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NEDED-E

Honerahle Edward J. King
Governor of the Commonwealth of
' ' Massachusetts

. State House
Boston, Massachusetts

Dear Zovernor Ning:

Inclcsed 18 a copy of the Coes Reservoir Dam Phase 1 Inspection
Report, which was prepared under the National Program for Inspection
" of Non-Federal Dams. The report is based upon a visual inspection, a
review of past performance, and a preliminary hydrological analysis.

A brief assessment 18 included at the beginning of the report.

The preliminary hydrologic analysis has indicated that the spillway
capacity for the Coes Regservoir Dam would likely be exceeded by floods
greater than 17 percent of the Probable Maximum Flood (PMF), the test
flood for spillway adequacy. Our screening criteria specifies that a
dam of this class which does not have sufficient spillway capacity to
discharge fifty (50) percent of the PMF, should be adjudged as having
a seriously inadequate spillway and the dam assessed as unsafe, non-
' emergency, until more detailed studies prove otherwise or corrective
measures are completed.

The term "unsafe” applied to a dam because of an inadequate spillway

does not indicate the same degree of emergency as that term would if
' applied because of structural deficiency. It does indicate, however,
that a severe storm may cause overtopping and possible failure of the
dam, with significant damage and potential loss of life downstream,

It 18 recommended that within twelve months from the date of this

' report the owner of the dam engage the services of a professional or
consult ing engineer to determine by more sophisticated methods and

' procedures the magnitude of the spillway deficien=y. Based on this
determination, appropriate remedial mitigating measures should be
desisned and completed within 24 months of this date of notification.
In the interim a detailed emergency operation plan and warning system
should be promptlv developed. MNurine nerfods of unusually heawvy
nrec’sitdiion, round-tne-civek surveilianze should be provided.




NIDED-E .
Honorable Edward J. King

I have approved the report and support the findings and recommenda-
tions described in Section 7, with qualifications as noted above. I
request that you keep me informed of the actions taken to {mplement
these recommendations since this follow-up is an ifmportant part of the
non—Federal Dam Inspection Program. '

A copy of this report has been forwarded to the Department of Environ-
a2ntal Quality Englneering, the cooperating agency for the Comcion-
wealth of Massachusetts. This report has also been furnished to the
owner of the project, Coes Knife Company, 72 Coes Street, Worcester,
Massachusetts 01603.

Coples of this report will be made available to the public, upon
request to this office, under the Freedom of Information Act, thirty
days from the date of this letter. .
I wish to take this opportunity to thank vou and the Department of
Environmental Quality Engineering for the cooperation extended in
carrying out this program.

Sincerely,

ket bl .

Colonel, Corps of Engineers
Division Engineer
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NATIONAL DAM INSPECTION
PROGRAM

PHASE I INSPECTION REPORT
BRIEF ASSESSMENT

Identification No.: MA00120

Name of Dam: Coes Reservoir

Town: Worcester

County and State: Worcester County, Massachusetts

Stream: Tatnuck Brook, a tributary of the Blackstone
River

Date of Inspection: July 24, 1978

Built in 1865, Coes Reservoir Dam is an
earthfill dam with a 700=-foot long and 20-foot high
embankment. The Coes Knife Company buildings are
located immediately downstream of the dam, and
grinding grit fill from the company has been placed on
the dam over the years, A broad-crested spillway is
located near the north abutment. The concrete weir is
38.5 feet long with a crest elevation (El) of 501.
Normal discharge flows over the weir, down a stone-~
lined channel, and into Lower Coes Pond. There 18 an
abandoned 36-inch diameter intake conduit which has
been sealed off at the upstream face of the dam,
Discharge from the conduilt was into a tailrace channel
which is located at the toe of the dam and leads to:
the spillway discharge channel.

The only plans, specifications, or computations B
available from the Owner, State, or County offices on -
the design, construction, and repair of this dam are a
topographic survey of the spillway area, dated July:
1956, and a hydraulic and model analysis of the
spillway, dated December 1958.

Due to its age, Coes Reservoir Dam was neither
designed nor constructed according to current approved .
state-of-art procedures. Based upon the visual




inspection at the site, the lack of engineering data,
and the limited evidence of operational or maintenance
procedures, it was determined that various conditions
must be corrected to assure the continued performance
of this dam. Generally, the Coes Reservoir Dam is
considered to be in fair condition and has been
classified in the "high" hazard category.

The following visible signs of distress
indicate a potential hazard at the site: erosion and
lack of protection on the steep upstream face of the
dam; deterioration of the concrete and stone training
walls of the spillway; cracking and collapse of the
concrete side channel in the discharge channel;
seepage from the upstream wall of the tallrace channel
and north wall of the discharge channel; and a dense
growth of brush and trees on the dam embankment and
the downstream areas.

Hydraulic analyses indicate that the existing
spillway can discharge a flow of 1,458 cfs at E1 506.3
which 1s the low point on the crest of the dam .

Based on size and hazard classificaions, in accordance
with Corps guldelines, the test flood is one-half the
probable maximum flood. ‘An inflow test flood of
10,000 cfs adjusted for surcharge storage results in
an outflow of 8,500 e¢fs. This will overtop the main
dam by about 3.5 feet. The spilllway 1s inadequate
since 1t can discharge only 17 percent of the test
flood before the dam 1s overtopped.- Since overtopping
could result in complete fallure of the dam, it 1is
recommended that a definite surveillance plan and
warning system be developed for use during periods of
unusually heavy rains and/or runoff. This system
should be coordinated with the operators of the
upstream reservoirs (Holden Nc. 1 and No. 2).

It is recommended that the Owner employ the
services of a qualified consultant to (1) evaluate the
stability of the dam and seepage along the upstream
wall of the taillrace channel and (2) conduct a more
detalled hydraulic and hydrologlc study for the entire
drainage area. It is also recommended that the Owner
construct an adequate spillway based on the studies
recommended above; repalr the upstream embankment
slopes by filling in eroded areas, flatten the slope
and protect it with riprap; repair eroded concrete and
loose stonework in the existing spillway; remove the
concrete side channel from the discharge channel;
clear trees and brush from the dam embankment and
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downstream areas; and clear debris and trash from the
spillway crest and downstream channel. The Owner
should also implement a systematic program of
inspection and maintenance.

The above recommendations should be implemented
within a period of one to two years after recelpt of
the Phase I Inspection Report. An alternative to
these recommendations would be dralning the reservoir
and breaching or removing the dam.

Edward M. Greco,
Project Manager
Metcalf & Eddy, Inc.

Connecticut Registration
No. 08365

Approved by:

Vice President
Metcalf & Eddy, Inc.

Massachusetts Registration
No,., 19703

A




This Phase | Inspection Report on Coes Reservoir Dam has been
reviewed by the undersigned Review Board members. In our opinion,

the reported findings, conclusions, and recommendations are
consistent with the Reconmended Guidelines for Safety Inspectiom

of Dams, and with good engineering judgment and practice, and is
hereby submitted for approval.

Clondy H~lceread

CHARLES G. TIERSCH, Chairman

Chief, Foundation and Materials Branch
Engineering Division

FgED J. S, Jr., Member:

Chief, DeSTgn Branch
Engineering Division

(7 itrtd

SAUL COOPER, Member -
Chief, water Control Branch
Engineering Division

APPROVAL RECOMMENOED:

JOE B. FRYAR -

Chief, Engineering Division
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' PREFACE

This report 1is prepared under guidance

contained in Recommended Guidelines for Safety

h Inspection of Dams, for a Phase T Investigation.
Copies of these guldelines may be obtained from the
Office of Chief of Engineers, Washington, D. C.
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 conditlion of the dam 1s based upon

o availlable data and visual inspections. Detailed
investigation, and analyses involving topographic
mapping, subsurface investlgations, testing, and
detailed computational evaluations are beyond the
scope of a Phase I investigation; however, the in-
vestigation 1s intended to identify any need for such
studies.

In reviewlng this report, it should be
realized that the reported condition of the dam 1s
based on observations of field conditions at the time
of inspection along with data available to the
inspection team. In cases where the reservolr was
lowered or drained prior to inspection, such action,
while improving the stabllity and safety of the dam,
removes the normal load on the structure and may
obscure certain conditions which might otherwlse be
detectable 1f inspected under the normal operating
environment of the structure.

It 1s important to note that the condition of
a dam depends on numerous and constantly changing
internal and external conditlons, and 1s evolutionary
in nature. It would be incorrect to assume that the
present conditlon 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
conditlions be detected.

Phase I inspections are not intended to provide
detailed hydrologlc and hydraulic analyses. In ac-
cordance with the established Guidellnes, the Spillway
Test flood 1is based on the estimated "Probable Maximum
Flood" for the region (greatest reasonably possible
storm runoff), or fractions 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 inade-
quate condition. The test flood provides a measure of
relative splllway capacity and serves as an aid in
determining the need for more detalled hydrologlc and
hydraulic studiles, considering the size of the dam, 1its
general conditions and the downstream damage potential.
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OVERVIEW
COES RESERVOIR
WORCESTER, MASSACHUSETTS

2

VIEW FROM UPSTREAM OF SOUTH ABUTMENT

Location and Direction of Photographs
Shown on Figure in Appendix B
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NATIONAL DAM INSPECTION
PROGRAM

PHASE I INSPECTION REPORT

COES RESERVOIR
SECTION 1
PROJECT INFORMATION

1.1 General

a.

b.

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 Reglon. Metcalf &
Eddy, 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 was 1ssued to Metcalf &
Eddy, Inc. under a letter of May 3, 1978, from
Ralph T. Garver, Colonel, Corps of Englneers,
Contract No. DACW 33-78-C-0306 has been as-
signed by the Corps of Englneers for this work.

Purpose:

(1) Perform technical inspection and evalua-
tion of non-Federal dams to identify con-
ditions which threaten the public safety
and thus permit correction in a timely
manner by non-Federal interests.

(2) Encourage and assist the States to ini-
tlate quickly effective dam safety pro-
grams for non-Federal dams.

(3) Update, verify and complete the National
Inventory of Dams.

At maataaa A




1.2 Description of Project

a. Location. The dam is located in the City of

P - Worcester, Worcester County, Massachusetts,

1 on Tatnuck Brook, a tributary of the Black-
stone Rlver. Patch Reservoir and Patch Pond
are located immediately upstream of Coes

‘ Reservolr. Downstream of the dam and Coes

' Pond, the stream Joins Beaver Brook, which
flows into Kettle Brook and eventually dis-
charges into the Middle River (see Location
Map and Watershed Plan Figure D-1).

b, Description of Dam and Appurtenances. Coes

i Reservoir Dam 1s mostly an earthfill dam, 700
feet long and 20 feet high (see Dam Plan and
sections in Appendix B). The embankment also
contains grinding grit f111 from Coes Knife
Company and miscellaneous f111 from street
demolition. Over the years, these materilals
were added to the dam to increase 1ts width
and helght as well to dispose of waste from
the grinding operation, The impervious core
of the dam was constructed of oak and brick
sheeting with a puddled trench. (See in-
spection 1list from the Worcester County
Engineer's office, Appendix B). The crest of
the dam 1is generally about 30 feet wide,
however, 1n the abutment areas, the actual
crest width is indeterminate because of exten-
sive filling to develop Lakeside Avenue
(north abutment) and a parking lot for Coes
Knife Company (south abutment). The crest of
the dam varies from E1 506.3 to E1 508.3.
The upstream slope of the embankment slope is
generally 1:1 (horizontal:vertical), except
for the portion north of the spillway which
is 5:1., The downstream slope is highly
irregular due to dumping of grinding grit;
the slope 1s generally 3:1 to 5:1, but a very
flat area occurs near the abutments (40:1 at
Lakeside Avenue) and a vertical stone wall
exists at the toe of the dam. This wall is
part of a tallrace channel that leads into

the main discharge channel downstream of the
spilllway.

The spillway 1s a broad~crested weir construc-
ted of stone masonry training walls; concrete-
faced stone masonry side walls; and a concrete
crest. The training walls are about 10 feet
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long and form the sides to the approach
channel., The crest, which 1s 38.5 feet long,
is at El1 501.0.

The spillway side walls are 5.4 feet high.
There is a l-foot-wlde metal sill embedded in
the upstream edge of the crest, and metal
slides in the side walls which were pre-
viously used as a frame to support flash-
boards. There are also four steel I-beams
embedded in the crest that were used to
support a bridge over the spilllway. The
I-beams have been cut off approximately level
with the top of the weir. The stone-=lined
downstream channel is 38 feet wide, 110 feet
long, and slopes at about 7:1. The side
walls are dry-stone masonry and are about 4
feet high. A concrete channel, 4 feet wide
and 2 feet deep, 1s located on the bottom of
the discharge channel along the north wall.

An abandoned intake condult for a waterwheel
is located 130 feet south of the spillway.
This 36=-inch diameter iron pipe has an intake
upstream in the pond. Before it was cut off
by steel sheet piling driven in the upstream
face of the dam, the condult carried flow
beneath the dam and into a gatehouse at Coes
Knife Company, located at the toe of the dam.
A gate valve 1is located in the gatehouse, but
it 1s rusted and inoperable. The flow from
the waterwheel dlscharged into a tailrace
channel, also located along the toe of the
dam. The channel is 13 to 22 feet wide, 8
feet deep, and 150 feet long. It 1s made of
vertical, dry-stone masonry walls and 1is
recessed below the ground surface. This
tallrace channel intersects the main dis-
charge channel about 130 feet downstream of
the spilllway.

Size Classification. Coes Reservoir Dam is
classified in the "small" category since it
has a maximum height of 20 feet and a maximum
storage capacity of 1,400 acre-feet.

Hazard Classification. The Coes Knife
Company 1s located at the toe of the dam. 1In
addition, highly developed residential areas
on Coes Road and Lakeside Avenue are located

POV U WSy arew') Lo Ao
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downstream of the dam. In the event of
overtopping or complete failure of the dam,
more than a few lives could be lost and
considerable property damage could occur.
Accordingly, the dam has been placed 1in the
"high" hazard category.

Ownership. The dam is presently owned by the
Coes Knife Company, 72 Coes Street, Worces-
ter, Massachusetts 01603. Messrs, Jim
Hillhouse and Joseph Lajeunesse
(617=-755-2573) granted permission to enter
the property and to inspect the dam.

Operator. There are no operators of this dam
since there are no existing operational
features. The Coes Knife Company 1s located
immedlately downstream of the dam and as
Owner occasionally inspects the dam and
appurtenances,

Purpose of Dam. The dam was originally built
to provide water to a waterwheel for opera-
ting machinery and for cooling purposes at
the Coes Knife Company. The pond was also
used for the production of ice at the Walker
Ice Company which was located in the
present-day Lakeside Avenue area. In 1936,
the intake condult to Coes Knife Company was
cut off. Presently, the reservoir is
primarily used for recreational activities,
such as swimming and fishing.

Desi and Construction History. According
to 1n%ormation provided by the Owner, the
original earth dam was designed by Loring
Coes and built in 1865. It was raised in
1871 and 1872, and a final 4 feet was added
in 1895. A road which originally crossed the
pond was relocated along the crest of the
dam, and a vehicular bridge was placed over
the splllway to provide access to the Walker
Ice Company, located in the Lakeside Avenue
area. Previous inspection reports indicate
that flashboards were in use on the spillway
crest as early as 1931.

L 2]




During the floods in March 1936, the dam was
breached to a depth of 4 feet near the south
abutment, and water flowed down Coes Street
into Webster Square. During the flooding, 1t
was found that the gate valve on the intake
conduit was rusted and inoperable.

Therefore, in December 1936, steel sheet
plling was driven through the pipe to seal 1it
off.

In late 1954 and early 1955, a plan to
enlarge the spillway to 44 feet long and 8
feet high was discussed by Coes Knife Company
and the Worcester County Commissioners. In
the August 1955 hurricane, the water level
rose to the crest of the dam. The embankment
north of the splllway was partially washed
out and the north wall of the spilllway was
damaged. Coes Knife Company was directed by
the Worcester County Commissioners on
September 16, 1955 (see Appendix B) to
enlarge the spillway and provide a new outlet
conduit, f1l1l1l in the dam embankment, and
riprap the upstream face. In July 1956, the
embankment was widened 5 to 8 feet along the
upstream face using grinding grit £11l1 from
the company and road demolition fi1ll provided
by the City of Worcester. (Reports and
correspondence describing these events are
included in Appendix B). By August 1956, the
vehlicular bridge over the splllway had been
removed, and the flashboards were removed at
atout the same time,

In 1958, a model study for the design of a
spillway was completed by Professor Hooper at
the Alden Hydraulic Laboratory at Worcester
Polytechnic Institute. (A copy of that
report and the proposed redesign of the
spillway is given in Appendix D.) The new
splllway was never constructed.

According to the Owner, additional filling
and widening of the dam embankment with
grinding grit from the Coes Knife Company
continued from 1956 to until about 1975.
After 1975, the grinding grit was disposed of
offsite. There are no drawings or records
that show the exact limits or extent of the
filling.




i. Normal Operating Procedure. There are no
normal operating procedures at the dam. The
I only outlet conduit was a 36-inch diameter
iron pipe and a gate valve at Coes Knife

Company. The conduit was cut off by sheet
piling in 1936.

f The spillway for Coes Reservoir Dam is
ungated and flows are unrestricted.

1.3 Pertinent Data

a. Drainage Area. The approximately 7,000-acre
(10.9 square miles) dralnage area above the
dam includes the drainage areas of four other
upstream reservoirs: Holden Reservoir No. 1
and No. 2, which are Worcester County water
supply reservoirs; and Cook Pond and Patch
Reservoir which are recreational ponds (see
Watershed Plan, Figure D-1). The northern
two-thirds of the dralnage area, including
the reservolr watersheds and the Cook Pond
drainage area, 1s sparsely developed, heavily
wooded, and has moderately steep slopes. The
southern third of the dralnage area,
including Patch and Coes Reservoirs, 1s
moderate to densely developed, partially
wooded, and has gentle to moderately steep
Slopes.

Discharge from Coes Reservoir is to Lower
Coes Pond which has a dam 1,300 feet
downstream. Water then joins Beaver Brook
and flows south to Kettle Brook at Curtis
Ponds Dam in Webster Square., This is a
highly developed commercial area located 0.8
miles downstream of the Coes Reservoir Dam,
Flow then continues east in Middle.River and
eventually to the Blackstone River below ! PY
Quinsigamond Pond Dam. ' B

b. Discharge. Normal discharge is over the
ungated spillway. The spillway welr is 38.5
feet long and the crest is at E1 501.0,
Water flows down a 110 foot long, 38 foot °
wide, stone-lined channel which slopes ’
Steeply at 7:1. This channel has dry-stone




C.

masonry side walls about 4 feet high. Water
then flows from the channel downstream in the
streambed and enters Lower Coes Pond about
200 feet downstream from the spillway crest.

The spillway can discharge an estimated 1,458
cfs at E1 506.3 which is the low point on the
dam crest. An inflow test flood of 10,000

cfs results in an adjusted outflow of 6,500
cfs with the water surface at E1 509.7. This
wlll overtop the Coes Reservoir Dam by a maxie
mum of 3.4 feet. The spillway can discharge
only 17 percent of the outflow before the dam
1s overtopped.

The maximum flood level at the dam is un-
known. The dam was breached to a depth of 4
feet in the March 1936 flood, but was not
overtopped. Also, the dam was not overtopped
during the August 1955 storms. It 1s not
known, however, what the reservoir elevation
was prior to either storm or what effect the
Storage at upstream reservoirs had on dis-
charge to the reservoilr.

Elevation (feet above Mean Sea Level (MSL)).
A benchmark elevation of 501.0 at the
spillway crest was estimated from a U.S.G.S,
topographical map,

(1) Top dam: 506.3 toc 508.3
(2) Test flood pool: 509.7

(3) Design surcharge (original design):
unknown

(4) fu}l)flood control pool: Not .Applicable
N/A

(S5) Recreation pool: 501.0
(6) Spillway crest (ungated): 501.0

(7) UBStream portal invert diversion tunnel:
N/A

(8) Stream bed at centerline of dam: Uu86.5
at toe of discharge channel

(9) Maximum taillwater: None.




d. Reservolr
(1) Length of maximum pool: 3,500 feet
(2) Length of recreation pool: 3,500 feet
(3) Length of flood control pool: N/A

e. Storage (acre-feet)

(1) Test flood surcharge: 790 at E1 509.7
(2) Top of dam: 1,400

(3) Flood control pool: N/A

(4) Recreation pool: 900 (Approximate)
(5) Spillway crest: 900

f. Reservolr Surface (acres)

#(1) Top dam: 091

#(2) Maximum pool: 91
(3) Flood-control pool: N/A -
(4) Recreation pool: 91
(5) Spillway crest: 91

g. Dam

(1) Type: earthfill with grinding grit fi1l
and street demolition fill
(2) Length: 700 feet
(3) Height: O to 20 feet -
¥Based on the assumption that the surface area will not °
significantly increase with changes in reservoir eleva- - R
tion from 501 to 506.3.
| ® J
8
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(4) Top width: 30 feet

(5) Side slopes: Upstream 1:1; downstream
3:1 to 5:1

(6) Zoning: Unknown

(7) Impervious core: Oak and brick sheeting
with puddled trench

(8) Cutoff: Unknown

(9) Grout curtain: Unknown

Spillway
(1) Type: Broad crest

(2) Length of weir: 38.5 feet

(3) Crest elevation: 501.0 MSIL (assumed
benchmark)

(4) Gates: None

(5) Upstream Channel: Mortared masonry
training walls

(6) Downstream Channel: 38-foot wide,
110-~foot long discharge channel, slopes
at 7:1 with 4-foot high side walls

(7) General: Tailrace channel from sealed
outlet condult enters spillway discharge
channel 130 feet downstream of crest.

Regulating Outlets. There are no operable
regulating outlets at this dam., An abandoned
36-inch diameter iron outlet conduit 1s
located 130 feet south of the spillway and
leads to a gate valve 1in Coes Knife Company.
The condult was sealed off with sheet plling
in 1936, and the gate valve 1s inoperable.

[PV



SECTION 2
ENGINEERING DATA

2.1 General. There are no plans, specifications, or
computations avallable from the Owner, State, or
County offices on the design, construction, or
repalr of this dam. The Owner did provide a file
of o0ld correspondence, inspection reports, photo-
graphs, and property maps for review. (Coples of
the pertinent Iinformation are included in
Appendix B and Appendix D.) A hydraulic analysis
and model study was conducted for the splllway at
Coes Reservoir by Professor Hooper at the Alden
Hydraulic Laboratory, Worcester Polytechnic
Institute. A copy of the report was provided by
the Owner (included in Appendix D).

A topographic survey of the spillway area was pre-
pared in July 1956 by A. E. Raymond, an employee
of the Coes Knife Company. Some information from
that survey was used in the preparation of Figure
B=1. The only other data available for this
evaluation were visual observations during inspec-
tion, review of additional inspection reports,

and conversations with personnel from the State
and County agencles,

We acknowledge the assistance and cooperation of
personnel of the Massachusetts Department of
Public Works: Messrs. Willis Regan and Raymond
Rochford, and of the Massachusetts Department of
Environmental Quality Engineering, Division of
Waterways: Messrs. John J. Hannon and Joseph
Iagallo.

Also, we acknowledge the cooperation and assis-
tance of personnel from the Worcester County
Engineer's 0ffice: Messrs, John O0'Toole, Joseph
Brazauskas, and Mr, Wallace Lindquist - recently
retired from county service.

In addiltion, we thank Messrs. Jim Hillhouse,

Joseph Lajuenesse, and Bud Higgins of the Coes
Knife Company (Owner of the dam) who allowed us
to inspect the dam and provided us with infor-

mation on the history and past performance of the
dam,
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2.2 Construction Records. There are no detailed con-
struction records available.

2.3

2.4

Operation Records. No operation records are
avallable, and there is no daily record kept of

pool elevation or rainfall at the dam site.

Evaluation,

a.

b.

Avajilability. Due to the age of this dam,
available englneering data is limited.

Adequacy. The lack of in-depth engineering
data did not allow for a definitive review.
Therefore the adequacy of this dam could not
be assessed from the standpoint of reviewing
design and construction data, but 1s based
primarily on visual inspection, past perfor-
mance history and sound englneering Jjudgment.

Validity. The limlted data available is con-
EIEEFEEXValid.

11
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3.1

SECTION 3
VISUAL INSPECTION

Findings

Q.

General. The Phase I inspection of the dam
at Coes Reservoilr was performed on July 24,
1978. A copy of the inspection checklist 1s
included in Appendix A. This dam has been
inspected periodically by others since 1925,
A partial listing of these inspections 1s 1in
Appendix B. The most recent lnspection was
conducted on January 10, 1973 by representa-
tives of the Massachusetts Department of
Public Works. A copy of their report,
selected earller reports, and correspondence
pertaining to the condltion of the dam are
included 1n Appendix B.

Dam. The original dam 1s an earthfill dam
that has subsequently been filled with grind-
ing grit and road demolitlon material. The
grinding grit 1s a waste product from the
Knife manufacturing operation and is composed
of steel shavings and sand particles which
appear to oxldize and form a hard outer
surface. The only informatlon on the zoning
or core is a note on the partial 1listing of
previous inspections (page B-2) stating that
the core 1is made of oak and brick with a
puddled trench.

Several signs of distress were observed, the
most significant being erosion of the up-
stream face of the dam which 1s generally a
1:1 slope without riprap. In several places
on the upstream face, the grinding grit 1s
being undermined by wave eroslon, causing
local sloughing of the slope. The dam
section Just north of the spillway consists
of sand which has been eroded. In this area,
undercutting of the bank along the upstream
edge of the crest has caused portions of a
chain-link fence to fall.

There 1s significant growth of trees and

brush on the dam embankment. The crest 1is
fairly clear, but five large trees, 18 to 36

12




E inches in diameter, are growing there. The

o upstream face has a moderate growth of brush, -
: and the downstream face 1s heavily overgrown

‘i with brush and small trees. Seepage was

N observed entering the tailrace from around

tree roots embedded in the upstream side wall

of the channel.

¢c. Appurtenant Structures. The spillway is a
broad-crested concrete slab welr with
concrete-faced masonry side walls. Flow
over the splllway 1s unrestricted. The
downstream channel is steeply sloping at 7:1,
lined with stone, and has dry-stone masonry
side walls. There 1s a small concrete
channel adjacent to the north wall of the
channel.

The concrete on the spillway crest is cracked
and eroded in places. Debris such as wood,
stones, and trash 1s scattered on the crest.
The stonework in the north training wall is
loose and has fallen out of place. In the
downstream channel, the concrete side channel
is broken and tilted out of place, and
sections of the south wall have collapsed.
Seepage enters the concrete channel from the
base of the north wall about 35 feet below 1
the spillway crest. Trash and other debris
is scattered on the floor of the channel.
Dense vegetatlon occurs along both walls of
the discharge channel and on the bottom of
the channel along the north wall. The growth
is mostly brush and small trees, but three 1
large (l2-inch to 36=-inch diameter) trees are
growing on the north side. One tree 1s near
where seepage is flowing into the concrete
side channel.

-

An abandoned intake consisting of a 36=-inch

diameter iron pipe leads into a gatehouse at

Coes Knife Company. The top of the steel

sheet piling that cuts off the pipe can be

seen in the upstream face of the dam embank=

ment. The control valve, located in the

gatehouse at the toe of the dam is rusted and -
leakling slightly. A tallrace channel which

used to carry discharge flow from the gate=-

house 13 located under the Coes Knife Company

13




tuilding and continues from the tog of the
dam to about 130 feet downstream of the

spillway. Seepage occurs at three points
along the upstream wall of the channel,
usually - 1ere tree roots are embedded in the
stonework. The channel bottom contains some
t trash and ather debris,

n
.

Reservoir Area. The reservoir area is P
densely populated and ccntains over 100

residences, The drainage area is about 7%

tercent wooded and 2% percent developed.

Slapes range from atout - to 20 percent.

e. Downstream Channel. Discharge from the spili- e
way lows dowr a stone-lined channe’l which 1#
10 feet long and has a slope of 14 jpercent.,
Water then flews dcowi a relatively {1at,
sandy streambted for a distance of ahaut 100
feet and into il.ower Coes Tond, The lower
prend is abeut 31,100 feet 1ong and 1s dammed s
at the dowrstream end near Tark Avenue. Flow

then moves south 1o Middle River at webster
Sguare and then eas! to the Blackstone River
Peiow Quinsigamond Tond Dan,

3,7 Evaiuation. The abeve Tindings indicate that iLhe '”;w"*
dam has several signs of disirenas that reguirve ' 1
attentien., Tt 1s evident {that the dam has not
been ma‘ntained and that deterioration will 1
continue unless action is taken, ERecommended
measures (o improve ithese condlfions are stated J
in Reetion 7.3, e

a4
. k'l
] .
o
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SECTION 4
OPERATION PROCEDURES
4,1 Procedures. There are no operational procedures
at this dam.

i 4,2 Maintenance of Dam. The dam is not adequately
. %. maintalilned even though the Coes Knife Company 1s

located immedlately adjacent to and downstream of
the dam. Recommendations made to Coes Knife
Company in 1955 by the Worcester County Commis-
sioners Office were that: the embankment needs
flattening and filling, riprap 1s required on the
upstream face, and trees and brush need to be
cleared from the crest and downstream face of the
dam. Also, the spilllway needs repair at the
north side wall, the concrete side channel in the
discharge channel should be removed, and trees
and brush should be cleared from the sides of the
discharge channel. Further, 1t was recognized
that the splllway was 1nadequate and should be
enlarged. There was no evidence that this work
was ever done.

The most recent maintenance activities (about
1956) have been the removal of the flashboards
and vehicular bridge over the spillway. The only
other change to the dam has been the continued
enlargement of the embankment with grinding grit
from 1956 to 1975.

4,3 Maintenance of Operating Facilities. The intake
condult to the wheel house has been sealed off
since 1936. There are no other known or visible
outlets from this pond,

4,4 Description of Any Warning Systems in Effect.
There are no warning systems in effect at this

dam.

4,5 Evaluation. There are no operational, main-
tenance, or warning systems in effect at Coes
Reservolr Dam. This 1s extremely undesireable
considering that the dam is in the "high" hazard
category. A program of operation and maintenance
should be implemented, as recommended in Section
7.3.

15
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SECTION 5

HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a.

Design Data. The total drailnage area for -
Coes Reservoir 1s approximately 10.9 square

miles, The reservoir receives flow from
Patch Reservoir and 2 square miles of
tributary area directly below Patch Reser-
volr., A Phase I investigation has already
been completed for Patch Reservoir, (MA
00122). The inflow test flood is based on
calculated discharge from Patch Reservolir
plus an estimate of flow from the tributary
area directly below Patch Reservoilr. The
Probable Maximum Flood (PMF) rate was
determined to be 2,050 cfs per square mile
for the drainage area below Patch Reservoir.
This calculation i1s based on the average
drainage area slope of 6 percent, the
pond-plus-swamp area to drainage area ratio
of 8.5 percent, and the U. S, Army Corps of
Engineers' guide curves for Maximum Probable
Flood Peak Flow Rates (dated December 1977).
Applying one=half the PMF to the 2 square
miles of drainage area results in a
calculated peak flood flow of 2,050 c¢fs, The
outflow from Patch Reservoir of 7,950 cfs
plus the peak flood flow of 2,050 c¢fs results
in a calculated inflow test flood of 10,000
cfs., By adjusting the inflow test flood for
surcharge storage, the maximum discharge rate
was established as 8,500 cfs (780 cfs per
square mile), with a water surface at El
509.7. :

Flow over the-.crest of the dam is computed to
be 5,460 cfs, while flow through the spillway
1s 3,040 cfs, The maximum head on the dam
would be 3.4 feet with a discharge of 15.6
cfs per foot of width., Depth at critical
flow would be at 0.6 feet with a velocity of
8 feet per second.

Hydraulic analyses indicate that the existing
spillway can discharge a flow of 1,458 cfs
(only 17 percent of the outflow test flood)
at water surface E1 506.3, which 1s the crest
of the dam,

16




The inflow from a 100-year-frequency storm
was estimated to be 4,005 cfs. After
adjustment for surcharge storage, the outflow
from the 100-year storm was calculated to be
3,080 cfs which would result in a water
surface at E1 507.5 or about 1.2 feet over
the dam.

Experience Data. Hydraulic records are not
generally available for this dam, however,
information supplied by the Owner indicates
that the dam was nearly overtopped during the
March 1936 floods. According to photographs
and newspaper articles on the flood, the dam
was breached in the right abutment area near
Mill Street. Further information supplied by
the Owner indicates that the dam was not over-
topped during the 1955 floods either.
However, the water level was observed at the
crest of the dam during both the 1936 and
1955 floods.

The Owner has provided copies of previous
hydraulic investligations at this site., This
consists of a letter by Mr. Frederick J.
Sanger, dated September 18, 1955, and a
report entitled "Hydraulic Design for Coes
Reservoir Spillway", by Alden Hydraulic
Laboratory, dated December 1958. (Copies are
included in Appendix D.) This information
describes the analysis and model studies for
the design of a proposed enlargement to the
spillway at Coes Reservoir. A splllway dis-
charge of 3,000 cfs was used to determine the
hydraullc design for the spillway. The baslis
for this design discharge 1s discussed in the
letter (page D=8). The results of this
investigation were never Implemented, as the
splllway was never enlarged or modified.

Visual Observations. The spillway conslists
of a 38-foot long, broad-crested concrete
welr with a steep stone-=lined discharge
channel., Water over the splllway discharges
into Lower Coes Pond 200 feet downstream from
the dam.

The spillway is ungated and flow 1s unres-

tricted. No flashboards were in place during
the inspection. A metal sill imbedded in the
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welir and keyways in the training walls of the
spillway indicates that flashboards were used
at one time. This was confirmed by previous
inspection reports and discussions with the
Owner.

Overtopping Potential. Overtopping of the

am 1s expected under the test flood of
10,000 cfs (inflow) as well as the l00-year-
frequency flood. As noted previously, the
only avallable records indicate that the dam
was not overtopped during the 1936 and 1955
floods. Previous hydraulic investigations,
as discussed above, indicate that the spill-
way 1s inadequate and should be widened. In
the event of overtopping, complete failure of
the dam could occur. A flood wave resulting
from failure of the dam could cause
appreclable property damage and numerous
losses of life. Since the Coes Factory 1is
located immediately downstream of the dam,
calculation of the fallure flood wave-height
was not considered appropriate.

Additional Hydraulic Considerations. As
shown in Figure U-I, Coes Reservolir is
located downstream of Holden Reservoirs No, 1
and No, 2, Cook Pond, and Patch Reservoir,
The calculations for a Phase I Investigation
are based on the U. S. Army Corps of Engl-
neers guide curves which do not totally
consider the storage discharge character-
istics of upstream reservoirs. The inflow
test flood for Coes Reservoir, however, has
included the storage effect of Cook Pond and
Patch Reservoir but not of Holden Reservoirs
No. 1 and No. 2. Therefore, the conclusions
on peak flows and dam overtopping should be
considered as preliminary only. A more
detailed hydrologic and hydraulic investi-
gation should be based on the storage effects
of all upstream reservoirs.

18




SECTION 6

STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a.

Visual Observations. The evaluation of the
structural stability of Coes Reservoir Dam is
basgd on the visual inspection on July 24,
1978.

Based on the observations discussed in
Section 3, Visual Inspection, Coes Reservoir
may be a hazard. Conditions at the dam are
unsatisfactory and conventional factors of
safety may not exist.

It 1s recommended that a more detalled in-
vestigation be initiated to evaluate the
stability of the dam and the seepage at the
downstream masonry wall,

Design and Construction Data. Discussions
with the Owner, County, and State personnel
indicate that there are no plans, spe-~ifica=
tions, or computations relative to the
design, construction, or repairs of this dam,
Furthermore, information does not appear to
exist on the type, shear strength, and
permeability of the soil and/or rock mate-
rials of the embankment. Grinding grit fill
and street demolition fi1l11 which comprise
part of the embankment are presumably highly
variable 1in composition, strength, and
permeability.

It was learned that this dam was originally
built in 1865, probably of local soil or rock
materials., Avallable information indicates
that the impervious core may consist of oak
and brick sheeting with a puddled trench.

The oak sheeting was probably bounded on each
side by a brick wall. An impervious cutoff
was probably used at this site, since the
natural solils are relatively pervious.

Timber core walls will generally last an

19
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indefinite period, provided the timber is
continuously saturated. In the event that
the reservoir i1s substantially lowered for

longer than three months, the timber may rot,

causing the dam to leak.

The original earth embankment 1s no longer
visible due to extensive filling of the
slopes and crest with grinding grit from the
Knife Company and with some f1ill from street

demolition. The slopes are 1irregular, and it

appears that the f1l1 was randomly dumped
without belng graded or compacted.

Operating Records. There 1s no evidence that

instrumentation of any type was ever
installed in Coes Reservoir Dam. The
performance of this dam under prior loading
can only be inferred from physical evidence
at the site.

Post-Construction Changes. There are no
as-bullt drawings for Coes Reservoir Dam.
Avallable records indicate that the
embankment was raised in 1871 and 1872, and
that 4 more feet were added in 1895, The
intake conduit into Coes Knife Company was
cut off with sheet piling in 1936 but is
st1ll in place. A vehicular bridge over the

spillway and flashboards mounted on the crest

were removed in about 1956. For about 20
years, from 1956 to 1975, the earth
embankment was widened with fill, primarily
grinding grit. Records indicate that at
least 8 feet of width were added to some
areas of the upstream face.

Seismic Stability. The dam is located in
Seismic Zone No. 2 and in accordance with
Phase I "Recommended Guidelines" does not
warrant seismic analyses.

20
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SECTION 7

ASSESSMENT, RECOMMENDATIONS,
AND REMEDIAL MEASURES

Dam Assessment

a.

condition, Due to its age, Coes Reservolr
Dam was neither designed nor constructed
according to current approved state-of-art
procedures. Based upon the visual inspection
at the site, the lack of engineering data and
limited evidence of operational or mainte-
nance procedures, there are areas of concern
which must be corrected to assure the conti-
nued performance of this dam, Generally, the
dam is considered to be in fair condition.
The following signs of distress were observed
at the site: the steep upstream face of the
dam 1s eroded and unprotected, the concrete
welr and stone tralning walls in the spillway
are deteriorated, the concrete side channel
in the discharge channel 1s cracked and
collapsing, water is seeping from the
upstream wall of the tailrace and from the
north wall of the discharge channel, and
there 1s a dense growth of brush and trees on
the embankment of the dam and in downstream
areas.

Hydraullc analyses indicate that the existing
spillway can discharge a flow of 1,458 cfs
(17 percent of the test outflow) at E1l 506.3
which 1s a low point on the dam crest. An
inflow test flood of 10,000 cfs will overtop
the main dam by about 3.4 feet. Previous
records indicate that the dam was not
overtopped by the floods of 1936 or 1955;
however, the dam was breached U4 feet deep
near the south abutment (Mill Street) during
the 1936 flood. There is no available
information on the pond levels prior to the
storms. The 1955 storm occurred in August
when the upstream reservoirs would generally
be low, which may explain why the dam was not
overtopped, even though the 1955 storm was
more severe than the one in 1936. Hydraulic
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7.2

studies published in 1958 also state that the
dam 1s susceptible to overtopping with the
present spilllway capacity. It 1s likely that
overtopping 1s a serious potential hazard
which could cause a high loss of 1life and
property damage. Further development on the
watershed may increase this hazard 1in the
future.

Adequacy of Information. The lack of indepth
englneering data dis not allow for a defini-
tive review. Therefore the adequacy of this
dam could not be assessed from the standpoint
of reviewing design and construction data,
but 1s based primarily on visual inspection,
past performance history and sound engineer-
ing Judgment,

Urgency. The recommendations outlined below
should be implemented within 1 or 2 years
after recelpt of the Phase I Inspection
Report.

Need for Addltional Information. Additional
investigations to further assess the adequacy
of the dam and appurtenant structures are out-
lined below in Sectlion 7.2 Recommendations.

Recommendations. In view of the concerns about

the continued performance of this dam, it is
recommended that the Owner employ a qualified
consultant to:

a.

evaluate the stability of the dam and the
seepage along the upstream wall of the
tailrace channel; and

conduct a more detailed hydraulic and hydro-
logic investigation for the entire drainage
area. The purpose of the investigation 1is to
design a new splllway to discharge a greater
portion of the test flood and a new outlet
facility for dewatering the reservoir.

The recommendations on repalrs and maintenance
procedures are stated below under Section 7.3,
Remedial Measures.
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storms. All repairs and maintenance
should be undertaken in accordance with
all applicable State regulations.
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APPENDIX A
PERIODIC INSPECTION CHECKLIST




PERIODIC INSPECTION
PARTY ORGANIZATION

proJecT__Coes Reservowr DATE July 24, /978
TIME_8-00AM - '2.¢2

WEATHER £y Ly 2 oy 03
/

W.S. ELEV. 2’ " U.S.___ DN.S.

PARTY: *szm Ll tenme & "o o e o
1. Ed Graco 6. Je gl."/i/{j/?
2._Duk Idiher 7._CQaz] Suet
3. Sus Plerze 8.
b, anpk ,(;u'qk@' 9.
5. David Zefe 10.
PROJECT FEATURE INSPECTED BY REMARKS

1._dag) snibanks .o 2t | T4 s / Lot ;’c.}'u’cf
20 piliay Lyle Srapazan

7 7 7 f
3.
y,
5.
6.
7. :
8.
9.
10.

pagef-lof 3




1 '
PROJECT _(nes  Arseryvcir

PROJECT FEATURE ﬂm ﬁtnéﬁnf’!:"': f

DISCIPLINE

PERIODIC INSPECTION CHECK LIST

DATE J/,-/y 24 773

limﬂ‘ ~npirgl

NAME

- -
Zo Sy
Lo A AT

NAME  D:r& pi iy

AREA EVALUATED

CONDITIONS

DAM EMBANKMENT

Crest Elevation

j'fm.f'/rlﬂy j'} -

yaries tron, 506 X io 508.3

earth dam Suzsfjuvrfl&/ Silled 2 A

Current Pool Elevation

50/

Maximum Impoundment to Date

UnErown

Surface Cracks

rons visible

Pavement Condition

perking area near /1.7 SI. el

e e

Movement or Settlement of Crest

none vis bl

Lateral Movement

"","’/-' 1 5//0/}- P _4:(1 & /D N ‘/ l:j

Vertical Alignment

5/13,’1\"./1 -.ff Lj,l 1

Horlzontal Alignment

/"’.7/‘/,'1 ./'I L'.'{,(/.?f

Condition at Abutment and at
Concrete Structures

7. ;.f_'i' P +,¢5 e m 1! ‘1", g:\] -7,3(/.!',) Py 7
,',,'fg_’, NAF s / PRV AR j no- Sf///wn/ abutnient is beacn-

, Indications of Movement of

* Structural Items on Slopes

sand croded + fence posts vndercvt, training wall stcs es

| /cosetcutof place; so. Spillway abutment /8 4rivdina grit £/
Filling on dewnstream + upsiream slepes

Knife company located directly downstream

Trespassing on Slopes

ot .
(l\ulon*'.ml’s, Vshoripen | swimmers

Sloughing or Erosion of Slopes
or Abutments

Significent ercSion on vS face-no riprap s §frees
(18" 36"dra) + brush on uS face- dense brush on d's face;
erosion beneath ¢onc. Slab onds face adjacent fo Knife Co.

Rock Slope Protection - Riprap
Failures

ho rip rap

Unusual Movement or Cracking at
or near Toes

none visible

Unusual Embankment or Downstream

Seepage

’
wafrr //aw/r'nf 2177 / s tae yon A/n/ /
no n/)pan’ﬂf cSepa g hen) Jm/)m/[’l/’ s

Piping or Boils

none
Foundation Drainage Features none
Toe Drains RVTALS
Instrumentation System jr-ne

#corcrefe headwnll on us face 100'wo. of spillway - 50'lx §'hx 1.5 hick

page 4-20f_3
(old foundation ?)
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PERIODIC INSPECTION CHECK LIST

- /") .
PROJECT__, ';e5 Arcryoir

PROJECT FEATURE -2/ //):vay
[ ~

DISCIPLINE Geode iy sal
J

DATE_ L/, 24 /273
—
NAME__ A (5700

NAME Zc/;/g gr:tn_L 2020

AREA EVALUATED

CONDITION

OUTLET WORKS - SPILLWAY WEIR,
APPROACH AND DISCHARGE CHANNELS

a. Approach Channel

botan- ratirsl S di a0l o
past abutment- iicme pes. Stne
west abutmeadt por oot Jone

General Condition

4 ,/yrrpr(/ - ')_‘/ .
fair.

Loose Rock Overhangiling
Channel

nosné

Trees Overhanging Channel

Hone

Floor of Approach Channel

i“‘."/’/' 7/‘ e ‘- ),r,.' s

b. Welr and Training Walls

weir ;s concrete s/ab -4 Lbeams for former bridge
walls concrete facing on Stone masonry (£ # thick,

General Condition of
Concrete

wolls-fair - weir- poor, cracked + local erosion
scattered debris (wood, rocks, frash)on we'r

Rust or Staining

129 metal $ill on us edge oF weir- slides in
Hraining walls - former frame for Flashboards

Spalling

none visible

Any Visible Reinforcing

rore visible

Any Seepage or Efflorescence

noné

Drain Holes

neHe

¢. Discharge Channel X %

Sloping Stone-lined channel w/dry sdone masenry
sidewialls 5 conc. side channel along no.wall

General Condition

channel + walls - Fair} concrele side channel-v. poor;
cracked v broken, weedsbrush growih, seepage at

Loose Rock Overhanging
Channel

[ Y4 ds frem bage of nor¥h side wall”
dry-store masonry wall af dewnsiream end of
channel/ en norih slope

Trees Overhanging Channel

36"18°12" frees on korth side - one i3 gpposite
8 wall; /l_frees on south side

Floor of Channel

scatbered debris, some vegetation, fallen

Other Obstructions *

sects
187dia. metel drain pzpe dllsd’arjin at ds
¢nd . north side of channe/, near szne wall

Rtnilrace channel- dry-sfone masonry sde walls, arch outlet apem'n_y, dischar ges at
downstream end of sloped channe/- 8 seqps on us wall pear “free roots, some

debris i channel botom

X% stream fo lower Coes- heavily overgrown, west bank- slag 1/ y
eas{ bank - stone N/a/n/nj wall to Lakeside Aver.e
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APPENDIX B

PLAN OF DAM AND PREVIOUS
INSPECTION REPORTS

Figure B~1. Plan of Dam, and Sections
Previous Inspections (Partial Listing)

Inspection Report by Mass. Department of
Public Works, January 1973

Letter by Coes Knife Company

Letter by Worcester County Commissioners,
May 1956

Inspection by Worcester County Commissioners,
March 1956

Inspection by Worcester County Commissioners,
September 1955
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INSPECTION REPORT « DANR AMD RESERVOIRS

i l 1. Locations City/Town \nboacesrea  Dom Mo 3- ({4 -348 —oF

- Al

Rame of Dmc'aa;/?e.sen,v BJIL Inspected by Ve e eates

Date of Inspection”"70-73
v

Preve Ingpection

i 2. Owner/ss pers Assessors

Regs of Deoeds Pers. Contact

1, Coes Kunies & F2 Cocs Sr  Woecesremn MASS
Name St, & No, City/Town State el ilo.

Co 2.
: Name St. & Ho, City/Town State 7Tel. Noe

Name St. & Ho. City/Tewn State Jels No.

3. Caretaker (i1f any) e.g. superintendant, plant manager, appointed
k' . : by absentee owner, appointed by multi owners.

Name s St., & No,
City/Towns States Tel. No,
‘ 4, Ro, of Plctures taken NOoONVE

5, Degree of Hazards (if dam should fall completely)*
1. Minor 2. loderate v

3¢ Severe 4, Disastrous

#This rating may ehange as land use changes {futurc developneat)

6. Outlet Controls Automatic - Manual

Oporative Yes) No,

Comnentss Nownve

7. Upstream Face of Dams Conditiont

A

3. Major Repalirs___ 4, Urceni Repairs

1+ Good 2. Minor Repalirs

Comments

S e - IRPIDIIBPUINIT PSSR S S EESE




- p—— — i i e i et

-l DAM KO I-/¥-I48-09

8. Downstroam Faco of Dams

v

Conditiont 1, Good 2. Minor Remairs

3. Major Repalrs b, Urgont Repnircs

S ———————.

Conmentst

9. Emergency Spillway:
Conditiont 1, Good 2., Minor Repairs

3. Kajor Repairs __ v/ 4, Urgent Repairs

Comments: [owcr S€crion oF Eweréancy SPiicway HArros
Has O8 TR ropaTEd AVD LoweR S8 yrons *F WALLHAS ¢A-ED

10, Water Level at time of inspection: 6 __ft, above below__

top of danm principal spilluay

" other

11, Summary of Deficlencles Noted:

Growth (Trees and Brush) on Embankment Yes
Animal Burrows and Washouts AMONE
Damage to slopes or top of danm AN E
Cracked or Damaged Masonry_ - EmercENCY Soseeway
Evidence of Scecpage NEME

' Evidence of Piping News:
Erosion ANoaeE
Leaks Yon e
Trash and/or debis impeding flow None
Clogged or blocked spillway Nowe—
Other ,_ . _ ___ . ___ ...

B-5
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-3e oui; o 3L H-3¥F- 08
12, Remavks & lecommandationss (Fully Explain) ¢
Thane 45 Song Bevsw Growiné on UPSrEAH |
EMBank e Thar Swowo B¢ tfﬁayga, Bor oF MRE
17 PORT AN CE 15 GRowrl OF Tses oW LowEr EMBINKMENT " o

AN Growine #M705T CHamvel Fpné Below WS
MW Lok TI0N 0F FHe Qam iTsec F, THE TREES UFoN
FALeve vwTo ThgE Srhenm Covio MPEVE THE Frow oF
WATER. AND MAY EVEN Cause ERoomé oF OowwsTREAN °
S2osaS. THE wpies oF Twe EmerGENCY SpricwAY

((2) 8 sec r/o/vs) Have ColLAPSED, THE Spret wAY (Enm semr)

HAS BEEN La06RMINED IN Soma RLEAL. AS om Now THE

o
CMeeaeCY Swicwny Sexves No Prpose (W TH/S
Convo yrion), Tre Oan ProlEr. INGLVOING Sprec WAY
. [
S Goop COIVQITIOIU AND SHOULD Lemarwv Fowec ronA
For Some Time 7o Come o
I .
+
3
13, Overall Conditions o
1, Safe v : ]
4
2. Minor repairs nceded " :
3. Conditionally safe =~ ma2jor repairs necded a "
4, Unsafe ) )
S¢ Reservolr iupeundment no lencer exists (axplain)
Rocenrens removal from inspection 11st
®
B~6
°
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” / DESCRIPTION OF DAl

pIsTricT__ 3

& Pt
Submitted by~ ... e Dan X ¥~ 3¥L-0 8
Date _ /= /2-73 City/Tour, _Worcester
Co€s’
Name ofCDan Aeseavora Darf

le Locations Topo Shect No. ol D

Provide 83" x 11" {n clear copy of topo map with locatlion of
Dam c¢learly indicated.

2, Year builts Year/s of subsequent repairs

3. Purpose of Dams \liater Supply ______ Recreational vl

Irrigation Other

4. Drainage Areas _LL-_Q__ 8q. mi, acres
%, Normal Ponding Areas _ /00 L acresj Ave, depth B

Impoundments

oalsg acre ft,

6. No, and type of dwellings located adjacent to pond or reservoir

JBMCKQ"V““’L" i.e. summer homecs, etc,

. /
7. Dimensions of Dans Length 290 z Max. Height ﬁ_______

Slopess Upstrcam Face 2__°

Downstream Facer 7z - '/

’ [
Width across top ¥o0—-¢sS

8, Classification of Dam by Materials
Earthv~” Conc. Masonrysw” Stone lMasonry

S t————

Tinber Rockf£ill ‘Other

T ———

9¢ A. Description of present land usage downstream of dams

% ruraly > 100 % urban,

B. Is there a storage arca or flood plain downstream cof dam which
could acconnsate the ircoundment. in the cvent of a complute
dow fallure? vyos o7 no .

B-7
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10. Risk to 1ife and proparty in event of complete fallure.
Ho, of people S0 .
No. of homes 79 . " e
No, of Businesses ¢ o
No. of industrics o« Type
No, of utilities Aore~ . Type
Railroads AMore - . e
Other damcl““‘“ Cous Aot -Dart
Other .
11, Attach Sketch of cam to this form showing section and plan< [
on 63" x 11" sheet.
12, Hew Vo hocaxe A .
Parie Ace —© Cuwy DT el
'p*:;"““‘-' \\/‘-' e e Qoo %.- YRecawn TR VLA
1
) TN ; . -
el VlePe D anl Mier T ST \-'b\' *
]
-
. @
®
B-8
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Mr. Aloxander B. Campboll July 11, 1956
P.0. Box 57
Sogamore Bcoach, Messachuscits

" Dear Mr. Campboll: I

. Folloviny our telephone coaversation this morning, George Collinms and I revieved
T the £illing vhich had beon ecseeplished e the danm.

. First, you will rccall, thet we zot quite a bit of £111 from the Lousing develorment
several years a’o ead th's £111 has formad a shelf for th2 new £111 we heve cbtaired
reeently. Starting froa the Hill Strect side we hove dumped grinding muck of cur
L own to build out aon average of 8' (eizht fect) from vhore the banking was lest Auzust
’ - " at ths time of the flood., This srinding ruck £11l extends over to a point in back of

. tho Boiler Roocm. Then several loads froa Vend4tti and tha City veres dumped at tae
L . forge end of the Boller Rocm, extending out cbout 8* (eight fect), Avproximately

B " 25 loads wore dusped starting tehind the Forz® Room over to about 12! (twelve feet)
beyond the old vheel housc extrones tulldins cut tha dam sbout 5 to 6 feet. All of

this fill was from the City vhon they recurfoeed Maywood Street from Park Avenue to
Y Main Street. At that tioe they romoved the 3' putters froo either side of

Strect and black-toppod all ths woy to the curb. '

Mr. Donohue has promised Georze Collins that thoy are poing to do the same thing on
T .t May Street soon and we will get more f£111 at that time, - ST .

Therd are still several deprocsion aress aleng in front of the old shipping dock and
the next f£ill we get will be dumped in this area which extonds for ebout 75'.

Vhile dictating this, I declded it nizht be a good idea to have Jim Hillhous= go over
this wvith Georze and meke a emall cketch which vill probably make it clearer to you.

Very truly yours,
COES KHIFE CQMPANY

Edvin E. Blom
’ Executive Vice President
EER/ima y
8katch

B-10
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COMMONWEALTH DF MASSACHUSETTS
Rorcester Gounty Gommissioners
COURTY HOUSE. WORCUBTER, MABBACHUBETTS
TRLEPHONE PLCABAKY €-2441)
l JOSECPH A. ABPERO, WaRCESTER, CHAIRMAN

FRANCIS £. CASBIDY, Weestcr
COWARD P. BIRD, FitcHsuan

_ May 18, 1956

Mr. Alexander B. Campbell, President
Coes hnife Company

72 Coes Street

Worcester, linssachusetts

Re: Your Dam - Coes iieservoir - County .:61-08
lorcester, ilassachusetts

Dear Sir:

I refer you to our letter of lkarch 26, 1956 recardinz our
request for plans snd specifrientions for a new spillusy
capable of handlines rare flood flows to be submitted to tiie
Board of County Cormissioners at a date which would vermit

) the reconstruction to be completed tuis summer.

Prof. L. J. Hooper, of tane Alden iiydraulic Laboratory,
in Holden, computed tiie new length and deoth of this spillwey
which can safely carry the waters of a rare ilood.

It will also be necessary for this nlan to nrovide a. draw
off pate with pipe taroush the cmbanlment at a location adjacent ]
to the southerly abutment of the spillway. : :

You stated in your letter of April 12, 1956 to this Eoard - 1
that "“Mmen plans and specifications are prenared tney will be . @
submitted to the County Cormmissioners." 7This statement zives
us no indication of tne date tiiese plans will be ready.

You also stated that you head just talked to City ilanager,
Francis J. licGrath, and that he uss mede a request for funds to
‘do this work from the State Authorities, and he was awaiting a
reply to his reauest. ®

‘he City of “orcecter Sub-¥Flood Committee, of iualich our
nginser, i, L. C. liardcn wvas a menber, conslders tais aanm
to be the outstandin~ flood nazard in orcester at tiie present
time due to the inrdoquate size of tae spillway.

N\ - 0
R
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Iir. Alexander B, -2 - ray 1b, 1956
Campbell
If tils Zoard cannot be supplied new nlens snd specifica- T e )
tions drawn by a competent hydraulic "nminszer by June 15, 1956
it wlll be necessary for us to icsue »n CHUZR to you in wriiing J
in accordsance with Ceneral Laws (.cr. "¢.) Chapter 253 a:é arend-
ments L.ereto to nrovide such plrns ang srecifications fcr tae
" approval of the Zeozré of County Comnissioners,
- . «
v ’ [ ] !
Very truly yours, :
HOHCLUT LR COuNLY CQiuilisI0kils "
Q o~ s = - -
spero, Cnai¥ian e

. @
dward ¥, “irc ” _




COMMONWEALTH NF MAGSACHUSETTS

Morcester ounty Commissioners

CQUAT HOUBSE, WORCI STER. MAGSACHUSETTS

TELEAHONE PLEASANT 6-344)
JOSEPK A. ASPERD. WORCESTER, CHAIRMAN

PRANCIS €. CASSIOY. weearen
COWARD P. BIRD. FiTcHaung

1; ‘/V’/ | " March 26, 1956

o
T

lre. Alexander Cempbell, President
Coes Knife Company

72 Coas Strcet

Worcester, Mncsachusetts

Decar Sir:

Dam Yo. 61-08 -« Cons Reservoir, “orcester, Masz,

An inspcction of vour dam last year showed the fol-
lowing repairs to be necessary:

1. S‘oillway »

aes Stone sbutment in poor condition ~n nond side.

b. Steel chennels and walkway I beams nust e re-
moved to give unobstructed flow of water over
the spillway.

2. Embaniment,

a. Partly wvached out toth sides of spillway.
b. Upstream slopes snould be riprapred on rond sida.

3. Gates.

a. MNone visible.

. At your meetin~ st the Court kcuse with the County
Commissioners, the neccessity of constructing a wider and deener
spillway was discuassed.

5. Plans end srecificeatiorns for the naw snillwey shonld
be rrenared and satmittad to the County Cormiscioners for their
approvel so that reconstructfon con te completed thiis sumninr,

Yery truly yours,

SORCESTIR COULLY COIDISSIONLRS

LOK/ja okeph #, Asnero, Chairnan

B-13




COMMONWEALTH DFf MASBACHUSETTS

Worcester County Commissioners

COURY HOUSE. WORCERTER, MASBACHUSEYTS
TELEPHONE WORCESTER 6-3441

JOSEPH A. ABPERD. WORCEETER, THatuan

FRANCIS €. CABSIDY. weesTen
EDWARD P. BIRD. FivcHauns

Coes Knife Company
" 72 Coes Street
Worcester, Mase,

September 14, 1955

Attention: Mr. Loring Coes

Dear Mr. Coesn:

Sub ject:

Insnection of Dem No. 61-07, Coes Square,
Norcester, Mceecchusettis,

An inspection was mede of this dam on September 12, 1955,
We found thet the condition of the dem was poor. The following
repairs should be mrede:

SPILLAY. 1

2.

3.

EMBANKM<NT.
1.

2.

3.

2-
3.

Two feet of flesshboerde in the two center
sections of the spillwey muat be removed,

The stone ahutment wsll on the northerly end
is in poor condition and should be rbtbuilt,

A new steel walkwsy will be required if sny
more stanchion boerds sre to be used on the
orest of the spillwsy.

The embenkment £t the northerly end of the dam
has been pertly washed out.

A materiel compoeed of cley end loem must be
uged to replace the weshed out vortion.

The upatresm slope of the embeniiment must be
paved with stones eighteen inches in depth.

It ie apverent thet water le lecking into the
0ld penetock which hee been blocked off.

At present the pond cennot he drained,

The oresent penstock chould be repleced with a
thirty-six inch steel pipe with a gete a2t the

upper end ond the lower end emntying into the
etream channel,

B-14
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Dem No, 61-07, Coes Sguare, Worceeter, Cont'd,

Any structurel chenges to this dam must be in accordance
with new plane submitted to the County Commissioners for thelr ap-
provsl,

It is evident thet this epillwey is too smell to handle
_a hurricene flow of weter. The evillway should be lowered at leaet
eighteen inches so as to give 1t additionel capacity.

Atteched are lists of instructions for the preparation &nd
are of Reservolir or Mill Dama during the coming winter.

Very truly yours,
WORCESTER COUNTY COMNISSIONERS
i &l
Jpsgeph A, Aspero, Chalman
10M/ ja )
MO. ) -

B-15
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APPENDIX C
PHOTOGRAPHS
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NO. 2 VIEWOF SPILLWAY CREST AND DAM EMBANKMENT
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NO. 4 VIEWOF UPSTREAM
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NO. 6 VIEWOF SEEPAGE FROM WEST WALL
OF TAILRACE CHANNEL
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APPENDIX D

HYDROLOGIC AND HYDRAULIC
COMPUTATIONS

Hydrologlic and Hydraulic Computations
Watershed Plan, Figure D-1
Letter from Frederick J. Sanger

Hydraulic Report by L. J. Hooper

Page
D-1

In pocket
D-8

D-11




Project Na" &U‘ew O-! Now Fgﬂ Da v+ Acet. No. 586Y Page | L of
Subject U)QVC QS'L@ MA“T MA_ Comptd By ~L£ & Date .-{/7"(/.7,& .
I Detail COES E@@VO@ DAM Ck'd By N Date /4: o _
L

@ nflow Tesd Flood & 100 YeauFlood

Coes Res, recieuts /aw{ram R ¥ct Eef.z lus 2.00q. miles o+
divectly +ribu area. Flood valuves will be bared on ’
Pveuwu:/.., calé. dlfq‘\M t Lrow Patcl , plos au € sbenea e
og Pzaé ow _(Vaw divect. trib. area. (DTA)

A~ DTA. - Aue.Slope el 58%- Seq 67

% Bquéfw—Ir s 22 ;I':/ 22!, 8.5%

Pock Flow Rale s, 4ttt belon Roll iy Sauy 2oS0efs fuc®

B- InflowTest_Flovd (o low dams @ A PHP)
DTA4 = 2050(5)r = 7Lovo cfc

Frow Peteln 7?5’0 "
nLlow Test Flood = {00 oo ¢ 5 e

2.7 vk voni i & hsune TONG infiw- inf1# (e 85 70

D.T.A4, = ‘/100(;47;_15;%" - 8'ZS'c{s

Frow Pa (et EXR-X- 0
100 Year Floed luflaw 40 05 efs

L
[
. [
| () Stovase Fonetions
4
L

METCALF & EDDY, ENGINEERS

Based am: Finat Qg = Qo (1= FF) ) 5 Froak Storage (i svietesslis,
on Fin Qou( Q -é’)) E‘-AH‘I'&‘V“ ra i - ®

A-Test Flood ! @), = /oooo(/-;s,}) 210000 = 1052.6 8 > Frr

i 8-100 Yo.Floo! : (), = door (- 75) =400 - 8521 S = F, e




Project M%MM Acct. No. 556 | Page Z o
LEB

Subject w°'°?:s('¢"  Me, 4’@‘» Comptd By Date 6/ 6/ rd-4
Detast twﬂ DAM Ck'd By Eﬁ Date 5/-1/

Gen RefWCC “OP&V\ Chaiuel H-.,dvauhcs - Veu Te Chaw]
@ Browd Crected Spitluan - @ =CLH"T [Ref ppico-3c3]
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FREDERICK J. SANGER ‘
‘ CONSULTANT IN CIVIL ENGINGERING
~ The Coes #nife Lo. 10 BERKMANS STRECT

' . WORCESTER, MASS. ,

att, ar. vavid L, Hall tomb 18, 1955

o veptember . _
vhief Engineer P '

Spillway at Coes teservoir, Yorcester,.ass.

BN |

4

introduction. “his discussion is in reply to a letter from ur. rall

5 cated September 8, 1955 and in accordance with our telephone conversation of the

{' previous evening.

A. On a letter to .y, L.O.uarden, County Engineer, from .r. RP.B.: ac£inzon, .
L Y
dated April 1955.

1. There can be no disagreement with the statement on the seriousness of

a daz failure at Coes Reservoir.

7 .
-~ 2. The drainage area of 11.9 square ailes includes the drainage areas of )
the folden and Kendall Reservoirs but not that of Pine H#ill Keservoir although that

is connected to the others in the ¥Worcester City,low Service, “ater Supply, and

should presumably be included. The total ares then becomes about 19 square miles

of which about 1 square mile is water surface. 3ihe reservoirs divert a comparatiw ly ® :
small amount of water for consumption but have a big effect in their storage capacity \
which cannot be allowed for without quite considerable study. 4+ have studied the
drainage srea and agree with kr. Lackinnon's estimate for his assuded area, neglecting
reservoir storage. The value of 250C “efs seens reasonable sinco with a rainfall like
that of last month, the storage of vcerhaps 6" of rain would have left plenty for the
spillways ( and for the particular spillway under discussion). The Kinnisan-Colby
forzulas are based upon a very thorough study of iassachusetts drainage areas and

are probadbly the best to be used in this region.
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The spillway sizes quoted by . r. sacKinnon are based upon a discharge -

I coefficient of 3 which is what 1 would use in the absence of model studies or of

A

[}

actual performsnce figures. iis table also neglects the effect of the velocity of flow
overthe s pillway; this is good prectice and the effect is leasa than ha}f a foot in
head, anyway. “he coefficient of 3 varies up to nearly 4 and if a new spillway were ®
, to be constructed a model test would be well worthwhile to give a high coefficient
and hence smaller dimensions than those listed. The table stops at 8 ft depth; if it
were continued to 9 ft, the corresponding length would be 36 ft { which is less tmn
what you rave nov). based upon the same assumptions: if the coefficient could be

1
3 found more than 3 then the depth could be reduced mterially and 8 ft or less would
do with a 39 ft spillway.

Letter of jugust 11, 1 signed by i:r. Aspero. i

If wy. zacKinnon's figures are accepted then this letter requires little

discusaion except th:t perhaps the County Commissioners advised by «r. zarden might

B
be prepared to consider alternative proposals for increasing the spillway capacity.

C. Cn the past history of the bSvillway

The official report on the warch 1936 flood state's that the water in Coes
Reservoir rose to the height of the dam crest and you told me on the telephone that

the same thing happened last month. ’f_h__i._s__.i_a_ astonishing beeu_usq__i{zg gauging s tation

i

a_t \'f_c_gg_te:“Street showed a discharge of three times the “arch '36 asaximum -Lereas
your s pillway took about the same quantity as before. It is difficult to explain

&y_!ou: dan was not overtopred. I estigate that its maximun capacity is about 2000
cfs and the recent flood was certainly quite exceptional and ¢ ould be considered

to be a "rare" flood in the technical sense ( i.c. 'one that would occur once in

1000 years). The reservoirs musi have been favorably drawn down so as to provide

8 very good storage volume which one cannot count on always, About one third of - ®

earth daa fajilures are caused by ~topring and the risx is too high to rely uton

sanddbags. The future climate »i" <c# England will probably include hurricanes :ore

often than before and 1 strong” -.commend that the s pillway capacity be increased.
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D. Possible ways of increas:ng spillway capacity to 3000 cfa.
1. ir. «arden's propossl of legthening the spillway, lowering its crest,
and installing gases to maintain the water elevation in the reserwir.

It would seesm better to keep the spillway its present length of 39 £t and to
lower the crest s little more. 4 model study could give the actual value of the
discharge coefficient and it is probable that a lowering of less than 2 ft, with
a properly deaigned crest profile would suffice. One foot in devth is worth about
six feet in length here.

2. Lenghening the spillway. If the spillway were extended 25 ft,
or if another spillway 25 ft long were constructed somewhere else on the
reservoir the required extra cupacity could be obtained without gates. <his

seems to be reasonable.

3. Siphon spillways. ¥hile unusual, siphon spillways are used
successfully. snere it would take four pipes bf 36" &iameter. or an equivalent
cross-sectional area, to take the extra discharge. ihe pipes or conduits would
be instulled over the daa at convenient points and could be automatic or manwa lly
controlled.

4. If the shores of the reservoir can take an increase of 2 ft in water
slevation the raising of the daa would provide an obvious solution; the sdditional
storage caracity of the reservoir would be beneficial éownstream also, It is
probable that this has been thought of and rejected ,however. The dam crest should

be raised about 4 ft to make a good job.

.u /
;épﬁ/vy(’/' .

kegistered Professional “rrineer

Yorcester. Ceptemter 18, 1955.
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HYDRAULIC DESIGN FOR
COES RESERVOIR SPILLWAY
COES KNIFE COMPANY
WORCESTER, MASS,
At
ALDEN HYDRAULIC LABORATORY
WORCESTER POLYTECHNIC INSTITUTE
December 1958

OBJECT

The object of this study was to determine the hydraulic design for the
proposed spillway at Coes Reservoir. The flood discharge to be handled by
the spillway was determined at 3000 cfs by Professor Frederick Sanger ot
the start of the study. This figure was found from the application of the
Kinnison Flood Formula and has been checked independently.

APPARATUS

The work was done at the Alden Hydraulic Laboratory where a wooden
flume 2 feet square in cross section and approximately 25 feet long was
available. The flow into the flume was measured by a 12 x 6" venturi
meter. Suitable baffles racked and a raft provided smooth flow conditions
in the approach channel to the model .

The spillway cross section and the walls of the model were constructed
to @ 1/15 scale of wood.

The heads in the model were measured with o hook gage mounted in a
stilling well 6 feet upstream from the spillway crest. This corresponds to
a point 90 feet out in deep water in Coes Reservoir.

-

PROCEDURE

In preporation for a test the condition to be represented was first
modeled corefully in the flume. The modifications in general were changes .
to the slope of the spillwoy shape downstream from the crest, change to the
depth of channel approach ond modifications to the upstream slope immedi-
ately adjacent to the crest itself, The crest was always a Creager and Justin
shape.

D-12
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The zero of the hook gage was checked with quiet water in the pool. The
venturi manometer was checked at zero flow.

Then a desired flow was set and a period of at least 5 minutes allowed for
levels to become steady. Two readings of the venturi manometer and five of
the head gage were then taken. Another flow was then set for a succeeding
test.

CALCULATIONS

Q=KvD

where Q = Discharge in cubic feet per second
K = Venturi meter constant found by calibration
D =

Deflection of venturi-monometer measured in feet of water

For the spillway:
Q = CBHY2
where Discharge coefficient
Length of crest in feet

Elevation of water surface in pond measured above spillway crest
elevation. No corrections for velocity of approach was made.

N
oo

The Froude model relationships were used in this test since gravity and inertia
effects predominate in spillway flow. Viscosity effects are present but considered
a "scale effect" or a correction. Viscosity operates to give a slightly reduced
discharge for a given héad in the model. For the prediction of discharge coef-
ficient the model discharge is therefore a little less than what will be attained in
the prototype, and therefore on the sofe or conservative side. No corrections for
viscosity effects were made in these results,

The model ratio is taken as the ratio of two similar lengths in the model and

prototype (subscripts “m* and "p" respectively). For these model tests the ratios
or fransfer coefficients for the various quantities are as follows:

D-13
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Quantity Model Ratio Description
Length R=15 By definition
Heod(vertical length) R=15 By definition
Areo R2= 225 Since Areo'= (Length)?
Volume g3 = 3375 Since Volume = (Length)3
Velocity RY2=3.873 Since Velocity = (2gH) /2
Discharge - R5/2 = 871.4 Since Discharge = (Area)(velocit
Roughness "n" Rl/é =1.570 From Manning Formula

RESULTS

A number of tests were made during the study which had no bearing upon the
finol results, and have therefore been omitted from this report,

The results of the coefficient Yests of the spillwoy section are presented in
plotted form in Figure 1.

It will be noted that the coefficient of discharge for the original spillway
section was found to be 3.11 at a design head of 5 feet. The coefficient of
dischorge for the recommended spillway (“c" points) was found to be 3.97 at
the head of 6 feet. This is on increose in discharge capacity of 27% per foot
of spillway length. The fact that this coefficient of discharge is very close to
the normal Creoger and Justin value indicates that very lirtle further improvement
is possible. The desirable hydroulic design indicated by these tests is given in
Figure 2. Briefly the reason for some of these details is as follows:

1. The spillway crest needs a 1/7 slope on the downstream side to achieve
the high volue of the coefficient of discharge. A flatter slope seriously reduces

the dischorge. For this reason the crest itself must be located neor the down-~
stream side of the dam.

2. The 2 foot depth in the channel approach brought the flow to the sgill-

way crest with very little joss. Shallower depths were tried with a reduction in
discharge capacity.
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l 3. Asloping upstream face was given a Creager and Justin profile to reduce
" the thrust of ice pressure.

4. The 1/4 flare of the sidewalls ot the entronce to the short spillway channel _
was shown by tests to provide the moximum coefficient of discharge. Straight high -
walls, or straight sloping walls for the flare made no difference in the discharge
cocfficient. Other degrees of flare both greater and less than the 1/4 showed
larger losses and lowered discharge performance.

5. After every effort had been made to secure the maximum discharge -
capacity of the discharge section the length of the spillway was computed from the

required flow capacity (3000 cfs), the maximum flow coefficient (3.95) for a head
of 6 feet to be 52 feet.

There is no allowance for wave action in this calculation and the maximum
discharge of 3000 cfs has been computed with the water level at the top of the dam.
The final length should be determined in conference with the County Engineer,
taking into account such factors as the effective storage on the Coes Reservoir water
shed, the necessary allowance for wave action and the possibility of raising the dam
to provide for the odded safety against wave action rather than increasing the length
of the spillway, whichever provides the most economical onswer. T

The general arrangement for the hydraulic design is given in Figure 2, and the
details of the spillway cross section shape ore given in Figure 3.

Very truly yours, -

Ve
Y Ty
L. J. Hooper |
o
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APPENDIX E
INFORMATION AS CONTAINED IN
THE NATIONAL INVENTORY OF DAMS
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