limit.

The following tabulation shows the total capital expenditures
by the Metropolitan Water District, and suggests an appropriate
present depreciated value:



HOUSE —No. 262. [Jan.170

Value of Existing Works.

Depreciated
Cost alue.

Works which will continue in Regular Useafter the Proposed Program
of Improvements on the Distribution System is carried to Com-
pletion. Allow no Depreciation in Most 'asi

Ware-Swift supply, including special investigatioi
Cost to Oct. 1. 1937 $39,165,237
Unexpended balance from bond issues 3,44'

$42,611,466 $42,611,466
Wachusett Reservoir and watershed, includi:

line:
?r transmissionpo’

Cost to Oct. 1, 1937, less miscellaneous n
cember, 1936 . ....

reported to Dedpt
$12,853,000

Unexpended balances from funds for gener;
tection of supply and special facilities .

al cc astruction, pro-
55,768

$12,908,768
Deduct $1,000,000 received from sale of port

Worcester ......
of watershed tcm

11,908.768
Wachusett Aqueduct
Weston Aqueduct
Distribution mains:

1,811,000 1,811,000
2,869,500 2,869,500

Cost to Oct, 1, 193’ $12,053,909
Unexpended balance from funds for impro 445,467anents

$12,449,376
Deduct 10 per cent for replacements and obsolescenc 11,249,438

Extra high service pumpingstations at Hyde Park, Arlington and
Belmont ........... >30,66; 230,665

Distributing reservoirs at Middlesex Fells, Bear Hill, Waban Hilland Arlington and Bellevue, Arlington and Forbes Hill
standpipes

..........

Water District’s share of Metropolitan District Commission’soffice
building

...........

700,000 700,000
250,000 250,000

Wor&s which will continue in Regular or Emergency Use during the
I nterval between theFirst and Second Stages of the Proposed New
Construction, and which will continue as Emergency h
after the Proposed Improvements are completed. Allow 30 pt
cent for Depreciation.

Sudbury Reservoir and watershed ......
Whitehall-Hopkinton-Cordaville diversion to Sudbury Reserv
Distributing reservoirs at Spot Pond and Fisher Hill

,267,500
453,534

2.614.000
362,826

1.549.0001,936,300

IFor&s which will continue in Regular or Emergency Use during the
Interval, but whichwill probably not be required after All Stages
of the Proposed I mprovementsare completed. .4 Row 70 per cent
for Depreciation.

Reservoirs in South Sudbury are 4,100,000 1,230,000
Ashland diversion to Sudbury Aqueduct
Sudbury Aqueduct . . .

55,500185,000
3,522,000 1,256,600

Distributing reservoirs at Chestnut Hill, Mystic and Forbes Hill . 2!230,900 669,270
Pumping stations at Chestnut Hill and Spot Pond . 2^221,894

Deduct $BO,OOO forequipment replacements and obsolescence, and
allow 70 per cent depreciation

...... 642,417

ITor&s which are ofLesser Importance as Emergency Reserves and which
as soon as the Neiv Program is undertaken, should not be included
in determining the I alue of the Works as a Basis for fixing En
trance Fees. Allow 100 per cent for Depreciatioik.

Cochituate Aqueduct 1,224,500
Lake Cochituate .......... 525,000
Mystic works, except Mystic Reservoir ...... 1.000,000

Total $94,547,403 $80,010,450

As shown in this tabulation, a total of 194,547,403 has been
pent for the waterworks system. This includes works in all

stages of usefulness, varying from the old Mystic works purchased
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from the city of Boston as a necessary accompaniment of the
original development and long since completely abandoned, to the
Ware-Swift supply, on which there can be unquestionably no
present depreciation allowed. Some of these expenditures were
made from local funds assessed annually against the members
of the District, but a much greater portion was financed by bond
issues. The total amount will have been about 56 per cent paid
for on April 1,1938, leaving a net bonded debt equal to $41,285,000,
as shown in the following tabulation:

Approximate Net Water Debt as of April 1, 1938.

Metropolitan District
Commission:

Original construction
with sinking fund
bonds . . . $41,398,000 (about 91% paid for) . $3,700,000

Subsequent con-
struction with
serial bonds . 4,287,000 (46.6% paid for) . . 2,289,000

Construction with
current funds and
short term notes . 5,612,403 (100% paid for).

Metropolitan District
Water Supply Com-
mission:

Construction with
serial bonds . . 42,250,000 (16.5% 1 paid for) . 35,290,000

Construction with
current funds . . 1,000,000 (100% paid for).

$94,547,403 $41,285,000

Subtracting the net water debt from the total depreciated value
of the works leaves $38,725,450 as the net value of the works;
that is, the amount paid for out of assessments to and including
that of 1937.

Omitting from consideration Lynn and Saugus, whose water
supply system from the Ipswich River is separate and distinct
from the Metropolitan District, the water supply of the remaining

'Actually about 18.2 per cent of these bond is:
$720,000 will bepaid January 1, 1938, in advance of
towns in the District.

because
and
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thirteen cities and towns, which are eligible to membership in the
District, have an estimated aggregate safe yield of 34.3 m. g. d.
These sources were required in 1936 to supply an aggregate total
of 26.37 m. g. d., and some of them will undoubtedly be continued
in use for many years. It is estimated that the reduction in their
use will not be greater than indicated in the accompanying tabula-
tion. The balance needed to supply the requirements of these
municipalities will, it is estimated, come from District sources
in one way or another, either through the increased membership
in the District, or through the sale of water to non-members.

About two thirds of the yield of these local supplies, a total of
about 30 m. g. d. if we add the amounts diverted by Newton and
Brookline, already members of the District, is taken in one way or
another, by means of wells or surface reservoirs, from the water-
shed of the Charles River. This is a diversion from the river which
ultimately is carried away by the Metropolitan sewers, so that a
great part of the clean upland flow is taken from the Charles River
in the dry season of the year when it and the Charles River Basin
are mostly used for boating, bathing, etc. This flow is greatly
needed to preserve the quality of the water in this great park in
suitable condition for recreational uses, as well as for the comfort
of the many whose homes are adjacent to it. Not only should
further abstractions from the Charles River drainage area be
prohibited, but the time may not be far distant when steps to
secure thereturn of some of the present diversions may be essential.

The actual and estimated growth of population and water
consumption of these thirteen cities and towns are shown in
the accompanying diagrams, Accessions 24684 and 24685, and in
the following tabulation:
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Estimated Requirements of IS Cities and Towns not now Members of the
Metropolitan Water District but located within the 10-Mile Limit (not
including Lynn and Saugus).

r, -i Million gal-Credit mil- , , flvPer capita Totalmillion lion gallons tQ j^e gu _

Year. Population, gallons daily gallons daily daily sup- plied fromconsumed. consumed. plied from Districtlocal sources. sources.

1850 ....
48,915 -

1860 ....
71,964 -

- - -

1870 ....
96,508 -

1880 ....
119,955 -

1885 ....

1890 ....
153,640 - “

1900 ! ! ' .' 191,356 74 14.24 -14.24
1905 ....

204,920 85 17.34 —17.34

1910 221,243 92 20.30 —20.30
1916 I 238,685 78 18.73 -18.73
1920 . 243,678 89 21.66 - 21.66
1926 ' 277,057 83 22.92 -22.92
1930 . . 289,895 90 26.14 -26.03
1935 ....

304,091 88 26.63 -26.63
1936 ....

- 83 26.37 -26.37

Estimated.

1940 .... 325,500 92.0 30.0 -30.0
1945 - - 32.6 —31,1 1.5
1960 ' 368,600 95.5 35.2 -22.6 12.6
1955 ' - - 37.9 -15.0 22.9
1960 ....

411,800 99.0 40.7 - 9.2 31.5
1965 -

- 43.6 —4.0 39.6
1970 454,800 102.5 46.6 -4.0 42.6

1980 . . 497,300 106.0 52.8 -4.0 48.8
1990 . . 539,300 109.5 59.1 -4.0 55.1
2000 . . 580,800 113.0 65.6 -4.0 61.6
2010 . . 621,800 116.0 72.2 -4.0 68.2
2020 . . 661,500 119.0 78.7 -4.0 74.7
2030 . . . 700,000 121.0 84.7 -4.0 80.7
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REPORT ON THE GEOLOGICAL FEATURES ALONG
THE PRESSURE TUNNEL.

(Prepared by Cortland S. Pearsall, Assistant Geologist, under the Direction of
Warren J. Mead, Consulting Geologist

The line which has been investigated as a possible tunnel line
runs southeast from the Wachusett Reservoir to the Wachusett
Aqueduct Terminal Chamber, and then nearly straight to the
heart of Boston. From Parker Hill in Boston the tunnel is split
into two distribution tunnels. One is a short spur to Franklin
Field, and the second line, the north loop, passes through Everett,
Somerville and Belmont, and returns to the main line at the
Charles River crossing. The description of the geology is divided
into two parts; first, of the line from Wachusett Reservoir to the
Charles River ; and second, of the line in the Boston Basin. The
two sections represent different individual geological units which
differ from one another in nearly every respect.

The purpose of the geological investigation was to determine
the types of rock, geological structures, faults, depths of over-
burden, and any other geological features that might present
tunneling problems. The investigation consisted of extensive
diamond drilling in doubtful areas, and detailed examination of
drill core, together with careful examination of the geology along
the tunnel line. This report contains a brief description of the
most important geological features, from the engineering stand-
point, resulting from this study.

Geology of the Pressure Tunnel Line between the
Wachusett Reservoir and the Charles River.

The tunnel line between the Wachusett Reservoir and the
Charles River crosses a belt of strongly altered and metamor-
phosed rocks, with a general southwest-northeast trend. This
belt, which consists largely of schists and gneisses, represents a
series of old shales, sandstones and conglomerates. In a few

Appendix D.

Introduction.
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places remnants of these old conglomerates have survived the
extreme alteration, and thus served as a key to their origin. All
these rocks have been strongly faulted and intruded by several
great granite masses. The intruding granites have welded them
into a solid mass of hard, crystalline rocks.

The extensive mantle of glacial drift which covers the outcrops
and the gradation of boundaries make it particularly difficult to
establish the contacts of various formations and intrusions with
any great measure of accuracy. Many of the granite-schist con-
tacts are large, indefinite zones of several hundreds, or even thou-
sands, of feet. The intense metamorphism and alteration, as
well as the scarcity of outcrops, make it difficult to gain a great
deal of information regarding the original structure of these
rocks. From the engineering standpoint, these structures are not
of great importance. These great masses of gneisses and schists
are so altered that most of the original structures have been
obliterated. There is, however, a general tendency for the axes
of the folds to follow the northeast-southwest trend.

No faults have been observed in the drill holes along this sec-
tion of the tunnel line. It is to be expected, however, that there
are a number of concealed faults in this region.

As the ice retreated northward in the late stages of glaciation,
a thin veneer of hardpan was deposited by the melting ice on the
bedrock surface. As the ice front continued to retreat northward,
the great quantities of water produced by the melting ice built
up large deposits of sand and gravel, filling the valleys and most
of the minor depressions in the rock surface. Many of the pre-
glacial stream valleys were dammed by sands and gravels, pro-
ducing glacial lakes. The valley in which the present Lake
Cochituate lies bears evidence of having been dammed several
times to form a number of successive glacial lakes. Each of these
lakes was in turn filled with glacial sands, gravels and clays until
approximately the present level was reached. The large level
plains in the region of Lake Cochituate and Baiting Brook are
great outwash deposits of sand and gravel from the glacial front.

The most important geological feature, from the engineering
aspect, in this line is the drift-filled, pre-glacial valley, running
northwest-southeast, across the tunnel line, approximately under
drill hole No. 13, on the west shore of Lake Cochituate. The

Glacial Drift,

Pre-Glacial Valleys.
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stream valley is in a deep notch cut in the hard crystalline rocks
by a pre-glacial stream, which seems to have flowed from the
northwest. Hole No. 13, which is approximately in the center
of this valley, was lost about 250 feet below the surface (about
elevation 85, Boston city base). The holes on either side of this
gorge indicate the bottom to be less than 300 feet below the sur-
face (about elevation 135, Boston city base).

Conclusion

1. Good tunneling conditions are indicated by the solid massive
nature of the crystalline rocks through which this section of the
tunnel would pass.

2. In general, the glacial drift forms a moderately thin mantle
over the crystalline rocks of the region.

3. The only point at which the drift reaches any great depth is
in the drift-filled pre-glacial gorge under hole No. 13, At this
point the bottom of the pre-glacial valley is probably less than
300 feet below the surface of Lake Cochituate.

General Geology of the Boston Basin.
Between drill holes No. 16A, about 750 feet west of the Charles

River in Weston, and No. 17A, just east of the Charles River in
Newton, the tunnel line leaves the massive crystalline rocks and
passes through the great west border thrust fault into the Boston
Basin, wherethere is an abrupt change in the character of the rocks.

The basin consists of approximately 1,300 to 4,000 feet of con-
glomerates resting on the old basement complex of the Dedham
granodiorite and the Mattapan volcanics. Immediately above
the conglomerates is approximately 50 to 600 feet of Squantum
tillite. Above the tillite is approximately 3,500 feet of shales,
mudstones and argillites. This shale, mudstone and argillite
member was earlier known as the Cambridge slates. Nowhere in
the basin, however, does this formation show a true slaty char-
acter. For this reason, the formation will be referred to as the
Cambridge argillite.

Geologic Column of the Boston Basin.
Feet.

Glacial deposits 0 to 150
Permian:

Tufts quartzite 40
Cambridge argillite 3,500
Squantum tillite 50 to 600
Roxbury conglomerate 1,300 to 4,000

Pennsylvanian (?) Mattapan volcanics .... oto 2,000
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Extending through the central portion of the Boston Basin,
from east to west, the Roxbury conglomerate forms a large,
broad, gently folded anticline, now exposed by the erosion of the
overlying Cambridge argillites and mudstones. In plan, the anti-
cline is V-shaped, with the apex to the east, where the great
folded arch of the conglomerates pitches under Boston Harbor.
Along the flanks are a series of minor overturned folds and syn-
clines with axes northeast-southwest.

The conglomerate beds of the north flank of the central anti-
cline dip deeply to the north under the Charles River to form the
Cambridge syncline. In this great trough, protected from erosion,
is a thickness of several thousand feet of the Cambridge argillite.
The north limb of this syncline is concealed by the border thrust
fault.

The Great Border Thrust Fault.
The Great Border Thrust Fault of the Boston Basin was pro-

duced by a force from the southeast which pressed the con-
glomerates, argillites and underlying basement complex against
the rim of crystalline rocks which form the north and west mar-
gins of the basin. In the early stages the great central arch and
the Cambridge trough were formed along with minor folds. The
increasing stress from the southeast produced failure in the form
of a thrust fault in the crystallines that border the basin. As
this stress continued, the crystallines were thrust up several
thousand feet, dragging up wedges of the old volcanic rocks from
below the basin.

Pre-Glacial Streams.
In pre-glacial times the Charles River entered the Boston

Basin from the southwest and followed essentially its present
course northward, crossing the tunnel line between holes No.
178, on the west bank of the river in Weston, and No. 17A, on the
east bank of the river in Newton. In the general region of Wal-
tham, the river veered sharply to the east, crossing the north
loop of the tunnel line in the region of hole No. 60, at the west
bank of the Charles off Muldoon’s Court, Waltham. From this
point the river passed south of Watertown, where it was joined
by the pre-glacial Merrimack River. The Merrimack, at this
time, flowed from the north into the Boston Basin by way of the
present Mystic Lakes, and under the north loop at hole No. 55,
just west of Alewife Brook Parkway and south of the Central
Massachusetts Railroad. The large river produced by the com-
bined Charles and Merrimack turned south, crossing the main
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tunnel line near hole No. 31, Ruggles Street at Wentworth Insti-
tute, Boston, and then on out to the ocean.

Both the Mystic and Malden rivers, closely following their
present courses, cut minor channels in the Cambridge argillite.

Shale-Filled Gorge under Hole No. SI
Hole No. 31, Ruggles Street at Wentworth Institute, Boston,

disclosed an ancient gorge, cut in the Roxbury conglomerate
and later filled with sediments, now consolidated into shale and
sandstone. This gorge was probably cut by the combined Merri-
mack and Charles rivers. Its bottom is about 450 feet below the
present rock surface. At some time in the Cretaceous or Tertiary,
when the river no longer flowed in this valley and the land had
sunk below sea level, a series of clays and sands were deposited
in such a manner as to completely fill the gorge. These had
probably become solid, compact shale and sandstone by the time
glaciation took place. Following the retreat of the ice, about 250
feet of sand and clay were deposited over the filled gorge to
produce the present surface.

Glacial Drift.
The lowlands of the Boston Basin are underlain by glacial

blue-clays. In several localities in the lowlands the blue-clays
reach a thickness of 100 feet. Between holes No. 30A, in the
rear of Wentworth Institute, Ruggles Street, and No. 33, in the
rear of the Y. M. C. A., Huntington Avenue, Boston, the blue-
clay is 120 feet thick.

The higher ground is covered with a thin mantle of till, and in
some places considerable thicknesses of sand and gravel occur.

The Charles River-Chestnut Hill Reservoir Section.
Crossing the Charles River, the tunnel line passes through the

great border fault between No. 16A and No. 17A into a wedge of
volcanic rocks which were dragged up by the overthrust Dedham
granodiorite. The volcanic block is, in turn, faulted against the
Cambridge argillites. At approximately 500 to 1,000 feet east of
hole No. 18, Auburn Street, Auburndale, about 700 feet east of
the east bank of the Charles River, the line passes through the
fault and into an overturned syncline of Cambridge argillite,
which extends a short distance beyond hole No. 19, Grove
Street, Auburndale, 2,300 feet east of hole No. 18. At this
point the line enters the conglomerates and cuts through a minor
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thrust fault, approximately 1,500 feet east of hole No. 19. Leav-
ing the thrust fault, the line passes through about 1,500 feet of
conglomerate'on the northwest limb of an anticline, about 1,500
feet of shales in the center, and another 1,500 feet of conglomerate
on the southeast limb.

Halfway between holes No. 19 and No. 20, opposite 466 Lowell.
Avenue, Newton, the line enters a tightly folded anticline of the
Brighton melaphyre, which extends about 500 feet beyond hole
No. 20. The tunnel line cuts through a few hundred feet of con-
glomerate into the shales of another overturned syncline. The
line from this point on to hole No. 23, at Chestnut Hill pumping
station, tends to run more or less parallel to the axis of the fold.

The exact relation of the shales and conglomerate between
holes No. 22, Applegarth Street, Newton, and No. 23 is uncertain.
It is quite possible that the shale formation that underlies Chest-
nut Hill Reservoir may persist through to hole No. 22.

Faults.

The widespread covering of glacial drift has concealed all sur-
face evidence of minor faults. One exception is a small over-
thrust fault on the'north edge of the Chestnut Hill Reservoir.
The fault is of no importance, as it does not cross the tunnel line.

The minor fault east of hole No. 19 is inferred from the structural
relations. The displacement is probably small and of little im-
portance.

The fault east of hole No. 18 may be composed of several minor
faults along the edge of the volcanic block. The exact position
and angle of these faults, or fault, are unknown.

Border Fault.
The main fault which brings the Dedham granodiorite in con-

tact with the volcanics comes to the surface under the Charles
River and cuts through the lower part of hole No. 178. The
fault dips to the east at an angle of about 50°. The second big
fault is in the granodiorite itself, and dips to the east at an angle
of 10° to 15°. Both of these main faults reach the rock surface in
the water-saturated sands and gravels under the Charles River.
Both faults are open zones, filled with clay and crushed rock.

In the region of the main fault there are a large number of
fracture zones and fissures. In hole No. 178, through which
both main faults pass, the rock was badly broken and weathered.
Nearly all the rock in hole No. 17 showed effects of weathering,
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as well as many fractures. Artesian flow from the drill rods was
observed in this hole.

The rock in No. 16A is quite solid down to the fault near the
middle of the hole. There is a small zone of badly weathered
rock directly below the fault which grades into solid rock at the
bottom. For about a hundred and fifty feet above the fault the
rather badly fractured granodiorite has been completely cemented
with iron oxide to form a strong solid rock.

The Tunnel from Hole No. 23 to Hole No. fl
From hole No. 23, at Chestnut Hill pumping station, the tun-

nel line enters an area, thickly covered with glacial drift, of which
nothing is known of the minor structure. A short distance from
Chestnut Hill Reservoir the tunnel line passes into the conglom-
erates and continues in the formation to hole No. 29 on Parker
Hill. From Parker Hill the Franklin Field line crosses the south
flank of the central anticline to the edge of the southern syncline.
The main tunnel line swings to the northeast, dropping down
off the central anticline into the argillites of the Cambridge
trough to hole No. 41, Charlestown, at Warren bridge.

The North Loop.
From holes No. 41 to No. 52, on the west side of Broadway,

Everett, opposite Dexter Street, the tunnel line continues through
the argillites of the Cambridge syncline. At hole No. 52 the line
swings sharply to the west, running more or less parallel to the
axis of the syncline, until it reaches the Belmont pumping station.
Although hole No. 57, at the pumping station, is only a few hun-
dred feet from the border thrust fault, the rock proved to be
perfectly sound.

Earthquakes.

In the period of three hundred and ten years, from 1627 to the
present, several hundred earthquakes have been reported in the
New England region. The only one in Massachusetts which
reached a destructive magnitude was the great Boston earth-
quake of 1755. The damage from this earthquake was largely
limited to the destruction of chimneys. Evidence seems to indi-
cate that the great Boston earthquake was hardly more than a
rather moderate shock. It is probable that all the earthquakes
felt in eastern Massachusetts have their origin in one of three
areas: first, the small area near the tip of Cape Cod; second, a
small area along the continental shelf near Newburyport; and
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the third area, on the continental shelf near Newport, Rhode
Island. In view of the fact that there are no known earthquake
centers in Massachusetts, there seems to be little reason to antici-
pate shocks of destructive magnitude. The greatest danger in
earthquakes would occur from movement of faults. There is no
evidence of any recent activity along any of the larger faults in
the Boston Basin or in the region some distance to the west.

Regional Subsidence.
There has been much discussion by geologists of a possible

widespread sinking or subsidence of the coastal region of New
England.

The matter of regional subsidence, however, does not present
an engineering problem, because there is serious question of its
occurrence, and, if it exists, the rate would be too slow to be of
consequence. Local changes in tide levels have undoubtedly
afforded much of the so-called evidence of recent subsidence.
Johnson 1 cites a case of this type. During the storm of 1898, a
large opening was made in the barrier beach near Scituate, which
formerly nearly closed the mouth of the bay. As a result, the
high-tide level in the bay increased about 20 inches. The result-
ing high tides killed many trees on the margin of the bay. A
number of geologists have offered dead trees on the margin of
salt water as indication of change in level of the land. It is
obvious that this type of evidence is not always trustworthy.

Several types of natural phenomena may produce what appears
to be subsidence of the land. The normal compaction of the
material in salt marshes and peaty land may cause considerable
change in the level of the ground. Local subsidence of peaty
ground, due to lowering of the water table, has been observed.
In some localities this compaction has amounted to several feet.
Noticeable compaction very likely takes place as the result of
the draining of salt marshes.

Engineers have made a number of observations with respect to
bench marks. There seems to be some doubt regarding the value
of evidence offered by old bench marks. Many of these bench
marks have been moved, or were established in unstable ground.
Furthermore, there seems to be evidence at times of considerable
error in what were reputed to be precise levels. Both in New
York City and Boston the rate of subsidence has been estimated

1 D. W. Johnson: Botanical Phenomena and the Problem of Recent Coastal Subsidence
The Botanical Gazette, Vol. LVI, No. 6, December, 1913, p. 464.
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by engineers to be approximately a foot in a hundred years. On
the other hand, the Coast and Geodetic Survey has observed no
change in level in the last seventeen years. It is quite possible
that errors in the early bench marks and levels may be the cause
of part of this apparent subsidence.

The old river channels in the continental shelf and the drowned
river mouths of the Boston Basin are undeniable evidence of
considerable subsidence of the land, but geological evidence indi-
cates that approximately the present condition was reached dur-
ing the last glaciation. This subsidence very likely in large part
was due to the great weight of ice which covered this region. It
seems reasonable to expect that the subsidence of the glacial
period would tend to stop with the removal of the ice. It is esti-
mated to be 30,000 years since the end of the last glaciation in
this area. It might be expected that the tendency would be for
the land to rise, rather than subside, as a result of release of ice
pressure. Movement of this type is taking place in the Great
Lakes region at the present time.

There seems to be no conclusive proof that the land is not
stable or nearly so at the present time.

Conclusions.
1. Drilling along the main line has established the rock profile

with sufficient accuracy to determine the required tunnel depth.
(a) The most extensive drilling was necessitated in the blue-

clays of the Boston lowland.
(b) The blue-clay deposits reach a thickness of 120 feet
(c) Combined deposits of sands, gravels and clay reach a depth

of 250 feet.
2. The ancient river gorge under hole No. 31, near Parker Hill,

has been filled with sandstone and shale.
(a) The sandstone and shale are strong enough to stand up

well in tunneling operations.
(5) The material is compact and tight.
3. In general, the rocks in the Charles River-Chestnut Hill

section present good tunneling conditions.
(a) The rather intense folding seems to have had remarkably

little fracturing effect on these rocks.
4. There are two major faults at the Charles River, and a third

east of hole No. 18.
(a) The major faults have produced a great deal of badly

broken and weathered rock in holes No. 17, No. 178 and No. 17A.
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(b ) Hole No. 16A, about 600 feet west of No. 17, shows a marked
improvement in the condition of the rock.

(c) It seems desirable, if possible, to locate the unwatering
shaft a few hundred feet west of No. 16A, to insure sound rock
throughout the shaft.

(d) The angle and exact location of the fault east of No. 18 are
not known.

(e) The fault has probably produced a more or less open or
crushed zone. -

5. The most important problem in the North Loop line is the
fault area southwest of Belmont.

6. No difficulty is anticipated in the tunnel line between hole
No. 23 and hole No. 41.

7. The available evidence indicates that earthquakes and sub-
sidence have no bearing on the engineering of the pressure tunnel.
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General Description.

The total daily average consumption within the District in
1936 was about 134 m. g. d. Of this total, 65 m. g. d., or 49 per
cent, was pumped for distribution to the higher districts, and 69
m. g. d., or 51 per cent, was distributed without pumping.

Pumping is done in six stations, two at Chestnut Hill, and one
each at Spot Pond, Arlington, Belmont and Hyde Park. Until
the Belmont station was completed and the new Arlington Reser-
voir put into service on June 16, 1937, the city of Newton also
pumped for the District from Lower Waban Hill Reservoir to
Upper Waban Hill Reservoir for the supply of a portion of Water-
town. This assistance from Newton is now discontinued.

The accompanying table shows in condensed form what towns
and cities are served by each pumping service, the amounts
pumped, and other pertinent data. This table, while based on
the total consumption actually occurring in 1936, shows how the
pumping would have been distributed if the Belmont station and
new Arlington Reservoir had been in service, and if certain por-
tions of Arlington, now on the northern extra high service, had
been transferred to the intermediate high service as is contem-
plated.

At Chestnut Hill No. 2 station there are three pumping engines
having a capacity of 35 m. g. d. each, which are held in reserve to
pump into the low pressure system in case of interruption to
service of low pressure supply mains. No water was pumped
into the low pressure system in 1936; 1.86 million gallons were
so pumped in 1935; and 1.28 million gallons in 1934.

Appendix E.

COST OF PUMPING AT THE PUMPING STATIONS OF
THE METROPOLITAN WATER DISTRICT.
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Condition of Equipment
All equipment is maintained in first-class operating condition.

Boilers are retubed and otherwise repaired or replaced as required,
to permit carrying the steam pressures for which the pumping
engines were designed. All reciprocating pumps are of heavy
construction and slow speed. Their mechanical life is practically
without limit with the attention and maintenance care which
they receive. They are highly economical as concerns operating
costs. There is no reason to anticipate the replacement or re-
moval of any of the reciprocating pumps, unless and until addi-
tional capacity is required.

The present equipment of pumps and boilers in each station is
listed in the accompanying table.

Pumping Station Equipment.
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Present Station Capacities.
.

Capacity (million-
gallons per day).

Station. Service.
Total. Safe. 1

Chestnut Hill No. 1 Southern high 130 80
Chestnut Hill No. 2 Southern high ... 40

No. 1 and No. 2 combined . Southern high . 170 120
Chestnut Hill No. 2 ...

. Low ..... 105 70
Hyde Park ...... Southern extra high 6 3
Spot Pond ...... Northern high . 50 30
Arlington Northern extra high . . 7.9 4.9
Belmont Intermediate . . 6.9 2 3.7

Safe pumping capacity assumes the largest unit in each station out of commission,
2 With increase of head on Belmont station due to increasing frictional resistance of mains,

these capacities will be somewhat reduced in the course of time.

The following table shows the estimated future average yearly
requirements of each pumping service, both on the assumption
that no tunnel is built, and on the assumption that the proposed
distribution tunnel is built in two steps as recommended, the first
of which, including a tunnel from Weston to Chestnut Hill, would
be completed by the end of 1942, and the second and final, by
the end of 1957.

Future Pumpustc
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Adequacy of Present Stations for Future Pumping.

Required Safe Capacity.
The safe pumping capacity of each station, he., the capacity

remaining with the largest unit out of commission, should be in
excess of the average pumpage required in the week of maximum
consumption.

Probable Peak-Week Consumption in Future
The peak-week consumptions which may be expected in the

future, both with and without the construction of the proposed
tunnel, are given in the following table:

Probable Average Pumping in Peak Week Million Gallons per Day.

If tunnel is built, in two steTUNNEL IS BUILT

Chest- Chest-
Arling- Bel-Year. nut Hill Hyde Spot Arling- Bel- nut Hill H

Sta- Park Pond ton mont Sta- Park Pond ton mont
tions Sta- Sta- Sta- Sta- tions Sta- Sta- Sta- Sta-
Nos. 1 tion. tion. tion. tion. Nos. 1 tion. tion. tion. tion.
and 2. and 2.

1940 68.3 3.38 18.8 2.64 3.06 68.3 3.38 18.8 2.64 3.06
1945 74.8 3.75 22.4 3.23 3.66 74.8 3.75 22.4 3.23 3.66
1950 82.3 4.13 , 24.6 4.34 4.34 82.3 4.13 24.6 4.34 4.34
1955 92.0 4.50 ! 28.2 5.30 5.27 92.0 4.50 28.2 5.30 5.27
1960 112.3 4.88 , 30.6 6.29 6.21 I - 4.88 3.57 6.29 3.40

oleted in 1957,First step of tunnel completed in 1942. Tu:

Increases in Pumping Capacity Required.
If the peak-week pumping requirements of each station shown

in this table be compared with the present safe pumping capacities,
as shown in a preceding table, it is evident that additional pump-
ing capacity should be installed at once at Hyde Park, before 1945
at Belmont, and between 1950 and 1955 at Arlington. The present
safe capacities of the Chestnut Hill No. 1 and No. 2 stations
combined appear to be adequate, and that of the Spot Pond station
nearly so until 1960. Special consideration and comment, how-
ever, is necessary with reference to the Arlington station and to the
situation at Chestnut Hill.

Arlington Station. The capacity of the Arlington station is
now limited by the capacity of the discharge mains. During the
week ending July 31, 1937, the practical limit of the capacity of
the mains was reached, with an average pumpage of 3,828,000
gallons on July 29 and 3,961,000 gallons on July 30. During this
two-day period, two pumps, No. 10 and No. 18, with rated ca-
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pacities of 1.9 and 3.0 m. g. d., respectively, operated continuously
with the 3 m. g. d. steam turbine-driven centrifugal pump, No. 15,
held in reserve. The combined discharge was about Im.g. d. less
than the rated 4.9 m. g. d. capacity of these pumps, which has
been given as the present safe pumping capacity of the station.
The reason for this deficiency lies in the excessive head placed
on the pumps by the friction of the piping system. Before the
present safe pumping capacity can be utilized, this situation must
be corrected.

A standpipe with full flow line, at the same elevation as that of
the present standpipe on Arlington Heights, situated on Turkey
Hill in Arlington, has been under consideration by the District for
several years. If this standpipe should be constructed with a new
force main from the pumping station, connecting at the pumping
station to the present force main leading to the standpipe on
Arlington Heights, the operating head on the pumps would be
reduced so that their full capacity could be utilized. This con-
struction should be undertaken in the near future, and in estimat-
ing the time when an increase in pumping capacity at the Arlington
station will be required, it is assumed that the proposed Turkey
Hill standpipe is in service.

Furthermore, it is proposed to transfer at once a portion of
Arlington now on the northern extra high service (Arlington
station) to the intermediate high service (Belmont station and
new Arlington Reservoir). This will reduce the pumpage at the
Arlington station about 30 per cent, and this transfer has also
been assumed in estimating the time when additional pumping
capacity will be required at the Arlington station.

With these assumptions, namely, that the Turkey Hill stand-
pipe and force main will be built in the near future, and that the
proposed transfer of certainportions of Arlington from the northern
extra high service to the intermediate high service will be effected
at once, Arlington station will probably not require additional
pumping capacity until about 1953, at which time the present
cross compound engine No. 10, having a capacity of 1.9 m. g. d.,
would be removed and a steam turbine-driven centrifugal pump
with a capacity of 4 to 6 m. g. d. installed in its place.

It is not improbable, however, that prudence may dictate this
or a greater increase in capacity at an earlier date, for the reason
that the northern extra high service may be called upon in emer-
gency to supply the intermediate high service. Such an emer-
gency might be an interruption to the service of the Belmont
station, which is operated by electricity.
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Chestnut Hill Stations. —Pumping into southern high service
systems is done at both Chestnut Hill stations No. 1 and No. 2.

The amounts pumped during 1936 are as follows

Station No. 1 : Million gallons.
Engine No. 4 555.7
Engine Xo. 16 4,588,9
Engine Xo. 19 2.5
Engine Xo. 20 1,380.8

6,527.9
Station Xo. 2;

Engine Xo. 12 10,921.0

Total, stations Xo. 1 and No. 2 17,448.9

It will be noted that over 60 per cent of the total was pumped
in station No. 2 by engine No. 12, which is the only high-service
engine in that station.

The division of the high-service pumps into two stations, each
of which has an independent boiler plant, is a safety factor in
insuring continuity of service in case of emergency.- However,
this factor is not fully realized, owing to the fact that the capacity
of station with its single high-service engine, 40 m. g. d., is
not enough to carry the whole load in case of an emergency putting
the boiler plant at station No. 1 out of commission. Furthermore,
should such an emergency occur at a time when the engine in
station No. 2 is undergoing repairs, the entire southern high
service would be without water.

For these reasons it is desirable
steam turbine unit be installed in
for such a unit.

that an additional 50 m. g. d.
station No. 2. There is room

and Desirable Additions toSummary of Certain Necessary

The estimated cost of these additions to pumping capacities
must in any e\r ent be included in appropriations for maintenance,
since theirnecessity is independent of the construction of the distri-
bution tunnel and other major improvementsrecommended herein.

1. At Hyde Park station, an additional 3 m. g. d. pumping
unit, at once, at a cost of about $lO,OOO.

2. At Arlington station, replacement of engine No. 10, with a
capacity of 1.9 m. g. d., with a centrifugal pump with a capacity
of 4 to 6 m. g. d., before 1953, at a cost of about $15,000.
This cost does not'include the proposed Turkey Hill standpipe

Pumping Station Capacities.



HOUSE — No. 262. [Jan.194

and force main, which, together with an additional suction main
and additional distribution mains, form a project estimated to
cost about $426,000

3. At Belmont station, installation of a third unit of 3 m. g. d.
capacity for which provision has been made in the construction
of the station, in 1945, at a cost of about $5,000.

4. At Chestnut Hill station No. 2, addition of a 50 m. g. d.
steam turbine-driven centrifugal pumping unit, at once, at a cost
of $35,000.

Cost of Pumpinc

In the Year 1928.
Pumping costs for the year 1928, covering labor, fuel, repairs

and supplies, are given in the accompanying table. Fixed charges
are not included.

Cost of Pumping in Metropolitan Water District, 1928.
Total Costs.

Chestnut Chestnut Hyde Snot .Hill No. 1. Hill No. 2. Park. Pond. Arlington. Total.

feab
,
or • ' 836,071 I] 55i,408 45 $11,003 01 $18,744 52 $16,228 91 $133,456 60E Uel ■ H'lSf! ?J 27,092 16 1,672 60 12,201 28 3,932 60 59,748 65Repairs . 3,941 15 4,891 05 365 96 1,155 82 1 542 79 11 896 77Supplies. . 2,415 60 2,476 44 471 40 1,157 82 728 90 7,250 16

$57,188 47 $85,868 10 $13,512 97 $33,349 44 $22,433 20 $212,352 18

Costs per Million Gallons.

I rf-neS;nu!: Chstort Hyde Spot ...

. WeightedI Hill No. 1. Hill No. 2. Park. Pond. Arlington. a
®

e
g
ra
“

gL ■ : ■ is f| ’ll snepairs ... 65 30 75 29 2 87 432Supphes . . . 40 16_ 97 29 135
89 48 $5 21 $27 8! sTm $4l 70 $7715

Costs per Million-Foot Gallons.
La

ü
bor ; . . $0 0449 $0 0306 $0 1528 $0 0356 $71094

suppiSs: : : S S ml Jg| K
$0 0712 SO 0512 SO 1876 $0 0633 SO 1512 50.0658

Million gallons 6,040 16,470 486 4 000 =o o o- meMillion gallons daily 16.5 45.0 1.33 10 9 ,
2/,536

Average head 133 102 148 132 or r To. 20
pumped against
(feet).

Million-foot gallons . 803,000 1,680,000 72,000 528,000 148,000 3 931000
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In the Year 1936.
Pumping costs, covering superintendence, labor, fuel and

supplies, for 1936, are shown in the accompanying table. Repairs
and renewals vary from year to year, and in the table $19,000 has
been taken as a reasonable average annual total for this item,
distributed among the stations as shown. Other costs are those
actually occurring in 1936.

Cost of Pumping in Metropolitan Water District, 1936
Total Costs.

Chestnut Chestnut Hyde Spot A.• .
„

Hill No. 1. Hill No. 2. Park. Pond. Arlington. Total.

Superintendence $3,344 55 $3,924 11
Labor . . 40,923 52 48,764 88

51,219 49 $2,112 98 $1,473 05 $12,074 18
18,579 68 27,574 86 21,267 19 157,110 13

Fuel . . 13,832 88 15,938 29 1,643 67 7,588 98 3,036 18 42,040 00
Repairs . . 7,400 00 7,600 00 iOO 00 2,400 00 1,000 00 19,000 00
Supplies . . . 2,714 99 2,637 02 793 69 1,404 61 1,043 80 8.594 11

$68,215 94 $78,864 30 2,836 53 $41,081 43 $27,820 22 $238,818 42

Costs per Million Gallons

Hyde Spot Arlington ' Weighted
Park. Pond. Arlington. • avera

Chestnut Chestnut
Hill No. 1. Hill No. 2

Superintendence $0 51 $0 36 $1 95 $0 46 $1 96 $0 5!
Labor ... 6 26 4 46 29 78 6 04 28 33
Fuel 46 2 64 1 66 4 04 1 80
Repai: 1 13 70 96 53 1 33 81
Suppli< 42 24 1 27 31 1 39 37

$lO 44 1 $7 22 > $36 60 $9 00 $37 05 $lO 21

Costs per Million-j■Foot Gallons.

Superintendence $0 0039 $0 0030
Labor 0478 0369
Fuel 0162 0120

$0 0143 $0 0037 $0 0070 $0 0040
0482 1018 0517

0120 0193 0133 0145 0138
Repairs . 0087 0057 0071 0042 0048 0063

0093 0025 0050 0028Supplies . . . 0032 0020
$0 07' $0 2686 $0 0719 SO051 >0 0786

Million gallc 624 4.568 751 23.39210,921
Milliongallons daily
Average head

1.70 128 29.8
121

pumped
feet

Million-foot gallo 855,000 1.321,000 5,400 571,000 209.000 3,041,000

Weighted average of both stations, $B.
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Estimated Cost of Pumping in the Future
The following table shows the estimated annual cost of pumping

in the future, exclusive of fixed charges, both on the basis of no
tunnel and on the basis of constructing the proposed tunnel in
two steps; the first, which includes a tunnel from Weston to
Chestnut Hill, to be completed at the end of 1942, and the second
and final to be completed in 1957.

This table is based on the estimated quantities pumped shown
in the table under “Future Pumping,” page 190.

The estimated costs of operating the steam stations (all stations
except Belmont, which operates on purchased electricity) are
based on 1936 fuel costs and the assumption that other costs are
constant from year to year.

The Belmont costs, except as noted, are based on the present
rates for that service which may or may not be modified in the
future. These rates include a penalty of about 51,200 per month
(S4O per day) which will apply to any month in which pumping is
done between the hours of 5 p.m. and midnight, with the exception
that pumping within these hours is at present permitted between
June 15 and October 15 without penalty. This exception, how-
ever, has not been taken into consideration in the estimates.
Operation between these hours is not now necessary, and, except
in case of emergency, will apparently not be necessary until some
time after 1950.

The reduction in costs at Chestnut Hill, following the comple-
tion of the first step of tunnel construction in 1942, is the result
of the reduction in operating head which would be brought about
by the construction of the tunnel from Weston to Chestnut Hill.

The final completion of the tunnel will reduce the head on the
Arlington pumps and cut down the fuel costs somewhat, this
reduction amounting to about $1,400 per year in 1960.
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Changes Required at Pumping Stations if Proposed Dis-
tribution Tunnel is Built

Chestnut Hill Stations.
The proposed first step in the construction of the proposed

distribution tunnel includes the construction of the tunnel from
Weston to Chestnut Hill, and the elimination of pumping from
Chestnut Hill Reservoir except in case of emergency. A pressure
main would be installed from the tunnel to the pumping stations
to which each pump would be connected with provisions for
reverting to draft from Chestnut Hill Reservoir in case of emer-
gency. Drawing from the pressure main would put a pressure
of about 25 pounds per square inch on the suction side of the
pumps in place of the present suction lift and would reduce the
total operating head on the pumps by about 60 feet. These
changed conditions will necessitate a reduction in steam pressure,
the installation of an additional air chamber or chambers on the
pump suction piping or other means of taking care of surge, and
changes in the steam turbine driving elements and the centrifugal
pumps of engines Nos. 19 and 20.

The estimated cost of these changes, including the pressure
main and the pump connections thereto, is $225,000.

The proposed second and final step in the construction of the
distribution tunnel will eliminate the necessity for pumping at
Chestnut Hill for all time.

No changes will be required at Hyde Park station by the con-
struction of the proposed pressure tunnel.

Spot Pond Station.
The proposed first step in the construction of the proposed

pressure tunnel includes the extension of the 60-inch main from
Weston, which now discharges into Spot Pond at its southerly
end, to the vicinity of the Spot Pond station and its connection
there to the existing 48-inch main from Chestnut Hill, and changes
in the supply connections to the pump suction wells whereby
draft of water from Spot Pond will be virtually eliminated. There
will be no changes required in the pumps or other equipment.

The estimated cost of these changes, including the extension
of the existing 60-inch main, is $330,000.

Hyde Park Station.
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The second and final step in the proposed distribution tunnel
project will eliminate pumping at Spot Pond for all time except
that required for the Bear Hill service. Until the completion of
the proposed tunnel, this service will be supplied, as now, by the
same pumps supplying the northern high service, by throttling
the discharge to the northern high service to the point where the
pressure on the pumps is sufficient to cause a flow to the Bear Hill
Reservoir. Upon the completion of the tunnel and the abandon-
ment of all other pumping, new pumps must be installed for the
Bear Hill service. Presumably the present station would then be
abandoned and a new and smaller station erected, probably with
Diesel engine-operated centrifugal pumps. Such a station com-
plete is estimated to cost about $35,000.

Arlington Station.
The Arlington station will not be affected by the completion of

the first step of the tunnel project.
The completion of the tunnel, however, will reduce the total

working head on the pumps by about 70 feet, due to an increase
of that amount in the pressure on the suction. To meet this
condition, it will be necessary to reduce the steam pressure and
to make changes in the steam turbine-driven centrifugal pump.

The estimated cost of these alterations, including the replace-
ment of Engine No. 15 with a new unit, is $15,000.

Belmont Station.
The Belmont station will not be affected by the completion of

the first step of the tunnel project.
The completion of the tunnel, however, will increase the pres-

sure on the suction about 57 feet, or 25 pounds per square inch,
and reduce the total operating head by a like amount. This will
necessitate changing the impeller on each pump at a cost of about
$5OO each.
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For the purpose of the estimates presented herein, studies and
preliminary designs have been made of a plan for ultimately
replacing the District’s grade-line aqueducts, east of the Wachu-
sett Aqueduct terminal chamber, with pressure aqueducts and
tunnels, abandoning Chestnut Hill Reservoir and Spot Pond and
the pumping stations at these locations, and delivering water from
Quabbin and Wachusett reservoirs by gravity directly to the high-
service reservoirs in the District, retaining Sudbury Reservoir and
Weston Aqueduct as reserves. The accompanying sheet, Acces-
sion 24683, shows in plan the existing reservoirs and aqueducts
of the District, and Accession 24687 show's the recommended
layout.

Many alternative plans were studied and rejected in favor of
the recommended plan. Plans for filtration of the supply were
studied and estimates of cost made. Although the time may come
when the condition of the w'ater supply may require filtration, the
greatest present need is to protect the supply from pollution and
to improve the distribution system by pressure aqueducts as
recommended. The quality of the supply can be adequately
safeguarded for many years by this pressure aqueduct and the
sanitary works proposed, at a resultant expense much less than
general filtration of the supply at this time.

Various routes were examined for a pressure aqueduct location;
(a) The route adopted is via cut-and-cover pressure aqueduct

from the Wachusett Aqueduct terminal chamber easterly about
two miles to a downtake shaft, thence easterly via pressure tunnel
under Sudbury Reservoir to an uptake shaft at Sudbury Dam,
thence easterly via cut-and-cover pressure aqueduct to a distrib-
uting reservoir site, and then to a point near the Weston Aque-
duct terminal chamber, thence via a pressure tunnel loop under
the District, distributing the water at various shaft heads on the
loop. The diameter of tunnel required for the loop is materially

Appendix F.

STUDIES MADE TO DETERMINE THE DETAILS OF
DESIGN.
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smaller than that required for a single tunnel, as the water can
flow to any point of heavy demand in two directions around the
loop, and hence more effectively. Borings were made along this
line, and they indicate that it is feasible to construct this tunnel
loop in solid rock for the entire distance. Because parts of the
loop can be built as the needs of the District require, this con-
struction is cheaper over a long period of time than a single tunnel
would be, and requires a smaller expenditure of money at
as only one section of the loop is now urgently needed. This loop
starts at Shaft 6 west of the Charles River, described in (c) below,
and follows the location therein described through Shafts 7 and
Bto Shaft 9at Parker Hill. This shaft should be a three-way shaft,
allowing for a connection to be built in the future to supply the
needs of the southern part of the District. A tunnel from Shaft
9 to Franklin Field will be required in the future to meet the
demands of communities south of Boston, and this tunnel may be
further extended by tunnel or by pressure mains to a distribution
reservoir in the Blue Hills, if and when one is needed. The three-
way shaft will allow the possibility of future separate unwater-
ing of either of the three tunnel branches from Shaft 9. The
tunnel location then continues in rock about 400 feet under the
city streets, as shown on Accession 24688, to Columbus Avenue,
Shaft 10; Boston Common, Shaft 11; and about 450 feet deep
under the Charles River to Shaft 12 in Charlestown. This shaft
is an unwatering shaft for separate unwatering of either the tunnel
between Shafts 9 and 12, or that between Shafts 12 and 14. The
tops of these shafts are connected to the distribution system with
special valves and safety arrangements, as indicated on Accession
24690. The tunnel location then continues in rock under the
Mystic River to Shaft 13 in Everett and thence westerly again
under the Mystic River to Shaft 14 in Somerville. The tunnel
locations under this river are about 300 to 350 feet below the river
level. Shaft 14 in Somerville is a two-way shaft which permits,
unwatering of the tunnel east of Shaft 14 by the pumping plant
in Charlestown, and of the tunnel westerly of Shaft 14 by the
unwatering plant at Shaft 6 on the Charles River, maintaining
from each part of the shaft an adequate connection to Fells Dis-
tributing Reservoir. The tunnel location continues westerly to-
Shaft 15 in Belmont and then southwesterly to Shaft 16 in Wal-
tham, and from there to Shaft 6 on the Charles River, completing
the loop.

(6) A pressure tunnel direct from Wachusett Reservoir to.
Chestnut Hill was considered. While construction of such a line
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would provide an ample supply of water of excellent quality under
high pressures, and would reduce pumping to a minimum, the
initial cost of such a tunnel would be extremely high, since, to be
effective, the entire length would have to be built at once. Also
Sudbury Reservoir is too far to the south to be operated as a
reserve unit on this line. Therefore this location was not further
considered.

(c) A pressure tunnel was laid out and carefully studied, from
the terminal chamber of the Wachusett Aqueduct direct to Chest-
nut Hill, which could at some future time be extended north-
westerly to take its supply directly from Wachusett Reservoir.
Borings into the bedrock were made along this location to deter-
mine the suitability of the rock for tunnel construction, and shaft
sites were examined and surveyed. This line is shown on sheets,
Accessions 24687 and 24688, being noted thereon as the alternate
pressure tunnel line from Wachusett Aqueduct terminal chamber
to Charles River. The first shaft of this tunnel is located near the
Wachusett Aqueduct terminal chamber, a connection with the
existing Wachusett Aqueduct being provided there. This shaft
would be about 250 feet deep, and from it the tunnel would run
easterly in rock, about 300 feet under Sudbury Reservoir, to
Shaft 2 located near the Sudbury Dam. There, connections to
both the Sudbury Reservoir and the Weston Aqueduct would be
provided for use in emergencies. This tunnel would continue
easterly through rock with a minimum rock cover of about 200
to 300 feet, under the deep rock gorge at Lake Cochituate, to
Shaft 5, located at a suggested site of a new distributing reservoir.
The tunnel line would pass about 450 feet under Lake Cochituate.
The tunnel would continue easterly to Shaft 6 which is located in
the town of Weston near the Charles River, and which would be
used for unwatering the tunnel between Shafts 1 and 6 when
inspection is desired. This shaft would be connected for emergency
use to the terminal chamber of the Weston Aqueduct or pipes
leading therefrom, and would be equipped with special unwatering
pumps and other equipment. The tunnel would then pass about
400 feet under the Charles River, and continue in solid rock
easterly to Shaft 8 located at Chestnut Hill Reservoir. The
tunnel would be about 400 feet below the level of this reservoir.
At Shaft 8, as well as at other shafts within the District, provi-
sions for connecting with the existing distribution network would
be made. A development following the general location above
described, is admirably adapted to be built in sections, step by
step, to reduce the first cost. However, as hereinafter described,
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estimates show that the most economical method of construction
in the suburban and rural areas west of the Charles River is by
cut-and-cover pressure aqueduct rather than by tunnel.

(d) A single tunnel was studied extending under Boston to
Charlestown and Everett, water being distributed into the exist-
ing mains through shaft connections. Under this plan all water
for the District would be supplied by one large tunnel. This plan
proved to be less desirable economically, and the single tunnel
would not distribute the water as well, so this plan was dropped
in favor of the tunnel loop described above.

Sections illustrative of the recommended type of tunnel con-
struction are shown on Accession 24689. This construction con-
sists of driving a tunnel in soundrock well below the ground surface
and well below the surface of bedrock, the actual depths ranging
from 200 to 600 feet, and lining the tunnel with concrete of suffi-
cient thickness to prevent seepage of water. Where the rock is
not sound enough to be self-supporting during construction, the
supported section shown would be used. The entire tunnel would
be thoroughly grouted watertight, with particular attention to
seams and unsound rock conditions. The borings and other in-
vestigations indicate that a tunnel at the location chosen would
be in excellent rock requiring very little supported section. Shafts
are located at convenient positions to provide connections to the
distributionsystem and to permit economical driving of the tunnel.

Similar construction has been used by the city of New York and
is the best method of distributing water to densely populated
districts. The shafts used for construction will be converted into
distribution shafts, protected for use under pressure as shown on
sheet, Accession 24690. The shaft head will be properly anchored,
well into the rock, by the construction of long steel tubes as linings,
and will contain special valves to close automatically in case of any
damage to the shaft head during operation. The tunnel as driven
will slope towards the unwatering shafts; and after pumping out
any required length, complete inspection of it can be made.

The costs of pressure tunnel construction built at 1937 prices
were carefully studied as were the costs of other types of pressure
aqueduct construction. These studies indicate that at 1937 prices
precast-concrete pressure pipe is the most economical construction
of cut-and-cover aqueduct for the sizes required. It costs 50 to
60 per cent as much as pressure tunnel. Although no pipe as large
as 15 feet in diameter has yet been built in this design of pipe, a
thorough investigation has shown it to be perfectly feasible to
construct. The Metropolitan Water District of Southern Cali-



[Jan.HOUSE — No. 262.204

fornia has recently built over thirty miles of this type of construc-
tion in sizes as large as 12feet 8 inches in diameter, and construction
on that project demonstrates the economy and feasibility of this
type of cut-and-cover pressure aqueduct. Typical cross sections
illustrative of the precast-concrete pressure pipe construction are
shown on Accession 24689.

The precast-concrete pressure conduit may be laid in lengths of
about 12 feet, these lengths being built in a plant or plants estab-
lished at the site of the work. Each length is formed of a steel-plate
cylinder and a C5rlindrical cage of steel reinforcing bars cast ver-
tically in a form with concrete, so that it has smooth concrete
interior and exterior faces and has adequate strength for the water
pressure for which it is designed. The steel cylinders and the
rods are pretested for strength. The pipe is transported and placed
with special equipment. Such a pipe can be made with water-
tight joints and smooth interior capable of carrying water under
pressure with small friction losses and with practically no leakage.

As an alternative to the tunnel, a cut-and-cover aqueduct
location was investigated between the Wachusett Aqueduct
terminal chamber and the Charles River. Surveys were made to
determine a suitable location, which follows generally the tunnel
line location previously described. The plan and profile of this
line are shown on accompanying sheets, Accessions 24687 and
24688. Construction of the pressure aqueduct in cut-and-cover
section is herein recommended except for the length of tunnel
under Sudbury Reservoir and except east of the Charles River
where the acquisition of real estate and construction of a large
sized cut-and-cover aqueduct of this nature is impracticable
because of thickly built-up communities, of narrow streets or of
streets already occupied with water distribution mains, gas mains,
sewers, electric conduits, main, telephone lines, etc. If a number
of smaller conduits or mains were substituted for the large cut-and-
cover aqueduct, it would take six or seven lines of 60-inch diameter
pipe to be equal in carrying capacity to that of a 10-foot diameter
tunnel. Even if a place could be found to locate these smaller
lines within the District’s limits, the cost of building them would
be well in excess of the cost of tunnel construction. For these
reasons, pressure tunnel is recommended east of Shaft 6 at the
Charles River.

Precast-concrete pipe is recommended from the Wachusett
Aqueduct terminal chamber easterly towards Sudbury Reservoir,
for a distance of about two miles. This can be connected to
Wachusett Aqueduct with a minimum of interference with the
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present supply now running in the open channel from the terminal
chamber into Sudbury Reservoir. Because of the difficulties of
cut-and-cover construction through the town of Southborough
and across Sudbury Reservoir, tunnel construction is recommended
under the Sudbury Reservoir, a downtake shaft being located
about 1.5 miles west of the reservoir and an uptake shaft near
Sudbury Dam. The pressure conduit would connect to the down-
take shaft, and connections at the uptake shaft would be made with
Sudbury Reservoir, the Weston Aqueduct and to the future cut-
and-cover extension towards the Metropolitan Water District.
The uptake shaft would be constructed as an unwatering shaft,
so that the length of tunnel under Sudbury Reservoir could be
pumped out for inspection, if desired.

Precast-concrete pressure pipe is well suited for use in construct-
ing the future cut-and-cover section east of Sudbury Dam, and
this construction (see sheets, Accessions 24688 and 24689) would
follow closely the contour of the ground with a minimum of cuts
and fills and with blow-offs, air valves and anchorages at required
locations. Starting at the connection at Sudbury Dam, this
aqueduct would extend easterly along the shores of Basin No. 3,
through Framingham, passing north of Lake Cochituate through
the towns of Wayland and Natick into Weston. It would extend
under a new distributing reservoir, thence to the downtake Shaft
6 near the Charles River, for supplying the tunnel loop, previously
described. A cut-and-cover aqueduct connection would also be
constructed between the Weston Aqueduct terminal chamber
and the headworks at the top of Shaft 6. This connection would
be of smaller diameter than the main-line aqueduct, and would be
used, until the pressure aqueduct from Sudbury Dam is con-
structed, for supplying water to the tunnel loop from the Weston
Aqueduct, and afterward as an emergency connection, allowing the
use of the Weston Aqueduct as a standby.

Although the problems of protection of the water supply from
pollution and of distribution of water to and within the District
would be most economically solved with the proposed pressure
aqueduct plan, other plans for taking care of the problems of pollu-
tion by filtering the supply near the points of delivery were con-
sidered. Any plan for filtration would not eliminate the ultimate
need of thepressure aqueducts. The proposed plan not only takes
care of the present problems of pollution, but also builds sections
thatcan later be used as parts of the completed pressure aqueduct
system. Furthermore, without the pressure aqueduct, the annual
costs of pumping would mount higher and higher each year as the
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consumption increases and as the necessity arises for increasing
pumping capacity, taking care of obsolescence, etc.

The existing Weston Aqueduct is limited at present to less than
half its full carrying capacity by two inverted siphons, one at the
Sudbury River crossing in Framingham and Wayland, and the
other across Happy Hollow in Wayland. Original designs provided
for adding two pipe lines at each siphon as needed. Under the
recommended plan, the full capacity of Weston Aqueduct should
be developed. Studies and estimates were made to determine
under present conditions the most economical and feasible manner
of increasing the capacity of these siphons to the full capacity of the
aqueduct. By installing at each siphon a precast-concrete pressure
pipe about 9 feet in diameter (similar in design to that described for
use on the pressure aqueduct construction), the full capacity of the
Weston Aqueduct can be obtained even if the present 90-inch steel
pipe should become no longer serviceable. Such construction is
more durable and more economical, has more dependable carrying
capacity than steel pipe, and gives a conduit equal in all respects to
the remainder of the aqueduct. These pressure pipes can be
located and built so that service through the existing line will not
be interrupted. After construction, when the new line is in service,
the present steel line can be cleaned and painted on the inside with
a protective coating, if desired.
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