
REPORT OF THE METROPOLITAN DISTRICT
WATER SUPPLY COMMISSION

To the Honorable the Senate and House of Representatives of the Commonwealth
of Massachusetts in General Court assembled.

The Metropolitan District Water Supply Commission, established under the
provisions of Chapter 375 of the Acts of the year 1926, respectfully presents
for the year ending November 30, 1931, its

SIXTH ANNUAL REPORT
I. Organization and Administration

Davis B. Keniston continued during the year as chairman of the Commission,
and Charles M. Davenport as associate commissioner, the latter being re-

appointed by the Governor. Joseph H. Soliday continued as associate com-
missioner until July 29, when he was succeeded by Thomas D. Lavelle, of

Boston. R. Nelson Molt continued as secretary.

The clerical force of the Commission's office at Boston remained the same
throughout the year, and three special agents under the direction of the Com-
mission, continued to care for property acquired by the Commission in the
Swift River and Ware River areas. Real estate purchasing agents and convey-
ancers and other experts were employed as needed. The engineering and clerical

force of the engineering department averaged 123 employees during the year. The
maximum number employed at any one time by contractors on the various
construction projects during the year was 523 persons.

II. Engineering Department
Frank E. Winsor continued as chief engineer, Karl R. Kennison as designing

engineer and Walton H. Sears as mechanical engineer.

The field divisions were continued in charge of three division engineers as
follows: Wachusett-Coldbrook Tunnel Division, William W. Peabody; Cold-
brook-Swift Tumiel Division, Richard R. Bradbury; Swift River Reservoir
Division, N. LeRoy Hammond.
The Commission retained the services of J. Waldo Smith, formerly Chief

Engineer of the New York Board of Water Supply, and the services of X. H.
Goodnough, Inc., as consulting engineers. Charles T. Main of Boston was em-
ployed from time to time as consulting engineer on mill and water power
damages, and Dr. Charles P. Berkey of Columbia University continued as con-
sulting geologist. Other consultants were employed from time to time as needed.

III. Offices

The office of the Commission and of the Chief Engineer continued in the
Boston Five Cents Savings Bank Building at 24 School Street, Boston, until

January 1, 1931, when it was moved to the top floor of the newly completed
Metropohtan District Commission Building at 20 Somerset Street, Boston. The
three division offices for the Wachusett-Coldbrook Tunnel, the Coldbrook-Swift
Tunnel and the Swift River Reservoir continued at Holden, Hardwick and
Enfield respectively. The laboratories for water analysis and soil testing were
continued at Enfield.

IV. Real Estate

The Commission, for reservoir purposes, has concluded the purchase of (or
has under option), a total of 45,663 acres of land in the Swift River watershed,
and for sanitary protection and construction purposes in the Ware River water-
shed, a total of 2,794 acres.

The Commission acquired by eminent domain 544.81 acres of land in fee in

the towns of Barre, Hardwick and Greenwich for construction purposes of the
Coldbrook-Swift Tunnel, and in the town of Belchertown, 72 acres of land
were also so acquired for the location of the spillway channel at the proposed
main dam of the Swift River Reservoir.

Part of the state highway designated as Route 109, leading from the town
of Belchertown to Ware, through the Village of Enfield, was relocated by the
Commission and a direct route across the valley of the Swift River and below
the proposed reservoir site substituted, and for this purpose 53.82 acres of land
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in fee were taken together with such easements as were necessary for this con-
struction.

Also, 82 acres of land in fee were taken for cemetery purposes in the township
of Ware at the junction of this relocated highway with the old Monson Turn-
pike leading from the Village of Enfield to Palmer.
The Commission continued through duly appointed agents, the direction of

the town government of the town of Prescott as provided by Chapter 340 of

the Acts of 1928. A financial statement for the town is included in the Com-
mission's report to the Commissioner of Corporations and Taxation.

V. Water Rights
The Commission on March 6, 1931, ordered a taking of the flood waters of

the Ware River in excess of 85 million gallons daily in accordance with the
provisions of Chapter 375 of the Acts of 1926, and on March 20, 1931, water
was first diverted down Shaft 8 through the Wachusett-Coldbrook Tunnel into

Wachusett Reservoir.

The total diversion of water from the Ware River into the Wachusett Reser-
voir through the tunnel from March 20 to June 14, inclusive, was 12,813,900,000
gallons.

The Commission, acting under the provisions of Section 4 of Chapter 321
of the Acts of 1927, has negotiated settlement with the Industrial Buildings
Corporation of Chicopee, Massachusetts, successor in interest to the Dwight
Manufacturing Company, of all damages for the present and future diversions

of the waters of the Ware and Swift rivers.

VI. Connecticut Litigation

The Bill in Equity filed by the State of Connecticut in the United States

Supreme Court against the Commonwealth of Massachusetts objecting to and
seeking to enjoin the diversions from the Ware and Swift rivers authorized by
Massachusetts legislation has been finaUy heard and determined. Oral argu-
ments on the exceptions filed by Connecticut to the Master's Report were heard
by the Court on January 5, 1931. The Commonwealth was represented by
the Honorable Joseph E. Warner, Attorney General, and the Honorable Bentley
W. Warren, Special Counsel, together with Gerald J. Callahan, Esquire, and
R. Ammi Cutter, Esquire, as Associate Counsel. The opinion of the Court was
rendered on February 24, 1931 and the final decree in accordance with the

decision of the Court was filed March 23, 1931. The decree dismissed Con-
necticut's bill of complaint '"without prejudice to her right to maintain a suit

against Massachusetts whenever it shall appear that substantial interests of

Connecticut are being injured through a material increase of the amount of

the waters of the Ware and Swift diverted by or under the authority of Mas-
sachusetts over and above the quantities authorized by the Acts of 1926 and
1927 as heretofore limited by the War Department."

VII. Ware River Supply

The construction of the Wachusett-Coldbrook Tunnel was completed by West
Construction Co. under two contracts, numbered 14 and 17. The construction

of the diversion dam and building foundations at the Ware River intake works

was completed by J. W. Bishop Co. under contract number 19. Filling earth

areas along the banks of the Ware River in the town of Barre above the intake

works at Shaft 8 was completed by RajTxiond A. Bergesson under contract

number 27. Work was continued by Munroe & Westcott, Inc., under two con-

tracts, numbered 24 and 25, for the construction respectively, of the superstruc-

ture of the intake building for the Ware River intake works at Shaft 8, and of

the superstructure of the outlet works at Shaft 1; and by Anderson-Coffey

Company, Inc., under contract number 26 for electrical work in the latter

building; and the work on these contracts was practically completed.

Two contracts, numbered 28 and 29 were awarded to Anthony Ross & Son

of Lexington, Massachusetts, for grading the grounds, respectively, of the

Ware River intake building in the town of Barre, and of the Wachusett outlet

building in the town of West Boylston. Work has been in progress under these

contracts.

A contract, numbered 31 was awarded to E. D. Ward Company of Worcester,
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Massachusetts, for constructing the superstructure of the head house at Shaft 4
of the Wachusett-Coldbrook tunnel in the town of Rutland, and work has been
in progress under this contract.

VIII. Swift River Supply

Real estate and topographic surveys were continued during the year. In
consequence of requests from relatives of deceased persons, over 500 bodies
have been removed from this reservoir area and interred in other places.

A contract, numbered 20 was awarded to Wenzel & Henoch Construction
Company of Milwaukee, Wisconsin, for constructing the 10.4 miles of the Cold-
brook-Swift Tunnel, remaining to be completed between the Ware River intake
works at Coldbrook and the Swift River Valley, in the towns of Barre, Hard-
wick and Greenwich, and work is well under way under this contract.

A contract, numbered 21 was awarded to The Lane Construction Corporation
of Meriden, Connecticut, for constructing a substitute highway in the towns
of Ware and Belchertown, for a portion of state highway route No. 109, in a
location south of the main dam of the proposed Swift River Reservoir, including

a bridge over the Swift River, and work under this contract is approximately
two-thirds completed.
A contract, numbered 30 was awarded to Northern States Contracting Com-

pany of St. Paul, Minnesota, for constructing the stream control works pre-

liminary to the building of the main dam, and a large amount of work has been
completed under this contract.

A contract, numbered 32 was awarded to The Dravo Contracting Company
of Pittsburgh, Pennsylvania, for constructing exploratory caissons at the pro-
posed sites of the main dam and dike of the Swift River Reservoir in the town
of Enfield and in the town of Ware, to disclose the character of subsurface
material and conditions for the determination of the type and design of those
structures, and work has been in progress under this contract.

A contract, numbered 34 was awarded to The Lane Construction Corporation
of Meriden, Connecticut, for the construction of an entrance and driveways into

the location acquired for cemetery purposes in the town of Ware, and work has
been in progress under this contract.

IX. Watershed Protection

The Commission has purchased some additional properties for protection of
the water taken from the Ware River, and in conjunction with the Department
of Public Health has continued its studies of possible sources of pollution and
the best methods of its elimination. Temporary chlorinating plants were in-

stalled ?t two points in the upper watershed of the Ware River to disinfect the
effluent from the temporary State Prison Camp and the Rutland State Sana-
torium and private hospitals in the town of Rutland.

As required by Chapter 66 of the Resolves of the Legislature for the year
1931, invpstie-ation has been carried on by the Commission with the Depart-
ment of Public Health as a Joint Board as to the best practicable method of
disposing of the sewage and other wastes within the watershed of the Quina-
poxet and Ware rivers to protect from pollution the water supplies of the city
of Worcester and the Metropolitan Water District, and a report in accordance
with the provisions of said resolves has been prepared to be filed in the manner
and at the time prescribed.

X. Financial
The Commission appends hereto a statement of its expenditures and disburse-

ments for the fiscal year, and from the date of its appointment.

XI. Other Reports

The report of the Chief Engineer is herewith presented.

Respectfully submitted,
DAVIS B. KENTSTON. Chairman.
CHARLES M. DAVENPORT, Associate Commissioner.
THOMAS D. LAVELLE, Associate Commissioner.

20 Somerset Street, Boston. Massachusetts, g
January 15, 1932.
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REPORT OF THE CHIEF ENGINEER
To the Metropolitan District Water Supply Commission.
Gentlemen : — The following is a report of the engineering department for

the year ending November 30, 1931.

Organization

In numbers the engineering organization has not materially changed during
the year.

Karl R. Kennison, Designing Engineer, continued in charge of all studies in

connection with the general plan of the work and the design of structures,

preparation of contract specifications, contract and working drawings. He also

continued as principal assistant to the Chief Engineer.

Charles L. Cobum and Stanley M. Dore, Assistant Designing Engineers, con-
tinued their general supervision of the detailed work of the office; and Walton
H. Sears, Mechanical Engineer, continued in charge of the collection of data
in connection with mill and water power damages. They have assisted in the
preparation of contract specifications.

Three division engineers continued in charge of field divisions as follows:

WiUiam W. Peabody, Wachusett-Coldbrook Tunnel Division; Richard R. Brad-
bury, Coldbrook-Swift Tunnel Division; N. LeRoy Hammond, Swift River
Reservoir Division.

X. Henry Goodnough, Inc., and J. Waldo Smith, continued as Consulting
Engineers. Dr. Charles P. Berkey of Columbia University has advised on geo-
logical matters. Charles T. Main, consulting engineer of Boston, Arthur A.
Shurcliff, consulting landscape architect of Boston, and other experts were em-
ployed from time to time as required.

The employees under the direction of the Chief Engineer at the end of the
year and the preceding year were as follows:

Nov 30, Nov. 30,
1930 1931

Headquarters OfTice, Designing Division 29 33
Holden Office, Wachusett-Coldbrook Tunnel Division 52 23
Hardwick Office, Coldbrook-Swift Tunnel Division 22 28
Enfleld Office, Swift River Reservoir Division 24 39

Total Engineering Force 127 123

The maximum force during the year was 126, during the nine weeks ending
January 31. The minimum force was 119, during the two weeks ending May 9.

The average force for the year was 123.

Offices

The office of the Chief Engineer and Designing Divison was continued in the
Boston Five Cents Savings Bank Building at 24 School Street, Boston, until

January 1, when it was moved to the Metropolitan District Commission Build-
ing at 20 Somerset Street, Boston. The field office of the Wachusett-Coldbrook
Tunnel Division was continued at Washburn Hall, Holden Center. The field

office of the Coldbrook-Swift Tunnel Division was continued in the brick build-
ing formerly used as a school at Hardwick Center. The field office of the Swift
River Reservoir Division was continued in the property of the Commonwealth
formerly known as the Frances W. Chandler house on Quabbin Road, and the
laboratories for water analysis and for soil testing were continued in the prop-
erty of the Commonwealth formerly known as the Barlow House, in Enfield.

Headquarters Office

Summary of the Year's Work
Connecticut Case.— In connection with the bill in equity filed by the State

of Connecticut in the United States Supreme Court against the Commonwealth
of Massachusetts, seeking to enjoin the diversions from the Ware and Swift
rivers, data were prepared for the use of the attorneys. Final oral arguments
of counsel on Connecticut's exceptions to the report of the Special Master were
heard by the Court January 5, 1931. The unanimous decision of the Court was
announced on February 24, 1931, denying the injunction and upholding the
right of Massachusetts to make the proposed diversions as provided by the
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State Legislature, subject to requirements of the War Department in the inter-

ests of navigation.

Real Estate.— In the Swift River Reservoir area, 3,384 acres were offered

for sale by their owners this year, making a total so offered to date of 63,036

acres. Reports and recommendations were submitted to the Commission with

respect to purchasing the same.

Progress of Real Estate Negotiations for Swift River Reservoir
Owners' Offers to Sell to Commonwealth

Title
Vested

Total Area Not in Common-
Number of Area Required wealth

Offers (Acres) (Acres) (Acres)

Total for Year ending Nov. 30. 1931 114 3,384 803* 5,085*

Total to Nov. 30, 1930 .... 1,540 59,652x 7,745x 39,527x

Total to Nov. 30, 1931 .... 1,654 63,036 8,548 44,612

Options outstanding Nov. 30, 1931, include 1,051 acres.
Acreage is based partly upon surveys and partly upon information obtained from

deeds. xCorrections of the acreage are made from time to time as infonmation Is avail-

able. See appended table.
* Includes some offered in previous years.

Reports and recommendations were submitted to the Commission with respect

to the purchase of real estate for sanitary protection in the Ware River water-

shed above the intake works at Coldbrook.

Progress of Real Estate Purchases for Ware River Watershed Protection

Title "Vested in Commonwealth

Total for vear ending Nov. 30, 1931 707
Total to Nov. 30, 1930 2,087
Total to Nov. 30, 1931 2,794

Real estate taking plans were prepared and filed during the year as foUows :
—

Five plans covering 67 parcels of land in the towns of Belchertown and Ware
required for the relocated Ware-Belchertown highway; one plan covering 4
parcels of land in the town of Belchertown required for the spillway channel

from the proposed main dam; one plan covering 5 parcels of land in the town
of Ware required for the new cemetery development; fourteen plans cover-

ing 74 parcels of land in the towns of Barre, Hardwick and Greenwich required

for the Coldbrook-Swift tunnel; one plan covering 1 parcel of land in the town
of Oakham owned by the town and occupied by the schoolhouse, required for

sanitary protection of the Ware River watershed.
Contracts and Specifications.— Working drawings for Contracts 14, 20, 24,

25, 26, 28, 30, 31 and 32 were prepared and issued. The preparation of plans

and specifications for extending the Wachusett-Coldbrook tunnel to the_ Swift

River under Contract 20 by constructing the Coldbrook-Swift tunnel in the

towns of Barre, Hardwick and Greenwich was continued and the contract was
executed on April 23.

Plans and specifications were prepared for Contract 21 for constructing a por-
tion of the Ware-Belcherto\vn highway in the towns of Ware and Belchertown,
in order to relocate this highway, Massachusetts Route No. 109, outside and
south of the proposed Swift River Reservoir. The contract was executed
July 20.

Plans and specifications were prepared for Contracts 28 and 29 for grading
the grounds at the Ware River intake building in the town of Barre, and at

the Wachusett outlet building in the town of West Boylston, respectively. These
contracts were executed August 17.

Plans and specifications were prepared for Contract 30 for constructing the
stream control works at the main dam of the Swift River Reservoir in the
towns of Belchertown, Enfield and Ware. The contract was executed August 1.

Plans and specifications were prepared for Contract 31, for constructing the
superstructure at Shaft 4 of the Wachusett-Coldbrook tunnel in the town of

Rutland, this shaft being left open as a point of access into the Wachusett-
Coldbrook tunnel. The contract was executed August 26.

Plans and specifications were prepared for Contract 32. for constructing

exploratory caissons at the main dam and at the dike of the Swift River Reser-
voir m tihe towns of Sjjfigld and Ware to accurately determine the material
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overlying bed rock and to guide in the design of a watertight cutoff. The con-
tract was executed September 16.

Contract 33 for the purchase of electricity at Shaft 1 and elsewhere on the
Wachusett-Coldbrook tunnel was prepared. The contract was executed
August 6.

Plans and specifications were prepared for Contract 34, for constructing
driveways in a new cemetery to be established as required under the provisions

of Section 9 of Chapter 321 of the Acts of 1927. The contract was executed
October 29.

Inspection and Tests.— E. L. Conwell and Company of Philadelphia, Pa.,

continued the testing of cement. The Worcester Polytechnic Laboratory con-

tinued the testing of concrete cylinders and steel reinforcement bars. Charles T.
Main, Inc., of Boston inspected electrical appliances and construction in con-
nection with the work under Contracts 22, 24, 25 and 26. The inspection of

the pump furnished under Contract 22, and of the two bridge cranes purchased
by the Commission and installed in the buildings at Shafts 8 and 1 under Con-
tracts 24 and 25, respectively, was made by the engineering force, which also

continued the inspection of miscellaneous equipment and of structural steel work
furnished under Contracts 24 and 25.

Acceptance tests of the tunnel unwatering pump at Shaft 1, furnished and
erected by F. A. Mazzur Co., Inc., under Contract 22, were run between Sep-
tember 11 and October 17 under the supervision of the engineering force, and
the pump was accepted. When the tunnel unwatering was complete the tunnel

was inspected, all debris found in the tunnel was removed and a suitable screen

of stainless steel was placed over the intake sump of the pump.
Hydrographic Data.— The gaging station on the Ware River at Coldbrook

was continued in cooperation with the United States Geological Survey. A con-
crete flume with submerged weir control, designed to provide a suitable, well

defined measuring station, was constructed by day labor under the supervision
of the engineering force at a point just downstream from the Ware River intake
works.
The gaging station on the Chicopee River at the United Electric Light Com-

pany plant at Bircham Bend was continued in cooperation with that company
and also with the United States Geological Survey and further discharge meas-
urements were made from time to time to define the rating curve more exactly.

During the vear permission was granted bv the Ludlow Manufacturinsr Asso-
ciates to establish a gaeing station on the Chicopee River at their Red Bridg<^

hydro-electric plant. The necessary gages and other eouipment were installed

and the company is cooperating in the collection of data. The rating of the

water wheels is in progress.

The gaging station on the Swift River at the plant of the Boston Duck Mills

of the Otis Company at Bondsville was continued through the courtesy and with
the cooperation of the owners.

Cooperation with the United States Geological Survev in the operation and
maintenance of the gaging station on the Connecticut River at Thompsonville
was continued.

In connection with the examination of the waters of the Ware. Swift and
Chicopee rivers, observations of flow were continued from time to time and ad-
ditional temporary gaging stations established as reauired.

Commencement of Ware River Diversion

The diversion of Ware River water into Wachusett Reservoir came at a most
opportune time as this reservoir in February, 1931, was at the lowest point in

its history, namely 45 feet below normal high water, the available storage having
been reduced since June, 1929, from 55 billion gallons to 11 billion gallons. The
addition to this storage of practically 13 billion gallons from the Ware River,

equivalent to about three months' supply to the Metropolitan District, coupled
with a spring flow from the Wachusett watershed itself in excess of normal,
ended the immediate menace of a water shortage.

The intake works at Shaft 8 and the Wachusett-Coldbrook tunnel were com-
pleted sufficiently on March 1 to allow the diversion to be made. The super-

structure of the intake building had not been erected but the heating plant had
been installed in the basement and small temporary wooden housings had been
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built over the operating panel, siphon break pipes, switchboard and other ap-
paratus above the main floor of the building in order to commence operations
and obtain the first water available.

The intake works have been described in previous reports, particularly in the
fourth annual report, in which was published a plan of the diversion dam across

the Ware River and the intake building with its siphon spillways through which
the Hood flows in excess of 85 million gallons daily from the river are diverted
into a pit in the basement of the building directly over the shaft; also a cross

section through the intake building and the shaft showing the regulating valves

in the bottom of the pit discharging into the shaft, and the cast iron helical

vanes from top to bottom of the shaft.

The diversion dam across the river just downstream from the tunnel shaft acts

as a spillway to pass such occasional flood peaks as may exceed the capacity of

the diversion worlvs; or during the summer months from June 15 to October 16,

to pass the entire flow of the river. From October 15 to June 15 or during the
allowable period of diversion, the river flows normaUy over a weir in the foun-
dations of the mtake building, through a 52-inch Venturi meter, back into the
river below the spillway. The entire specified 85 million gallons daily will flow
past the dam in this manner without raising the pond level closer than 1 foot

to the crest of the main spiUway, this foot leeway being thus available in the
operation of the diversion works.
The nine siphon spillways constructed in the foundation walls of the intake

buUding between the river and the shaft, through which the diversion is ac-

complished, vary m capacity from 60 to 550 cubic feet per second under a 9-foot

head. The crests of these siphons are 1 foot below the level of the main spill-

way, and siphon break pipes are set at this level so that whenever the pond is

lower than this level, which corresponds to 85 million gallons daily flow in the
river, the siphons are automatically broken and no water can be diverted into

the tunnel. On a rising flood the rapid priming of the siphons in succession,

one after the other up to the required capacity, is assisted by a series of float

switches, specially designed for sensitiveness, which automatically connect each
siphon in its turn to a vacuum pipe system in the building. The central pit

over the shaft into which the nine siphons discharge is automatically kept filled

with water at aU times to seal the shaft against the entrance of air and to back
the water up to the required head on the siphon spillways.

The works are designed with an ultimate capacity of about 2,000 million
gaUons per day. Such a flow, after the Swift River Reservoir is completed, wiU
divide at the bottom of the shaft and flow part to the Swift River Reservoir
and part to the Wachusett Reservoir. Under the extreme rate of diversion, the
entire 9-foot head on all spillways wiU be required. Until the Swift River Reser-
voir is completed, the present capacity of the works, flowing only in an easterly

direction toward the Wachusett Reservoir, is hmited to a little over half this

quantity. In ordinary operation only a small head is required on the siphons.

To maintain this required head by fluctuating the water level in the pit inside

the building and also to prevent air from entering the tunnel, the top of the
shaft is sealed with a floor or plug of reinforced concrete about 9 feet thick
which is the floor of the pit on which four butterfly valves of the Dow-Disc type
are mstaUed. These valves are operated by oil pressure cylinders capable of

taking 250 pounds per square inch oil pressure, but normally requiring only
about 50 to 75 pounds. The valves are normally under a water head of about
40 feet and the top of the highest beU-mouth entrance is always submerged at
least 18 feet and usually 25 feet. Only one of these valves, 6 feet in diameter, is

ordinarily used since it can take care of aU flows up to about 600 miUion gaUons
per day. A 120-inch Venturi meter to measure the flow is built into the bell-

mouth entrance above this valve. The three other valves are each 5 feet in

diameter and are opened one after the other as soon as the capacity of the first

large valve is exceeded.

The discs of these valves are held by the oH pressure at just the right angle
to pass the available flow in excess of 85 million gallons daily in the river and to

hold the water in the pit at just the right level so that the siphon wiU puU this

quantity from the river. Each butterfly valve responds under the oil pressure to

the exact setting of a sleeve valve on the oil pressure and return hnes, aU the
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sleeve valves being grouped together on a small operating panel in one corner

of the main floor of the building. Except when under manual control, this

setting is changed automatically, being connected to the cross head of the oil

cylinder of the butterfly valve through a small steel cable running through the

building over pulleys as required and through the water in the pit. Thus the

only mechanical connection between the valves in the bottom of the pit and
the operating panel is by the cable, the flexibility of which accommodates itself

to the swirl of water in the pit.

The water is discharged through these valves and impinges tangentiaUy at

high velocity against the cast iron lining of the shaft. The hehcal vanes on this

lining cause a rotation of the falling water which is pressed by centrifugal force

into a thin film against the cast iron wall of the shaft. That the entrance of

air into the tunnel is effectively prevented by the valve-controlled water cushion

at the top of the shaft is shown by the high vacuum observed in the shaft.

The valve pit or basement of the diversion works was filled for the first time

on March 20, and on March 21, water was diverted into the tunnel and the

works were operated whenever the flow in the Ware River exceeded 85 million

gallons a day, except in the period from June 15 to October 15, inclusive, when
in conformity with the requirements of the War Department no water was
diverted. Water was diverted on the following days: March 21 to May 5, May
9 to May 20, May 22 to June 4 and June 9 to June 14, inclusive. The flow in

the river was not sufficient on any day from October 15 to the end of the year,

November 30, to permit diversion. The following quantities of water were

diverted weekly:

Sat. Mar. 21
Mar. 22-28

29-Apr. 4
5-11 .

12-18
19-25
26-May 2

May 3-9
May 10-16
May 17-23
May 24-30 .

May 31-June 6
June 7-13 .

Sun. June 14

Mar.
Apr.
Apr.
Apr.
Apr.

Total

Gallons
8,000,000

777,700,000
3,685,700,000
2,925,900,000
1,330,000,000
215,100,000
452,900,000
142,500,000
794,500,000
198,100,000
531,300,000
137,000,000

1,495,800,000
119,400,000

12,813,900,000

The maximum rate of diversion occurred on Saturday, April 4, when water

was dropped into the tunnel at an average rate for the 24 hours of 627 million

gaUons per day or about 30 tons per second. At moderate rates up to 250 mil-

lion gaUons per day, the water drops the entire distance, down the spirally lined

shaft, to the crown of the tunnel. As the rate increases to about 300 million

gallons per day, the water level in the tunnel rises and seals the bottom of the

shaft.

Observations during the diversion at a gauge provided for the purpose indi-

cate that a vacuum equivalent to about 25 feet of water is created and main-
tained in the shaft at all diversions in excess of about 300 million gallons per

day. This vacuum causes the water level to rise in the shaft so that, for ex-

ample, water diverted at the rate of 627 million gaUons per day, the maximum
last spring, after passing through the regulating valves and the plug in the

top of the shaft and whirling around the shaft through a height of approxi-

mately 100 feet of rarefied air, strikes a water cushion approximately 100 feet

deep in the lower half of the shaft. On the other hand, smaller rates of flow of

say 250 million gallons per day after passing through the regulating valves,

whirl through a height of about 200 feet into a water cushion about 15 feet deep.

During the first month the works were operated largely by manual control in

three shifts, at least one operator being on hand at all times to make adjust-

ments. Commencing April 19, the works were successfuUy placed in automatic

operation with an operator on hand only during the ordinary working hours of

the day. Diversion of the allotted flood flows continued without attendance

nights, Sundays and hohdays, entirely automatically except when manual con-

trol was cut in on several occasions during the daytime for special purposes.
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During August several inspections were made of the shaft, the tunnel near the

bottom of the shaft and the steel bulkhead about 2,250 feet west of the shaft.

On September 15, the tunnel was inspected between Shaft 8 and Shaft 4, a dis-

tance of 8.0 miles and on September 18, coincident with the completion of the

unwatering of the tunnel at Shaft 1 during the acceptance test of the tunnel

unwatering pump, the tunnel was inspected from Shaft 4 to Shaft 1, a distance

of 5.3 miles. The tunnel was found to be in excellent condition there being no
evidences of damage to the lining at any point.

Design of Structures

Shaft 1. Wachusett Outlet Works.— Studies were made of the grading of

the grounds about the shaft outlet building including the area south of Hoiden
Street which had been used during the period of tunnel construction for a spoil

bank area and for a settling basin for the collection and chlorination of tunnel
pumpage before discharge into the Wachusett Reservoir. Final designs included
the levelling of the settling basin dikes and the covering of the tunnel spoil bank
and other areas with soil so as to remove aU scars upon the landscape caused by
the construction operations. These designs also included a driveway of bitumi-
nous macadam including a 100-foot diameter circle in front of the building and
a low wall of field stone capped with granite slabs extending for a distance of

340 feet along Hoiden Street in front of the buUdiug. Plans included landscape
treatment with trees and shrubbery.

Shaft 4- Superstructure.— Ihe head house over Shaft 4 was designed to pre-
sent an attractive appearance and require a minimum of maintenance. The
exterior walls are of granite from quarries in Uxbridge, Massachusetts. The in-

side wall surface is of face brick. The structural steel framework of the roof
serves to support the tackle used for hoisting into and out of the shaft.

Shaft Hoist.— For hoisting men and equipment at all shafts except Shafts 1,

5 and 8, and for cemetery removal work, an automobile truck was purchased on
which was installed a hoist operated by the automobile engine. Five hundred
fifty feet of non-spin cable was purchased for use at the tunnel shafts, also a
shorter length for use in handling monuments and headstones in the Swift River
valley. The truck is also equipped with an A-frame for emergency use at any
shaft where there is no head house as well as for current use in the cemetery
removal work. This apparatus was used at Shaft 4 during the inspection of the
Wachusett-Coldbrook tuimel before the superstructure at Shaft 4 was erected.

Shaft 8. Ware River Intake Works.— Studies were made of the grading of

the grounds about the intake works. Final designs included the filling of the
trash and ice sluiceway discharging from the old White Brothers mill canal into

the river about 400 feet downstream from the intake works, making provision
for stop planks across the old canal to hold a constant water level therem during
the period of water diversion, the re-grading of spoil banks to preserve existing

trees and the covering with soil of all spoil banks on the north bank of the
river downstream from the intake works and extending also a considerable dis-

tance upstream. These designs also included a driveway of bituminous macadam
including an 80-foot diameter circle in front of the building and a low wall of

field stones capped with granite slabs extending for a distance of about 550 feet

along the state highway. Plans included landscape treatment with trees and
shrubbery.

Shaft 12. Swift River Intake.— Designs were completed for the low level
intake from Quabbrn Lake. The intake provides a weir 36 feet long at elevation
427 above mean sea level over which the first diversion of water into the tunnel
can be made. It also provides for the placing of permanent stop logs on this

crest to elevation 439 and for a permanent low level intake between elevation
439 and 454.3. The design also provides means for removal of the stop logs at
any future time if it should be found necessary to draw the Swift River Reser-
voir down to extremely low levels.

Studies were made of the high level intake and of designs for the substructure
of the Swift River intake works. These works will allow flow in either direction
from or into the Swift River Reservoir, the maximum capacity of the tunnel
to discharge floods from the Ware River westerly into the Swift River Reservoir
being about 80% greater than the maximum capacity of dehvery easterly from
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the Swift River Reservoir to the Wachusett Reservoir. On account of the
diversions, from both the Ware and Swift rivers, into the Wachusett Reservoir,

the gates controlling the flow into the Wachusett Reservoir are to be placed at

the Wachusett end of the tunnel; hence, the Swift River intake works must act

at times as a spillway to discharge all the water that can be diverted into the

tunnel at the Ware River. On that account the Swift River intake works are

designed without gates to allow free flow to and from the tunnel at aU times
except when cut off by the use of stop shutters. The design includes a double
row of stop shutters the entire depth of the shaft.

Main Dam, River Diversion.— Studies were continued of the location of the

main dam and dike for the proposed Swift River Reservoir. The location of the

main dam was fixed approximately to the extent required in the design of

cofferdams to be partially constructed with spoil obtained from excavations for

the river diversion tunnel and approaches. The location of the diversion tunnel

was fixed extending for a distance of about 960 feet through sound bed rock

in the hill which forms the west abutment of the dam. The dimensions of the

tunnel are 30 feet wide by 28 feet high, the section being of horseshoe shape.

About 260 feet of cut and cover section extending from the upstream portal

of the tunnel makes the entire length between the intake and outlet about 1,220

feet. An upstream approach channel about 550 feet in length and a down-
stream discharge channel about 1,300 feet in length connect with the river. The
bottom of the upstream channel is to be lined with concrete for a depth of 6

feet to reduce seepage of water into the excavation for the dam foundations.

In order to locate the tunnel in sound ledge for as great a length as possible

and to permit economical location of the tunnel portals, the tunnel will be

straight, from the intake throughout the greater part of its length; it is then

gradually enlarged in cross section, by gradual deepening or lowering of the

invert keeping the same arch dimensions, and then just before the tunnel

emerges at the downstream portal it is turned through an angle of approxi-

mately 90% the increased cross section being maintained throughout the bend.

As a result, there are no bends in the main portion of the tunnel where the

velocity will be Ifigh but only after the velocity has been decreased by gradual

enlargement near the downstream end.

A shaft in sound bed rock directly over the diversion conduit wHl provide a

high level intake from the reservoir, the entrance to the diversion tunnel itself

acting as a low level intake. To allow for the ultimate plugging of the diversion

conduit at the completion of the main dam construction, two piers will be con-

structed directly beneath the shaft, splitting the conduit at this point into three

9-foot bays for the insertion of stop shutters to allow the construction of a sohd

plug of concrete, 40 feet long and filling the entire section of the tunnel. That
portion of the diversion tunnel upstream from the piers is increased in height

to 32 feet and the cross-sectional area of the conduit gradually reduced through

the section at the piers so that when the conduit is discharging at full capacity

the velocity of flow continually increases as it passes the piers, thus minimizing

the loss of head.

To carry the flow of the river during the operation of plugging the conduit,

provision is made for a large siphon pipe easily accessible from the shaft, in

which a vacuum can be created to lift the water over and around the plug dis-

charging into the tunnel downstream from the plug. To make provision for the

required releases of water after the conduit is plugged, a 48-inch pipe will be

embedded in the tunnel invert for the entire distance from the diversion con-

duit plug to a point in the channel, weU below the outlet of the diversion tunnel.

Studies were made of structures which will later be required to measure and

control the release of water from the reservoir at the main dam.
Main Dam and Dike.— Studies were made of designs for the main dam and

dike and methods of construction of the same. Designs were made for experi-

mental caissons of concrete 12 feet thick by 32 feet long to be sunk by open
dredging as far as possible and then by the use of compressed air and to be

sealed to the ledge. A location was selected for one caisson at each site. The
caisson at the main dam starts from the bottom of a small open cut about 17

feet above the elevation of the river, and at a considerable distance from the

river and railroad, and will be sunk to a depth of about 70 feet below the river.
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The caisson at the dike will start practically from the original surface in the

bottom of the valley near the brook and only a few feet higher than the brook
and will be sunk a total depth of about 120 feet.

Photograiphic Records.— Moving pictures were taken from time to time to

illustrate the progress of construction work and to record existing conditions in

the Swift River A'alley.

Water Supply Yield.— Studies were continued of the safe yield of the com-
bined sources of water supply, both existing and proposed, particularly with
reference to the capacity of the Swift River Reservoir in order to determine the

best elevation of the flow line of the reservoir.

Protection of Water Supply.— Studies were continued of the removal of sew-

aa;e from parts of Rutland and Holden and the watersheds of the Ware find

Quinapoxet rivers, acting in conjunction with the Engineering Division of the

Department of Public Health. Under the provisions of Chapter 66 of the Re-
solves of 1931 estimates were made of the costs of different methods of remov-
ing this sewage.
Cemetery Development.— Studies were made of the new cemetery develop-

ment on land acquired for this purpose by the Commission. The layout of

driveways and landscaping was planned in an area of approximately 6 acres

selected for the first development and arrangement of lots was tentatively de-

termined.
Highway and Railroad Relocation.— Preliminary studies were continued of

hisjhway and railroad relocations which may be required because of the con-
struction of the Swift River Reservoir. Preparation of plans for Contract 21
for the relocation of a portion of the Ware-Belchertown highway, included the
design of a 3-span reinforced concrete bridge across the Swift River. Plans
of the relocated highway and designs for drainage were prepared in the Enfield
office as hereinafter described.

Wachitsett-Coldbrook Tunnel Division— Holden Office

The Wachusett-Coldbrook Tunnel Division continued in charge of the con-
struction of the Wachusett-Coldbrook tunnel, with the exception of Shaft 8. and
also of the tunnel outlet works at Shaft 1. Commencing October 1. the division

took charee of all construction work in the vicinity of the Ware River intake
works at Shaft 8, and of the maintenance and operation of the intake works.

Office Work
Tunnel sections were plotted and excavation and masonry volumes computed

therefrom. Semi-monthly estimates were prepared for Contracts 14 and 17,

monthly estimates for Contracts 10. 22, 25. 26, 28, 29 and 31, and final estimates
for Contracts 10, 14 and 17. Additional geological field notes and specimens
were prepared for a permanent geological record. Studies were continued of

the character of materials available for concrete aggregates from the tunnel
excavation at Shaft 2. Plans were prepared covering about 1,200 acres of

topography along the hues of proposed trunk sewers in connection with investi-

gations of the diversion from the Ware and Quinapoxet watersheds of sewage
and sewage effluents in the towns of Rutland snd Holden. Real estate plans
were prepared covering about 350 acres in the Ware River watershed.

Field Work
Lines and grades were given for construction work on Contracts 14, 17, 22,

25, 26, 28, 29 and 31. Photographs of thp construction work and of rock forma-
tions of geological interest were continued. Preliminarv topographic surve^-s

were made of an area extendine from the Holden-Worcester line, through the
towns of Holden, Rutland, Oakham and Barre, in connection with studies of

various methods of the disposal of sewage and other wastes within the water-
sheds of the Quinapoxet River, and the Ware River above Coldbrook. Tono-
eraphic surveys were made of the tunnel spoil banks at Shafts 1 and 2. Real
estate surveys covering about 500 acres were made in the Ware River water-
shed. Stone property bounds were set from time to time to mark land pur-
chased by the Commission.

Samples of concrete for testing were taken, and records were continued of the
amount of cement used at all points of the work, particularly in linins; the
Wachusett-Coldbrook tunnel, the total amount used during the vear being in



12 P.D. 147

excess of 16,000 barrels. The inspectors employed to test the cement at the

mills before shipment were kept advised in advance of all requirements.

The State Department of Public Health continued its cooperation with this

division in the analysis of samples of drinking water and of sewage effluents.

Two chlorinator stations were established on the Ware River Watershed, one
to chlorinate the sewage effluent from the" treatment plant of the temporary
Rutland Prison Camp and Hospital and the other on Mill Brook below the Rut-
land State Sanatorium and the Central New England Sanatorium. These sta-

tions were operated from January 20 to June 19, inclusive.

Tile markers were placed in the concrete side walls of the Wachusett-Cold-
brook tunnel at intervals of 500 feet along the tunnel and at the bottom of each
shaft. Bench marks also were placed in the tunnel at the bottom of each shaft

and in the outlet building of the Wachusett-Coldbrook tunnel.

The division office cooperated with the Headquarter's Office in the unwatering
of the Wachusett-Coldbrook tunnel and in the inspection of the mechanical
equipment for unwatering.

Construction by Force Account

The Mill Brook chlorinator plant referred to above was constructed by force

account with labor employed and supervised by the division office. The labor

used in the construction of the Rutland Prison Camp chlorinator was furnished

from the camp by the State Department of Correction and supervised by the

division office. The buildings for these stations were taken from property of

the Commonwealth purchased from the West Rutland Worsted Company and
moved to prepared foundations. Each station was heated electrically by thermo-
stat control. Manually controlled vacuum feed chlorinators were used.

A submerged weir control was built across the Ware River below the Cold-

brook gaging station by force account with labor employed and supervised by
the division office. This weir was rated by current meter measurements.

Progress of Contracts

Contract 10.— Contract 10 with the New England Power Company, for

constructing, maintaining and operating a 22,000-volt transmisison line along

the Wachusett-Coldbrook tunnel line was practically terminated March 21 when
the power was shut off. The cost of operation and maintenance included in

estimates during the year, and covering the period from October 1930 to June
10, the date of the final estimate, was $4,474.20. Electric power continued to

be purchased from this company by the contractors under Contracts 14 and 17.

The total power furnished during the year was 2,324,800 K.W.H. including line

and transformer losses. This total after line losses (but including transformer

losses) was distributed to the different shafts as follows:
K.W.H.

Shaft 1 135,998
Shaft 2 596,855
Shafts .

Shaft 4 616,469
Shafts 231,300
Shaft 6 7,224
Shaft? 393,564
Shafts 323,675

Total 2,305,085

The total electrical power consumed on Contracts 14 and 17 from April 30,

1928 to March 21, 1931 (not including the earlier shaft contracts) was approxi-

mately 36,200,000 K.W.H. The total length of tunnel excavated under these

contracts was 66,662 linear feet and the total length lined 74,870 linear feet.

Wachusett-Coldbrook Tunnel.— Work on the tunnel was continued to com-
pletion under Contracts 14 and 17 by the West Construction Co., who con-

tinued to lease from the Commission various buildings at West Rutland as gen-

eral headquarters until about August 16, and to employ until the completion

of the work local physicians who made weekly reports on the health of the con-

tractors' employees and on the sanitary condition at each of the contractors'

camps.
Contract 14-— Contract 14 is for the construction of the east portion of the

Wachusett-Coldbrook tunnel through West Boylston, Holden and Rutland, and
extends from Shaft 1 at the upper end of the Wachusett Reservoir near Oak-
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dale to a point 5,814 feet west of Shaft 4 and 5,819 feet east of Shaft 5. Work
on this contract was continued, and practically completed on April 15, except

for the removal of plant and camp buildings at Shafts 2 and 4 and general

cleaning up. The contractor was permitted with certain restrictions to store

portions of his equipment on areas adjacent to Shafts 2 and 4 and deposited

with the Commission a sum to guarantee removal of such equipment.
Two complete tunnel concrete plants were continued in use for placing the

side walls and arch and were moved along the entire length of the Wachusett-
Coldbrook tunnel irrespective of contract limits as is hereinafter described.

The value of work included in contract estimates during the year was
$284,490.12, the final estimate, dated July 28, being for $3,515,787.08, $10,000.02

being still retained at the end of the year.

Shaft 1.— At the beginning of the year practically all work at Shaft 1 had
been completed except a small amount of grading, placing of gratings and covers
in the top of the shaft and miscellaneous work. On March 8 all the contractor's

pumping equipment which had been installed at the bottom of the permanent
pump well was removed. All work was practically completed about April 30.

Shajt 2.— Tunnel lining operations at Shaft 2 were continued to completion
on February 8 when dismantling of plant equipment was started. On March 7
the shaft and tunnel had been cleaned and the top of the shaft covered with
temporary planking. On March 28 the concrete shaft top was poured. This
top includes ventilator openings and hinged covers for access to the shaft as

well as for emergency spillway discharge of water, the entire top being en-

closed in a high iron fence. The camp buildings were dismantled early in July.

The contractor's force averaged 44 men up to July 25. The average number
of persons occupying the camp until it was closed on March 6 was 37, the maxi-
mum population being 68 during the week ending December 5, 1930.

Shajt 3.— As stated in previous reports, no major operations were carried on
at this shaft. On January 5 the shaft top of pre-cast beams and slabs was
placed. Filling and grading over and about the shaft top was completed on
January 24.

Shaft 4-— Tunnel lining operations at Shaft 4 were continued until early in

February. On February 21 dismantling of plant equipment was started. On
April 14 the concrete shaft top comprising the foundations for the shaft head
house was placed. The camp buildings were dismantled during July and August.
The contractor's force averaged 41 men up to July 25. The average number of

persons occupying the camp until it was closed on March 6, was 30, the maxi-
mum population being 45 during the week ending December 13, 1930.

The total work done and materials furnished under the principal items of

Contract 14 are as follows:

Earth excavation for shafts 1,677 cu. yds.
Rock excavation in shafts and in tunnel within 50 ft. of shafts . 3,237 " "
Excavation in tunnel, except within 50 ft. of shafts .... 205,099 " "
Shaft and tunnel drainage 33,601 lin. ft.

Forms for preliminary concrete lining. Shaft 1 218 " "
Forms for concrete lining in tunnel 33,702 " "
Concrete masonry in shafts 2,880 cu. yds.
Concrete masonry in tunnel 73,356 " "
Concrete masonry not in shafts and tunnel 2,445 " "
Permanent timbering in tunnel 3.09 M ft. B. M.
Temporary timbering in tunnel 4.25 M ft. B. M.
Portland cement 118,630 bbls.
Earth excavation except for shafts 19,495 cu. yds.
Rock excavation except in shafts or tunnel 1,639 " "
Refilling and embankment 22,276 " "

Miscellaneous cast iron, wrought iron and steel 422,532 lbs.

Contract 17.— Contract 17 is for the construction of the west portion of

the Wachusett-Coldbrook tunnel through Rutland, Oakham and Barre, and ex-

tends westerly from the work covered by Contract 14. The westerly limit of

the excavation is 4,998 feet and that of the lining 4,967 feet west of Shaft 8.

Work on this contract was continued, and practically completed on April 15, ex-

cept general cleaning up. The contractor was permitted under an agreement
similar to that made for Contract 14 to temporarily store his equipment on
areas adjacent to Shafts 5, 6 and 7 and across the highway from Shaft 8.

The value of work included in contract estimates during the year was
$61,922.33, the final estimate, dated May 15, being for $4,127,094.19.
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Shaft 5.— Tunnel lining operations at Shaft 5 were continued until December
13. On January 5 dismantling of plant equipment was started. On February
21 the shaft and tunnel had been cleaned. On April 4 the shaft top of pre-cast
beams and slabs was placed. Filling and grading over and about the shaft top
was completed on April 8. The contractor's force averaged 7 men up to
April 11. The contractor's camp at this shaft was not occupied during the year.

Shajt 6.— At the beginning of the year all concreting operations at this shaft
had been completed and most of the contractor's camp and equipment removed.
On December 18 the shaft top of pre-cast beams and slabs was poured. Minor
details of the top were not completed until early in April when the filhng and
grading over and around the shaft was completed.

Shajt 7.— Tunnel lining operations at Shaft 7 were continued until January
28, when dismantling of plant equipment was started. On March 19 the shaft
top of pre-cast beams and slabs was placed. Filling and grading over and about
the shaft top was completed on April 18. The contractor's force averaged 32
men up to April 18. The average number of persons occupying the camp until

it was closed on January 10 was 42, the maximum population being 48 during the
week ending December 20, 1930.

Shajt 8.— (Under the supervision of the Coldbrook-Swift Tunnel Division.)

At the beginning of the year concreting operations had been completed and the
shaft was used for pumping, ventilating and similar purposes.
The total work done and materials furnished under the principal items of

Contract 17 are as follows:

Rock excavation in shafts and in tunnel within 50 ft. of shafts . 4,788 cu. yds.
Excavation in tunnel except within 50 ft. of shafts . . . 250,331 " "
Shaft and tunnel drainage 41,143 lin. ft.

Forms for preliminary concrete lining. Shaft 8 . . . . 246 " "
Forms for concrete lining in tunnel 41,168 " "
Concrete masonry in shafts 1,947.5 cu. yds.
Concrete masonry in tunnel 87,526 " "
Concrete masonry not in shafts or tunnel 467 " "
Permanent timbering in tunnel 1.84 M ft. B. M.
Tempoi-ary timhering in tunnel 3.44 M ft. B. M.
Portland cement 119,322 bbls.
Earth excavation 822 cu. yds.
Rock excavation except in shafts and tunnel 773 " "
Refilling and embankment 1,645 " "
Caring for and setting metal-work furnished by ihe Commission . 81,583 lbs.
Caring for and setting cast iron lining for Shaft 8 . ... 511,267 "

Average "Breakage", Contracts 14 and 17.— In fixing the thickness of con-

crete lining at any cross-section of the tunnel, a line called the "A" line was
established beyond which no points of rock were allowed to project. This line

therefore fixed the minimum thickness of the concrete hning and in general was
3 inches from the neat face of the concrete on the side walls and invert and 8 on
the arch. A line (-?11pd the "B" line was also defined as 12 inches outside the

"A" line for side walls and arch, and 2 inches outside for the invert. The "B"
line is generally the payment line for both excavation and concrete and is in-

tended to represent a fair average of the irregular rock breakage with reasonable

care in the prosecution of the work. The actual breakage of rock beyond the

"A" line for the side walls and arch averaged 11% inches on Contract 14, 9%
inches on Contract 17 and 10% inches for both contracts.

Concrete Lining oj Tunnel— Co7itracts 14- and 17.— The contractor continued

tunnel hning operations, using for the side walls and arch the two complete tun-

nel concrete plants designated as plants "A" and "B" in the last annual report.

At the beginning of the year plant "A" was headed westerly towards Shaft 4

and concreting of side walls and arch had reached a point 126 feet east of the

center line of the shaft. Commencing January 24 concrete_ for the side walls

and arch in this short remaining distance of il5 feet, not including the shaft

bottom, was mixed on the surface and delivered by concrete car and chute to

the concrete gun at plant "A", this section being completed on January 29. The
plant was then turned around at the foot of the shaft and the side walls and

arch in the length of 40 feet remaining west of the shaft were concreted in a

similar manner with concrete mixed on the surface on February 1 and 2. This

completed all the side walls and arch concreted by plant "A", and left only 22

feet at the shaft bottom, 11 feet either side of the center line.

At the beginning of the year plant "B" was headed easterly towards Shaft 2l
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and concreting of side walls and arch had reached a point 609 feet west of the

shaft. It continued easterly 507 feet to 102 feet west of Shaft 4, reaching this

point on December 6, 1930. The side walls and arch in the 128 feet remaining
east of Shaft 2, were then poured with concrete mixed on the surface, December
15 to January 23, inclusive. The plant was then turned around and commencing
January 27 the side walls and arch in the 91 feet, not including the shaft bottom,
remaining just west of Shaft 2 were concreted in a similar manner with concrete

mixed on the surface, this section being completed January 30. This completed
all the side walls and arch concreted by plant "B", and left only 22 feet at the
shaft bottom, 11 feet either side of the center line.

The lining of tunnel invert was continued from Shafts 2, 4 and 7. Continu-
ing on December 1, 1930, from a point 7,302 feet west of Shaft 7, the work
progressed 7,291 feet easterly to 11 feet west of the center line of the shaft,

reaching this point January 8; and starting January 9, 313 feet east of the shaft,

the work progressed westerly the short remaining distance of 302 feet to 11 feet

east of the center line of the shaft.

Continuing on December 1, 1930, from a point 4,778 feet west of Shaft 4, the

work progressed 4,305 feet easterly to 473 feet west of the shaft, reaching this

point December 17, and starting again January 21 continued easterly 352 feet to

121 feet west of the center line of the shaft, reaching this point January 23;

and starting December 14, at a point 9,466 feet east of the shaft the work
progressed 9,380 feet westerly to a point 86 feet east of the center hne of the
shaft, reaching this point January 30.

Starting December 8, 1930, at a point 9,376 feet east of Shaft 2, the work
progressed 9,365 feet westerly to 11 feet east of the center line of the shaft,

reaching this point February 7; and starting December 20, at a point 8,520 feet

west of the shaft, the work progressed 8,504 feet easterly to 16 feet west of the
center line of the shaft, reaching this point February 3.

The remaining short distances at the shaft bottoms, 27 feet at Shaft 2, 207
feet at Shaft 4, 38 feet at Shaft 5, and 22 feet at Shaft 7, were concreted together

with the short gaps in the side walls at the shaft bottoms being completed
February 7, 1931. The following summary of progress of invert lining com-
pletes the data given in similar form in the last annual report.

Progress of Invert Lining
Aggregate from Total Feet Concreted Average Feet

Crushing Plant at In One Stretch Per Day
Shaft 2 8,504 1&5

9,365 151
27

Shafts r 4,305 253
9,380 195
352 117
207 103

Shaft 5 38
Shaft 7 7,291 187

302 101
22

Total Invert completed in Year Ending Nov. 30, 1931 39,793
Total Invert completed in Year Ending Nov. 30, 1930 34,520
Total Invert completed in Year Ending Nov. 30, 1929 526
Well at bottom of Shaft 8 31

Total Length included in Contracts 14 and 17 . . . 74,870

The contractor's plant equipment and the methods used in lining the tunnel
are fully described in the last annual report.

Contract 22.— The first work done by F. A. Mazzur Co., Inc., Boston,
Mass., under Contract 22, for furnishing and installing the tunnel unwatering
pump in Shaft 1 of the Wachusett-Coldbrook tunnel in the town of West Boyl-
ston, was the installation, on March 10, of a 16-inch valve on the discharge
line at the bottom of the pump shaft. On July 23 the single stage centrifugal
pump of 20 million gallons daily capacity was delivered and on the following
day was lowered into the pump shaft. The 900-horsepower motor of the pump
arrived on July 24 and on the following day was lowered into the shaft and
coupled to the pump. On August 8 the air blower was installed. The installa-

tion was completed on September 11, when tests were begun in connection with
the unwatering and inspection of the tunnel. Tests were completed on Septem-
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ber 19. At the end of the year the only work remaining to be done was the

removal of the motor to the top of the shaft and the filling of the pump with oil

for protection during the expected long period of disuse.

The value of work included in contract estimates to October 26, the date of

the latest estimate, was $12,593.81, of which 90% was approved for payment.
The contractor's force averaged 1 man for the 3 months.
Contract 25.— Contract 25, for constructing the superstructure of the Wachu-

sett outlet building of the Wachusett-Coldbrook Tunnel at Shaft 1 in the town of

Vv'est Boylston, was continued in force throughout the year. At the beginning

of the year the work had been about 25% completed and work was in progress

on laying the masonry walls with tile and brick facing. The wails were com-
pleted about the middle of December. Laying the ashlar masonry facing of the

north abutment of the circular dam across the Quinapoxet River was also in

progress and was finished except for the coping, on January 5. All operations

were then suspended for the winter. Work was resumed about the first of April.

The installation of gypsum roof slabs was begun on April 25, and laying of the

slate roof on May 3U. The roof was completed on June 27. Miscellaneous work
continued during the summer and on September 19 removal of equipment and
general cleaning up was started. At the end of the year the entire work on this

contract had been practically completed.

The value of work included in contract estimates to November 2, the date of

the latest estimate, was $60,312.15, of which 90% was approved for payment.

The contractor's force up to October 31, excepting about 2 months during the

winter when operations were suspended, averaged 3 men, the maximum being

32 during the week ending December 13, 1930.

Contract 26.— Contract 26, for furnishing and installing power and lighting

wiring and electrical equipment at the Wachusett outlet works of the Wachu-
sett-Coldbrook tunnel at Shaft 1 in the town of West Boylston, was continued

in force throughout the year. At the beginning of the year the contract had

been nearly completed except for miscellaneous work required from time to time

in connection with the work of Contracts 22 and 25. Work was resumed on

April 13, with the construction of an underground armored cable from the

transformer station south of Holden Street to the outlet bulkKng, and power

was turned on in the building on April 18.

The value of work included in contract estimates to November 10, the date

of the latest estimate, was $9,888.62, of which 90% was approved for payment.

The contractor's force up to November 7, excepting 4 months during the winter

when operations were suspended, averaged 1 man, the maximum being 2.

Contract 28.— Contract 28, for grading the grounds of the Ware River intake

building in the town of Barre, was executed August 17 with Anthony Ross &
Son, Lexington, Mass. Work was started on September 9 with the excavation

for stone wall foundations and delivery of stone. The work was carried on

continuously and at the end of the year was practically completed, with the

exception of capstones on the stone wall and seeding and grassing. Loam for

soil dressing was stripped by a y2-cubic yard gasoline shovel from land of the

Commonwealth in Coldbrook, and delivered by truck. Stone for the wall was

also obtained from land of the Commonwealth except the capstones. Base stone

for the driveway was obtained from the surplus coarse aggregate pile at Shaft 7

of the Wachusett-Coldbrook tunnel.

The value of work included in contract estimates to November 16, the date of

the latest estimate, was $5,042.70, of which 90% was approved for payment.

The contractor's force up to November 14 averaged 9 men, the maximum being

14 during the week ending October 31.

Contract 29.— Contract 29, for grading the grounds in the vicinity of the

Wachusett outlet building in the town of West Boylston, was executed August 17

with Anthony Ross & Son, Lexington, Mass. On August 19 the work of grading

was commenced with a y2-cubic yard gasohne shovel. At the end of the year

the work was practically completed, with the exception of capstones on the

stone wall and a small amount of seeding. Loam for soil dressing was obtained

from storage piles and setthng basin dikes placed under Contract 14. Stone for

the wall was also obtained from land of the Commonwealth except the cap-

stones.



Contract 31. — Head House at Shaft 4. Tunnel Spoil Bank in Rear of Building.

Contract 24.— Ware River Intake Building at Shaft 8, Showing also Diversion
Dam Constructed under Contract 19 and Grading of Grounds
under Contract 28. Tracks of Ware River Branch of Boston &
Albany Railroad in Foreground.
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The value of work included in contract estimates to November 16, the date
of the latest estimate, was $9,398.75, of which 90% was approved for payment.
The contractor's force up to November 21, averaged 9 men, the maximum being
21 during the week ending September 5.

Contract 31.— Contract 31, for constructing the superstructure of the head
house at Shaft 4 of the Wachusett-Coldbrook tunnel in the town of Rutland,
was executed August 26, with E. D. Ward Co. of Worcester, Mass. Work was
started on September 10 with the laying of the masonry walls of the building,

the foundations having been prepared under Contract 14. Structural steel for

the roof was delivered on October 1 and erection completed on October 26.

The roof of slate shingles on plank was completed November 8. At the end
of the year practically the entire work was completed with the exception of a
small amount of seeding.

The value of work included in contract estimates to October 10, the date of

the latest estimate, was $2,719.50, of which 90% was approved for payment.
The contractor's force up to November 21 averaged 5 men, the maximum being
8 during the week ending October 10.

COLDBROOK-SWIFT TuNNEL DIVISION HaRDWICK OfFICE

The Coldbrook-Swift Tunnel Division was in charge of the construction of

the Coldbrook-Swift tunnel, an extension to the Swift River of the Wachusett-
Coldbrook tunnel. It also continued in charge of the construction to comple-
tion at Shaft 8, of the Wachusett-Coldbrook tunnel, and until October 1, or until

practical completion, the construction of the Ware River intake works. In
general the completion after October 1 of all work in the vicinity of Shaft 8
including the intake works was turned over to the Holden Office of the Wachu-
sett-Coldbrook Tunnel Division, as was also all work in connection with im-
provements in the Ware River watershed.

Office Work
Tunnel, shaft and intake sections were plotted and excavation and masonry

volumes computed therefrom. Semi-monthly estimates were prepared for Con-
tracts 17 and 20, monthly estimates for Contracts 19, 24 and 27, and final esti-

mates for Contracts 17, 19, 24 and 27. Topographic maps were made of the
area along the Ware River extending above the state highway bridge in Cold-
brook. Work was continued on maps and capacity curves of various ponds
on the watershed including null ponds on the river below the intake works.
Daily rainfall and temperature records were continued at the White VaUey
meteorological station.

Field Work
Lines and grades were given for construction work on Contracts 17, 19, 20,

24 and 27. The work included the location of an access road at Shaft 10 and
a relocation of the existing highway near Shaft 12. About 400 acres of topog-
raphy were taken along the Ware River both above and below the intake.

The triangulation of the Ware River watershed was continued to include the
upper Ware and Burnshirt rivers. Real estate surveys were made of about 40
acres on the Ware River watershed and other properties along the line of the
Coldbrook-Swift tunnel. Weekly observations of water color samples along the
Ware River and its tributaries were continued. The State Department of Pub-
he Health cooperated in the analysis of samples of drinking water used in the
different contractors' camps, and extended to the Coldbrook-Swift tunnel its

investigation of mosquito breeding with reference to the prevention of malaria.
Samples of concrete for testing were taken, and records were continued of the
amount of cement used and required to be used at all points of the work. Geo-
logical investigations were commenced in connection with the Coldbrook-Swift
tunnel construction.

Collection of Stream Flow and Water Power Data
The reading of staff gages, set to determine the head at various water power

plants on the Ware, Swift and Chicopee rivers and the fluctuations in the level

of the ponds on the Ware and Quaboag river watersheds, was continued. The
recording gaging stations at White Valley and Bircham Bend were continued
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and an additional station established at Red Bridge on the Chicopee River.

Current meters were rated from time to time as required.

Investigations of the quality of the water in the Ware River both above and
below the intake works were continued in conjunction with the laboratory at

Enfield, the principal work of this office being the determination of the neces-

sary hydraulic data.

Construction by Force Account

Work on watershed improvement was continued by force account with labor

employed and supervised by the division office until about November 1 when
the supervision of this labor force was taken over by the Holden Office of the
Wachusett-Coldbrook Tunnel Division. The work consisted largely of clean-

ing up the premises of buildings in Coldbrook, burning stumps and other debris

along the Ware River and on the shores of ponds, and constructing property
fences.

Progress of Contracts

Contract 17.— The construction work on the Wachusett-Coldbrook tunnel

from Shaft 8 was continued to completion under the supervision of the Hardwick
Office and is hereinbefore described.

Contract 19.— Contract 19, for constructing the low diversion dam and the

substructure of the building for the Ware River intake works at Shaft 8 of

the Wachusett-Coldbrook tunnel in the town of Barre was continued to comple-
tion, the work done during the year consisting mainly of plumbing, steam fit-

tttig, wiring and painting.

The value of work included in contract estimates during the year was
$32,901.28, the final estimate, dated March 9, being for $285,680.49. The con-

tractor's force averaged 5 men for 13 weeks, the maximum being 9 for the

week ending January 10.

The total work done and materials furnished under the principal items of

Contract 19 are as follows:

Earth excavation (below elevation 642) '.
. 4,768 cu. yds.

Earth excavation (above elevation 642) 4,756 " "
Rock excavation 1,952 " "
Earth filling and embanking of pervious material 10,907 " "
Riprap 1,335 " "
Portland cement 9,968 bbls.
Concrete masonry 6,672 cu. yds.
Dimension stone masonry 127 " "
Ashlar masonry 526 " "
Steel for reinforcing concrete 202,375 lbs.

Contract 20.— Contract 20 is for the construction of the Coldbrook-Swift

tunnel through the towns of Barre, Hardwick and Greenwich and extends 10.39

miles from the end of the Wachusett-Coldbrook tunnel, completed under Con-
tract 17, to the intake from the east branch of the Swift River at Quabbin Lake
in the town of Greenwich. The contract was executed April 23 with Wenzel &
Henoch Construction Company of Milwaukee, Wis.

Work was begun immediately on April 23 with the clearing of the tunnel

right of way for the construction of an electric transmission line to supply elec-

tricity to the four shafts from the South Barre substation of the New England
Power Company. At the end of the year about 8 per cent of the value of the

work was completed, including excavation of all four construction shafts, lining

of Shafts 9, 10 and 11, excavation of about 2,612 feet of tunnel and practical

completion of excavation of the low level intake cut to the tunnel portal at

Quabbin Lake. A length of 52,234 feet of tunnel remains to be excavated under
this contract. The contractor employed local physicians who made weekly
reports on the health of his employees and on the sanitary condition at each of

his camps.
The value of work included in contract estimates to November 26, the date

of the latest estimate, was $380,012.61, of which 90% was approved for pay-
ment.

Shajt 9.— Work was started June 3 on the construction of camp and plant

buildings. The camp buildings include an emergency hospital, 3 bunk houses,

wash house, general office, engineer's office and mess hall. The buildings at the

shaft include compressor and hoist house, tool house and blacksmith's shop.

Shaft excavation was started on July 1. A stiff leg derrick was completed and
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put into operation the next day. It took about a week to uncover bed rock in

the shaft, the first blast in rock being fired on July 9. The first concrete for shaft

linmg was poured on July 21. The tunnel headings were turned on August 28.

Construction of the head frame was started on August 10 and the partly com-
pleted frame was moved over the shaft about September 1 and used to raise

and lower buckets until October 5 when work was suspended to aUow the in-

stallation of hoist skips and other tunnel driving equipment. Tunnel driving

was resumed on October 29. Commencing November 3 excavation by the top
heading and bench method was discontinued and the full face method used.

The head frame is designed to raise and lower balanced skips in approxi-
mately one half the area of the shaft leaving the other half open for a bucket
hoist. A platform at the top of the shaft allows men to enter and leave the
skips. When the skips are raised to the top of the head frame they are dumped
automatically into a bin and thence to cars for delivery to the spoil bank. When
the head frame is completed the muck from the skips will fall over a grating

of steel bars which will reject to the spoil bank stones over 6 inches in size.

Stones under 6 inches will drop into a rotary screen from which material graded
up to 2 inches in size will pass by way of belt conveyors directly to the storage

piles of concrete aggregates for future use in tunnel lining. Stones 2 to 6 inches

m size wiU be discharged directly into crushers. The entire screen and crusher

installation will be self-contained at the head frame. Any rock excavated from
the tumiel that is unsuitable for concrete aggregates wiU be by-passed directly

to the tunnel spoil bank. Electric locomotives are used in the tunnel and a
battery charging station was excavated in the side of the tunnel near the foot of

the shaft. The rock from tunnel excavation is loaded into 3-yard, side-dump
cars by a mucking machine. At the bottom of the shaft these cars are upturned
by a small air hoist to fill the 3-yard hoist skip.

The average weekly progress of tunnel excavation to October 5, with the

bucket hoist, was 39.1 feet easterly and 40.6 feet westerly with a maximum
progress of 56 feet in the east headmg and 55 feet in the west heading for the

week ending September 18. Commencing October 29, the average weekly
progress was 65 feet easterly and 72 feet westerly. The total length of tunnel

excavated for Shaft 9 at the end of the year was 574 feet easterly and 575 feet

westerly, making a total of 1,149 feet. The contractor's force averaged 41 men
since June 3, the maximum being 78 during the week ending November 21. The
average number of persons occupying the camp since July 18 was 8, the maxi-
mum population being 16 during the week ending November 7.

The principal items of plant at Shaft 9 were as follows:

3 Air compressors with a combined capacity of 1,850 cu. ft. per min., the largest
having a capacity of 750 cu. it. per min.

1 Main hoist
1 Auxiliary hoist
1 Blower
2 Mucking machines and miscellaneous mucking and spoil removal equipment
8 Piunps, the largest of which is rated at 150 gals, per min. under 225-ft. head

driven hy air pressure
1 Head frajne with balanced 3-yard skips

Cars, machine shop equipment, drilling equipment, etc.

MlSCELIANEOUS CONSTRUCTION DaTA, ShAFT 9

Total depth of shaft 200 ft.

Depth of earth 9 ft.

Depth of rock 191 ft.

Work begun Jime 3, 1931
Earth excavation begun July 1, 1931
Rock excavation begun July 9, 1931
Maximum depth of rock excavated in one week 33 ft.

Sliaft concrete lining begun July 21, 1931
Tunnel excavation started August 28, 1931

Shaft 10.— Work was started June 10 on the clearing of the right of way of
an access road to the shaft. By July 13, this road was finished sufficiently for
hauling materials and equipment to the shaft site. Camp and plant buildings
were constructed similar to those at Shaft 9. Shaft excavation was started on
June 22, using a stiff leg derrick. Bed rock was uncovered on August 6. The
first concrete for shaft lining was poured on August 13. The tunnel headings
were turned on November 24. Construction of the head frame was started on
October 19. *
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The total length of tunnel excavated at Shaft 10 at the end of the year was
20 feet easterly and 24 feet westerly, making a total of 44 feet. The con-

tractor's force averaged 37 men since June 22, the maximum being 51 during

the week ending August 8. The average number of persons occupying the camp
since August 22 was 6, the maximum population being 10 during the week end-
ing September 19.

The principal items of plant at Shaft 10 were as follows:

3 Air compressors having an aggregate capacity of 1,800 cu. ft. per min., the largest
having a capacity of 750 cu. ft. per min.

1 Main hoist
1 Auxiliary hoist
1 Blower \

7 Pumps, the largest of which is rated at 150 gals, per min. under 450-ft. headi
driven by air pressure '

Cars, machine shop equipment, drilling equipment; etc.

Miscellaneous Constbugtion Data, Shaft 10

Total depth of shaft 408 ft.

Depdi of earth 34 ft.

Depth of rock 374 ft.

Worlt begun June 10, 1931
Eartn excavation begun June 22, 1931
irlociv excavation begun August 6, 1931
Maximum depth of rock excavated in one week 43 ft.

Shaft concrete lining begun August 13, 1931
Tunnel excavation started November 24, 1931

Shaft 11.— Work was started June 21 on the construction of camp buildings

and the installation of equipment. Electric transformers were installed and
power made available on July 7. Shaft excavation was started on July 15.

Bed rock was uncovered on July 20. The first concrete for shaft lining was
poured on July 28. The tunnel headings were turned on September 10. Con-
struction of the head frame was started on July 29 and the partly completed
frame was moved over the shaft on October 4. Tunnel excavation was con-

tinued by the top heading and bench method until October 30 when it was
suspended to allow the installation of hoist skips and other tunnel driving equip-

ment similar to that used at Shaft 9 and hereinbefore described. Tunnel driv-

ing was resumed on November 19.

The average weekly progress of timnel excavation to October 30 was 42.0

feet easterly and 40.6 feet westerly with a maximum progress of 52 feet in the

east heading and 57 feet in the west heading for the week ending October 16.

The total length of tunnel excavated from Shaft 11 at the end of the year was
423 feet in each heading, making a total of 846 feet. The contractor's force

averaged 37 men since June 21, the maximum being 68 during the week ending

November 28. The average number of persons occupying the camp was 6, the

maximum population being 11, during the week ending November 11.

The principal items of plant at Shaft 11 were as follows:

3 Air compressors having an aggregate capacity of 1,850 cu. ft. per man., the largest
having a capacity of 750 cu. ft. per min.

1 Main hoist
1 Auxiliary hoist
1 Blower
4 Pumps, the largest of which is rated at 170 gals, per min. under 225-It. head,

driven by air pressure
Cars, machine shop equipment, drilling equipment, etc.

Miscellaneous Construction Data, Shaft 11

Total depth of shaft ^ZH!'
Depth of earth ^^l}-
Depth of rock , • „ 251 ft.

Work begun June 21, 1931
Earth excavation begun July 15, 1931
Rock excavation begun July 20, 1931
Maximum depth of rock excavated in one week 44 ft.

Shaft concrete lining begun July 28, 1931
Tunnel excavation started Sept. 10, 1931

Shaft 12 and Swift River Intake.— Work was started June 21 on the clear-

ing of the camp site and the excavation of top soil at the shaft site. Electric

transformers were installed and power made available on July 7. Bed rock

was uncovered in the shaft on July 14. A stiff leg derrick was erected during the

week ending July -27. The public highway near the site of the shaft was re-
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located and traffic diverted on July 29. A preliminary concrete lining in the
upper portion of Shaft 12 was poured commencing August 24. The tunnel
headings were turned on September 16. Tunnel excavation in the west heading
was discontinued on October 9, but continued in the east heading until October
20, when it was suspended to allow the installation of hoist skips and other
tumiel driving equipment similar to that used at Shaft 9 and hereinbefore de-
scribed. Tunnel driving was resumed on November 19.

Excavation of the lower intake cut was started August 1, using a 1-yard
gasoline shovel and motor trucks, the top soil being placed in storage piles.

The trench was practically completed on November 30, except for riprap on
the side slopes. Earth and rock excavation from the lower intake cut was
spread about 2 feet thick over the swamp area along the shore of Quabbin Lake.
The entire swamp area south of the future intake channel was completely cov-
ered and filling on the swamp area north of the chaimel was in progress. Tun-
nel spoil also was placed on this area commencing September 18, previous to
which it has been used for constructing roads from the shaft to the spoil area
along Quabbin Lake and for levelling an area near the shaft to be used for the
storage of concrete aggregates.

The average weekly progress of tunnel excavation was 39.2 feet westerly until

October 9 and 41.8 feet easterly untU October 20, with a maximum progress of

82 feet in the east heading and 15 feet in the west heading for the week ending
October 16. The total length of tunnel excavated from Shaft 12 at the end of

the year was 406 feet easterly and 167 feet westerly, making a total of 573 feet.

The contractor's force averaged 44 men since June 21, the maximum being 61
during the weeks ending October 10 and November 28. The average number
of persons occupying the camp was 17, the maximum population being 21, dur-
ing the week ending October 10.

The principal items of plant at Shaft 12 were as follows:

2 Air compressors having an aggregate capacity of 1,300 cu. ft. per min., the largest
having a capacity of 750 cu. ft. per min.

1 Main hoist
1 Auxiliary hoist
1 Blower
6 Pumps the largest of which is rated at 150 gals, per min. under 450-ft. head,

driven by air pressure
Cars, trucks, machine shop equipment, drilling equipment, etc.

At the lower intake:

1 1-cubic-yard gasoline-driven shovel
4 Trucks
1 Pump, 30 horsepower

Miscellaneous Construction Data, Shaft 12

Total depth of shaft 90 ft.
Depth of earth 4 fti
Depth of rock 86 ft"
Work begun \

' June 21, 1931
Earth excavation begun June 21, 1931
Rock excavation begun July 14, 1931Maximum depth of rock excavated in one week '.

. . 'l9 ft.
Shaft concrete lining begun

\ August 24 1931
Tunnel excavation started

, ! ! Sept. 16^ 1931

The total work done and materials furnished to date under the principal items
of Contract 20 are as follows:

Shaft 12

^ ,^ .. . ^ ^. . ,
Shaft 9 Shaft 10 Shaft 11 and Intake

Earth excavation for shafts (cu. yds.) . 84 318 225 *

Rock excavation in shafts and' in tunnel
within 50 ft. of shafts (cu. yds.) . . 2,310 2,997 2,660 1,445

Excavation in tunnel, except within 50 ft. of
shafts (cu. yds.) 6,217 — 4,170 3,723

Shaft and tunnel drainage (lin. ft.) . . . 392 298 369 163
Earth excavation in open cut (cu. yds.) . .

— 2,500 1,803 29,364
Rock excavation in open cut (cu. yds.) . .

— 435 106 1 409
Forms for concrete linings of shafts (lin. ft.) 178 397 258 '

—

Concrete masonry in shafts (cu. yds.) . . 400 929 611 —
Concrete masonry not in shafts or tunnel

cu. yds.) — — 1 132
Portland cement (bbls.) 753 1,334 898 439

'Included in item, "Earth excavation in open cut."
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Contract 24-— Contract 24, for constructing the superstructure of the build-

mg for the Ware River intake works at Shaft 8 of the Wachusett-Coldbrook
tunnel in the town of Barre was continued to practical completion on October
10. Work was discontinued for the winter from about January 1 until April 6.

Previous to this discontinuance the completed portions of the stone masonry
walls were covered to protect them from the weather during the winter months
and a cement wash was applied to all exposed steel work. The building walls

were completed on May 29. The bridge crane was erected on May 1, and on
June 17 was tested and put to immediate use in the shaft and valve pit. The
laying of gypsum roof slabs was completed on July 10 and the slate roofing

about August 1.

The value of work included in contract estimates during the year was
$61,439.29 or a total to October 22, the date of the latest estimate, of $69,834.40,

of which 90% was approved for payment. The contractor's force averaged 10

men for 30 weeks, the maximum being 26.

Contract 27.— Contract 27, for fiUing with earth, areas along the banks of

the Ware River in the town of Barre, was continued to completion in Decem-
ber 1930.

The value of work included in contract estimates during the year was $2,945.51,

the final estimate, dated December 20, 1930, being $4,395.51. The contractor's

force averaged 10 men for 2 weeks.

Swift River Reservoir Division— Enfield Office

The Swift River Reservoir Division continued in charge of the field work in

the Swift River valley in connection with the proposed Swift River Reservoir.

In this connection the division continued its topographic surveys of the pro-

posed reservoir basin, general surveys of real estate required for reservoir pur-

poses, preparation of maps of aU surveys, cemetery removal work and studies

of soils and other materials with reference to their suitabihty for use in the

construction of the proposed dam and dike. The division was also in charge of

construction work for a new cemetery development, highway relocation, and the

river diversion tunnel and other preliminary work at the site of the main dam
and dike.

Miscellaneous Office Work
Semi-monthly estimates for Contract 21 and monthly estimates for Contracts

23, 30, 32 and 34 were prepared. Plans of the relocated Ware-Belchertown
highway were prepared for contract use and also for submission to the State

Department of Public Works and the County Commissioners of Hampshire
County. The new route leaves the existing highway. Route No. 109, at a point

about 0.8 mile east of Belchertown Center, passes south of the site of the main
dam of the Swift River Reservoir and joins the existing highway again at a

point about 0.2 mile west of Beaver Brook, thus substituting 5%, miles of new
highway for 7% miles of the existing route through Enfield. The new highway
w3l have a 24-foot bituminous macadam surface with 3-foot gravel shoulders.

Real estate plans were prepared along the line of the Coldbrook-Swift tunnel

within the Swift River watershed and along the line of the relocated Ware-
Belchertown highway. Photographs of the progress of construction carried on
under the supervision of this and other divisions, were taken by this division.

Topographic plans were prepared of the site of the proposed new cemetery de-

velopment. Meteorological records were continued at Enfield.

Miscellaneous Field Work
Lines and grades were given for construction work on Contracts 21, 23, 30,

32 and 34. Test pits were dug by labor employed on force account in con-

nection with the investigations of materials for use in the construction of the

main dam and dike. Surveys were completed for the relocation of a porton
of the Ware-Belchertown highway under Contract 21, and test pits were dug
by labor employed on force account to determine the occurrence of ledge and
boulders and the character of excavations to be made.

Reservoir— General

Topography.— During the year, 2,155 acres of topography within and adja-

cent to the proposed reservoir were surveyed, making a total to date of 25,970
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acres or 40.6 square miles. During the year 1,550 acres of topography were
mapped, making the total to date 25,130 acres. Of this total, tracings have been
made covering 21,065 acres. Studies were made of the general problem of high-

way relocation.

Real Estate.— Additional property described in applications by owners for

sale of real estate was located and sketches made showing the approximate lo-

cation. Comprehensive real estate surveys and analyses and descriptions of

deeds were continued. Tables were compiled of all properties in the towns of

Enfield, Greenwich and Dana. Real estate surveys during the year cover 920
acres, making a total to date of 58,310 acres or 91.11 square miles. Of this

total, 57,495 acres have been plotted at a scale of 1 inch=200 feet and final

tracings have been made covering a total of 39,701 acres. Cruising of timbered
areas by standard forestry methods was continued.

Photography.— The photographing of buildings and cemetery lots within

the area to be affected by the proposed reservoir and the making of record

prints were continued. During the year 16 photographs of buildings, 194 of

cemetery lots and 207 of the progress of construction carried on under the

supervision of this and other divisions were taken. The work of photographing
monuments and headstones in cemetery lots has been practically completed.
Cemetery Removals.— No general removal of bodies from within the pro-

posed reservoir has been undertaken but removals at the request of interested

parties continued. During the year 43 releases of rights in cemetery lots were
executed by interested parties. The removal of bodies, headstones and monu-
ments has been done by this division with labor engaged directly for this work.
During the year 126 bodies were removed from 43 lots in various cemeteries in

the area to be affected by the reservoir together with 65 headstones and 26 mon-
uments, making a total removed to date of 527 bodies. 235 headstones and 95

monuments. The work of removing and resetting monuments has been facili-

tated by the use of a platform body truck equipped with power winch, cable

and tripod.

Fire Protection.— The fire fighting equipment housed at Enfield was contin-

ued in readiness for service at all times. Five assistants in the division office

were reappointed as deputy forest wardens in each of the towns affected by the

reservoir. The equipment and personnel responded during the year to calls

for assistance at 10 forest fires which burned over a total area of 233 acres. The
apparatus also responded to fires in 10 buildings.

Laboratories

Soil Testing Laboratory.— The work of exploring, collecting, and testing ma-
terials to determine their suitability for use in the construction of the proposed
main dam and dike was continued. New equipment was added to the labora-

tory as testing methods were expanded to include new studies and to keep pace
with current developments in soil engineering. The investigations included top
soils, silt deposits near Mt. Lizzie in Greenwich, extensive deposits of glaci?l

till forming the ground moraine overburden on the west side of Beaver Brook
valley north of the dike site, and similar deposits on the west side of the Swift

River valley north of the dam site. In connection with the construction of the

Swift River diversion works, tests were made of top soils to be stripped from
affected areas and used in the impervious portions of the cofferdams.

Chemical and Bacteriological Laboratory.— The collecting and analyzing of

water samples in preparation for records and reports were continued in co-

operation with the Headquarters Office and with assistants from the Coldbrook-
Swift Tunnel Division.

Progress of Contracts

Contract 21.— Contract 21, for constructing a relocated portion of the Ware-
Belchertown highway in the towns of Ware and Belchertown was executed on
July 20 with The Lane Construction Corp. of Meriden, Conn. On July 29 work
was started on the installation of a 10-car siding at the West Ware Station of

the Athol Branch of the Boston & Albany Railroad. On August 5 the Contractor
commenced the work of clearing along the line of highway and installing cul-

verts. On August 14 one steam shovel started excavation at the Belchertown
end. At the end of the year seven shovels were engaged on the work, about
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70% of the drainage was installed and about 80% of the excavation and em-
bankment completed to subgrade. For approximately 9,600 feet at the Belcher-
town end gravel base was placed in a condition for winter use by the public
through the section that most affects existing highways. On August 16 con-
struction work at the bridge across the Swift River was started. Steel sheet
piling was driven around the westerly pier and abutment as a cofferdam inside

of which wood sheeting was driven for the footings. For the easterly abutment
wood sheeting protected by sand bags was driven as a cofferdam. At the end
of the year the entire westerly abutment and pier and the footing of the east-

erly abutment had been poured.
The value of work included in contract estimates to November 16, the date

of the latest estimate, was $56,682.83, of which 90% was approved for payment.
The contractor's force averaged 81 men for 16 weeks, the maximum being 132
during the week ending November 14.

The principal items of plant were as follows:

4 Steam shovels
3 Gasoline shovels
6 Bulldozers
4 Road rollers
2 Road graders
4 Tractor trucks
8 Gasoline dump trucks

The total work done and materials furnished to date under the principal
items of Contract 21 are as follows:

Roadway earth excavation 51,110 cu.yds.
Bridge excavation 1,140 " "
Ledge excavation 4,758 " "
Reinforced cement concrete masonry . . 353 " "
Gravel borrow 6,873 " "
Rubble concrete masonry ; . . . . 590 " "

Trench excavation 1,837 " "

Contract 23.— Contract 23, for making borings in the towns of Belchertown,
Enfield, Ware, Greenwich and Hardwick continued in force throughout the year.
The work was practically confined to the exploration of overburden in the
vicinity of the main dam and dike sites.

The value of work included in contract estimates during the year was
$8,892.49 or a total to November 10, the date of the latest estimate, of

$19,424.07, of which 90% was approved for payment. The Contractor had one
driUing rig in operation during the year and employed an average of 2 men.

Contract 30.— Contract 30, for constructing the stream control works at
the main dam of the Swift River Reservoir in the towns of Belchertown, Enfield
and Ware, was executed August 1 with the Northern States Contracting Co.
of St. Paul, Minn. The work includes in addition to the 30-foot rock tunnel 960
feet long, with approach and discharge channels, the partial construction of

cofferdams which will form the upstream and downstream toes of the main dam.
On August 14 the work of clearing the site was started. On August 17 work
was started on the construction of an electric transmission line from existing

hues across Quabbin Hill in Enfield. The Contractor installed a 4-car siding ad-
jacent to the Athol Branch of the Boston & Albany Railroad, a short distance
above the downstream cofferdam and erected a temporary bridge on timber
bents across the Swift River to provide access to the west side. On August 23
stripping of top soil from the site of the downstream cofferdam east of the river

was started with a gasoline shovel, on August 27 a second shovel started similar

stripping west of the river, and on September 1 a third started on the site of the
upstream cofferdam. Two of these shovels then proceeded to excavate the dis-

charge channel and the third to excavate the upstream approach channel.

Materials from the excavations were hauled in trucks to the cofferdams or

placed in a storage pile for use later as concrete aggregate. Suitable top soil

was stored and used in constructing the impervious blanket on the upstream
cofferdam. Materials placed in the cofferdams were spread by bulldozers in

6-inch layers, Vv'etted and rolled by 14-ton gasoline road rollers, equipped with
bands on the rear rollers. Boulders too large to be placed in this manner were
placed in the cofferdams by puddling, with the result that all heavy material

was retained in the cofferdams, which will later become the toes of the main
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dam. At the end of the year the portion of the downstream cofferdam included
in the contract had been brought to the required grade and that of the up-
stream cofferdam to within 5 feet of the required grade, except for the portion
adjacent to the stream control conduit. In the outlet channel about 40,000
cubic yards remained to be excavated and the bed rock at the downstream
tunnel portal was uncovered to an elevation 1 foot below the springing line of
the tunnel arch. Excavation in the upstream approach channel was about 80%
completed. Plant for tunnel excavation was practically complete at the end
of the year.

The value of work included in contract estimates to November 10, the date
of the latest estimate, was $65,957.50, of which 90% was approved for payment.
The contractor's force averaged 38 men, with a maximum of 64. The maximum
total output of the 3 shovels in any 10-hour day was 3,950 cubic yards. The
maximum number of trucks used was 11.

The principal items of plant equipment were as follows:

3 Gasoline shovels
1 Electric shovel Cfor the tunneil)
3 Caterpillar bulldozers
2 14-ton rollers

10 Trucks
4 Air compressors having an aggregate capacity of 2.575 cu. ft. per min.
1 Portable compressor having a capacity of 220 cu. ft. per min.
4 Pumjis, drilling equipment, etc.

The total work done and materials furnished to date under the principal

items of Contract 30 are as follows:

Removal of soil 9,.^«00 cu. yds.
Earth excavation in open cut 170,800 " "
Rock excavation in open cut 1,990 " "
Impervious embanking 2,350 " "
Refilling and embanking compacted in 6-inch layers . 4 . . . 89,350 " "
Other refilling and embanking 41,900 " "

Contract 32.— Contract 32, for constructing two exploratory caissons, one at

the main dam and one at the dike of the Swift River Reservoir in the towns
of Enfield and Ware was executed September 16 with the Dravo Contracting
Co. of Pittsburgh, Pa. Work of plant installation at the dam site was started
on September 25 and excavation of open cut on October 13. Excavated material
was hauled by truck to a spoil area at the downstream toe of the proposed
main dam. A connection for power was made to the transmission line serving
Contract 30. By October 30 the caisson shoe had been erected and concrete
forms placed for pouring to a height of 16 feet. After concreting reached a
height of 31.5 feet above the cutting edge, excavation in the caisson was started
by the open dredging method.
At the end of the year concrete had been poured to a height of 73 feet above

the cutting edge and the caisson had been sunk by open dredging to a depth of

35 feet, out of a total estimated required depth of 87 feet. Plant for sinking

the caisson under compressed air was installed. Work at the dike site consisted

only in clearing, repair of access road and installation of equipment foundations.

The value of work included in contract estimates to November 16, the date of

the latest estimate, was $12,497.50, of which 90% was approved for payment.
The contractor's force averaged 18 men, the maximum being 29 during the week
ending November 21.

The principal items of plant were as follows:

1 steel derrick, 90-ft. boom
2 Air compressors, each with a capacity of 888 cu. ft. per min. and driven by 152

horsepower motor
2 Air receiver tanks, 3.5 ft. x 10.8 ft.

1 1-cubic-yard clam shell bucket
1 Orange peel bucket
3 Man locks
1 Muck lock
1 Medical lock, 7 ft. x 22.5 ft.

5 Pumps, Including 2 in the caisson, each of 1,000 gals, per min. capacity under
120-ft. head

1 l-cubic-yard concrete mixer
Sand and gravel aggregate hoppers, 60-ft. steel tower and chutes
Cars, track, diving apparatus, etc.
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Contract 34.— Contract 34, for constructing driveways in a new cemetery
development in the town of Ware was executed October 29 with The Lane Con-
struction Corp. of Meriden, Conn. Clearing of the driveway areas was started

October 30. On November 4 a i/2-cubic yard gasoline shovel started the work
of stripping top soil and storing it for later use in covering side slopes. Exca-
vation of the cuts to subgrade was completed on November 23, the material be-
ing hauled to the embankment fills in trucks. Gravel surfacing was completed
November 25. A concrete box culvert under the entrance road to the cemetery
was completed on November 12.

The value of work included in contract estimates to November 20, the date of

the latest estimate, was $2,633.92, of which 90% was approved for payment.
The contractor's force averaged 8 men, the maximum being 14 for the week
ending November 14.

Geological Data
Chapter 321, Acts of 1927, provides that "The Commission shall collect and

publish in its reports such information as to the geology of the region in which
any of the works which it is authorized to construct may be located as may be
of value in connection with the geological history of the State." Such informa-
tion has been prepared for publication in a subsequent report.

List of Drawings and Tables Appended Hereto
Location of Real Estate Acquired for the Swift River Reservoir.
Takings of Real Estate (and Water Rights).
Status of Contracts Completed Prior to Nov. 30, 1930.
Status of Contracts in Progress betv\'een Nov. 30, 1930 and Nov. 30, 1931. (2 sheets.)
Key Plan and Profile, Coldbrook-Swift Tunnel.

For General Plan of Metropolitan Water Supplv and Key Plan and Profile

of Wachusett-Coldbrook Tunnel, see Second Annual Report.
Respectfully submitted.

Frank E. Winsor, Chief Engineer.

20 Somerset Street, Boston, Mass.
December 15, 1931.
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FINANCIAL STATEMENT OF THE METROPOLITAN
DISTRICT WATER SUPPLY COMMISSION

Expenditures and Disbursements for the Fiscal Year and from July 28,

1926, THE Date of the Appointment of the Commission

General Overhead

Administration, Commissioners' Office:
Salaries, Commissioners . .

Salaries, Clerical ~ .

General Legal Expense
Furniture and Fixtures

Rent and Upkeep
Automobile Purchase
Automobile Maintenance
Miscellaneous Expense (undistributed)

Advertising
Printing and Blueprinting . .

Stationery and Otfice Supplies .

Postage

Total Administration

Engineering, Headquarters Office:
Salaries, Engineering
Salaries, Clerical

General Consultant Expense ....
General Legal Expense
Furniture and Fixtures
Laboratory Equipment
Laboratory Supplies
Rental of Equipment
Engineering Instruments
Rent and Upkeep of Boston Offices

Rent and Upkeep of Springfield Laboratory
Automobile Purchase . . .

Automobile Maintenance
Special Experiments
Miscellaneous Expense (undistributed)

Printing and Blueprinting ....
Stationery and Office Supplies .

Postage

Total Engineering, Headquarters Office

Unassigned:
Unassigned Supples and Equipment

Total Unassigned

Total General Overhead ....

Year ending
Nov. 30,
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Administration :

Wachusett-Coldbrook Tunnel .

Coldbrook-Swift Tunnel .

Swift River Reservoir
Main Dam and Dike ....
Southern Sudbury Emergency Supply

Total Administration

Engineering, Headquarters Office.

Wachusett-Coldbrook Tunnel
Coldbrook-Swift Tunnel .

Swift River Reservoir

Main Dam and Dike
Southern Sudbury Emergency Supply

Total Engineering, Headquarters Office

Wachusett-Coldbrook Tunnel
General Overhead:

Administration ....
Engineering

Total General Overhead .

Engineering :

Salaries, Engineering and Clerical

Consultant Expense .

Labor ....
Furniture and Fixtures

Engineering Instruments
Rent and Upkeep
Automobile Purchase
Automobile Maintenance
Contracts for Investigations and Surveys
Miscellaneous Expense (undistributed)

Advertising
Printing and Blueprinting .

Stationery and Office Supplies .

Postage

Total Engineering ....
Real Estate, General Construction:

Legal and Expert Expense
Consultant Expense
Labor
Miscellaneous Expense ....
Purchases and Settlements

Taxes
Maintenance of Real Estate .

Police Protection, Labor ....
Fire Protection
Special Agents, Salaries ....

Furniture and Fixtures ....
Automobile Purchase . . . .

Automobile Maintenance
Miscellaneous Expense (undistributed)

Printing

Postage

Total Real Estate ....

Year ending
Nov. 30,
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Ware Watershed Protection:
Salaries, Engineering and Clerical .

Legal and Expert Expense
Consultant Expense ....
Labor
Contracts
Miscellaneous Expense (undistributed)

Printing and Blueprinting .

Installed Equipment ....
Purchases and Settlements
Taxes
Maintenance of Real Estate .

Automobile Maintenance .

Total Ware Watershed Protection .

Ware Diversion Damages:
Salaries, Engineering and Clerical

Legal and Expert Expense
Consultant Expense .

Labor ....
Laboratory Equipment
Laboratory Supplies ,

Engineering Instruments
Rental of Equipment .

Automobile Maintenance
Contracts for Investigations and Surveys
Materials of Construction
Miscellaneous Expense (undistributed)

Printing and Blueprinting .

Postage
Purchases and Settlements

29
Year ending

Nov. 3a.
1931
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Contract No. 24, Construction of Super-
structure of Intake Building for the

Ware River Intake Works of the Wachu-
sett-Coldbrook Tunnel ....

Contract No. 25, Construction of Superstruc-

ture of Outlet Building for the Wachu-
sett-Coldbrook Tunnel ....

Contract No. 26, Furnishing and Installing

Power and Lighting Wiring and Electri-

cal Equipment at the Outlet Works at

Shaft 1 of the Wachusett-Coldbrook
Tunnel

Contract No. 28, Grading the Grounds at the

Ware River Intake Building of the

Wachusett-Coldbrook Tunnel .

Contract No. 29, Grading the Grounds at

the Outlet Building of the Wachusett-
Coldbrook Tunnel

Contract No. 31, Construction of the Super-
structure of the Head House at Shaft 4

of the Wachusett-Coldbrook Tunnel

Total Contracts

Year ending
Nov. 30,
1931
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Year ending
Nov. 30,
1931

Materials of Construction .... $0.00

Miscellaneous Expense (undistributed) . 1,975.43

Printing and Blueprinting .... 163.40

Stationery and Office Supplies . . . 330.54

Postage 38.00

Total Engineering $32,270.10

Real Estate:
Legal and Expert Expense .... $988.64

Labor 9.00

Miscellaneous Expense (undistributed) . 7.46

Printing and Blueprinting .... 20.92

Postage 5.68

Purchases and Settlements .... 11,565.00

Taxes 0.00

Maintenance of Real Estate .... 9.25

Fire Protection Equipment .... 26.83

Total Real Estate $12,632.78

Permanent Construction— Construction Contracts:
Contract No. 20, Construction of Coldbrook-

Swift Tunnel $303,157.22

Total Contracts

Permanent Construction— Except Construction
Labor
Installed Equipment
Miscellaneous Expense . . .

Total
Total Coldbrook-Swift Tunnel

31
Total to
Nov. 30.

1931

$2.25

4,978.65
433.47

1,374.35

220.30

$106,084.44

$2,774.28
9.00

27.16

34.73

5.68

13,415.00

22.50

9.25

60.86

$16,358.46

,157.22

Swift River Reservoir
General Overhead:

Administration
Engineering .

Total General Overhead .

Engineering:
Salaries, Engineering and Clerical

Labor ....
Furniture and Fixtures

Laboratory Equipment
Rental of Equipment
Engineering Instruments
Rent and Upkeep
Automobile Purchase
Automobile Maintenance
Special Experiments
Contracts for Investigations and Surveys
Office Buildings

Miscellaneous Expense (undistributed)

Printing and Blueprinting .

Stationery and Office Supplies .

Postage

$303,157.22
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Real Estate:
Legal and Expert Expense
Labor
Furniture and Fixtures

Miscellaneous Expense (undistributed)

Advertising
Printing and Blueprinting .

Stationery and Office Supplies .

Purchases and Settlements
Taxes
Maintenance of Real Estate .

Fire Protection Equipment
Automobile Purchase
Automobile Maintenance
Miscellaneous Expense

Police Protection Labor
Special Agents, Salaries

Equipment
Automobile Purchase
Automobile Maintenance
Miscellaneous Expense (undistributed)

Printing and Blueprinting
Stationery and Office Supplies

Postage ....
Renting Agents, Salaries .

Furniture and Fixtures .

Stationery and Office Supplies

Miscellaneous Expense .

Payments to Towns .

P.D. 147

Total Real Estate

Swift Reservoir Damages:
Salaries, Engineering
Consultant Expense . . . .

Purchases and Settlements

Miscellaneous Expense

Total Swift Reservoir Damages

Swift Diversion Damages:
Salaries, Engineering ....
Legal and Expert Expense
Consultant Expense .

Labor ....
Laboratory Equipment
Laboratory Supplies .

Rental of Equipment
Engineering Instruments
Automobile Maintenance
Contracts for Investigations and Surveys
Materials of Construction

Miscellaneous Expense (undistributed)

Printing and Blueprinting .

Purchases and Settlements

Total Swift Diversion Damages

Cemeteries :

Salaries, Engineering and Clerical .

Legal and Expert Expense

Year ending
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Labor .......
Automobile Purchase
Automobile Maintenance .

Miscellaneous Expense (undistributed)

Stationery and Office Supplies .

Contract 34
Purchases and Settlements
Monuments and Inscriptions .

Materials
Transportation of Bodies .

Transportation of Monuments
Rental of Equipment

Year ending
Nov. 30,
1931

$1,301.12

3,830.00

206.83

5.32

0.00

2,370.53

1,091.10

7.70

994.49

0.00

62.50

10.00

33
Total to
Nov. 30,

1931

H,867.76
3,830.00

206.83

86.21

3.51

2,370.53

4,643.10

252.25

2,520.05

45.00

840.50
10.00

Total Cemeteries

Permanent Construction
Installed Equipment .

$12,112.99

Except Construction Contracts:
• $0.00

Total

Highway and Public Utility Relocation:
Salaries, Engineering and Clerical .

Legal and Expert Expense
Labor
Automobile Maintenance .

Miscellaneous Expense (undistributed)

Printing and Blueprinting .

Contract 21

Total Highway and Public Utility Re-
location

Total Swift River Reservoir .

$0.00

$6,012.25

40.10

88.50

39.75

33.49

16.68

48,180.41

$54,411.18

$1,087,629.41

Swift River Reservoir-

General Overhead:
Administration
Engineering

Main Dam and Dike

$5,097.35

19,751.47

$24,729.45

$214.78

$214.78

$6,012.25

40.10

88.50

39.75

33.49

16.68

48,180.41

$54,411.18

),997,617.14

$5,097.35

19,751.47

Total General Overhead .

Engineering :

Salaries, Engineering and Clerical .

Consultant Expense
Labor
Furniture and Fixtures ....
Laboratory Equipment ....
Automobile Maintenance ....
Contracts for Investigations and Surveys
Miscellaneous Expense (undistributed)

Stationery and Office SuppHes .

$24,848.82 $24,848.82

$24,702.87^

1,312.55
168.10^

64.18
566.20^

47.28

38,772.51^

820 .20

1

64.78

5,518.67Total Engineering
Permanent Construction— Construction Contracts:

Contract No. 30, Constructing Stream Con-
trol Works at Main Dam of Swift River
Reservoir $59,361.75

Contract No. 32, Coastructing Exploratory
Caissons at Main Dam and Dike of Swift

River Reservoir 11,247.75

$24,702.87

1,312.55

168.10

64.18

566.20
47.28

38,772.51

820.20

64.78

$66,518.67

) ,361.75

11,247.75

Total Contracts $70,609.50 $70,609.50

^Includes expenditures prior to iNovember 30, 1930, previously carried in other accounts.
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Permanent Construction— Except Construction Contracts:
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Year ending
Nov. 30,
1931

Miscellaneous Expense $3.00
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Year ending Total to

Nov. 30, Nov. 30,
1931 1931

Permanent Construction— Except Construction Contracts:
InstaUed Equipment $0.00 $7,960.51

Miscellaneous Expense 0.00 2,758.77

Labor 0.00 1,011.00

Materials of Construction .... 0.00 207.09

Total $0.00 $11,937.37

Total Southern Sudbury Emergency
Supply $330.14 $637,832.63

Summary
Wachusett-Coldbrook Tunnel $1,143,127.07 $11,218,701.45

Special Investigation— Pollution of Ware and
Quinapoxet Watersheds 1,995.99 1,995.99

Coldbrook-Swift Tunnel 365,353.35 483,263.45

Swift River Reservoir 1,087,629.41 5,997,617.14

Main Dam and Dike 161,979.99 161,979.99

Southern Sudbury Emergency Supply . . . 330.14 637,832.63

Unassigned -1.73 643.51

Grand Total $2,760,414.22 $18,502,034.16

Receipts from Rents, Sales, Etc.

Receipts from Sales $40,110.11 $90,264.33

Receipts from Rents . 49,432.26 153,113.78

MisceUaneous Receipts 1,825.24 2,352.14

Total Receipts . . . . . . $91,367.61 $245,730.25
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