
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, 1927, its

SECOND ANNUAL REPORT
I. Organization and Administration

There has been no change in the personnel of the Commission during the year.

Davis B. Keniston has continued as Chairman, and Charles M. Davenport and
Joseph H. Soliday as associate commissioners. Charles M. Davenport continued

to act as secretary until March, 1927, when R. Nelson Molt became secretary.

The clerical force of the Commission's office at Boston has been organized during

the year and on November 30, 1927, consisted, in addition to the secretary, of one
senior clerk, one bookkeeper, one clerk and one stenographer. Two title examiners

have been employed in the field. A real estate purchasing agent and conveyancers

have been employed from time to time as required.

The engineering and clerical force of the engineering department has been built

up from 48 employees on November 30, 1926, to a total of 133 employees on Novem-
ber 30, 1927. The maximum force during the year was 138 during the week ending
August 13, 1927, and the average force was 100.

II. Engineering Department
Frank E. Winsor has continued as chief engineer. Karl R. Kennison has con-

tinued as designing engineer and Walton H. Sears as mechanical engineer.

Three division engineers are in charge of field divisions as follows: Harold W.
Home, Wachusett-Coldbrook Tunnel Division; Richard R. Bradbury, Coldbrook-
Swift Tunnel Division; and N. LeRoy Hammond, Swift River Reservoir Division.

Harold W. Home continued as assistant division engineer from last year and N.
LeRoy Hammond reported permanently for duty as assistant division engineer

on December 1, 1926. They were promoted to division engineers on June 1, 1927.

Richard R. Bradbury reported for duty as division engineer on August 1, 1927.

X. H. Goodnough, Chief Engineer of the State Department of Public Health,
and J. Waldo Smith, formerly Chief Engineer of the New York Board of Water
Supply, have continued as consulting engineers. Charles T. Main of Boston has
been employed from time to time as consulting engineer on mill and water power
damages, and Professor Charles P. Berkey of Columbia University as consulting

geologist.

III. Offices

Since the beginning of the year the offices of the Commission and of the Chief
Engineer have been in the Five Cents Savings Bank Building at 24 School Street,

Boston.
Four field offices have been maintained for the whole or parts of the year. That

of the Wachusett-Coldbrook Tunnel Division was continued at Holden Center
and that of the Swift River Reservoir Division was continued at Enfield. Head-
quarters for the Coldbrook-Swift Tunnel Division were established at Hardwick
on September 15, 1927, and for the Southern Sudbury Emergency Supply at
Framingham on December 20, 1926.

IV. Real Estate

During the year 667 requests have been received from the owners of real estate,

located in and near the Swift River Valley, for appraisal by the Commission of the
value of their holdings, making a total of 740 such requests to date.

The total included in these parcels of land whose owners have thus indicated
their willingness to sell is approximately 32,200 acres, all but about 2,500 acres
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of which may be required to be purchased. Property offered for sale that is located
within the limits of the proposed reservoir or sufficiently near its margin to make
it desirable for protection has generally been referred to the appraisers of the
Coonmission for a report as to its value. To date nearly 11,000 acres have been
purchased and about 4,700 more are under option. Tables showing the distribu-

tion of this acreage among the various towns in the Swift Valley and showing the
progress of real estate acquisitions throughout the year are appended hereto.

A width of at least 50 feet was taken for the Wachusett-Coldbrook Tunnel, 25
feet each side of the center line. In general the land required for the tunnel was
taken in fee. On parts of the timnel line between shafts an easement for the
tunnel construction, operation and maintenance was taken and, in the same loca-

tion where practicable, an easement for the construction, operation and mainte-
nance of an electric transmission line was also taken. In some places, however,
easements were taken for the transmission fine and for access to the shafts other
than along the center line of the tunnel. The land required for camp sites and
spoil banks at the various shafts was taken in fee.

The pipe lines for the Southern Sudbury Emergency Supply required in general

the taking of an easement across private property of varying widths. The land
required for the pumping station on the pipe line from Hopkinton Reservoir to

Sudbury Reservoir and for outlet works at the end of this line was taken in fee.

Also the land required for the Whitehall open channel, small diversion dam and
reservoir in the town of Hopkinton was taken in fee.

The line from Hopkinton Reservoir to Sudbury Reservoir was laid a distance

of approximately 3,200 feet in the public highways where no taking of private land
but only an easement in the highway was required. Similarly the Ashland pipe
line followed the public highways for a distance of approximately 4,150 feet.

V. Danger of Water Shortage

The shortage in the water supply for the Metropolitan District was so imminent
and apparent to the Legislature in 1926 when the Ware River legislation, Chapter
375, Acts of 1926, was enacted, that in the act the Commission to be appointed was
expressly directed to proceed forthwith with the work contemplated in that en-
actment. By the winter of 1927, the danger of a water shortage, with the Wachu-
sett Reservoir, the main source of supply, half empty, was more apparent than in

the previous year. The Legislature of 1927 therefore enacted Chapter 111, Acts of

1927, for an emergency supply from the head waters of the Sudbury River in the
Southern Sudbury region for immediately augmenting existing supplies. In this

legislation, it was also provided that the work should proceed forthwith. In 1927
the Legislature further enacted the definitive legislation for the Swift River de-
velopment. Chapter 321, Acts of 1927, and again expressly directed the Commis-
sion to proceed forthwith with the work. Every effort has been made by the Com-
mission to carry out these emergency injunctions of the Legislature.

The Southern Sudbury emergency water supply provided for in Chapter 111,
Acts of 1927, Avas made available, in part, for use about six months from the pas-
sage of the legislation and the progress to date insures its being wholly available

by the end of the calendar year. All possible speed has been exercised by the
Commission to make the flood waters from the Ware River supply provided for

in Chapter 375, Acts of 1926, available not later than the winter and spring of 1931,
the shortest time structurally feasible. Unusual rainfalls in the late fall have
temporarily reheved the current shortage impending for 1928, but have not altered

the general situation requiring that the additional supply be made available at
the earliest possible date, and not later than the spring of 1931.

VI. Progress of the Work
Studies have been made to determine the probable effect of the proposed takings

by the Metropolitan District upon the flow of the Connecticut River. The matter
is more fully discussed in the report of the Chief Engineer appended hereto.

Early in the year 1927 the Commission, through its Chief Engineer, presented
data and contemplated plans for the Ware River and Swift River projects to the
District Engineer of the Corps of Engineers, United States Army. Applications
have been made and are now pending before the War Department for formal



P.D. 147. 3

permits for the diversion from the Ware River, as authorized under Chapter 375
of the Acts of 1926, and for the diversion from the Swift River, as authorized by-

Chapter 321, Acts of 1927.

Ware River Supply

Survej^s were continued to locate suitable shaft sites on the line of the Wachusett-
Coldbrook Tunnel, and Contract 1, for borings along the line of the tunnel, was
continued to determine the location of proper ledge rock structure for the tunnel
and shafts.

On April 27, 1927, Contract 10 was made with the New England Power Co.
for constructing, maintaining and operating a 22,000 volt transmission line con-

necting all shafts of the Wachusett-Coldbrook Tunnel. The purpose of this

transmission line is to furnish power for the construction of the shafts and tunnel.

Its construction was completed June 20, and it is to be maintained and operated
during the period of construction of the tunnel or any extension of it.

Six construction shafts have been sunk along the line of the Wachusett-Cold-
brook Tunnel. Contract 4, for sinking Shaft 5, and Contract 8, for sinking Shafts

6 and 7 in the Town of Rutland, were awarded to James J. Coughlan & Sons, Inc.,

Boston, Mass., on March 28, 1927, and May 24, 1927, respectively. Contract 12,

for sinking Shafts 2, 3 and 4 in the Towns of Holden and Rutland, was awarded to

the Dravo Contracting Co., Pittsburgh, Pa., on May 24, 1927. The lining has
been completed in all shafts under construction, 2 to 7, inclusive, and excavation is

being made in the tunnel at the shaft bottoms. At Shaft 2 tunnel excavation,

beyond the limits set by the original contract, has been continued by the con-

tractor at a modified price.

Bids for the construction of the Wachusett-Coldbrook Tunnel, including Shafts

1 and 8, the outlet and intake respectively, were opened November 18, 1927, but the

contract has not yet been awarded.

Swift River Supply

As required under the provisions of Chapter 375, Acts of 1926, this Commission
submitted to the General Court on the first Wednesday in January, 1927, a draft

of legislation for the development of an adequate future water supply from the

Swift River. The Swift River legislation. Chapter 321, approved April 26, 1927,

provides for the immediate extension of the Wachusett-Coldbrook Tunnel to the

Swift River, the construction of a storage reservoir in the Swift Valley and the
diversion of the total flow in excess of 20 million gallons daily guaranteed at Bonds-
ville about five miles downstream from the main dam. Chapter 321 authorizes

an expenditure of $50,000,000 in addition to $15,000,000, authorized bv Chapter
375, Acts of 1926, and in addition to $900,000 authorized by Chapter ill, Acts of

1927.

Surveys of real estate have been continued during the year. Topographic sur-

veys have been made of the dam and dike sites and portions of the reservoir area,

and studies made for highway relocations.

Contract 2, for borings at the dam and dike sites, was continued to determine
the location and character of bed rock and overlying material.

Aerial surveys have been made by the Fairchild Aerial Surveys, Inc., of the
entire Swift River Valley, Contract 3, and along the Chicopee and Ware Rivers,

Contract 9.

A census has been made of burials in all cemeteries which may be affected by
the reservoir. The work of copying inscriptions and locating each headstone or

monument has been partially completed.

Southern Sudbury Emergency Supply

The report of the Commission recommending that an additional emergency
supply be made available from the Southern Sudbury sources, pubUshed as House
Bill 221 of 1927, was filed December 1, 1926. The legislation as approved on
March 15, 1927, in Chapter 111, provided for the diversion, if required for emer-
gency use, of the inferior waters of Whitehall and Hopkinton Reservoirs, and of

the Sudbury River at Cordaville into the main Sudbury Reservoir, and of Ashland
Reservoir into the Sudbury Aqueduct, authorizing therefor an expenditure of

$900,000.



4 P.D. 147.

On September 2, 1927, a taking was made of all the waters of Indian Brook at a
point at or immediately below the dam of the Hopkinton Reservoir of the metro-
politan water district, in the Town of Ashland, for diversion into the Sudbury
Reservoir or Sudbury Aqueduct of the district, or both.

Seven contracts for this work were awarded during the year. These included
four contracts for pipe lines totalling approximately 37,000 feet in length; one
contract for a small pumping station; one contract for an open channel approxi-
mately 5,000 feet in length; and one contract for the furnishing of electric power
for operation of the pumping station.

Provision has been made for chlorinating the entire supply and for the construc-
tion, if later deemed desirable, of a decolorizing plant at the outlet of the Hopkinton
line into the Sudbury Reservoir.

At the request of the selectmen of the Town of Southborough and at their ex-

pense three fire hydrants were installed on the pipe line from Hopkinton Reservoir
to Sudbury Reservoir in the vicinity of the Village of Cordaville. These hydrants
will be available for connection to pumping engines at such time as the pipe line

is in use, but no obligation has been assumed to keep water in this line.

Actual diversion from the Hopkinton Reservoir into the Sudbury Reservoir was
begun on November 15 at the rate of 5 million gallons per day and was continued
at this rate throughout the month.

VII. Financial Statement
The Commission presents the following abstract of its expenditures and dis-

bursements from July 28, 1926, to and including November 30, 1927:

General Overhead

Administration :

Salaries, Commissioners ....
Salaries, Clerical, Commissioners' Office .

Furniture and Equipment, Commissioners' Office
General Legal Expense, Commissioners' Office

Automobile Maintenance, Commissioners' Office
Miscellaneous Expense, Commissioners' Office

Total Administration ....
Engineering, Headquarters Office

Salaries, Engineering
Salaries, Clerical .

General Consultant Expense
Furniture and Equipment
Rent and Upkeep
Automobile Maintenance
Miscellaneous Expense

Year Ending
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Wachusett-Coldbeook Tunnel Division

General Overhead:
Administration
Engineering . . .

Total General Overhead

Engineering:
Salaries, Engineering and Clerical

Furniture and Equipment
Automobile Maintenance
Miscellaneous Expense
Consulting Expense
Rent and Upkeep

Total Engineering .

Real Estate:
Legal and Expert Expense
Miscellaneous Expense
Purchases and Settlements
Taxes

Total Real Estate .

Ware Watershed Protection:
Legal and Expert Expense
Consultant Expense
Labor
Miscellaneous Expense
Purchases and Settlements
Taxes....

Total Ware Watershed Protection

Ware Supply Damages:
Consultant Expense

Total Ware Supply Damages .

Ware Diversion Damages:
Consultant Expense
Miscellaneous Expense

Total Ware Diversion Damages
Contracts :

Contract No. 4— Sinking Shaft 5
Contract No. 8 — Sinking Shafts 6 and 7
Contract No. 10— Constructing Transmission
Contract No. 12— Sinking Shafts 2, 3 and 4

Total Contracts ....
Permanent Construction except Contracts:

Miscellaneous Expense

Total

Line

Year ending
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Miscellaneous Expense

Total
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Year ending Total to

Nov. 30, 1927 Nov. 30, 1927
$91.87 $91.87

$91.87

,174.37Total Coldbrook-Swift Tunnel Division .

Swift River Reservoir Division

Year ending
General Overhead: Nov. 30, 1927

Administration ........ $7,378 .
94

Engineering ........ 31,705.73

,783.37 $103,254.65

;,577.79 $993,708.84

21.47 $921.47

Total General Overhead $39,084.67 $43,835.41

Engineering:
Salaries, Engineering and Clerical $53,662.58 $54,010.05
Furniture and Equipment ...... 6,015.33 8,083.68
Automobile Maintenance 1,991.96 2,005.14
Miscellaneous Expense 38,882,86 38,925.14
Rent and Upkeep 230.64 230.64

Total Engineering .

Real Estate:
Legal and Expert Expense $27,867.25 $27,998.30
Miscellaneous 541.15 541.15
Purchases and Settlements 960,802.08 960,802.08
Taxes 4,367.31 4,367.31

Total Real Estate .

Swift Reservoir Damages:
Consultant Expense

Total Swift Reservoir Damages
Swift Diversion Damages:

Consultant Expense ....
Miscellaneous Expense

Total Swift Diversion Damages
Permanent Construction except Contracts:

Miscellaneous Expense

Total $214.78 $214.78

Total Swift River Reservoir Division . . . $1,137,311 .83 $1,144,664.90

Southern Sudbury Emergency Supply
Year ending Total to

General Overhead: Nov. 30, 1927 Nov. 30, 1927

Administration $5,935.89 $7,322.29

Engineering . . 25,762.41 28,157.32

$91.87

$27,174.37

Total to
Nov. 30, 1927

$9,017.42
34,817.99

$921.47
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Year ending Total to

Contracts: Nov. 30, 1927 Nov. 30, 1927
Contract No. 5 — Cordaville Pipe Line . . . . $74,181.73 $74,181.73
Contract No. 6 — Cordaville Pumping Station . . 13,985.23 13,985.23
Contract No. 7— Hopkinton Pipe Line . . . 112,836.10 112,836.10
Contract No. 11 —Ashland Pipe Line .... 110,042.86 110,042.86
Contract No. 13 — Whitehall Pipe Line . . . 43,130.46 43,130.46
Contract No. 16— Whitehall Open Channel . . . 6,239.07 6,239.07

Total Contracts $360,415.45 $360,415.45

Permanent Construction except Contracts:
Miscellaneous Expense $8,517.16 $8,517.16

Total $8,517.16 $8,517.16

Total Southern Sudbury Emergency Supply . . $469,514.02 $476,055.97

Summary
Year ending Total to
Nov. 30, 1927 Nov. 30, 1927
$862,247.06 $869,699.56

27,174.37 27,174.37
1,137,311.83 1,144,664.90
469,514.02 476,055.97

—39.00 1,573.98

Wachusett-Coldbrook Tunnel Division
Coldbrook-Swift Tunnel Division
Swiit River Reservoir Division
Southern Sudbury Emergency Supply .

Unassigned .....
Grand Total $2,496,208.28 $2,519,168.78

VIII. Other Reports

The report of the Chief Engineer explaining in detail the work of the engineering

department is herewith presented. It includes a summary of information of

geologic interest, in accordance with the requirements of Section 2 of Chapter 321,

Acts of 1927.

Respectfully submitted,

DAVIS B. KENISTON,
CHARLES M. DAVENPORT,
JOSEPH H. SOLIDAY,

Metropolitan District Water Supply Commission.

24 School Street, Boston, Massachusetts.
January 14, 1928.

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, 1927.

Organization

The engineering organization has increased in numbers as the work of the de-

partment has expanded and construction begun.

Karl R. Kennison, Designing Engineer, has in charge all studies in connection

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

contracts, specifications, contract and working drawings. He takes care, generally,

of the executive work of the department.

Walton H. Sears, Mechanical Engineer, has in charge the collection of data for

use in the settlement of mill and water power damages. He assists in the design

of work of a mechanical nature and in the preparation of contracts and specifica-

tions.

Three Division Engineers are in charge of field divisions as follows: Harold W.
Home, Wachusett-Coldbrook Tunnel Division; Richard R. Bradbury, Coldbrook-

Swift Tunnel Division; N. LeRoy Hammond, Swift River Reservoir Division.

Walter Knowles, Assistant Engineer, has in charge the field work for the South-

ern Sudbury Emergency Supply.

X. H. Goodnough, Chief Engineer of the State Department of Public Health,

and J. Waldo Smith, formerly Chief Engineer of the New York Board of Water
Supply, have continued as Consulting Engineers. Charles T. Main, consulting

engineer of Boston, has reported on mill and water power damages. Professor
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Charles P. Berkey, geologist of Columbia University, has advised as to sub-surface
investigations, particularly in regard to the location of the tunnel from the Wachu-
sett Reservoir to the future Swift River Reservoir, and in regard to dam and dike
foundations.

The number of emploj^ees under the direction of the Chief Engineer at the end
of the year and of the preceding year was as follows

:

Personnel of Engineering Department

Classification
Headquarters Office, Chief Engineer and Designing Division:

Chief Engineer
Designing Engineer
Mechanical Engineer
Assistant Engineers
Draftsmen .

Instrumentman
Rodmen
Senior Stenographer
Stenographers
Bookkeeper
Clerks
File Clerk .

Office Boy .

Holden Office, Wachtjsett-Coldbrook Tunnel Division:
Division Engineer
Assistant Division Engineer
Assistant Engineers
Draftsmen .

Instrumentmen
Rodmen
Axemen
Inspectors .

Stenographer

Hardwick Office, Coldbrook-Swift Tunnel Division:
Division Engineer
Assistant Engineers
Instrumentmen
Rodmen
Axemen

ov. 30,
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of the Wachusett-Coldbrook Tunnel Division was continued at Washburn Hall,

Holden Center. On September 15, 1927, the field office of the Coldbrook-Swift
Tunnel Division was established in the brick school building on the Common at

Hardwick. The field office of the Swift River Reservoir Division was continued
in the Felton Block at Enfield. The field office for the Southern Sudbury Emer-
gency Supply was established on December 20, 1926, at 5 HoUis Street, Framing-
ham.

Headquarters Office

Summary of the Year's Work
Legislation for Swift River Development. — In accordance with Chapter 375,

Acts of 1926, a draft of legislation for the development of an adequate future
water supply from the Swift River was required to be submitted by the Commission
to the General Court on or before the first Wednesday in January, 1927.

Many engineering studies were made in connection with the preparation of this

draft and its subsequent modification by legislative committees. On January 26,

1927, the various mill owners along the Chicopee and Swift Rivers, affected by the
proposed diversion of the waters of the Swift River, were invited by the Chief
Engineer to a conference for the purpose of expressing their views in the matter.
Correspondence supplemented by various conferences was carried on with the
District Engineer of the War Department prior to the passage of the Swift River
legislation.

Effect of Ware and Swift River Diversions on Connecticut River Flows.— Studies
have been made to determine the effect of the authorized diversions f6r the Metro-
politan District of waters from the Swift and Ware Rivers upon the flow of the
Connecticut River. The drainage areas of the Connecticut River at various points
and of the Ware and Swift Rivers have been determined as follows:

Connecticut River Drainage Areas
Square
Miles
11,350
10,600
9,760
9,722
8,390

Connecticut River at Long Island Sound (entire area)
Connecticut River at Hartford, Conn.
Connecticut River at Windsor Locks, Conn.
Connecticut River at Massachusetts State Line .

Connecticut River at Holyoke, Mass.
Ware River at Coldbrook (flood waters only taken and dry weather flow of Con

necticut River not afl'ected) ......... 98
Swift River, including a small area at the head of Beaver Brook which now flows

into the Ware River........... 186

These areas are also shown on the accompanying plan.

From the 186 square miles of the Swift River drainage area, enough water will,

in accordance with the requirements of Chapter 321, Acts of 1927, be released

at all times to insure a flow of 20 million gallons per day at Bondsville on the
Swift River, about five miles below the proposed dam. The portion of the Swift
River drainage area authorized to be diverted forms 1.64 per cent of the total

drainage area of the Connecticut River, and 1.75 per cent of the drainage area
at Hartford, but due to the above mentioned guaranteed flow of 20 miUion gallons

daily, there will be no diminution of the natural flow at times of extreme drought,
and the amount of water to be diverted in times of ordinary low flow during the
driest months in the average year would be the equivalent of the total diversion
of water from an area less than one per cent of the total drainage area of the Con-
necticut River.

Real Estate. — Reports with recommendations have been made to the Com-
mission as to the necessity or desirability for purchasing the various parcels of land
offered for sale by owners located in and near the Swift River Valley. A total of

32,200 acres has been included in these reports to date. Similar reports have been
made relative to properties involved in other projects under charge of the Commis-
sion located outside the Swift River Valley.

Takuig plans have been prepared covering all the land necessary for the con-
struction of the Wachusett-Coldbrook Tunnel and for the pipe lines, pumping
station and open channel of the Southern Sudbury Emergency Supply. Fifteen
taking plans covering 140 parcels of land were required for the tunnel, of which
fourteen have been filed, and fourteen taking plans covering fifty-nine parcels of
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land were required for the Southern Sudbury Emergency Supply, all of which
have been filed.

Preliminary studies have been made of highway and cemetery relocations to

determine the amount of land required.

Contracts and Specifications. — Twelve contracts have been awarded during the

year. These include one minor contract for aerial surveys and one for furnishing

electric power; the remaining ten contracts are for construction and total ap-
proximately $1,100,000.

Six of these contracts, totalling $450,000, are for construction for the Southern
Sudbury Emergency Supply, including four for pipe lines totalling approximately
37,000 feet in length, one for an open channel approximately 5,000 feet in length

and one for a small pumping station.

The other four contracts, totalling $650,000, are for construction for the Ware
River Supply. Three of these are for construction shafts for the Wachusett-
Coldbrook Tunnel totalling approximately 2,600 feet in depth, and one for an
electric transmission line along the tunnel line for furnishing power needed for

construction of the shafts and tunnel.

The required contract drawings and specifications have been prepared for these

twelve contracts and working drawings have been issued from time to time as the

work has progressed. Plans and specifications were also prepared for the proposed
tunnel contracts for construction of the Wachusett-Coldbrook Tunnel from the
Wachusett Reservoir to the Ware River at Coldbrook. The forms for these con-

tracts were completed and the work advertised for bids which were opened on
November 18, 1927.

Inspection and Tests. — Arrangements were made with Messrs. Skinner, Sher-
man & Esselen, Inc., Chemists and Engineers of Boston, for the testing of cement
used on various contracts. Samples were at first taken from each car upon receipt

at the work and shipped to their laboratory. Later arrangements were made for

the sampling of each car at the cement mill at the time of shipment, these samples
also being shipped immediately to their laboratory. Under these arrangements
approximately 6,500 barrels of cement have been tested for the tunnel shaft linings

under Contracts 4, 8 and 12. Approximately 500 barrels for these contracts were
inspected and tested at the mill by E. L. Conwell & Company of Philadelphia.

Messrs. Conard & Buzby of Burlington, New Jersey, were employed to make
mill inspection and tests of concrete pipe furnished by the Lock Joint Pipe Com-
pany under Contract 5, and cast iron pipe and valves furnished under Contracts 5,

6, 7, 11 and 13 for the Southern Sudbury Emergency Supply. Under these ar-

rangements about 8,700 linear feet of 30" concrete pipe have been inspected and
tested, and 3,400 tons of cast iron pipe, sizes 12", 18", 20" and 24".

Tests of sand, brick and several small quantities of cement for various parts of

the work have also been made by Skinner, Sherman & Esselen, Inc.

Aerial Surveys. — Work was continued, under the direction of the Headquarters
Office, on Contract 3, with the Fairchild Aerial Surveys, Inc., for furnishing photo-
graphs obtained from aerial surveys of the entire Swift River Valley. The snow
covered the ground before the west branch of the river had been photographed,
necessitating the postponement of this work until spring.

The direct contact prints on a scale of approximately 1 inch equals 1,200 feet

were found extremely useful to the field office in locating real estate boundaries
and other physical features. It had been expected that enlargements to a scale

of 1 inch equals 400 feet would prove even more valuable, but on account of the
great differences in elevation of ground surface encountered it was not found
practicable to obtain these enlargements to a sufficiently accurate scale. The
usefulness of the smaller contact prints, however, more than justified this method
of obtaining rapid surveys.

Contract 9, for aerial surveys along the Chicopee and Ware Rivers, was made
with the Fairchild Aerial Surveys, Inc., on March 30, 1927, and the photography
was promptly completed. Contact prints covering the entire distance from
Chicopee to Coldbrook have been received together with enlarged prints of selected

areas.

Index maps have been made of the contact prints obtained from these surveys.
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The}^ cover the entire length of the east, west and middle branches of the Swift

River above Three Rivers, the Chicopee River from Chicopee to Three Rivers,

and the Ware River from Three Rivers to Coldbrook.
Hydrogra-phic Data. — A careful study of available data bearing on the flow of

the Swift, Ware and Chicopee Rivers and on the rainfall upon their drainage areas

has been made. Existing stream gaging stations and rain gages have been visited

to determine what additional stream gaging stations may be desirable. The
streams and watersheds have been reconnoitered to determine the most practical

locations for such additional hydrographic stations. Stream gaging and other

hydrographic work will, it is expected, be done in co-operation with the U. S.

Geological Survey. One gaging station is ah-eady in process of construction on
the Ware River at Coldbrook just below the proposed point of diversion into the

tunnel at Shaft 8.

Considerable hydrauhc field work has been done at the Boston Duck Mills of

the Otis Company at Bondsville on the Swift River. The water power plant has

been rated and other flow determinations have been made so that the stream will

be continually gaged and the flow of the river in the past may be computed from
existing records of plant operation.

For several days following the unusual flood that extended over the New England
area early in November, 1927, various flood and flow measurements were made, in

co-operation with the Hardwick office, on the Ware, Swift and Chicopee Rivers.

Flood heights on all three rivers were recorded, and stream gagings were made on
the Swift River at Bondsville and on the Ware River at White Valley just below

Coldbrook.
Design of Structures

Tunnel Profile- — Gradient studies of the proposed Wachusett-Swift Tunnel
have been made to fix the average slope of the tunnel and elevations of the invert

at certain critical points. The general slope is downward from west to east, the

grade line capacity being figured from a minimum draw-down to Elevation 435 in

the Swift River Reservoir to the flow line of the Wachusett Reservoir at Elevation

395.

To facilitate drainage during construction each heading extending easterly

from its construction shaft, instead of sloping downward, will be continued level

until it meets the up grade extended westerly from the adjoining shaft. The
tunnel will be level for the entire distance between Shafts 7 and 8 to assist the

removal at Shaft 7 of air which will be unavoidably taken into the tunnel with the

Ware River floods at Shaft 8 at Coldbrook.
At the east end of the tunnel at Shafts 1 and 2, sub-surface investigations showed

that in order to insure an adequate depth of sound rock above the tunnel arch, the

grade of the tunnel would have to be lowered about 200 feet more than require-

ments of the hydrauhc gradient would indicate. The tunnel can then be operated

under pressure with suitable control gates at the Wachusett end so that whenever
desired the entire flood flow of the Ware River can be diverted westerly for storage

in the S^dft River Reservoir.

Tunnel Sections. — The tunnel will be lined with unreinforced concrete and
will have a cross-section area equivalent to that of a circle 12' 9" in diameter. This

will provide a combined carrying capacity of approximately 2,800 cubic feet per

second for the flood flows of the Ware River at Coldbrook to the Wachusett Reser-

von- and to the proposed Swift River Reservoir. Until the tunnel is extended

beyond Coldbrook, the carrying capacity to the Wachusett Reservoir only will

be about haK this quantity.

Two typical tunnel sections have been designed; one of the horseshoe type
which will be used in sound rock and which will undoubtedly form the greater part,

if not the entire length, of the completed tunnel; and one circular to be used

where the rock is of poor quality and has a tendency to slip and bring excessive

pressure against the tunnel lining. Each type includes a design where no sup-

port of the rock roof is required during construction, one where temporary support

only is required and one where permanent support is required.

Although the ground water will probably be above the hydraulic gradient at

all points practically all of the time, the concrete Uning has not been designed to
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resist the external hydrostatic pressure, but this pressure will be vented through
weepers in the lining.

Construction Shafts. — In order to accomplish the diversion of the Ware River
flood flows in 1931 and relieve any shortage of the water supply of the District

which may occur before that date the construction of the Wachusett-Coldbrook
Tunnel has been designed to be carried on by headings from eight shafts as follows

:

Shaft 1, 205 feet deep, the outlet into Wachusett Reservoir at the Quinapoxet
River basin near Oakdale; Shaft 8, 253 feet deep, the intake on the Ware River
near Coldbrook; and for construction purposes six construction shafts varying
from about 8,800 feet to 11,600 feet apart and from 313 to 656 feet deep. The
construction shafts will have permanent unreinforced concrete linings 14' 0" in

diameter.

It was desired to locate the top of Shaft 2 slightly above the future level of the
Swift River Reservoir and as near to the Quinapoxet River as possible in order
that water from that river might -at some future time be diverted through the
tunnel to increase the amount of water power available for development at Shaft 1,

when and if the power plant installation will have been made there. Investigations

by borings indicated, however, that it would be necessary to locate the shaft at a
higher level and at some distance from the river in order to strike sound rock near
the surface without having to sink the shaft to any great depth in water-bearing
earth. The designs have made provision, by suitable openings in the lining of

Shaft 2, for the construction of future diversion works at such time as the value
of the increased water power will justify the expense.

Shaft 1. Outlet to Wachusett Reservoir. — Four principal considerations in the
design of Shaft 1 were the outlet from the tunnel into the Wachusett Reservoir,

the measurement of flow through the tunnel, provision for a future water power
development and also for unwatering the tunnel.

As designed, the outlet will consist of two horizontal openings at the shaft head
discharging into a short open channel which will take the water into one of the
upper branches of the Wachusett Reservoir at the Quinapoxet River basin. The
retaining walls for the outlet channel are to serve as a foundation for a future

hydroelectric power station. The installation of the generating equipment will be
delayed because no water power will be available until there is adequate storage
in the Swift River Reservoir, but the power house may be built in the near future

to provide housing for cranes, pumps and miscellaneous equipment required in the
tunnel operation. One of the horizontal openings will be used for the future pen-
stock connection and the other for a blow-off.

The designs provide for the measurement of the entire discharge from the tunnel
into the reservoir, by two Venturi meters, one for high flows and the other for low
flows. The larger one will be vertical and cast in the concrete lining of the shaft.

This meter with a ninety-inch throat will measure flows up to the maximum
capacity of the tunnel for diverting flood flows easterly from the Ware River
directly into Wachusett Reservoir, namely about 1,500 cubic feet per second.

The smaller meter, of thirty-six inch throat diameter, will be installed in the out-

let channel in a horizontal position. This meter will measure flows ranging from
the minimum capacity which the large meter is capable of measuring accurately

down to the lowest anticipated rates of diversion from the Ware River and the
East and Middle Branches of the Swift River until the Swift River Reservoir is

ready for storage. This thirty-six inch meter will be of a temporary nature and
will be dismantled when the Swift River Reservoir is completed and the power
equipment installed at Shaft 1.

On account of the necessity for lowering the grade of the tunnel at its east end
to ensure support in sound rock, the volume of water in the tvmnel below Eleva-
tion 390, i.e., low water in the outlet channel, will be approximately 21,000,000
gallons, and provision must be made for handling this amount, plus any leakage into

the entire tunnel, by emergency pumping equipment when it is desired to unwater
this portion of the tunnel for inspection or repairs.

Several methods were considered but the final decision was to build in addition

to the main outlet at Shaft 1 an additional pump shaft or well of equal depth
but of smaller diameter. This second shaft will be pumped out by a small pump,
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then a centrifugal pump and motor will be lowered to the bottom and connected
up for pumping out the tunnel.

The entire Shaft 1 will be excavated and lined initially as a single shaft and
used in that form during the Avork of excavating and lining the tunnel. Upon the

completion of this work the partition separating the main outlet shaft and the

smaller pump shaft will be installed, the pump shaft having a steel interlining to

insure watertightness.

Shaft 8. Ware River Diversion Works. — The Ware River intake to the tunnel
will consist of Shaft 8 and the diversion control works at the surface. Four prin-

cipal considerations in the design were the diversion of the flood flows above the
prescribed limit of 85 million gallons daily, the measurement of the quantity
diverted and that left in the stream, the exclusion of air so far as possible from the

water taken into the tunnel and the dissipation of the energy due to the drop in

the shaft, the tunnel invert being approximately 260 feet below the level of the

river.

Various methods of diverting and measuring the flow have been studied and
good progress has been made in the details of the design. The general plan is to

divert the water through several siphon spillways of various capacities which will

insure the complete diversion above the prescribed limit and prevent any diver-

sion below this limit. These spillways will discharge into a large well directly

over the shaft. From this well the fall into the shaft will be controlled by four

large butterfly valves automatically maintaining a water seal for the exclusion of

air and insuring the submergence of a Venturi meter set vertically over one of the

valves. This meter will measure the ampunt diverted under all ordinary condi-

tions up to its capacity of approximately 700 million gallons daily. For extreme
floods in excess of this amount the quantity may be estimated from measurements
at other points.

The water will be discharged into the shaft at a point about 200 feet above the
tunnel. Several different methods of dissipating the energy were studied. Theo-
retical investigations led to the conclusion that water discharged tangentially

against the side of the shaft at an angle with the vertical would, by virtue of its

centrifugal force, keep to the outside of the shaft and maintain a smooth fall in a
helical path with minimum impact. Also, that if helical guides were constructed

on the inside of the shaft lining they would maintain the circular motion of the
water and preserve its centrifugal force, and cause the water to reach the bottom
of the shaft in the form of a thin sheet pressing firmly against the shaft lining, the
thin sheet dissipating its energy in an adequate depth of water at the bottom of

the shaft. It has been decided to line Shaft 8 with cast iron as a further precau-
tion against deterioration of the concrete under the high velocity and possible im-
pact of the fall of water into the shaft.

Because of the importance attached to this principle in the design of the shaft
lining, tests, under the direction of Professor Charles M. Aflen, have been made
on a 1/20 scale model at the Alden Hj^draulic Laboratory of the Worcester Poly-
technic Institute. The tests were made to cover the entire range of operating
conditions and to show the effect of various forms of guides cast in the lining of

the shaft.

The shaft will be excavated and lined initially with concrete and used in that
form during the excavation and lining of the tunnel. When completed the shaft
will be lined with cast iron and the results of the laboratory tests on the model are
being used in determining the form of the castings which will make up the finished

lining.

Sanitary Precautions in Wachusett Watershed. — Special sanitary precautions
will be taken during the construction operations at Shafts 1 to 4 inclusive, which
are located within the drainage area tributary to the Wachusett Reservoir, and
particularly at Shafts 1 and 2, which are close to this present source of water
supply. The specifications which have been prepared covering the construction
of the tunnel from these shafts require extreme care in the control of the con-
tractor's employees, the inspection of camps and the treatment of all wastes and
drainage. The designs for sanitary works at these shafts include drains, settling

basins and suitable provision for chlorination of all surface drainage. Further-
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more, at Shafts 1 and 2 designs have been prepared for slow sand filters to take

care of the drainage and insure against any contamination of the existing water
supply.

Diversion Works for Southern Sudbury Emergency Supply. — Chapter 111, Acts
of 1927, authorized the development of the Southern Sudbury Emergency Supply
by diverting into the main Sudbury Reservoir, or directly into the Sudburj'' Aque-
duct, the waters from selected areas at the headwaters of the Southern Sudbury
watershed, which would have a sufficiently low color and satisfactory quahty for

mixing with the present supply without filtration.

Designs were made which involved three separate pipe hnes, a pumping station,

an open channel and appurtenant structures as follows:

1. A gravity flow 24-inch pipe line from the Ashland Reservoir of the District

to the gate house at Framingham Reservoir No. 2 which is connected by an ex-

isting 48" cast iron main to the gate house at Framingham Reservoir No. 1 at the

head of the Sudbury Aqueduct.
2. A gravity flow 20-inch pipe Kne from the Whitehall Reservoir of the District

to a point where City Brook, a small tributary of the brook flowing from Whitehall

Reservoir, crosses City Road or Proctor Street, in the town of Hopkinton. Also

a small diversion dam and reservoir at this point and an open channel to divert

the entire natural flow tributary to the diversion reservoir as well as the discharge

from the pipe line over the divide into the Hopkinton Reservoir of the District.

3. A gravity flow 30-inch pipe line from the Hopkinton Reservoir of the Dis-

trict across the Sudbury River near Cordaville and over the divide into the upper
reaches of the main Sudbury Reservoir of the District. Also a pumping station

at Cordaville, containing a two hundred fifty horse power motor-driven centrifugal

pump, and a branch line to an intake at the mill pond of the Cordaville Woolen
Company, so that the pipe line to the Sudbury Reservoir can take either the

gravity flow from the Hopkinton Reservoir or the pump discharge from the Sud-
bury River at Cordaville. The pump can also be used as a booster in the gravity

line from the Hopkinton Reservoir.

On account of the urgent need of this emergency supply for the District, the

field reconnaissance and survej^s were rushed to early completion, taking plans

prepared for the necessary'- land and rights of way, and the entire construction

carried to practical completion within the year. The specifications were prepared

calling for bids on either cast iron Class A (American Water Works Association)

or reinforced concrete pipe in the case of the thirty-inch line from Hopkinton
Reservoir and the twenty-four inch line from Ashland Reservoir. For the smaller

twenty-inch line from Whitehall Reservoir cast iron pipe Class A was specified.

The fiow through the Hopkmton line into the Sudbury Reservoir will be meas-
ured by a 30" x 15" Venturi meter in the pumping station and the flow through
the Ashland pipe fine into the Sudbury Aqueduct will be measured by a 20" x 10"

Venturi meter located at the Ashland Dam. The flow through the Whitehall pipe

line can be rated by a weir at its outlet.

Surveys and studies were made to determine the feasibility of constructing a
decolorizing plant at the outlet of the Hopkinton line into the Sudbury Reservoir.

The outlet well at the end of the pipe Une is designed so that it may, if required,

serve the purpose of a mixing chamber.
Chlorinating apparatus installed in the pumping station at Cordaville will allow

chlorination as required of either the pumpage from the CordaviUe Woolen Com-
pany's mill pond or the gravity flow from the Hopkinton Reservoir. Similar

. chlorinating apparatus instaUed in the Districts Framingham Gate House No. 1

will allow chlorination as required of the flow from Ashland Reservoir.

The following tabulation shows briefly the sources and extent of the additions to

the supply of the District which have been made in the Southern Sudbury area:
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benches along the Chicopee and Ware Rivers and in the vicinity of the tunnel
line between the Wachusett Reservoir and Coldbrook.

Later, hnes of precise levels were extended to each shaft site on the Wachusett-
Coldbrook Tunnel. These levels were also continued to the location of shafts
on the Coldbrook-Swift Tunnel extension. In the Swift River Valley also, precise
levels were run for 155 miles and 92 bench marks set, under the direction of the
Holden Office.

Surveys were made of the White Bros, mill property at Coldbrook, of the Rut-
land Worsted Co. mill property at West Rutland and of various other properties.
Diamond drill borings for the subsurface investigations of the tunnel line were
located and elevations of the ground surface taken at each boring. Lines and
grades were given for construction work on. Contracts 4, 8, and 12. Sixty stone
bounds were set at property corners.

Progress of Contracts

Contract 1. — Contract 1 with the Pennsylvania Drilling Co., Pittsburgh, Pa.,
for borings along the line of the tunnel was continued until July 15, 1927, when a
final estimate was made. Work done under this contract was as follows:

Number Depth to Depth in
of holes Ledge Ledge

Year ending Nov. 30, 1926 1 70.0 16.0
Year ending Nov. 30, 1927 63 3,097.8 1,570.5

Total 64 3,167.8 1,586.5

Of these 64 holes, 39 were for determining the location of the Wachusett-Cold-
brook Tunnel and the construction shafts and 25 for the Coldbrook-Swift Tunnel
extension.

The original estimate of quantities on the basis of which the contract was let in
November, 1926, was approximate only and merely for the purpose of securing
unit prices for the work. The extent of the subsurface investigations which would
be required was not known at that time. The amount of work actually required
frorn the contractor at these unit prices was more than double the amount of the
original estimate. Still further work in scattered locations remained to be done
and on July 15 a supplementary agreement was made with the Pennsylvania Drill-
ing Company to continue core borings to the surface of sound bed rock at $4.50
per foot, and core borings in sound bed rock at $5.50 per foot. Under this agree-
ment 31 holes have been drilled to date with a total depth to ledge of 1,969.7 feet
and a total depth in ledge of 468.5 feet. Practically all these holes were required
to determine a suitable location for the Coldbrook-Swift Tunnel extension.
The subsurface investigations revealed the fact that the rock bed of the Ware

River drops from a point near the surface at the site of the diversion dam and
Shaft 8 to an elevation over 200 feet lower and more than 160 feet below the
surface at a point near Barre Plains. This fact made it necessary to thoroughly
investigate the possibility of a deep rock gorge underlying the Prince River, a
tributary of the Ware River from the north, and to locate the line of the tunnel
further north than was originally planned. A sufficient number of borings, it is

believed, have been completed along the line finally selected to insure an adequate
cover of sound bed rock at the crossing of Prince River, Muddy Brook and all

other points where the possibility of a deep glacial gorge in the bed rock appeared.
Gasoline driven drilling machines were used on this work. The average number

of men employed was 1 operator and 2 laborers for each machine.
Contract 4. Contract 4, for sinking Shaft 5 for the Wachusett-Coldbrook Tun-

nel in the Town of Rutland, was awarded to James J. Coughlan & Sons, Inc.,
Boston, Massachusetts, on March 28, 1927. The first construction work con-
sisted of grading at the shaft site and clearing for the camp. Timbering was not
required during earth excavation but was placed after rock excavation was started.
Wooden forms, made in four sections to the circle and 5 feet high, were used for
the concrete lining. On November 30 excavation was in progress at the bottom
of the shaft and had been completed to 8 feet above the tunnel invert.
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Miscellaneous construction data:
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Shaft 6
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that was selected when the results of borings indicated that there would probably
not be sufficient depth of sound rock cover for the tunnel in the location first

selected. Field work for property takings was started.

Enfield Office, Swift River Reservoir Division

The Swift River Reservoir Division office at Enfield has had charge of the field

work in the Swift River Valley in connection with the proposed Swift River Reser-
voir.

Office Work
Topography notes have been reduced and approximately 6,300 acres have been

plotted to a scale of 1"= 200' on record mounted plans. Maps on a scale of
1" = 400' of the towns of Enfield, Greenwich, and Dana have been made showing the
approximate ownership of lands in these towns. These maps were made with the
assistance of the Assessors of the various towns for the purpose of aiding the title

examiners of the Commission in the search of records. A general map of the area
which may be affected by the Swift River Reservoir was prepared from existing

maps and information obtained by aerial photographs on a scale of 1" = 1,000' for

the purpose of showing property acquired by the Commission and from time to
time such properties haye been located on this map.

Computations have been made of the triangulation system and co-ordinates of

all points figured on the rectangular co-ordinate system which was adopted for the
area affected by the Swift River Reservoir and the tunnel as far east as Coldbrook.
In this system the co-ordinate plane is tangent to the spheroid of the earth at the
point whose latitude is N 42° 22' 30" and whose longitude is 72° 18' 00" west of

Greenwich. The co-ordinate axes are straight lines tangent at this point to the
meridian and a great circle at right angles to it. The rectangular co-ordinates of

this tangent point are N 86,166.56 and E 98,807.57.

Field Work
A major triangulation control system based upon a base line measurement in

the town of Greenwich and including the erection of permanent signals covering
the area of all probable survey work for the Swift River Reservoir was completed
on June 24, 1927.

Topographic surveys of the dam and dike sites were made, together with similar

surveys of portions of the reservoir area, covering a total of approximately 11,500
acres or 18 square miles. About 4,200 acres of real estate were surveyed, a large
part of which has been acquired by the Commission. Approximate location was
made of property lines along that part of the Coldbrook-Swift Tunnel extension
to be located within the area which may be affected by the Swift River Reservoir,
Photographs of 98 buildings acquired by the Commission, or offered for sale to the
Commission, were taken for record.

Permanent bench marks, connected by precise levels to those established by the
Holden office in co-operation with the U. S. Coast and Geodetic Survey, were
estabUshed throughout the Swift River Valley for control of all topographic work.
A census was made of burials in all cemeteries which may be affected by the

Swift River Reservoir. The work of copying inscriptions and locating each head-
stone or monument has been partially completed.

Surveys were made for the proposed temporary diversion dam below Greenwich
Lake. The Sunk brook swamp area lying north of the Beaver Brook divide was
sounded and a possible high water line resulting from the flowage which may be
caused by the temporary diversion dam was located.

This Division co-operated with the Holden office in supervision of borings under
Contract 1, with the Pennsylvania Drilling Co., in the exploration of possible tunnel
portal sites on the westerly end of the Coldbrook-Swift Tunnel extension at the
Swift River Reservoir.

Progress of Contracts

Contract 2. — Contract 2, for borings at the proposed dam and dike sites, was
completed and a final estimate made on June 3, 1927. A total of 58 holes were
drilled of which 26 were for determining the location and character of bed rock
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and overlying material at the site of the dike and 32 were for the main dam. The
total depth drilled was 6,180.6 feet, of which 5,050.8 feet were in overburden and
1,129.8 feet in bedrock.

Feamingham Office, Southern Sudbury Emergency Supply

The Southern Sudbury Emergency Supply office at Framingham has had charge
of the field work in connection with the preliminary surveys, final location and
construction of the various projects required for the diversion of water from the
headwaters of the Southern Sudbury drainage area directly into the Sudbury
Reservoir or the Sudbury Aqueduct.

Office Work
Much preliminary information was obtained from plans of the original Boston

Water Works on file in the office of the Metropolitan District Commission. To-
pography notes were reduced and plotted. Plans of the properties required along
the pipe lines and for other structures were sent to the Headquarters office for

the preparation of taking plans. Monthly estimates were made for Contracts

5, 6, 7, 11, 13 and 16.

Field Work
About IS miles of levels were run to establish benches for use in taking topography

and running profiles for the various pipe lines. Most of the topography, as well

as the preliminary traverse lines, was surveyed by stadia. Approximately 21.4
miles of stadia traverses were run and 780 acres of topography taken. Rod sound-
ings were made and numerous test pits dug to determine the nature of the material
to be encountered in excavation.

Progress of Contracts

Contract 5. — Contract 5, for constructing a 30-inch pipe line from Cordaville
to Sudbury Reservoir in the Town of Southborough, was awarded to the Lock
Joint Pipe Company, Ampere, New Jersey, on April 15, 1927. The award was
made for reinforced concrete cylinder pipe. This pipe was manufactured at the
Contractor's plant at Ampere, New Jersey, and shipped by rail to Cordaville.

Most of the excavation was made by a Speeder gasoline shovel with a f-yard ditcher
bucket. A four-wheel laying rig was used where possible for placing the pipe,

the remainder being placed by the Speeder shovel.

Miscellaneous construction data:

Length of line 9,000 ft.

Size of pipe ............ 30 in.
Width of taking, main part of line ........ 30 ft.

Contract awarded........... April 15, 1927
Work begun............ June 6, 1927
Average length of pipe laid per week ....... 488 ft.

Maximum length of pipe laid per week ....... 999 ft.

Leakage, from " Y" connection with Contract 7 to outlet, in gal. per day per
in. diam. per mi. of pipe i ........ 139.4

Test made Oct. 7, 1927
Leakage, from intake to " Y" connection with Contract 7, in gal. per day per

in. diam. per mi. of pipe ......... 41.6
Test made Nov. 22, 1927
Average number of men employed per day ...... 20

The contract was nearly completed on November 30, 1927, and the following
is a summary of the work done and materials furnished under the principal items
of the contract durmg the year:

Furnishing and laying 30-inch concrete pipe ...... 8,779 ft.

Furnishing and laying 18-inch cast iron pipe
Furnishing and laying 12-inch cast iron pipe
Earth excavation, fill and refill

Rock excavation and refill

220 ft.

269 ft.

8,980 cu. yds.
366 cu. yds.

Contract 6. — Contract 6, for constructing a pumping station in the Town of
Southborough, was awarded to F. A. Mazzur Co. Inc., Boston, Mass., on May 2,

1927. Hand excavation for the foundation was started on May 26 and the con-

1 Includes the leakage from the by-pass piping at the Cordaville Pumping Station, Contract 6, and the
"Y " connection with Contract 7.
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Crete foundation was completed June 15. The 250-H. P. pumping unit, consisting

of a 20" Worthington Centrifugal Pump and a General Electric Motor, was installed

on August 19.

The permanent power connection to the 2,200 volt line of the Marlborough Elec-

tric Company was made on October 15 and the acceptance test of the main pump-
ing unit was run on October 18.

Chlorinating apparatus was furnished and installed by the Commission in the

pumping station erected under Contract 6. The chlorinator pump did not deliver

a uniform flow when first tested on October 6, nor in any subsequent tests, and a

new pump of the same type but with air chambers was installed on November 11,

and has performed satisfactorily.

Contract 7. — Contract 7, for constructing a 30-inch pipe line from Hopkinton
Reservoir to Cordaville in the Towns of Ashland and Southborough, was awarded
to Cenedella & Co., Milford, Mass., on May 4, 1927. The award was made for

cast iron pipe. The pipe was shipped by rail from the Warren Foundry and de-

livered at the Cordaville Station. Practically all the trench excavation was made
by two Erie steam shovels with |-yard buckets before any pipe was laid. These
shovels were also used to place the pipe. Lead hydrotite was used in pouring the

joints.

At the Sudbury River crossing it was necessary to bring in some selected material

for backfill under and around the pipe. Lead joints were used for the pipe for the

full length of the river crossing. The river was diverted during construction by a
channel excavated about 100 feet west of the natural river bed.

Miscellaneous construction data:

May
May

Sept.

7,000 ft.

30 in.

40 ft.

4, 1927
9, 1927
634 ft.

1,793 ft.

117.8
28, 1927
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Length of line

Size of pipe
Width of taking .

Contract awarded
Work begun
Average length of pipe laid per week
Maximum length of pipe laid per week
Leakage in gal. per day per in. diam. per mi. of pipe
Test made ......
Average number of men employed per day

The contract was nearly completed on November 30, 1927, and the following

is a summary of the work done and materials furnished under the principal items

of the contract during the year:

Furnishing and laying 30-inch cast iron pipe ...... 6,977 ft.

Excavation............ 12,273 cu. yds.
Furnishing and placing paving ........ 80 cu. yds.
Furnishing and placing riprap ........ 267 cu. yds.
Furnishing and placing concrete ........ 43 cu. yds.
Furnishing and placing 18-inch cast iron culvert pipe .... 120 ft.

Contract 11. — Contract 11, for constructing a 24-inch pipe line from Ashland
Reservoir to gate house at Framingham Reservoir No. 2 in the Towns of Ashland
and Framingham, was awarded to Antonio Mogavero, Peabody, Mass., June 3,

1927. The award was made for cast iron pipe. The excavation, laying of pipe

and backfilling were each carried on continuously. The excavation and pipe lay-

ing was done by a f-yard Bay City gasoline excavator and a considerable part of

the backfill was done with a Fordson Tractor with two cables pulling material

into the trench with hand scrapers. Lead hydrotite was used for the joints.

Framingham Reservoirs Nos. 1 and 2 were drawn down by the Metropolitan

District Commission in order to facilitate the construction where the line crosses

these reservoirs. Very little muck was found on the bottom of the Reservoir No.
2 at the lower crossing. This was removed for laying the pipe and levelled with

gravel which was obtained in the basin. The upper crossing of Reservoir No. 2

was done when the water was very low and was carried on one-half at a time by
means of sandbag cofferdams.

Miscellaneous construction data:

Length of line 14,400 ft.

Size of pipe ............ 20 and 24 in.

Width of taking • 40 ft.

Contract awarded........... June 3, 1927
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Work begun.......
Average length of 24" pipe laid per week
Average length of 20" pipe laid per week
Maximum length of 24" pipe laid per week
Maximum length of 20" pipe laid per week

_

Leakage in gal. per day per in. diam. per mi. of pipe

Test made .......
Average number of men employed per day

This contract was nearly completed on November 30, 1927, and the following

is a summary of the work done and the materials furnished under the principal

items of the contract during the year:

Furnishing and laying 24" cast iron pipe ...... 13,439 ft<

Furnisliing and laying 20" cast iron pipe

23
6, 1927
790 ft.

192 ft.

1,418 ft.

622 ft.

136.3
Nov. 29, 1927

28

Earth excavation, fill and refill

Rock excavation and refill

Furnishing and placing riprap
Furnishing and placing concrete

967 ft.

11,000 cu. yds.
631 cu. yds.
38 cu. yds.
70 cu. yds.

Contract 13. — Contract 13, for constructing a 20-inch pipe line from Whitehall

Reservoir to a diversion dam on City Brook in the Town of Hopkinton, was awarded

to the Portland Contracting Co. Inc., Portland, Maine, on July 15, 1927. The
diversion dam was built first. The impervious core was obtained by stripping by
hand the soil from the area north of the reservoir site and adjacent to the dam site.

Pervious embankment was obtained from a borrow pit about 1,000 feet away and
just oif City Road.
Approximately 3,025 feet of trench was excavated by a f-yard Bay City ex-

cavator, the remainder being done by hand except for rock excavation. An Inger-

soU-Rand compressor with jack hammers was used for drilling the rock.

Miscellaneous construction data:

Length of line 6,740 ft.

Size of pipe ............ 20 in.

Width of taking 40 ft.

Contract awarded July 15, 1927
Work begun July 25, 1927
Average length of pipe laid per week ....... 438 ft.

Maximum length of pipe laid per week . . . . . . . 1,265 ft.

Average number of men employed per day ....... 24

This contract was nearly completed on November 30, 1927. There remained

about 470 feet of pipe to be laid and some miscellaneous work to be done. The
following is a summary of the work done and materials furnished under the prin-

cipal items of the contract during the year:

Furnishing 20-inch cast iron pipe . . . . . . . . 6,660 ft.

Laying 20-inch cast iron pipe......... 6,350 ft.

Excavation, fill and refill 4,600 cu. yds.

Excavation at diversion dam . . . . . _ . _ . . . 464 cu. yds.

Furnishing and placing impervious core and blanket at diversion dam . 730 cu. yds.

Furnishing and placing pervious embankment ...... 1,590 cu. yds.

Furnishing and placing soil dressing ....... 159 cu. yds.

Furnishing and placing concrete . . . . . . . . 50 cu. yds.

Furnishing and placing paving . . . . . . . . 25 cu. yds.

Contract 16. — Contract 16, for clearing and excavating open channel from the

reservoir formed by the diversion dam on City Brook to Hopkinton Reservoir in

the Town of Hopkinton, was awarded to the Sanders Engineering Co., Portland,

Maine, on September 23, 1927. The clearing was done in the usual way, a small

amount of wood and timber being salvaged. The stumps in the grubbing operation

were removed by pulling with a steam hoisting engine. Excavation for the channel

was started at the lower end. A gasoline shovel with a one-yard drag line bucket
was used. This shovel was carried on pontoons between the channel and a spoil

bank on the north side of the channel.

Miscellaneous construction data:

Length of channel .......... 5,000 ft.

Contract awarded Sept. 23, 1927
Width of taking . •. 150 ft.

Work begun Oct. 4, 1927
Average area of land cleared per week . . . . . . , 3.3a.
Average area of land grubbed per week . . . . . . . 1.0a.
Average length of channel excavated per week ..... 900 ft.

Maximum length of channel excavated per week ..... 1,125 ft.

Average number of men employed per day ...... 24
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Approximately 750 feet of channel remained to be excavated and miscellaneous

work to be completed on November 30, 1927. The following is a summary of the

work done and materials furnished under the principal items of the contract during

the j^ear:

Clearing . . . . . . . . . . . . 25.2 a.

Grubbing . . . . . . . . . . . . 7.0 a.

Excavation . . . . . . . . . . . . 13,500 cu. yds.
Furnishing and placing concrete ........ 31 cu. yds.

Geologic 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 information, obtained

from sub-surface investigations and construction to date, is as follows:

Surficial Geology.— The line of the Wachusett-Swift Tunnel traverses a portion

of the central upland or Worcester County Plateau, recognized as the base level

of erosion during the Cretaceous Period. Since the Cretaceous Period, the plateau

or peneplain has been dissected by renewed stream action as the result of uplift,

and the topography resulting therefrom considerably modified by continental

glaciation. The accumulated results of these geologic processes have had a de-

cided effect on the location of the tunnel in direction and in depth. The earth

mantle, which obscures the underlying rock formations, is of glacial origin, and
occurs as unmodified and modified drift deposits. The unmodified drift is found
mostly in the areas covered with the ground moraine, which is confined to the

higher elevations, while the modified drift is found entirely in the valleys. The
latter deposits were of great importance because of their deposition to unknown
depths. Numerous borings, drilled through the modified drift of Glacial Lake
Nashua, within the valley of the Quinapoxet River, found bedrock at such a low
elevation as to make it necessary to depress the tunnel. The lowest elevation of

rock in this area was found at Elevation 373 at the location of Shaft 1, the outlet

from the tunnel into the Wachusett Reservoir at the Quinapoxet River basin.

This elevation is probably not much higher than the lowest rock in the pre-glacial

gorge of the Quinapoxet River. The drift within the valley has been deeply
eroded by the present stream, so that the depth of cover determined from numerous
borings does not indicate the total depth of glacial deposition in this area. One
hole in particular penetrated 114 feet of material and it is quite probable that the
original drift in some sections was deposited to a depth of 175 feet or more.

Several borings across the Ware River at Smithville, or White Valley, located

the lowest rock in the pre-glacial channel of the Ware River at Elevation 607,

which is approximately 40 feet lower than the flow line of the present river. The
deepest drift is confined to the south side of the valley, and the deepest hole pene-
trated 93 feet of material before locating bedrock. Within the same valley, but
approximately 3 miles west, at the junction of the Prince River and the Ware River,

rock was found as low as Elevation 434, with a corresponding depth of earth cover

of 162 feet. A complete profile across the Ware River valley, at this point, was
not obtained, and it is quite probable that more holes would have shown rock as

low as Elevation 400. Other borings, f mile north of this point, but confined to the

Prince River valley, indicate that the low rock in the Ware River valley is possibly

due to glacial scour and over-deepening of the pre-glacial Ware River valley

in this vicinity. The deepest hole on the tunnel line, crossing the Prince River
valley, and located in the middle of the valley, penetrated 108 feet of fine-medium
sand and boulders before locating rock at Elevation 482. Borings on two tentative

lines in the spacious valley now occupied by Muddy Brook indicate that it, too, has
its origin in a pre-glacial or inter-glacial river, which obtained its flow from a part

of the present Swift River watershed. The reversal of drainage is due to the

blocking of the valley by glacial drift, in some places as deep, as 135 feet or more.
A similar condition exists in Beaver Brook valley, at the dike site, where the lowest

rock along the axis was found at Elevation 290, buried to a depth of 142 feet.

The Swift River, at the main dam site, flows approximately 130 feet above its pre-

glacial channel.
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Geologic Formations. — The rocks, along the tunnel line from the Wachusett

Reservoir to the dam and dike sites in the Swift River valley, are of several varieties,

but in their simplest terms are found to be primarily of the following types:

1. Quartz-mica phyllite, a fine-grained, finely-laminated quartzose rock with
variable amounts of mica.

2. Biotite-muscovite granite of medium grain.

3. Quartz-mica schist, a medium-grained, strongly quartzose, more or less

distinctly laminated and micaceous rock.

4. jNIixed injection schist, an intimate mixture of the quartz-mica schist and
phj^llite with the granite.

5. Grayish white medium-grained biotite-granite gneiss with differentiation

facies to high hornblende-biotite and high quartz rocks.

6. Hornblende-diorite, a differentiation facies of the granite gneiss.

The areal extent of these formations is partly obscured in the field by the glacial

drift, and it is quite impossible, at this date, to draw exact boundaries, but their

occurrence along the line is in the order named. The structural relations are

obscure and uncertain. In the six shafts constructed, the structure was surprisingly

flat, and at no shaft has the structure stronger slopes than forty-five degrees.

The rock is considerably jointed, some joints of which show rather strong slicken-

sided effects. The rock at Shaft 5, which is a quartz-mica schist, remained of the
same character, with the structure horizontal, for the total depth of the shaft.

The geologic age of the various formations is problematical, but it is certain that
the granite is the younger rock, and that the schists are older metamorphosed
sediments.

Due to the difference of opinion as to the geologic age and structural relations

of the several rock formations in this area, the intention is to collect and study data
obtained from the excavations in the shafts and tunnel. This data, when complete,
wiU give a cross section of the rock formations of Central Massachusetts for a dis-

tance of 25 miles or more.

List of Drawings and Tables
The following drawings and tabulations are appended to this report:

General Plan of Metropolitan Water Supply.
Key Plan and Profile, Wachusett-Coldbrook Tunnel.
Monthly Progress— Real Estate Acquired for the Wachusett-Coldbrook Tunnel.
Location of Real Estate Acquired for the Wachusett-Coldbrook Tunnel.
Monthly Progress— Real Estate Acquired for the Southern Sudbury Emergency Supply.
Location of Real Estate Acquired for the Southern Sudbury Emergency Supply.
Monthly Progress — Real Estate Acquired for the Swift River Reservoir.
Location of Real Estate Acquired for the Swift River Reservoir.
Status of Contracts Executed to November 30, 1927.
Total Value of Work Estimated under Contracts in Progress During Year Ending November

30, 1927.
Canvass of Bids, Contract 4.

Canvass of Bids, Contract 5.

Canvass of Bids, Contract 6.

Canvass of Bids, Contract 7.

Canvass of Bids, Contract 8.

Canvass of Bids, Contract 11.

Canvass of Bids, Contract 12.

Canvass of Bids, Contract 13.

Canvass of Bids, Contract 16.

Respectfully submitted,

FRANK E. WINSOR,
Chief Engineer.

24 School Street, Boston, Mass.
December 1, 1927.
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