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DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION. CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM, MASSACHUSETTS 02154

REPLY TO
ATTENTION OF:

NEDED
AUG 02 1979

Honorable Edward J. King

Governor of the Commonwealth of
Massachusetts

State House

Boston, Massachusetts 02133

Dear Governor King:

I am forwarding to you a copy of the Reservoir Number One Dam Phase 1
Inspection Report, which was prepared under the National Frogram for
Inspection of Non-Federal Dams. This report is presented for your use
and is based upon a visual inspection, a review of the past performance
and a brief hydrological study of the dam. A brief assessment is in-
cluded at the beginning of the report. I have approved the report and
support the findings and recommendations described in Section 7 and ask
that you keep me informed of the actions taken to implement them. This
follow—up action 1s a vitally important part of this program.

A copy of this report has been forwarded to the Department of Environ-
mental Quality Engineering, the cooperating agency for the Commonwealth
of Massachusetts. In addition, a copy of the report has also been
furnished the owner, Metropolitan District Commission of Massachusetts
(MDC), 20 Somerset Street, Boston, Massachusetts 02108.

Copies of this report will be made available to the public, upon
request, by this office under the Freedom of Information Act. In the
case of this report the release date will be thirty days from the date
of this letter.

I wish to take this opportunity to thank you and the Department of
Environmental Quality Engineering for your cooperation in carrying out
this program.

Sincerely yours,

CHEIDER
As stated Colonel, Corps of Engineers
Division Engineer
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PHASE I INVESTIGATION REPORT
NATIONAL DAM INSPECTION PROGRAM
Identification No.: MA 00337
l Name of Dam: Reservoir Number One
' (Winter Street)
- Town: Framingham
. County: Middlesex
- State: Massachusetts
- Stream: Sudbury River
Date of Site Visit: 29 March 1979

BRIEF ASSESSMENT

V. Reservoir Number One Dam consists of two earth embank-
L ments separated by a 168 ft. long stone masonry spillway
and a gate house structure containing the regulating out-
let controls. The total length of the dam is approximately
800 ft., and its maximum height is about 22 ft. The dam
was completed in 1878. It is owned and operated by the
Metropolitan District Commission of Massachusetts (MDC)
to provide an emergency water supply and to regqulate flow
in the Sudbury River.

Due to the extent of downstream development that would
be affected in the event the dam were to fail, Reservoir
Number One Dam is confirmed as having a "high" hazard
potential in accordance with Corps of Engineers guidelines.

The dam is in good condition, based on a visual examina-
tion of the structure, although the spillway weir was
partially obscured by flowing water. Some minor deficiencies
were noted; however, there was no evidence of settlement,
lateral movement or other signs of structural failure. or
other conditions which would warrant urgent remedial action.

Based on the "intermediate"” size and "high" hazard
potential classifications in accordance with Corvs of Engineers
guidelines, the test flood for this dam is the Probable
Maximum Flood (PMF). Hydraulic analyses indicate that the
test flood outflow of 18,800 cfs (inflow 20,000 cfs or 270
csm) would overtop the dam by about 4 ft. With the water
level at the top of dam, the ungated spillway capacity is
approximately 4,600 cfs, which is 24 percent of the test
flood outflow. This is because downstream channel condi-
tions control the amount of discharge from the dam. If
the downstream channel capacity was adequate, the spillway

gipacity would be about 92 percent of the test flood out-
ow.

. The MDC, owner of the dam, should assign or engage a
registered professional engineer to assess the condition
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of 1) the spillway weir and apron after observing them dur-
ing a time of low or no flow over the spillway and 2) the
outlet chambers, as outlined in Section 7.2. Any necessary
modifications resulting from the investigations, and reme-
dial measures, including repairing the localized erosion

of the embankments, repointing granite masonry as required,
and repairing the gate house, right wall of the discharge
channel and wooden porch downstream of the gate house,

as outlined in Section 7.3, should be implemented by the
Owner within two years after receipt of this report. The
Owner should also prepare a formal operations and main-
tenance manual for the dam and establish an emergency
preparedness plan.

HALEY & ALDRICH, INC.

o,

Harl Aldrich
President
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This Phase I Inspection Report on Reservoir Number One

has been reviewed by the undersigned Review Board members. In our

opinion, the reported findings, conclusions, and recommendations are

consistent with the Recomrended Guidelines for Safety Inspection of

Dans, and with good engineering judgment and practice, and is hereby
‘! submitted for approval.
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= JOSEPH A. MCELROY, MEMBER
Foundation & Materials Branch
Engineering Division
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CARNEY M.“AERZIAN, MEMBER
Design Branch
Engineering Division
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. JPSEPH y FINEGAN, JR., c

l B nief, servoir Control Ce
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Engineering Division
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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for
Phase I Investigations. Copies of these guidelines may be
obtained from the office of Chief of Engineers, Washington,
DC 20314. The purpose of a Phase I Investigation is to
identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general condi-
tion of the dam is based upon available data and visual inspec-
tions. Detailed investigation, and analyses involving topo-
graphic mapping, subsurface investigations, testing, and
detailed computational evaluations are beyond the scope of a
Phase I Investigation; however, the investigation is intended
to identify any need for such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations of field
conditions at the time of inspection along with data available
to the inspection team. In cases where the reservoir was low-
ered or drained prior to inspection, such action, while improv-
ing the stability and safety of the dam, removes the normal
load on the structure and may obscure certain conditions which
might otherwise be detectable if inspected under the normal
operating environment of the structure.

It is important to note that the condition of a dam depends
on numerous and constantly changing internal and external con-
ditions, and is evolutionary in nature. It would be incorrect
to assume that the present condition of the dam will continue
to represent the condition of the dam at some point in the
future. Only through continued care and inspection can there
be any chance that unsafe conditions be detected.

Phase I Investigations are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established Guidelines, the test flood is based on the estimated
"probable maximum flood" for the region (greatest reasonably
possible storm run-off), or a fraction thereof. Because of the
magnitude and rarity of such a storm event, a finding that a
spillway will not pass the test flood should not be interpreted
as necessarily posing a highly inadequate condition. The test
flood provides a measure of relative spillway capacity and
serves as an aid in determining the need for more detailed
hydrologic and hydraulic studies, considering the size of the RO
dam, its general condition and the downstream damage potential. T
Consideration of downstream flooding other than in the event - ® ®
of a dam failure is beyond the scope of this investigation. BRI,
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The Phase I Investigation does not include an assess-
ment of the need for fences, gates, no-trespassing signs,
repairs to existing fences and railings and other items
which may be needed to minimize trespass and provide
' greater security for the facility and safety to the
- public. An evaluation of the project for compliance
with OSHA rules and regulations is also excluded.
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PHASE I INVESTIGATION REPORT
NATIONAL DAM INSPECTION PROGRAM
RESERVOIR NUMBER ONE DAM
MA 00337

SECTION 1 ~ PROJECT INFORMATION

1.1 General

a. Authority. Public Law 92-367, August 8, 1972,
authorized the Secretary of the Army, through the Corps of
Engineers, to initiate a National Program of Dam Inspection
throughout the United States. The New England Division of
the Corps of Engineers has been assigned the responsibility
of supervising the inspection of dams within the New England
Region.

Haley & Aldrich, Inc. has been retained by the New
England Division to inspect and report on selected dams in
the State of Massachusetts. Authorization and notice to
proceed were issued to Haley & Aldrich, Inc. under a letter
dated 28 November 1978 from Colonel Max B. Scheider, Corps of
Engineers. Contract No. DACW33-79-C-0018 has been assigned
by the Corps of Engineers for this work. Camp, Dresser &
McKee, Inc. was retained as consultant to Haley & Aldrich,
Inc. on the structural, mechanical/electrical and hydraulic/
hydrologic aspects of the Investigation.

b. Purpose of Inspection. The primary purposes of the
National Dam Inspection Program are to:

1. Perform technical inspection and evaluation of
non-Federal dams to identify conditions which threaten the
public safety and thus permit correction in a timely manner
by non-Federal interests.

2. Encourage and p.epare the states to initiate
quickly effective dam safety programs for non-Federal dams.

3. To update, verify and complete the National
Inventory of Dams.

.
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1.2 Description of Project

a. Location. The dam is located at the east end of

MDC Reservolr Number One (Stearns Reservoir) in Framingham,
- MA, as shown on the Location Map, page vii, at approximate
- coordinates N 42° 17.5', W 71© 26.6'. Spillway discharge

from the dam is conveyed by the Sudbury River to Concord,

where it joins the Assabet River. The combined streams

form the Concord River, which flows into the Merrimack River

in Lowell.

b. Description of Dam and Appurtenances. Reservoir
Number One Dam consists of two earth embankments separated
by a stone masonry spillway and a gate house structure.

: The total length of the dam is approximately 800 ft. The SRR
= Site Plan Sketch, page C-1, shows the general configuration ST s
of the project. More detailed plans, profiles and sections ' ,Qk.~_!f_n
are shown on drawings in Appendix B. AU

The left and right embankments were measured to be
. 216 and 347 ft. in length, respectively. The embankments ) S
. have a maximum height of approximately 22 ft., relative to . S
the spillway discharge channel. The dam is constructed in SRR AL
sand and gravel deposits, as shown in longitudinal section IR
on page B-19. Relative to the downstream toe, the maximum S BCEAR RN
heights of the left and right embankments (looking downstream)
. are 12.7 and 10.5 ft., respectively. The embankments have a
i stone masonry core wall and a 20 ft. wide crest, as shown in
sections on pages B-21 and B-22. Slopes are 2 horizontal to
1 vertical on both the upstream and downstream sides. The
upstream face is protected by stone paving below a level
approximately 3 ft. below the top of the embankment.

] The 168 ft. long overflow spillway crest is approxi-

' mately 9.5 ft. lower than the top of dam, as measured at
the left spillway wall. The spillway weir and apron are
of stone masonry construction, extending to a considerable
depth and with sheet piling as shown on the sectional
drawings, pages B-21 and B-22. The spillway was designed
to operate with up to 1.75 ft. of flashboards, which have
not recently been used.

A gate house structure is located to the right of the
spillway. A 48-in. cast-iron supply pipe from the higher
Reservoirs No. 2 and 3 enters the upstream side of the
structure. The arrangement of ten gates and various
chambers in the gate house is such that water from
Ny Reservoir No. 1 and/or water from the 48-in. pipe can
2 be released to the Sudbury River or diverted into a

horseshoe~shaped water supply aqueduct built below the
: ground surface from the gate house to Farm Pond. A plan
‘ and elevation views of the gate house are shown on page
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B~-20, and sections are shown on pages B-21 and B-22.

c. ©Size Classification. Reservoir Number One Dam
has an estimated maximum storage capacity of 3,075 acre-
ft. at the top of the dam. The maximum hydraulic height
is about 22 ft. According to guidelines established by
the Corps of Engineers, storage of from 1,000 to 50,000
acre-ft. classifies this dam in the "intermediate" size
category.

d. Hazard Classification. Based on the Phase I
investigations and dam falilure analyses in accordance
with Corps of Engineers guidelines, Reservoir Number
One Dam was found to have "high" hazard potential. If
the dam were to fail, a large residential area including
a school along the left bank and an industrial-commercial
area, including another school, on the right bank of the
downstream channel are expected to be seriously flooded.
Therefore, the potential for loss of lives and extensive
damage to both industrial-commercial and residential
properties is extremely high.

e. Ownership. The dam is owned by the Metropolitan
District Commission of Massachusetts (MDC), 20 Somerset
Street, Boston, MA 02108. The MDC became the owner
in 1919 by Chapter 350 of General Acts of 1919. The
original owner was the Metropolitan Water and Sewerage
Board.

f. Operator. The operation, maintenance and safety
of the dam is the responsibility of the Sudbury Section
of the MDC, 311 Hollis Street, Framingham, MA. The Super-
intendent of the Sudbury Section is Mr. Edward Ginsburg
(phone: 617/872-4388). Mr. Ginsburg has been associated
with the dam since 1970.

g. Purpose of Dam. The dam was constructed to create
a water supply reservoir for the Metropolitan Boston area.
The current purpose of the dam and reservoir is for an
emergency water supply and to regulate flow on the Sudbury River.

h. Design and Construction History. Reservoir Number
One Dam was constructed from 1876 to 1878 by the Metro-
politan Water and Sewerage Board as one of three major
water supply reservoirs on the Sudbury River. The general
design considerations and construction features of the
three dams and reservoirs and specific information on
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Reservoir Number One Dam are included in a Boston Water
Works report dated 1882. Pertinent sections and four
record drawings from that report are included in Appendix
B. Reservoir Number One was first filled in January 1879.
No major post-construction changes have been made to the
dam.

i. Normal Operational Procedures. The dam is used
for flow regulation and as an emergency water supply by the
Metropolitan District Commission of Massachusetts. Because
of the reported poor quality of the water in Reservoir
Number One, only during periods of a severe emergency would
the water impounded by the dam be used. There is a lmgd or
1.55 cfs bypass at the gatehouse which, by legislative action,
is continuously flowing from the downstream side of the
gatehouse. Although provisions for the flashboards are
in evidence, it was reported that flashboards have not
been used for some time. The waste gates are operated
during periods of high flow.

1.3 Pertinent Data

The elevation of the spillway crest is reported by
the MDC to be 167.60 Boston City Base Datum. Converting
this elevation to National Geodetic Vertical Datum (NGVD)
by subtracting 5.65 ft. gives an approximate spillway crest
elevation of 161.9 NGVD. All other elevations reported
herein are based on rough measurements made at the dam site
on 29 March 1979, and thus should only be considered approxi-
mate. -

a. Drainage Area. The total drainage area of the Sudbury
River above Reservoir Number One Dam is estimated to be
74.3 square miles. Ground elevations in the watershed
vary from a low of about El, 160 near the dam to a high
of about E1l. 700 on Fay Mountain in the Town of Westborough.
About 80 percent of the area consists of rolling woodlands.
The remaining 20 percent consists of swamps, ponds and
reservoirs. Among these, Sudbury Reservoir, Reservoirs
Nos. 1, 2 and 3, Ashland, Hopkinton and Whitehall reservoirs
are operated by the MDC. Relatively small residential areas
are scattered throughout the drainage area, particularly
in the northern and eastern parts.

b. Discharge at Dam Site

1. Outlet WorkS....«eceeesee.... Three 5 ft. by 6 ft.
waste gates at invert




El. 150.4 and two sets of
4 ft. by 4.5 ft.
gates (two in series
. each) into Sudbury
ﬂ [ 3 Aqueduct at invert . .
S El. 149.4(total of 10 gates) ... - .
- 2. Maximum known flood at oL
R, dam site...ccctecervacesec.ss 4,500 cfs in August 1955
AR 3. Ungated spillway capacity
o at topof dam.....cceecee... 4,600 cfs at E1. 171.4
. . 4. Ungated spillway capacity
at test flood pool
elevation...ccccevecescacess 4,530 cfs at E1. 175.4
5. Gated spillway capacity
S at normal pool elevation.... Not applicable
E - 6. Gated spillway capacity at
test flood pool elevation... Not applicable
7. Total spillway capacity at
test flood pool elevation... 4,530 cfs at El. 175.4
8. Total project discharge at
test flood pool elevation... 18,800 cfs at El.
175.4, excluding flows
into waste and into
the aqueduct

c. Elevation (ft. above NGVD)

1. Streambed at centerline
of daM.c.eceeiersneacasosesesss 149.4
2. Maximum tailwater........... Unknown
3. Upstream portal invert
diversion tunnel............ Not applicable
Normal pool...cveseecvesssss 161.9
Full flood control pool..... Not applicable
Spillway crest
(without flashboards)....... 161.9
(with flashboards).......... Not applicable
7. Design surcharge - original .
desSigN..cceecessssseassssssss Unknown
8. Top of daM.cvceeeevencasccess 171.4
9. Test flood design surcharge. 175.4

4
5
6

d. Reservoir

1. Length of maximum pool...... 3 mi. (Est.) SO
2. Length of normal pool....... 1 mi. (Est.) e 1
3. Length of flood control T

POOl...eceeeeeeaeaeaneeansssss Not applicable Sere o

'''''''
PR

.........
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Storage (acre-ft.)

1.
2.
3.
4.
5.

Normal pool....... veessessss 600

Flood control pool.......... Not applicable
Spillway cresteceeeiececee.. 600

Top of dam...cccceeveceeaecss 3,075

Test flood pool......eee.e.. 5,150

Reservoir Surface (acres)

1.
2.
3.
4.
5.

Normal PoOl...:.eceeeveeeeeess 130
Flood control pool.......... Not applicable
Spillway crest.c.sceesseaosss 130
Top of dam. ... ceseseccess 470
Test flood pool...c.ceeeuees 720

Dam Embankments

1.

2.

3.
4.
5.
6.
7.
8.

9.
lol

TYPCeesceseccsssnssesssessss TWO earth embankments
separated by gate house
and spillway

Length....cveeeceevecssececsses 360 ft. right of gate
house, 220 ft. left
of spillway

Height...eovvveeeeneaananees 22 ft.

Top Width..iieecneeeeneoseas 20 ft.

Side slopeS...veccveeeese... 2 horizontal to 1
vertical, U/S and D/S

ZONiNgG.csesessescsssesssasss Select fill U/S, gravel
D/S

Impervious coreé............. Stone masonry core
wall

Cutoff...ccceveeeeveeeeesves Sheet piling driven
below core wall at
some locations

Grout curtain...ccececeecess... NONE

Other...cceieeencveceeseasesss Dam constructed in
sand and gravel

Diversion and Regulating Tunnel. Not applicable

Spillway

1.

2.

Y P . ceeecssssnsessasscsesss StOne masonry, over-
flow type with stone
masonry apron

Length of weir.........v.... 168 ft.
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3. Crest elevation....ceeceeees.. 161.9

4. Gates.................‘..... None
s 5. U/S channel......cciv2¢ev... Could not be observed
. . 6. D/S channel..... vessessesees Cascade type three-

level stone masonry
apron, with stone masonry
bank protection extending
to the Winter Street

a

-~

bridge

j. Regulating Outlets. A plan sketch of the regulating

outlets in the gate house is included in Appendix A. As
shown on the sketch, page A-6, there are three 6 ft. high
by 5 ft. wide waste gates (Gates No. 1, 2 and 3) on the
left side of the gate house with an invert elevation of
150.4. It is assumed that the outlets at Gates No. 1,

2 and 3 could be used to lower the reservoir level in

case of emergency, although their discharge capacities have
not been estimated. A one mgd gate is continucusly open,
drawing water from wasteway No. 3 and outletting through
the gate house sidewall at El1. 152.4. All gates are opera-
ted manually. :

On the right side of the gate house are two intake
chambers controlled by two 4.0 ft. high by 4.5 ft. wide
sluice gates in series per chamber (Gates No. 6 and 8 and
Gates No. 7 and 9). These chambers feed a 6-ft. horseshoe-
shaped transmission line which, in turn, connects to the
Sudbury Aqueduct. The invert elevations of Gates No. 6, 7,
8 and 9 and the transmission line are at El. 149.4.

A 48-in. diameter pipe from the upper dams enters a
concrete chamber to the right of the waste gates at an
invert elevation of 149.4. The flow from this chamber
can be diverted to the transmission line through a 4-ft.
square gate (Gate No. 5) at the right side of the chamber
or to the Sudbury River through a 4 ft. square waste
gate (Gate No. 4) on the left side of the chamber. The
invert elevation of Gates No. 4 and 5 are 149.4.

The upstream wall of the gate house is shown on a
record drawing, page B-20. Note that directly above the
48-in. diameter pipe entering the gate house is an 8 ft.
high by 5.25 ft. wide opening in the wall which would
allow water to freely enter the concrete chamber for
the 48-in. diameter pipe. The invert elevation of
the opening is El. 162.7 without stoplogs, which is 0.8
ft. above the spillway crest elevation. All inlets on
the reservoir wall of the gate house have provisions
for stoplogs.

N .
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SECTION 2 - ENGINEERING DATA

2.1 Design Data

Certain general design considerations and four record
drawings for Reservoir Number One Dam are included in a
e Boston Water Works report entitled "Additional Supply
R from Sudbury River, Description of the Work, with Plates",
dated 1882. With the exception of a table giving storage

- capacity of the reservoir at certain elevations, the de-
: sign information is not detailed and does not include
calculations.

2.2 Construction Records

Record drawings and general information regarding the
construction materials, construction techniques and sequence
of construction are included in the 1882 Boston Water
Works report.

i 2.3 Operation Records

Daily reservoir water surface elevations were the only
operational records located during the course of this in-
vestigation. The water surface elevations were measured
by means of a graduated rod at Gates No. 1, 2 and 3 and

. recorded at the office of the MDC Sudbury Section in
5 Framingham, Massachusetts.

. 2.4 Evaluation of Data

a. Availability. A list of the engineering data
= available for use in preparing this report is included
on page B-1l. Selected documents from the listing are
also included in Appendix B.

b. Ade¥uacx. There was a fair amount of engineering
data available to aid in the evaluation of Reservoir
Number One Dam. A review of these data in combination

- with visual examination, pPreliminary hydraulic and hydro-

. logic computations, considerations of past performance
and application of engineering judgement, was adequate

.- for the purposes of a Phase I assessment.

c. Validity. The information contained in the
engineering data may generally be considered valid.
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SECTION 3 - VISUAL EXAMINATION

3.1 Findings

a. General. The Phase I visual examination of
Reservoir Number One Dam was conducted on 29 March 1979.
On this day, the upstream water surface elevation was about
0.3 ft. above the spillway crest.

In general, the dam embankments and spillway were
found to be in good condition. Some minor deficiencies
which require correction were noted.

A visual inspection check list is included in Appendix
A and selected photographs of the project are given in
Appendix C. A "Site Plan Sketch", page C-1, shows the
direction of view for each photograph.

b. Dam. The earth embankments located right of
the gate house and left of the spillway are generally in
good condition. The grass covered slopes are well mowed,
permitting thorough observation. There was no evidence
of settlement, lateral movement, seepage or other serious
defects. The following specific items were noted:

1. The upstream slopes, Photos No. 1 and 7, are
paved with large cut stones. With the exception
of minor vegetation in the joints, Photo No. 8,
and some low brush growing near the top, the
stone paving is in good condition.

2. Deep tire ruts were evident on the crest of the
right embankment at the right abutment, Photo
No. 7. The crest is also eroded several inches
by foot traffic adjacent to the gate house
and adjacent to the left spillway training wall.

3. There are four large trees growing at the toe
of the right embankment, Photo No. 3. The
downstream slope of the left embankment is
shown on Photo No. 5. Active, localized
erosion of the downstream slopes by foot
traffic and runoff is occurring adjacent to
the gate house, Photo No. 4, and adjacent
to the left spillway training wall, Photo
No. 6.

c. Appurtenant Structures. The spillway weir, apron,
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sidewalls, discharge channel walls and gate house exterior
are all constructed of granite masonry. The granite
masonry, in general, exhibits minor loss of mortar from
the joints.

Water over the spillway weir and apron prevented a
clear view of the joints. However, the weir and apron
show no signs of movement or distress. There were approxi-
mately 15 rods observed along the crest of the weir, which
may once have supported flashboards. No flashboards were
observed on 29 March 1979. On 9 of these rods were attached
wooden devices called ducks which are used to reduce the
noise of the water flowing over the crest. These conditions
are shown in Photos No. 2 and 9. The left and right spill-
way training walls, Photos No. 5 and 8, exhibit only minor
loss of joint mortar.

The left spillway discharge channel wall, Photo No.
5, is generally in good condition. The joints of the right
discharge channel wall show extensive loss of mortar. The
wall is tilted toward the channel at the top, Photo No.
11. There is an indication that soil from behind the
right wall has washed through the joints during periods
of high water, causing the stone riprap side slope to R e
settle, Photo No. 12. el

The gate house is a granite masonry structure with
a slate-covered roof and is generally in good condition.
The joints at and just above waste ports 1, 2 and 3
show signs of staining and efflorescence, Photo No. 10.
The windows are in poor condition and some of the panes
are broken. Some of the copper flashing along the edge
of the roof has broken off. The exterior of the gate house
is shown in Photos No. 1, 2, 4, 7, 8, 9 and 10.

The general condition of the gate house interior could
not be evaluated due to the current repairs to the chambers
and floor underway and because the deteriorated lighting
system was not operative. Boards normally covering the
major openings in the interior ground level floor of the
structure had been removed. The openings showed signs
of reconstruction and repairs underway at the time of the
investigation, Photos No. 13 and 14. Aluminum wide A
flanged sections appear to have been recently placed T
across four of the openings. Due to the lack of light e
and a safe means of access, the shafts and chambers
below the main floor were not observed during the site
visit. However, viewing those shafts from the top

10




indicated that they are constructed of concrete and the
upper regions are in good condition.

There were 9 sets of double-stemmed controls and
one single-stem control observed in the gate house,
Photos No. 13 and 14. The controls that operate Gates
No, 2, 5 and 9 were open on the day of the site visit,
while the remaining gates were closed. The single stem
control for the 1 mgd(1.55 cfs)gate was also in the open
position. Close inspection of the gates was not possible,
although some of the gates observed through openings in
the main floor appear to be very rusty. None of the gates
other than the single stem gate were operated during the
site visit. There are indications that the gate controls
for Gates No. 1, 2, 3, 4, 5, 8 and the single stem gate
are well maintained, while Gates No. 6, 7 and 9 reportedly
have not been operated for more than 19 years and obviously
have not been well maintained. See the sketch on page
A~6_for the various gate locations.

There is a small wooden structure just downstream
of the gate house which is in good to fair condition.
The porch of the structure, which is access to another
water supply gate, is in very poor condition. The porch
has been lifted off its foundation at some points,

Photo No. 16, and the ground surface beneath it has been
scoured.

d. Reservoir Area. Reservoir Number One is
generally bordered by wooded residential property, Photo
No. 2. The terrain above the shoreline is relatively
gentle. There is no significant probability of land-
slides into the reservoir affecting the safety of the
dam. Sedimentation has reportedly not been a problem at
the dam site.

e, Downstream Channel. The river below Reservoir
Number One Dam flows through Framingham, Wayland, Sudbury,
and Concord, where it joins the Assabet River. The two
streams then form the Concord River, which flows into the
Merrimack River at Lowell. A section of the river, about
one mile long, from the dam to Union Avenue was studied
for evaluation of flooding impacts of a dam failure. 1In
this section, the river passes under Winter Street, the
former Penn Central Railroad tracks, Franklin Street
and Union Avenue in Framingham. Characteristics of the
bridge openings are summarized below:

Street Shape of Opening Dimensions
Winter Street 2 semi-circular radius: 9.25 ft.
1 rectangular length: 20 ft.

height: 11 ft.
11
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Street Shape of Opening Dimensions
Penn Central RR 1 rectangular length: 58 ft.

height: 10.2 ft.

._ Franklin Street 1l segment of a span: 60 ft.
R circle arch length: 66 ft.
) rise: 11.7 ft.
= Union Avenue 1 segment of a span: 55 ft.
circle arch length: 61.3 ft.

rise: 11.4 ft.

Upstream of.Winter Street, the channel is about 200
ft. wide and about 120 ft. long. The spillway apron is
of stone masonry, constructed at three levels, and has
a total length of about 40 ft. The stone masonry side
walls of the channel are about 6 ft: high. The upstream
sides of the three Winter Street bridge openings are shown
in Photo No. 15.

Baiting Brook joins the Sudbury River at a distance
of about 100 ft. downstream of Winter Street. The Sudbury
River at this location flows through an open woodland
400 ft. wide. About 2,000 ft. further downstream, the
Sudbury River receives flows from Eames Brook, which is
an outlet of Farm Pond. There are several developments,
primarily industrial-commercial, along the river banks,
particularly downstream of the railroad bridge.

3.2 Evaluation

Based on the visual examination during the site visit
on 29 March 1979, the dam and appurtenant structures are
generally in good condition, with the exception of minor
embankment erosion, the apparent tilting of the right dis-
charge channel wall and the loss of material from behind
that wall and the lack of maintenance of the controls for
Gates No. 6, 7 and 9. Some renovations to the gate house
are currently underway, but at the time of the site visit
there was no electric service and the floor over the cham-
ber openings had been removed, creating hazardous conditions
for the operator.

The trees noted at the downstream toe of the right em-
bankment do not appear to present a hazard at this time.
The porch of the wooden structure immediately downstream
of the gate house cannot be considered adequately safe for
access to a water supply gate. Otherwise, the minor defi-
ciences noted require remedial action, but should have no
immediate effect on performance or safety of the dam.




SECTION 4 - OPERATIONAL PROCEDURES

4.1 Procedures

There are no formal operational procedures other than
keeping the 1 mgd bypass at the gate house continually
flowing, since water in the reservoir would be used for
water supply only during periods of emergency. The gates
are generally operated to requlate flow in the Sudbury
River by personnel from the MDC Sudbury Section office
in Framingham.

4.2 Maintenance of Dam

There are no established procedures or manuals for
inspection and maintenance of the dam. However, the grassed
earth embankments are apparently mowed regularly and re-
portedly examined periodically.

4.3 Maintenance of Operating Facilities

There were no formal maintenance procedures for the
operating facilities disclosed. However, regular
examinations are reportedly performed, and routine main-
tenance such as clearing debris from the spillway is
carried out on a demand basis. Modification to the
removable flooring in the gate house was underway at the time
of the site visit. All gate controls in the gate house are
hand-operated and well maintained, except for the controls to
Gates No. 6, 7 and 9, which are not commonly used. Only the

ogeration of the 1 mgd bypass gate was demonstrated on
29 March 1979. Electric power within the structure was not
operative.

4.4 Description of any Warning System in Effect

There is no warning system or emergency preparedness
plan in effect for this structure.

4.5 Evaluation

The owner should prepare an operations and maintenance
manual for the dam. The manual should delineate the
routine operational procedures and maintenance work to
be done on the dam to provide satisfactory operation and
minimize deterioration of the facility. For example,
all control gates should be operated periodically.

13
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Since failure of the dam would probably cause loss
of life and extensive damage downstream, the owner should
also prepare a formal emergency preparedness plan and

. warning system.
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SECTION 5 -~ HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. General. The dam consists of two earth embank-
ments with . cement mortared stone masonry core walls
and a spillway structure of cement mortared stone masonry.
A gate house is located at the right abutment of the
spillway. The present purpose of the dam is to provide
flow regulation and water storage for emergency water
supply to the metropolitan area of the City of Boston.
Operation of the reservoir is coordinated with that of several
other upstream reservoirs which are part of the MDC system.
Part of the flow from Wachussett and Quabbin Reservoirs
is diverted into the drainage basin through various .
aqueducts to supplement flow into the Sudbury Reservoir.

The existing multiple reservoirs and relatively large
swamps within the drainage basin will have the effect
of reducing the intensity of any flood flows. A signi-
ficant spillage occurs from the reservoir during the wet
season.

b. Design Data. No detailed hydrologic or hydraulic
design data were available for this dam site.

c. Experience Data. Historical records of the
maximum flows could not be obtained. A hydraulic pro-
file of the Sudbury River in a report prepared for
the MDC in 1975 by C.E. Maguire, Inc. indicates a maxi-
mum flow of 4,500 cfs during an August 1955 storm. The
water surface elevation in the reservoir at that time
was, as scaled from the profile, about El. 170 (NGVD).
During a January 1979 storm, a maximum water surface
level of El1. 164.5 (NGVD) was recorded in the reservoir.
Reportedly, a street along Baiting Brook leading towards
Framingham Center was flooded and blocked to traffic
during the January 1979 storm.

d. Visual Observations. At the time of the site
visit, about 0.3 ft. of water was flowing over the
168 ft. long spillway. Top of the dam was measured to be
about 9.5 ft. above the spillway crest. Flow into the
downstream channel was only passing through the rectangular
opening near the right abutment of the Winter Street
bridge. A reverse flow, originating at the confluence of
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Baiting Brook with the Sudbury River, was passing through
the two semi-circular openings at the bridge into the
stilling basin of the dam.

Downstream sections were observed and measured at
the Winter Street, Railroad, Franklin Street and Union
Avenue bridges. Brief data on the bridge openings are
presented under Section 3.1 e, Downstream Channel.

e. Test Flood Analysis. Based upon the Corps of
Engineers guidelines, the recommended test flood for
"intermediate" size dams having a "high" hazard potential
is the PMF (Probable Maximum Flood). The PMF was
determined using Corps of Engineers Guidelines for
Estimating Maximum Probable Discharge in Phase I Dam
Investigations. A peak flow rate of 270 cfs per square
mile was determined for the upper Sudbury River basin, based
on New England Division, Corps of Engineers guidelines dated
March 1978. The resulting PMF or the spillway test flood
inflow for the 74.3 square mile drainage area is about
20,000 cfs.

Surcharge~storage routing was performed through
Reservoir Number One using the stage-discharge and
area-volume curves shown in Appendix D. Flows through
the outlets to waste and to the water supply system
were ignored for this evaluation.

The test flood outflow, estimated to be 18,800 cfs,
would occur when the water surface level in the re-
servoir is at about El. 175.4. This is 4 ft. above the top
of the dam. A preliminary study of the test flood
hydraulic profile in the downstream channel, in Appendix
D, indicated that the tailwater elevation would be at El.
171.5 and that a large -area downstream of the dam would
be flooded.

The existing spillway capacity is about 24 percent of
the test flood outflow because discharge from the dam is
controlled by restrictions in the downstream channel, as
shown on the preliminary hydraulic profiles, page D-9. If
the downstream channel capacity was adequate, the spillway
;ipacity would be about 92 percent of the test flood out-

ow.

f. Dam Failure Analysis. Based on Corpos of Engineers
Guidelines for Estimating Dam Failure Hydrographs, assuming
that a failure would occur along 40 percent of the length
at the mid-height of the dam structure, and taking the tail-
water curve into account, the peak failure outflow is esti-
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mated to be 18,200 cfs. The downstream channel capacity is
not adequate to carry this flow without flooding its banks
to a depth ranging from about 5 ft. near Union Avenue to
about 9 ft. near the railroad bridge. The flow over the
spillway prior to a failure would flood the same areas by
2.5 ft., and 5 ft., respectively.

On the left bank, about 15 acres of residential area
around Baiting Brook and about 50 acres of residential
area immediately south of Framingham Center, including a
school complex, would be affected. On the right bank, at
least three manufacturing plants, several commerical out-
lets and the Bowditch Field Athletic Facilities would be

flooded. The impact area is delineated on the map on page
vii.

In conclusion, in the event of a dam failure, poten-
tial for loss of lives exists and excessive residential,
institutional, industrial and commercial property damages
are expected to occur. Therefore, the hazard potential
classification for this dam is considered high, in accord-
ance with Corps of Engineers guidelines.

17




SECTION 6 - STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

,- a. Visual Observations. There was no visual evidence
- of settlement, lateral movement or other signs of structural
instability in the earth embankments. No indications of
seepage through the embankments were observed.

There was no visual evidence that movement or dis-
- tress in the spillway weir, apron, training walls, dis-
T . charge channel walls and gate house has taken place, other
than the tilting of the right discharge channel wall and
the loss of material from behind that wall.

b. Design and Construction Data. Design and con-
struction data in the form of narrative descriptions
and record drawings of the original construction of the
spillway structure, discharge channel walls and sub-
structure of the gate house are available. Design data
in the form of record drawings of the original construction
of the superstructure reportedly exist, but could not be
located during the site visit. Review of the drawings
indicates that the dimensions and configurations of the
embankments and spillway are consistent with typical dams
of this size. Apparently no observed movement or distress
has occurred since the construction of the dam, and it
would be reasonable to conclude that the embankments and
spillway would be adegquately stable under normal static
loading conditions in the absence of significant seepage.

c. Operating Records. Operating and maintenance
records for the facility are routinely summarized in
monthly reports which are located at the Metropolitan
District Commission Headquarters, 20 Somerset Street,
Boston, Massachusetts and at the office of the Super-
intendent of Dams at the MDC Sudbury Section office
in Framingham, Massachusetts. There are no records
which would indicate the magnitude or the nature of
past structural movements, if any. There are no ® e
records of uplift water pressures or other information -
from field instrumentation to aid in the evaluation of
structural stability.

d. Post-Construction Changes. The present embank- -
ments, spillway and gate house were completed in 1878. ’, ®

U U
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Since that time, there have been no major alterations
to the dam. The spillway was repointed in 1956.

e. Seismic Stability. This facility, in accordance
with recommended Phase I guidelines, is located in Seismic
Zone 2 and does not warrant seismic analysis.

19
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SECTION 7 -~ ASSESSMENT, RECOMMENDATIONS
AND REMEDIAL MEASURES

. 7.1 Dém Assessment

a. Condition. The visual examination of Reservoir
Number One Dam revealed that the structure was in good
condition. There were no signs of structural failure
or other conditions which would warrant urgent remedial
action. Several minor deficiencies were noted.

Based on the results of computations included in
Appendix D and described in Section 5, the spillway is
not capable of passing the test flood, mainly because the
downstream channel conditions control the amount of dis-
charge from the dam. The PMF test flood outflow of
18,800 cfs (inflow 20,000 cfs or 270 csm) would overtop
the dam by about 4 ft. With the water level at the top of
the dam, the total spillway capacity is 4,600 cfs, which
is 24 percent of the test flood outflow. If the downstream
channe cagacity was adequate, the spillway capacity would
be about 92 percent of the test flood outflow.

[ b. Adequacy of Intormation. This evaluation of
the dam is based primarily on visual examination, approxi-
s mate hydraulic and hydrologic computations, consideration
o of past performance, review of available engineering
data, and application of engineering judgement.
. Generally, the information available or obtained within
I the scope of this investigation was adequate for the
purposes of a Phase I assessment. However, it is
recommended that additional information on the condition
of the spillway weir and apron be obtained.

c. Urgency. The recommendations for additional
| investigations and remedial measures outlined in Sections
- 7.2 and 7.3, respectively, should be undertaken by the
Owner and completed within two years after receipt of
this report.

d. Need for Additional Investigation. An additional
_ investigation should be performed by the Owner as out-
' lined in Section 7.2.

7.2 Recommendations

. It is recommended that the Metropolitan District
Commission, owner of the dam, assign or engage a registered

20
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professional engineer to observe the dam at a time when
there is low or no flow over the spillway to 1) assess the
condition of the granite masonry spillway weir and down-
stream apron and 2) the outlet chambers. If indications
of seepage are observed, the Owner should then implement
corrective measures.

7.3 Remedial Measures

Although the dam is generally in good condition, it
is considered important that the following items be
accomplished:

a. Operation and Maintenance Procedures. The
following remedial measures should be undertaken by the

Owner:

1. Repair the tire ruts in the earth embankment
at the right abutment of the dam and the locally
eroded areas adjacent to the gate house and the
left spillway training wall.

2. Repoint granite masonry on the downstream face
of the spillway weir and other walls where necessary.

3. Repair and maintain the gate house to protect
the contained equipment, ensure safety of per-
sonnel, ensure that equipment is operative and
minimize stomm leakage into the structure. As
a minimum, electric service should be restored
to the structure, floor planks placed over
open chambers and windows, roof flashing
repaired or replaced, and gates examined.

4. Repair the right wall of the discharge channel
and the adjacent side slope. It is recommended
that the granite masonry joints of the slope
be grouted.

5. Repair, for the safety of the operating personnel,
the wooden porch of the structure which houses
a water supply gate.

6. Prepare an operations and maintenance manual for
the dam. The manual should include provisions for
annual technical inspection of the dam and for

surveillance of the dam during periods of heavy
precipitation and high reservoir water levels. The

21
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7.4

procedures should delineate the routine opera-
tional procedures and maintenance work to be
done on the dam to ensure satisfactory opera-
tion and to minimize deterioration of the
facility.

Because the dam is classified as having a "high"
hazard potential, develop a written emergency
preparedness plan and warning system to be

used in the event of impending failure of the
dam. The plan should be developed in cooperation
with local officials and downstream inhabitants.

Alternatives

Not applicable.
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APPENDIX A - INSPECTION CHECK LIST

VISUAL INSPECTION PARTY ORGANIZATION

VISUAL INSPECTION CHECK LIST

Dam Embankments (Right and Left)

Outlet Works - Spillway Weir, Approach
and Discharge Channels

Outlet Works - Gate House
Other Structures

Gate House - Gate Locations




| VISUAL INSPECTION PARTY ORGANIZATION

NATIONAL DAM INSPECTION PROGRAM

B
' Dam: Reservoir Number One
) Date: 29 March 1979
- Time: 0830-1130
Weather: Cloudy, 40°F, occasional light drizzle
Ny Water Surface Elevation Upstream: El. 162.2 (0.3 ft. above
-— top of spillway
weir)
Stream Flow: Moderate
Inspection Party:
l Peter L. LeCount - Soils/Geology
Richard A. Brown
Haley & Aldrich, Inc.
A. Ulvi Gulbey - Hydraulic/Hydrologic

Joseph E. Downing
Robert P. Howard
Camp, Dresser & McKee, Inc.

Structural/Mechanical

Present During Inspection:

John Slocum, Sub-foreman
Steve Kach
MDC Sudbury Section




y VISUAL INSPECTION CHECK LIST ‘o o

NATIONAL DAM INSPECTION PROGRAM
DAM:__Reservoir Number One DATE : 29 Mar. 79
[ | o o
‘ AREA EVALUATED CONDITION
DAM EMBANKMENTS (RIGHT AND
LEFT)
- Crest Elevation Approximately El. 175.4 NGVD, 9.5 ftJ o ®
’ above spillway crest '
Current Pool Elevation Approximately E1.162.2, 9.2 ft.
below top of embankment
Maximum Impoundment to Approximately El1. 170.0 in August
- Date 1955 ) e
Surface Cracks None observed
Pavement Condition Not applicable
Movement or Settlement None evident
of Crest
i Lateral Movement None evident ° °
Vertical Alignment Looks good S e s
Horizontal Alignment Looks good el
Condition at Abutment and Wheel ruts in grass at right abut- RSO
at Concrete Structures ment; approximately 0.3 ft.
erosion of the crest at Gatehouse RPRAERCE
entrance; apparent erosion of ‘s e
embankment slopes behind walls at o
ends of spillway e e
Indications of Movement No structural items on slopes ST
of Structural Items on
Slopes IO
Trespassing on Slopes Foot traffic with some slope erosion e o
next to gatehouse NS
Animal Burrows in Embank- None observed Ll e
ment USRS
Vegetation on Embankment Grass, generally in good condition
except where local erosion, some S S
brush at top of riprap and in @ o
joints el '
Sloughing or Erosion of Local erosion (few inches) close to
Slopes or Abutments gatehouse and training walls
Rock Slope Protection -~ Rock slope paving in good condition
Riprap Failures R
Unusual Movement or None observed @ °®
Cracking at or near '
Toes
Unusual Embankment or None observed

Downstream Seepage

FILE NO. 4160
o>
|
(¥

HALEY & ALDRICH, INC.
CAMBRIDGE., MASSACHUSETTS
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

Reservoir Number One

DAM:

DATE :29_Mar. 79

AREA EVALUATED

CONDITION

|__ HALEY & ALDRICH, INC.

Piping or Boils
Foundation Drainage
Features

Toe Drains
Instrumentation- Systems

OUTLET WORKS - SPILLWAY
WEIR, APPROACH AND
DISCHARGE CHANNELS

a. Approach Channel

b. Weir and Training Walls

General Condition

Rust or Staining

Spalling

Any Visible Reinforcing

Any Seepage or Efflo-
rescence

Drain Holes

Flashboards

c. Discharge Channel

General Condition

Channel Walls

None observed

None known: on right side pipe
enters catch basin at toe from
direction of dam

None known

None known

Not applicable. Spillway is fed
directly from reservoir

The weir, apron and training walls
are constructed of granite masonry
and are in good to excellent
condition, with some minor loss
of joint mortar

Minor

None observed

Not applicable

None observed

None observed

15 rods observed along crest but
no flashboards in place observed.
Wooden ducks on 9 of the rods

Split channel to bridge outlets in
good condition

The left and right channel walls
are constructed of granite masonry:
The left wall is in good to
erxcellent condition, with some
minor loss of joint mortar. The
right discharge channel wall shows
signs of extensive loss of mortar
and is tilted towards channel.
Riprap side slope has settled

CAMBRIOGE, MASSACHUSETTS

]
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DAM:

VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

Reservoir Number One

DATE 29 Mar. 79

AREA EVALUATED

CONDITION

Loose Rock Overhanging
Channel

Trees Overhanging
Channel

Floor of Channel

Other Obstructions

OUTLET WORKS - GATEHOUSE

a. Concrete and Structural

General Condition

Conditions of Joints

Spalling

Visible Reinforcing

Rusting or Staining of
Concrete

Any Seepage or Efflo-
rescence

Joint Alignment
Unusual Seepage or

Cracks

Rusting or Corrosion of
Steel

Removable Flooring

Leaks in Gate Chambey

HALEY & ALDRICH, INC.

None observed
None upstream of bridge

Right channel submerged, left
channel slightly submerged and
shows some minor vegetation

None observed

Stone masonry structure with wood
trussed slate-covered wooden roof
in good condition. Windows are in
poor condition with some panes
broken. Roof flashing is good to
poor with some broken off and
needing repair. General condition
of interior of superstructure not
evaluated due to current repairs
and modifications underway

Good

None observed

None observed

None observed

Minor staining and efflorescence at
masonry joints above ports 1, 2
and 3

Good

Minor seepage through the 48-in. dia
pipe from upper dam. Flow diverteq
through gates No. 5 and 8 to the
transmission line

None observed

None observed

Wood flooring over openings removed.
Repairs underway with the placing
of new aluminum wide flange mem-
bers at all floor openings

CAMBRIOGE, MASSACHUSETTS
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DAM:

VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

Reservoir Number One

DATE : 29 Mar. 79

AREA EVALUATED

CONDITION

b. Mechanical and Electrical

Air Vents

Float Wells
Crane Hoist
Elevator -
Hydraulic System
Service Gates

Emergency Gates

Other Gates

Lightning Protection
System

Emergency Power System

Wiring and Lighting
System in Gate
Chamber

OTHER STRUCTURES

FILE NO. 4160

General Condition

None observed

None observed

None observed

Not applicable

Not applicable

Presently not in use and, as obser-
ved from operating floor, badly
rusted. Gate operators not
adequately maintained., Gates 5
and 8 open

Gates, observed from operating floor
badly rusted. Gate operators
appear to be maintained. Gate 2
open

1 mgd gate open and flowing

None observed

None observed
Not operative

Small wooden structure downstream of
control tower in good to fair con-
dition. The porch of this struc-
ture is access to the No. 10 gate
and is in very poor condition

DI i A e ek g e Sud e i nes et ae e

-

~

.

.

. e e
- - - ——e———
£ .




PO e e i e S e

SNolLy20 A
. 3ASO0H 31vwD

T T

I =Ead
TRagre

WeAd w3ddn

¥4 2IND 2USYM

Az&ynﬁ%ﬁwixwﬂ
“_Mmﬂﬂ 1 m————

TEINO

||

4 T l..ﬂ|||—
%Qmmo‘_u”imz@n (@60Lganvg
] f

&_J

. | — —— ——  ——— o —— mmme e e . ——— — — —— —— —

(N3do) 2AvH QW |

LA S

Wwa A3ddN
WC¥d 3dd 443t

— —
— —
- —

r_'\nv*".‘ ‘-_A APt

r‘.-—~‘——1_——__—._
.-

| IR

...........
[ NN

L ~-
..... 1
> K
L . " .~ nnL
. A K
........ y
. . -

. --
v~ . e l n~ «-

. "
See T N
. ..L
b
-4

.....
.4
> ]
S e

. .

s

.-

........ ..L

_ .
.......
.............

»
; D
.

*




APPENDIX B - ENGINEERING DATA

LIST OF AVAILABLE DATA

DESIGN AND CONSTRUCTION HISTORY

Boston Water Works, Additional Supply from Sudbury
River, Description of the Work, 1882

PRIOR INSPECTION REPORTS

Date Description
25 July 1973 Mass. Dept. of Environmental

Quality Engineering
DRAWINGS

Record Drawings, Dam No. 1, dated 3 April 1877

Plate No. Description
13 Longitudinal section showing-
formation
14 Gate house plan and sections
15 Various sections
16 Cross-sections through dam

B-19

B-20
B-21
B-22
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‘GENERAL DESCRIPTION.

The general features of the Sudbury-River works, althongh described in former
reports, must be briefly alluded to for the better understanding of what follows,

The portion of the water-shed of Sudbury River utilized by the city is situated in
the towns of Marlborough, Northborough, Westborongh, Southborough, Upton, Hopkin-
ton, Ashland, and Framingham.

’ The river, below the point whete the water is diverted, flows through Framingham,
Wayland, Sudbury, and Concord, where it meets the Assabet. The united streams t‘orm
then the Concord River, which flows into the Merrimac at Lowell.

The extent and character of the water-shed, the quality of the water, the expected
Yleld of the tiver, its variations of volume, ate., are described elsewbere in this paper.

Thie question of the amount of storage necessary to secure to the city a.sufficient
eupply is discussed at length in City Document No. 29, 1873 extracts of which have
been given.

It must be remembered that, thers being a connection between the Sudbury-River
conduit and Lake Cochituate, the latter w\ll bo uaed asa stonge reservoir for the watcrs
of the former.

It has been estimated that storage reservoirs would be necessary on Sudbury River
with a capacity of 4,900,000,000 gallons, to glve to the city, in the dryest year, a constant
supply of 40,000,000 gallons per day.

Such an amount of water not belng required at present, three reservoirs only have
been built; their capacity, with that of Furm Pond, is about 2,000,000,000 gallons,
snd they are intended to give, in o dry yur, a uupply of 20,000,000 glﬁons per day.

The m:rh, s constmcted, can be dividzd in three main parts: —

I't'r:t. ~ Three storage reservoirs, in t.he water-shed of Sudbury River, with their
respective dams; also, some of the highways and bridges ordered by the County Commis-
sioners of Middlesex, to take the place of thoco wlnch were interfered with by the ﬂovnge
of the reoervolrs .

Seemui A conduit, conveying the wnter from the lower dam to Farm Pond also,
ull the work necessary to improve Farm Pond and to protect it from pollution and from
the frestiets. of Sudbury River,

Tlurda The main conduit from Fm Pond to Chestnut-Hill Reservolr, and its
direct conneotiou with the city dwtnbutlon. o _ =
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STORAGE RESERVOIRS

Sudbury Rlverhu two principal hranehu, whwhnmto in Framingham in t.ho lower
storage reservoir, The main branch rises. in the hilly.districts of Hopkinton and of West-

' borough, but flows afterwards through a large extent of low and swampy lands, which are

probahly the chief cause of the characteristic yellaw tinge of the water.
The sources of the other hranch of the rivery Stoney Brook, ave in Mu-llmqugh and

" Southborongh, and the general character of the water-shed is mare hilly; the stream con-

sequently rises and falls quicker than the other-branch; in summer time its flowis com-
paratively smaller ‘and in freshets time it is much larger in proportion to the area of its
wuter-shed. In:the freshet of March 26 and 27, 1876, the .largest on our record, the flow
of Stoney Brook was equal to that of the other branch, the watar-shed of which.is shout

" double. .The water-of- Stoney Brook has-a lightes color than that of the main beanch.

A.verylurgepmpomonotthaamofthowbolowutuuhoducovmdmth wood,

" and, outside of the districts oocupied by the tluckly settled portions of the towus, its
. character i3 genersally agricultural.. - K

The position. of oll the proposed. ntongnnlervunmdetermmadﬁmnt!u
surveys made in 1872 With the. exception of 8 change in the location of Dam No, 2,

- the threa. lower storage reservoirs- have- bnn bmlt according to the indicationa of the
_ original plen. - : o

- One of the. reservoirs, No. 2, iz Ioemd on. tha main bmmh of Sudbnrrmver.

= - partly in Framinghsm and partly in Ashland; anothee, No. 3, is In the vallex of Stuney

“«. Brook;. the lowest reservoir, No. 1, which. covars. the point of confluence of the two.

streams, unites their waters before they are conveyed to Farm Pond.
" The dams.of the Reservoirs No. 2 and No. 3 being built at points whmRmi:

"~ No.1 is yet several feet in depth, a large amaunt of shallow flowage is avoided: which
" . wauld otherwise-take place if’ the watersortholomtmmmwenpemxmdwmd

- without interruption to their extreme limits, =~ -

The general plan of the storsge grounda- presents, consequently, an nnmtel'rupted
triangular group of reservoirs, with the dam of Reservoir No. 3 and the dam of Reaenoxr
Na. 3-lacated respectively 4,800 and 5,200 feet above- the lowest dam. o

Barly in the pericd of investigation of Sudbury River it waa thought that one of its

. prinoipal advantages was the independent character of its two main valleys, each of which
. could be used by itsclf as a separate sonrce of water supply; it was then proposed, tha

dams being' compannvely little distant from one another, to connect them by a woodan

- .conduit. -

In 1877, hovnvar, the price of iron bomg unusually low, the Water Bonrd (on

. June 28, 1877) voted to lay instead a 48-inch cast-iron pipe! By its means and by an
- ‘elabornte arrangement of chambers and gates.in tho gate-houses of the dams, the water

from each of the two branches can be sent to the city independently of the other, and, if

" one of the upper reservoirs must be emptisd for cleaning or other purposes, ita contants

can be sent into the river belaw. Dam N, I withoat interfering with the city's supply, which
wauld, in the same time, be maintsined from: the other branch through Reservair No, 1.
Any one familiar with the vegetable formations or other causes which, ffom time to
time, impair temporarily the purity and taste of reservoir watar, will sea that tha arrange-
ment above described may be found.of great value. The advantage of this disposition hus
already been practically illustrated. Qwing to an unusual growth of alge, Reservoir No.
3 was separated during the summer and fail of 1879 from the city’s supplys - During

*The price paid for thas pipe, which was oply voe inch lntuakﬁm.m 930,00 per ton Jelivered on the ground at
Framiagham Couste.

i
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34 ADDITIONAL WATER SUPPLY.

the larger portion of the pressnt year (1880}, and for the same reasons, Reservoir No. 1
was perummnently and Reservoirs Nos. 2 and 3 alternately discounected from the city’s
supply. At such times of the year as the use of the pipes would be likely to be resorted
to, the flow of the river is not large, and it is probable that the whole of it from e:ther of
the hranches could be passed through the pipe, if needed.

The upper part of the water-shed shows some indications of ledge; in its middle
and lower parts rock (generslly a coarse-grained syenite) crope out in many places and
probably underlies the allnvial depoeits &t no great depth. )

In the valleys where the three dams were to be lacated, clay is never found, but -

there exist extensive strata of gravel and ssud, from the coarsest gravel to the finestof

quicksand, showing marks of very irregular; if any, stratification. It became consequently

tiecessary fo ascertain the nature and position of the various strata; no definite plan could
be decided upon for the foundations of the dams until a full knowledge of the underground
formation was obtaived.

The natural position of the dams bemg somewhat indleated by the conﬂguraﬁon of
the ground, some rod-soundings were made to reconnoitre and to determine the best loca-
tiobs for deeper horings, which alone could give reliable indications.

The borings were made with 5einch cast-iron pipes, which were driven to varions
depths, extending in several cases to mote than 680 feet; notes were taken of the various
strata through which the sounding ap 4 -was penetrating, and in order to have a
correct idea of the perviousness of the grodnd, the water-bearing upacity of the strata
was frequently tested by pumping from the pipe. -

"Tha indications given by these soundings were of great value, but it some cases
the strata of gravel and sand were so much broken that the results of the soundings were
reliable to a certain extent only, and new ones were wanted as construction.was pi#weyl-
ing. In each case the samples obtained by boring were disposed in large glass tubes on
a scale of one inch to one foot of dopth. These tubes, arranged according to the
respective position of the corresponding soundings in the valley, furnished, better than
any drawiog, the indications needed for locating nnd for deelgmng the foundntionn of
the dams.

Al}- the work done for the addnﬁonal supply has been, when pmctxcable, done by
contract, but, owing to the uncertainty of the ground through which the foundations of
the dams were to be built and to the fact*that extensive changes from the. original design
(especiaily:in regard to the depth of excivation in the bed of the streams)- might be found
_necesaary during the progress of the work, it waa fouad advisable to build the foundations
of the dams, as high as the surface-of. the ground,. by doy labor. The" Clty Couneil
 authorized the Water Bourd to 4o %o; s on November 11, 1675, the latter passed s vota
to that.effect, instructing the City Engineer to organize the work accordinglyt: .. .-

: Thamktobedonebemgofmgmtu&e,itmorgamudwnhnﬁgam‘
* superintendet, acting under the direction of-the engineering force, was nppolnted, and a
foreman put at the head of the work to bedono at esch dam. -

A purchasing agent (performing also"the duties of paymaster), appoinhd by the
Whater Board, furnished all the supplies- ‘needed; timber, cement, stone,.and other
materinls were bought; pumps, derricks, stesumengines, and other implements were hired,
and capacious barracks were erected: to. provide: boarding accommodations for the
workmen. The large quantities of stons. needed for the foundations were pmcumd by
contract flom the neighboriug quarries. -

The work for the foundations eommenced in the summer of ].876 It was
completed the last day of the year for Domx No. 1, and at the end of the worlnng stason
of 1877 for Dam No. 2 and Dam No. 3. . .

The general mode of construction is the ssme for the three dams. The.mntena.i at

| ' This vote incinded aleo the construetion of Seetioa 1 of the maia condmit.
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ADDITIONAL WATEB SUPPLY. . 38
tho location of cach of them heing of & pervions nature it was not thought sufficiently
safc to erect the main body of the dam aon comparatively shallow foundations; aud to
attempt to secure the imperviousness of the dam by meaus of embankments formed of
the materisls found on the ground. It was judged necessary to build in the middle of
the embankments un impervious wall, aud to produce it, as well as the foundations of the
overflows and of the gate-houses, to such a depth in the ground as to prevent any
injurious action of the water percolating through the underground strata. Clay not
being found in the neighbarhood it was decided to resort, for the centre walls, to the use of
stono masonry laid in cement mortar. A wall hilt in this manner in porous graund,
al ’ough not 8o impermeable as a puddle bank, is thought to present a greater gnarantee

ety if water percolutes slong its faces und u'onnd its enda and bottom under the
mﬂnenue of the head in the reservoir: o -
The masonry foundations of the gate-hom, of t.be averflows, and of the centre

" walls, are built on gravel and sand, except at Dam No. 2, whare the averflow, the gate-

house, aud & small length of the centre walls on each side of the central structurs, repose
directly on rock. Plates 3, 7, and 3 show the formation of the ground at the looauon of
the dama. .

Each dun is eomposed of three. diﬁ'eren: purta, viz.: —

I‘ral A waste averfall made of rubble- masanry laid in mortar, und extending to
the bottom of the foundation (sheet-piling has béen frequently driven in front of the

* foundations). The portion of tha overfall wlnch i! abave the surface of the giuund is
" fuced and capped with cut granite; on the up-stream side of the averfall an earth em-

bankment is built agninst it, made of as eompact. material as could be found in the
neighborhood; the toe of this embankment- is pratected by sheet-piling. Belaw the.
overfall an apron- is built of heavy stones of various sizes laid dry, repesing on stone
masoury laid in mortar near the overfall and ofi & timber platform further from it. The
end of the apron is protected by a line of shect-piling. The masonry foundatioy of the
apron being shallower than that of the averfall, care hnl been taken to Leep them enamly
independent and without any bond. -

180

Second. A gate-chamber adjacent to the onrfull. built of cut granite on a rubble-
atons fonndation, and containing the iron gntes necessary. for the control of the water
contained in the reservoir. A special. chamber in -provided for the 48-inch iron pipe
connected with- the other dams. Above and bel’ow the gate-house an apren ia prcmded,

* built sumhrly to that of the overfall.

PV W U TR WP Y

T)‘m-d Earth banks, separated ﬁ'om the overfull and from the gate-houn by

. wing-walls built. of rubble-stone masonry faced with cut granite.

The banks contain a centre wall of rubble -tone lsid in cement morhr, and
amndwg deeply into the ground. T
‘Wherever .the natural ground beyond the- banks is  porous, nud t‘orlm 8

" comparntively narrow ridge, the wall is. extended through it to a considerable “depth.

-Sheet-pilihg hna also Leen used, from time.to time, in connection with the centre walls.
From what precedes it may be seen that the timber and masonry work of the
gato-chamber, of the overfall (including their foundations), and of the walls of the
embankments form together across the valley a continuous obstacle to the passage of the
water. YWhenever sheet-piling has been resorted to, in the construction of the dams, in
conuection with musonry, it has been driven or piaced first and e masonry built to it.
When trenclies were sheeted to support the ground during the con rraction of the deep

musonry foundations every vestige of the timber waa removed, und the space between the -
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ADDITIONAL WATEH SUPPLY.

masonry and the side of the trench was refilled with the best material that conld-.he ,t‘aund,
thoroughly wetted.

The earth banks on the up-strenm ude were formed with the best mntennls (often
mixed together) to be found on or near the grounds. laid in thin layex-u, wetted, and well
compacted.

It being expected, owing to the nature of the materials used, thnt some pereolmon
would take place through the bauks und through the large area of centre walls exposed
to the pressure of the water, all the banks on'the down-stream side were formed of
gravel, which-cannot be disturbed by such percolation.-

In the-summer of 1877, James B. Francisy C.E., in behalf of the Connty Com-
missioners of Middlesex, made an examination of: the foundations of the dams then: being
built. As his repoit to the Commisaioners toucheés the most important pomts ia reﬁn-ence
totheaesﬁ-uctures,anemctﬁomitmsy»bemdintmmng — e

The mnourv. pliings, puddling, and mb.nlmuh. whuu duy can be seen, are of uenﬂut quuty,
and have all bees done by the day for the purposs of securing the best quality of work.

The thﬂ‘dnmlm all on the same genersl pisu, namaly, the overfalls for the dhohng.o(m.
plus water in lrenl_!nu. and the gate-houses coutainiog the passages for drawing water for the supply of the city,
are of grauite masonry laid {n hydraulio cement. The embankments on each side of the overfalls aad gate.
houses are of earth with coutre walls of similer masonry. The dverfalls, gate-Louses, and part of the centre
walls of the embankmeuts of Dam No. 2 are fotnded oa the rock, the rumaining parts of the centre-walls of this
dam and the whole of the masoury in Dams Nos. 1 and-3-are founded on sand or gravel, The rock atDum No.
2 is of o granite character aud at a considerable depth, and there can be oo question as to its afording e per
foctly safe foandstlon. As I am informed by the resident engineer, thie masonry at all the dams, where not founded
on rock, is ot compact sand or gravel. These materials afford’s perfectly safe foundation so long se they are
not acted upon by water ; this hns been guarded agalhst in Whee dums by the grest depth to whiclr the'masonry
extends, and alio:by sheet-piling, puddie, and apromd of ke aod. granite; and I have no doubt, from ell
could gather from my own examination and the Informatios farnished by the resident engineer; that the- founda-
tious are-sufficlens to provide for all the contingeacies thaf there ia any probability of their being subjected to.’

The dlinensious of the masoury aad embulmcnu, af npfucnwd on the plans oxhibited, ln my opinion
are amply numcilmt. . )

R
-

RESERVOSR NQ. £

Thm reservo:r, in its broadest part, covers the poine of confluence of the two branches
of Sudbury River;' it extends thence towards: Dims No. 3 and No. 3, which limit its
extent up-stream, in two separate arms of irregular form; these two avrms are connected
together by’ a-coutinuous uarrow rgn; some parts of the shore at various pomu are
deeply indented, -

Reservoir No. 1 being situated on tha borders of the thickly settled porhonn of
Framingham’ G’enm, the estates which have beet interfered with are more valusble than
ordinary fm and the amounts paid to their: - gwners: on account of dumages. have been

" it omié inatidices very large; one small water peivilegs connected with the Buliand place .
. has been dea&'liyed' another on the land of 'W..G. Lewis, We fall of which bax only been:
reddeed; hud Uttle, if ahy; importsnce.. Thcmomchmedthcpmman e ]

' of ishmn privilege used for working water-rsms:..: - ~ PR ° BRI

At some polrits, where the. ﬂdwﬂqe-wouldmbem wryshallow emtﬂﬁm \vm‘u . Lo e e
mmle to sccure o depth of four foet at ordinary high-water mark, and the material exca- Lo
vated was used for filling o part of the shallow laud. Such has been the case fora small L L %

N

portion of W. G. Lewis’ land, north and south of Salem street, of the Homer farm, of
the land formerly owned by F. C. Browne, and of the land of R. W. Whiting,

t s 1t (Judbury Itiver) is forined by the union of Sowth Braach, commonly known es Hopkinton River, snd of Stoney ) o
Brook: and, ia the enrly reconls, naly thas portion below whers the two branches unite was colled Sudbury River.” (/isory of S " SN . :T
Framingham, by Josiahi B. Tonple.) ) ISR RN
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. - Large quaatities of loam at various points, near the water's edge, have alse been
F." removed by the citizens of Framingham.
SR The upper part of the reservoir, near Dam No. 3 i crossed by a new highwuy
" with an iron bridge. This new road having been necessitated by the construetion of Res-
" ervoir No. 8, with which it is more closely connested, it will be described in the same
time aa the latter.
Salem street, a county-way, and Lawn avenue, a town-way, had to be rnlsed at dif-
" forent places to conform to the high-watar mark of the reservoir.
e . Salem street, between the Clapp éstate, and the (formerly) Bullard place, was rtused
:. and straightened to a point § feet abave the high-water line; a bridge was built, with sub-
‘stantial stone abutments, and the slopes were pnwd to reaist the wash of the water agunat
.7 - the embsukment.
¢ . .- The adjacent portion of Salem atreet, ﬁ'om the Ballard place, westward, was sub-
X soquently raised slightly in 1879.
e (For County Commissioners’ orders, etc., “ses Appendix.) .
. Lawn avenne was also raised in twa places, The more important portion, between
~ W. G. Lewis' and J. Van Praag’s, wos made ixf 1877, with a substantial stone culvert, the
“."  wlopes were paved and fonces erected. ‘The alignment, different from the old one, was
made to conform to the proposed straightening of the avenue.
e Another ‘small portion of Lawn avenue, near M. Welch's houso, was msed in
~.5.. 1879, the slopes paved and a fence put up. A new culvert, deeper than the old “one, was
-._-.:' -*" uilt soross Salem street, opposite the Homer eatnte, to connect the excavated portxons of
the reservoir,
oo All the waod and hrush growing on tbe Iocnnon of the reservoir was olenred in
" . 1878 to the high-water line.
. The depth of Reservoir No. 1, at t.he dam, is 15.50 feet; its general depth is not
:i.*." considerable, but the configurationof the land is such that the water could not be raised
" . higher without interfering materially with a large area of land and without ‘creating
axtensive shallows on land now included between the two arms of the reservoir and
situated only a foew feet above its waters. . ‘
Owing to- the small amount of fiuctuation that can be allawed and to the necemty
%4 ' of maintaining thé depth of water as great as possible, the stone crest of the dam has been
~%  hailt 21 inchee below the ordinary high-water mnrk which is to be kept by tha means -
53 of movable flash-boards.
Al The extreme high-water mark, from which the seizures of land have heen regu-
lated, is 3.25 feet above the creat of the masonry of the dam.
T The capecity of the reservoir when the water is even with the top of the flash-
=" boards (ordinary water mark) is 288,400,000 gallons, (Tor the capacities componding
*. - to various heighta of water in the reservoir, see Appendix.)
.. Reservolr No, 1 was filled for the first time at the end otJanua.ry,lB?Bmd
emptied sgnin from April 14 to 17, to allow the contractors to work at Dnm No. 2,
The re-ervoir was filled again in Dooombo! 1879.

' .
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DAM No A

- 1‘% phnl and specxﬂctﬁona for Dun No. 1 were approved by the County
Commiss.dners of Middlesex on March 7, 1876, ** -

' Dam No. 1, which forms the reservoir just descnbed extends in » stnlght lme ina
north-easterly direction acrosa the valley of- Sudbur_r tiver at a smail angle -with Wintar
street. (For:its stationing, etc., see. Appendix.) . :

Tho g&ta-clnmbor in at the sputhern and of the overﬂow

© e -
- :




a8 ADDITIONAL WATER SUPPLY.

Plate 13 gives a correct iden of the nature of the ground through which the
dam was-built.

" At the southern end the material in which the centre wall is built is compact and
impervious, although containing no clay, or a very small portion of it; it was composed of
* cemented gravel or hard-pan,” and hard to pick. A little further towards the river the
gravel deposit below the surfuce loam incressed in depth, and the- foundation was
produced. into a hard, compact sand mixed with gravel. As the excavation reached the
bed of the.river, the materiul, a mixture of gravel and sand in irregular strata, was of a
more pervious character; the masonry foundation was built to an increased depth, and its
base was protected by sheet-piling, placed or driven, as could be done more conveniently,
into s stratum of compact sand. A small pocket. of quicksand was found under the north-
east corner of the conduit chamber. Further in the bed of the river a large boulder or
point of ledge, indicated on the section, Plate 13, wes found imbedded in the sand and
gravel. It was tested by drilling to a depth of four feet, and, being found too large to bo
removed without danger of loosening the surrounding material, the masonry of the
overflow was built on it. * As, however, it was feared that there might be an unequal
settlement. between the portions of masonry built on this rock and on the adjoining
material, whxch was of a more yielding ndture, the foundation was built separately on the
rock and on the adjacent spots, Ieavmg between them a V-shaped space, After these
different pieces of masonry, built as high as the surface of the ground, had been allowed
to stand independently for some time, they were connected together. Beyond that point
the masonry foundation was built in & stratum of coarse sand, bearing little" water, and
protected by sheet-piling driven into a mors cottipact stratum. Beyond the overflow the
centre wall is built through a decp superﬂmal stratum of gravel into a bo&y of fine,
compact sand.

The amount of water which had to be pumped during constructmn was sometimes
very considerable, and the laying of the foundation required in many places much care and
watchfulners. During the last weeks of December, 1878, the weather being very cold, it
was thought desirable not to leave for another sesson the amall amount of work remaining
to be doue by day labor, nnd some prepnr:mons were made to prevent the work from
being m;ured by the cold weather; the water and sand used for the masonry were heated,
the stones were submitted, before being laid, to a jet of steam; the work was carefully
covered, aa soon as laid, with hay mattresses, and advantage was taken of tha least severe
weather to do the earth refilling, The portion of the masonry foundation thus laid is
about the Junctxon of the waste overﬁow, of the north wmg-wall, and of the wnm wnll

of the adjoining Lank. oL

Thxﬂ-part of the work was exnmmed in the followmg sprmg, and was not found in ’
" any way infbrior to the portiona built in more favorable weather. et

Al ﬁle aprons and sll the sheet-piling used to protect them were, itke the. ﬁlunda-

. tons, built’ by day labor. The- aprons. wers made of heavy stone from two, to thiee feét .
T deep, laid dry below the overfall, and in cement mortar above and below the.gaée-house;

near the main structure they repose on o foundation of rubble masonry laid in cement
mortar; further from it they are sapported by a timber platform. (For the details of the
aprons, sheet-piling, etc., sce Plates 14 and 18).

The material used for refilling the trenches, and for forming the up-strenm side of
the banks, was composed of a mixture of fine sand, of gravel, and occasionally of a little
yellow loam; on the northerly emnbadkment moro gravel has been used; the mout porous
gravel has been laid on the down-stream slopes. ok

The: overtow, 11 feet thick and 169 feet long, is capped with henvv cut-granite
blocks: ity fuce and those of the wing-walls are formed of granite ashlar, with quarry
faces: the znte-chamber is maude cutirely of cut granite, with the inside fuces pointed.
(Plutes 14, 15, and 16.) .-
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““plevation of the tap of the flash-boards, 159.20,——-——— =" * - - -

4 fx 4} ft.,} to control the flow of the ivater fdm reservoir No. 1 into it.

. " also 2 gates, 4 ft. x 4 f1.,} to turn the ‘ow' ﬁ'om the | plpe elther into the conduit ar mta tho
".- "Sudbury River below.

. . condnit embankment on the other, are supported by a wall laid in cement mortar, with
.". n wide foundation of stone laid dry, extending 4 fuet belaw the bed of the stream. On
“the bottom of the channel, below the apron adjacent to the lood-gates, a heavy paving of

- spring of 1878 such an excavation was formed to a depth of some 7 faet halow the
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It has been mennoned before chnt the Ievel of the watar in Reservoir No.1is regu-
lated by fash-boards. They are 21 inches in lieight, gn 2 rows; they are to-he
" generally in place on the crest, and will be dispensed with in time of freshets. In order to
secure their removal beyond a doubt in case of a heavy and sudden flow, if they could
- pot be taken up in time, they are placed against iron pins inserted in the granite capping,
and 80 regulated in size (by experiments made to that effect) that they must give way

- under the pressure when the level of the water attains the high-water mark. e ”
-A.s, however, there are obvious objections to this mode of proceeding, the flash.
" ‘boards have been so arranged, in reference to the pins which support them, that when
-scted upon by a hydraulic ram, worked frora the gate-house and built in its masonry, they
fire liberated in succession, length after length, at as long intervals of time as may be found
- mecessary, and can be picked up in the river bolow. They are plzun 3-inch planks nm-

-* form: in size and interchangeable.

--The elevation of the crest of the dam above tlde marsh level is 157.04 feet, tho

~%..... Numerous headers have been used for the face granite-work, to bond it thoroug-iﬂr
- with the backing of tubble masonry; the capping-stoues of the overflow and wing walls
am held together by dowels placed horizontally; many iron dowels are also used in the
“gote~chamber to hold it various courses together wherever the stones are most exposed
. to the presaure, or to the shock, ot' the- wnter. Tho gata-chmnber (Plates 14 and 15)

"contains: — ——
“ " Pirst: The head of the conduit- whlch Ieadn to Farm Pond with 4 iran gutes,

Second, ‘The lower end of the 48-inch- 'plpe connected with the 2 up.per dams,

LW
Third. Three food-gaes, . x8 85+ =1 ¢ ol TS
Fourth. A floating gnuge, indicating the height of water in the reservoir.
: Fifth. A gauging apparatus, ta measura 1,000,000 gallons, to ba let run into the
river.” (Platea-17 and 18.) .
- .\ Sizth. A hydraulic ram for the working of the flash-boards.
T A house, gmnite-faced outsxda nud bnck-faced inside, is built aver the gato-

chamber.
" . Between the dam and Winter-street bndge the river bank on one sulo, and the

rough stones has been laid, which extends some distanco below the bridge. The span of
the latter is small at that place, and, although its capacity haa been very much enlarged by
the city,.the tendency of the flow through it ia to excavate the river bottom below.. In the

bed of the river; the depression waa subsequently filled with coarse gravel, and the upper
3 feet wers filled with heavy stones. In view of the action of the water, the walls
. supporting the conduit embankment near the bridge have a deep-foundation. A similar
depression in the bed of the stream, more than 10 feet in depth, exists below tho 3 ) .
archea of the bridge, which have not been altered by the city. Before the city had com- '
menced any work of construction this bridge was severely taxed hy the action of the @ _ d
freshet of March, 1876, which partially carried away the floor of one of its spans and
caused some settlement in the masonry.

In view of the fact that sewers may be reqmred in the coarse of time to carry away

.o .
DY G I R

1 These dimensions are thoss of the upening in the uom-vnrk; uu sotual openiug, owing ta the iron frame whivh fta
the stons, i1 3 faches lees verriealiy and honzontally.
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the objectionable drninage from the margin of the reservoits, a 1G-inch cast-iron pipe T T
has been- laid through the egnbankment of the dam oa each side of the river, and built e
through ita centre wall. (Plate 13.) o S
Both pipes are built in the centre wall, and are provided with several "cnt-vmter ” S i
. walls; they are capped at the upper end and terminate into a brick cesspool; the cesspool ’ . B °
on the south side receives the drainage of a small piece of.land belonging to the city on :
the east side of Winter street; it empties into the'river by menns of a pipe which passes
over the conduit and is embedded fn the upper part of the arch. (For details of the con-
struction of Dam No. 1, see Platea 13 to 18, inclusive.)

The 48-inch pipe which connects’ the 3 doms together is laid entirely in . :':j:':j"_:;:f:".f. o
- Reservoir No. 1. One branch starts from Dam Na. 2 in the masonry of which it is built, ° °
. und follows the margin of Reservoir No. 1 o & point 1,362 feet above Dam No. 1, whero : '

it meets the other branch. The. latter: starts from the gate~chamber of Dam No. 3,
follows on the same side the edge of Reservoir No. 1, croeses the bed of Steney Brook in
- giphon, then rises to a point 135 feet north of Salem street, where it is connected with a
16-inch vertical nir-pipe, 174 feet high above the ground, protected by s brick shaft.
Thence tha pipe takes & downward course towards the river, and, before entering the i ° °
resarvoir again, is provided with o man-lold; it puues the bed of the river in nplmn and . :
meets the other branch. '
From the point of meeting of the two braaches the pipe is laid townrdn Dam No.
1, which it enters after a short compound curve, which has been designed to leave the bed
of the rivel unobstructed in front of the gates. -
'The grade of the pipe is such-that the air enclosed in it can rise ﬂ'eely towards " ®
cither of the dams or towards the air-pipe. - i -
The 3 dams and the d48-inch pipe* having been bmlt and laid each by nthﬂ‘enent )
contractor, the ends of the pipe, where t.hey are connected with the gnt»-bousu, were laid T
by the cnty by day labor. R VAR . - T

e - — - -

! stsnvom ‘No. 2.)

Thla reservoir, o long and comparnively narrow sheet of water, extendn from D:un
. No. 2, which limits the southerly arm of Reservoir No. 1, in a south-westerly direction,
"/ towards Astiland, and terminates at the dam of (formerly) the Washington Emery Mills SR
Vo Manufacturing Co. in that town. For & part of its length it follows f.he track of the “ o e _. R
\ . Boston & Xlbany Railrond, which crosses-it at the southern end. \ L -
1n the lower part the flowage covers thrmmg‘ land connectetf with eshtes winch, in
several instances, were cut in two by the water without means of access to the portions
left on the west side; the estate of Mrs. Harriette F'. Neving among them was peculiurly RN
situated, owing to the existence of s long run.'of Jow land, wherein the flowage of the T
reservoir extended as far as Park’s Corner, around the back part of the- house, and | ' ®
through the yards where several buildings, stables, etc., stood at o level inferior to water- .
mark. In order to avoid the objectionabls feature of a large area of feservoir within the
heart of tha estate it was decided to £ll s poition of the land which was to be flowed, and
to raise the buildings situated on it. Tlia operation was accepted by the owner as a part
compensalion for her claim for damages§ and by mutual consent, at ber request,.the : LT e
portion of the reservoir behind the liouse was. considerably enlarged and. deepened, the i . 7 ° o
inaterial coming out of it being used for forming: the greater part of the filling. R e
Further up on the reservoir the estates dowed were of lesser value. L
Twd water privileges were destruyed, tnd 3 manufacturing eaubllshmenu hnd e e
toberemoved as follows, viz.: — L :
First. A grist-mill of some msgmtude‘ belongmg to the Cutler Bmt.hem, with

% . B-11
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2n DM NO.4~q~]00~3
{8} Downatream Face of Dam: Condition: 1. Good 2 Minor Repairs

: 3. Major Repairs . Urgent Repairs
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APPENDIX C - PHOTOGRAPHS i

Page
LOCATION PLAN
= e
Site Plan Sketch c-1
PHOTOGRAPHS -
No. Title Roll Frame Page Co
°
{ l. Overview of Reservoir Number One Dam, 12 13 vi
upstream side
. 2. Overview of spillway and gate house, C35 22 vi
downstream side
- - 3. Crest and downstream slope of right 12 8 c-2
o embankment ®
S 4, Erosion of downstream slope adjacent 12 18 c-2
¢ to gate house
: 5. Downstream slope of left embankment 12 11 Cc-3
X 6. Erosion of downstream slope adjacent C35 23 c-3
; , to left spillway training wall
@ 7. Upstream side of right embankment. 12 7 c-4 ®
' Note the ruts on crest near right
L - abutment
g - 8. Stone paving and slight erosion at 12 16 c-4
right abutment of left embankment
9. Spillway weir and apron C35 10 c-5
] 10. Gate house and waste gate outlet 12 17 Cc-5 ®
ports -
11. Tilted right discharge channel wall c35 30 Cc-6 -
12. Stone riprap has settled above right Cc35 31 c-6 -
discharge channel wall -
13. Double-stemmed controls for three C35 18 c-7 "
J waste gates, taken inside gate house °®
. 14. Gate controls and floor openings C35 15 c-7
- inside gate house
F_ : 15. Spillway discharge channel and C35 24 c-8
Winter Street bridge openings
@ - 16. Foundation for collapsing porch of Cl2 21 Cc-8
wood structure downstream of gate L4
- house
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3. Crest and downstream slope of right embankment

4., Erosion of down-
stream slope
adjacent to gate
house




Downstream slope of left embankment

Erosion of downstream slope adjacent to left
spillway training wall
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Upstream side of
right embankment.
~ Note the ruts on
crest near right
abutment
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— 8. Stone paving and slight erosion at right abut- a '}
ment of left embankment N

ISNIAXI AN3HI9IA0D LV UAONHOH l e

R P R S R DR . .
. . P T L T T DRI PO N O AT T

R A ST, . ST T . J T R S .
o . T et R e T e e . AR -
RO L S B S LTS IS Bl T T T T I T SN PR I X a e PP o vy P L"‘.A'.'i- LIS .




9.

10.

Spillway weir and apron

Gate house and waste gate outlet ports
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Tilted right
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wall .
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2. <Ctone riprap has settled abecve right dis-
charge channel wall
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13. Double-stemmed controls for three waste
gates, taken inside gate house

14. Gate controls and floor openings inside gatc :Lﬁ;.-%
house o
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15. Spillway discharge channel and Winter Street
bridge openings

16. Foundation for collapsing porch of wood -{53
structure downstream of gate house SN
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APPENDIX D - HYDROLOGIC AND HYDRAULIC COMPUTATIONS

P Subject

Drainage Area and Failure Flood Impact Area Map

Size Classification, Hazard Potential and Test
Flood Development

Surcharge - Storage Routing

Stage - Discharge Curve at Dam Site

Reservoir Area - Volume Curve

Stage-Discharge Curve Upstream of Winter Street

Capacity of Existing Spillway

Dam Failure Analysis

Preliminary Hydraulic Profiles
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