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PDEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION. CORPS OF ENGINEERS

424 TRAPELO ROAD

WALTHAM. MASSACHUSETTS 02254

REPLY TO

ATTENTION OF: JUL 16 1281

NEDED

Honorable William A. O'Neill
Governor of the State of Connecticut
State Capitol
Hartford, Connecticut 06115

0

Dear Governor O'Neill:

Inclosed is a copy of the Mashapaug Pond Dam, Dike and Spillway,
(CT-01700, CT-01699 and CT-00640) Phase I Inspection Report, prepared
under the National Program for Inspection of Non-Federal Dams. This S
report is based upon a visual inspection, a review of the past
performance and a brief hydrological study of the dam. I approve 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 is vitally important.

Copies of this report have been forwarded to the Department of Environ-
mental Protection, and to the owner, American Optical Company, 14
Mechanic Street, Southbridge, MA 01550. Copies will be available to
the public in thirty days.

I wish to thank you and the Department of Environmental Protection for a
your cooperation in this program.

Sincerely,

Incl C. E. EDGAR, III
As stated Colonel, Corps of Engineers

Commander and Division Engineer
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NATIONAL DAM INSPECTION PROGRAM

PHASE I INSPECTION REPORT

Identification Nos.:

Dam: CT 01700

Dike: CT 01699

Spillway: CT 00640

Name of Dam: Mashapaug Pond Dam

Name of Dike: Mashapaug Pond Dike

Name of Spillway: Mashapaug Pond Spillway

Town: Union

County and State: Tolland, Connecticut

Streams:

Inflow: Wtlls Brook

Outflow: Ouinebaug River

Bigelow Brook

Owner: American Optical Company

Date of Inspection: 2 December 1980

BRIEF ASSESSMENT

Mashapaug Pond Dam is an earth embankment dam approxi-
mately 290 feet long, 20 feet wide at the crest and 21 feet B
high at the outlet works. Both upstream and downstream
slopes of the embankment are rather steep, 1 H:lV. The
upstream slope is protected by hand placed riprap. There
are two 30" pipes traversing the dam with a gate house
structure on the downstream side.

The dike is an earth embankment structure approximately
500 feet long, 15 feet hiah, and 16 feet wide at the crest.
Both upstream and downstream slopes are 1 H:IV. There is
intermittent riprap protection on the upstream slope with
sections repaired and other sections collapsed.
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The spillway is located at the southerly end of the pond.
It is a concrete structure 60 feet in length and 10 feet
high. Jointly, the three structures make possible the
maintenance of the water level in Mashapaug Pond. This
pond is a recreational facility which impounds water flow-
ing in from Wells Brook and other minor streams of an ir-
regular watershed. The original facilities were constructed
in the eighteenth century and raised to their present eleva-
tions in 1900. No construction plans or other data of the
original facilities or reconstruction are available.

As a result of the visual inspection and hydraulic and
hydrologic computations all three structures are considered
to be in POOR condition. To assure the long term perform-
ance of these facilities, several items of concern require
attention:

The extensive seepage observed downstream of the dam and
dike, which represents a potential for piping, erosion
and embankment instability.

Extensive tree growth on the dam and dike, which repre-
sents the risk of damage due to tree uprooting and seep-
age along decaying roots.

The erosion at certain areas of the dike crest, the irreg-
ularity of the surface, and apparent creep of the down-
stream slope of the dike, which indicate insufficient
stability.

The deterioration of the concrete spillway structure,
which can eventually result in its failure.'

Due to the inadequacy of the spillway to pass the test
flood, a detailed hydrologic-hydraulic investigation
should be performed to assess the potential of overtop-
ping the dam and the need and means to increase the
project discharge capacity.

All three structures are classified as INTERMEDIATE in size,
with a HIGH hazard potential for the dam and dike and a LOW
hazard potential for the spillway, in accordance with the
recommended guidelines established by the Corps of Engineers.

The test flood for this dam, dike and spillway is the Prob-
able Maximum Flood (PMF). This test flood has an inflow of
7,800 cfs and an outflow discharge equal to 6,100 cfs. This
outflow will overtop the dam and dike embankments by 1.5
feet and the spillway abutments by 4.3 feet.



The present combined maximum outflow capacity of the S
spillway at the southerly end and outlet works at the
northerly end is 1,500 cfs at the top of the dam, which
represents 25% of the test flood outflow.

It is recommended that the owner retain the services of
a registered professional engineer experienced in dam S
engineering to perform a more detailed analysis of the
problems discussed above and in Section 7 of this report.
The recommendations and remedial measures should be in-
stituted within one year of the ow eipt of this
report.

LENARD & DILAJ ENINEERING, INC. C/,
By: .6475

F. Lenard, P.E.

cael Dilaj, P.E., Vic resident.!,,
Project Manager /u
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This Phase I Inspection Report on Mashapaug Pond Dam, Dike, and Spillway 0
has been reviewed by the undersigned Review Board members. In our
opinion, the reported findings, conclusions, and recommendations are
consistent with the Recommended Guidelines for Safety Inspection of
Dams, and with good engineering judgement and practice, and is hereby
submitted for approval.

CARNEY M. TERZIAN, MER
Design Branch
Engineering Division

JOS H . FINEGAN , MEMBER
Wat ontrol Branch 0
Engin ering Division

ARAMAST MARTESIAN, CHAIRMAN
Geotechnical Engineering Branch
Engineering Division

APPROVAL RECOMMENDED:

9- S

JOE B. FRYAR
Chief, 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 Investiga-
tions. Copies of these guidelines 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 condition of the dam is based upon available data -
and visual inszections. Detailed investigations, and analyses
involving topographic mapping, subsurface investigations, test-
ing, and detailed computational evaluations are beyond the scope
of a Phase I Investigation. However, the investigation is in-
tended to identify any need for such studies.

In reviewing this report, it should be realized that the reported 0
condition of the dam is based on observations of field conditions
at the time of inspection along with data available to the inspec-
tion team. In cases where the reservoir was lowered or drained
prior to inspection, such action, while improving the stability
and safety of the dam, removes the normal load on the structure
and may obscure certain conditions which might otherwise be de-
tectable 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 conditions,
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 will be detected.

Phase I inspections are not intended to provide detailed hydro-
logic and hydraulic analyses. In accordance with the established
Guidelines, the spillway test flood is 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 inadequate condition. The test
flood provides a measure of relative need for more detailed hy-
drologic and hydraulic studies, considering the size of the dam,
its general condition and downstream damage potential.

The Phase I Investigation does not include an assessment of the
need for fences, gates, no-trespassing signs, repairs to exist-
ing 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 com-
pliance with OSHA rules and regulations is also excluded.

i
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PHASE I INSPECTION REPORT

SECTION I - PROJECT INFORMATION 6

1.1 General:

a. Authort: 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 Re-
gion. Lenard & Dilaj Engineering, Inc. has been
retained by the New England Division to inspect and
report on selected dams in the States of Connecticut
and Rhode Island. Authorization and notice to pro-
ceed were issued to Lenard & Dilaj Engineering, Inc.
under a letter of 6 November, 1980 from William E.
Hodgson, Jr., Colonel, Corps of Engineers. Contract
No. DACW33-81-C-0014 has been assigned by the Corps
of Engineers for this work.

b. Purpose of Inspection Program: The purposes of the
program are to:

1. Perform technical inspection and evaluation of
non-federal dams to identify conditions requir-
ing correction in a timely manner by non-federal
interest.

2. Encourage and prepare the states to quickly ini-
tiate effective dam inspection programs for non-
federal dams.

3. To update, verify and complete the National In-
ventory of Dams.

c. Scope of Inspection Program: The scope of this Phase
I inspection report includes:

1. Gathering, reviewing and presenting all available
data as can be obtained from the owners, previous
owners, the state and other associated parties.

2. A field inspection of the facility detailing the
visual condition of the dam, embankments and
appurtenant structures.

. . . .. . . . . . . . . . .. . . . . . l . . .. . . . . ,m - • -1



3. Computations concerning the hydraulics and hy-
drology of the facility and its relationship to
the calculated flood through the existing spillway.

4. An assessment of the condition of the facility and
corrective measures required.

It should be noted that this report does not pass judgment
on the safety or stability of the dam other than on a
visual basis. The inspection is to identify those features
of the dam which need corrective action and/or further study.

1.2 Description of the Project:

a. Location: The dam, dike and spillway at Mashapaug Pond
are located in the Town of Union, County of Tolland,
and State of Connecticut. Inflow to the pond is from
Wells Brook and outflow from the spillway at the south-
erly end marks the beginning of Bigelow Brook. Masha-
paug Pond is located just south of Interstate Route 86
and the Massachusetts - Connecticut state line, north
of State Route 197, and east of State Route 171. The
entire project is shown on the Wales, Mass.-Conn. USGS
quadrangle map. Coordinates of the structures are as
follows:

North Latitude West Longitude

Dam 420 01' 17" 720 08' 06"
Dike 420 01' 10" 720 08' 25"
Spillway 420 00' 18" 720 07' 46"

b. Description of Facilities:

1. Dam and Appurtenances: The dam at Mashapaug Pond
is located approximately 1,500 feet northeast of the
dike and along the northerly section of the pond (see
Watershed Map in Appendix D). It is an earth embank-
ment 290 feet long,20 feet wide at the crest and
21 feet high at the outlet works. The typical slope
on the upstream side is 1 H:lV and is protected by
hand placed riprap. The downstream slope is also
1 H:lV and somewhat steeper at certain locations.
The outlet works consists of two 30-inch pipes pass-
ing beneath the center of the dam to a stone masonry
wetwell on the downstream slope which houses two
gate valves. Water is then discharged from this
structure through a 5 foot wide by 3 foot high
outlet conduit into a pond on the downstream side.
The original stone masonry headwall at the outlet
conduit on the upstream side was capped with rein-
forced concrete, as shown on Photo 6.
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During the winter months, the pond level is kept
2 feet below spillway elevation in order to protect
waterfront facilities. Spillway elevation is marked
with a nail in a tree near the discharge conduit.
Gate valves are also opened during very high runoff
periods. Recreational use dictates the maintenance
of the water surface elevation in the pond during
other times of the year.

2. Dike: The dike -is located on the west side of
Mashapaug Pond (see Watershed Map in Appendix D). S
It is approximately 500 feet long, 15 feet high,
and 16 feet wide at the crest. Both the upstream
and downstream slopes are approximately 1 H:lV.
There is intermittent riprap protection on the
upstream slope.

Water level cannot be controlled at this structure
since it has no outlet works.

3. Spillway and Appurtenances: The spillway at Masha-
pauq Pond is a reinforced concrete structure 10
feet high above the channel bottom, 60 feet long, S
and 4.5 feet wide at the top of the abutments. The
crest section at the center of the structure is
25 feet long and it is 2 feet lower than the abut-
ments. The downstream slope of the reinforced con-
crete spillway has a slope of IH:3V. The structure
is anchored to bedrock at both abutments. There is
also a bedrock outcropping at the base, but the
exact foundation conditions are not known.

Water level is controlled by the spillway crest
elevation at this structure. Two conduits located
at the dam control the water elevation in the pond
during the winter months. At other times of the
year and during high runoff periods, water level
is maintained at spillway level and discharged into
Bigelow Brook.

The spillway structure is located near the parking
lot of the Bigelow Hollow State Park. This park
is maintained by the State of Connecticut and has
extensive recreational usage.

c. Size Classification: With the pool level at the top
of the dam and dike, the impoundment capacity of S
Mashapaug Pond is 6,725 acre feet. The dam, dike
and spillway are respectively 21 feet, 15 feet, and
10 feet high. The impoundment capacity of Mashapaug
Pond with the pool level at the top of the spillway
abutments is approximately ,5860 acre feet. Based

30



on the impoundment capacity, all three structures are
therefore classified as INTERMEDIATE in size in accor-
dance with the recommended guidelines of the Corps of
Engineers (See Appendix D for dam size criteria).

d. Hazard Classification: The dam and dike are classified
as having a HIGH hazard potential, because the failure
discharge from a breach of either the dam or dike would
damage numerous homes, commercial establishments, an
interstate highway, and several local highways, and it
could potentially cause the loss of more than a few lives.
The hazard area for the dam and dike is the same since
both would discharge their flows into Lower Mashapaug
Pond. Because the dike presented the greater outflow
due to a breach, the downstream failure analysis covered
only that portion of the facility, although the dam and
dike outflows were calculated for comparison purposes.
The greatest damage to homes would be around the perim-
eter of Hamilton Reservoir, which begins about a half
mile downstream of the dam and dike and then extends
about 3 miles northerly into Massachusetts. Since the
prefailure flow of 250 cfs from the outlet works would
produce a negligible depth in the reservoir, the post
failure depth of 4 to 6 feet would mean that many of
the houses could be flooded by as much as 2 to 4 feet.
The damage to the interstate highway would be at 1-86
which is located 2,700 feet downstream of the dike.
The spillway, because of its limited outflow capacity
at breach and because of the lack of any significant
downstream development, is classified as having a LOW
hazard potential.

e. Ownership: The dam, dike and spillway at Mashapaug
Pond are owned by the American Optical Company of
14 Mechanic Street, Southbridge, Massachusetts 01550.

f. Operator: The operating personnel are under the direc-
tion of the manager of facilities engineering, American
Optical Company, 14 Mechanic Street, Southbridge,
Massachusetts 01550, telephone (617) 765-9711.

g. Purpose of Structures: The purpose of all three struc-
tures is to maintain a recreational pool for Bigelow
Hollow State Park, located at the southern end of the
pond. Originally, the facilities of Mashapaug Pond
served to provide controlled flows to many commercial
establishments both at the dam site and further down-
stream (i.e., north of the dam, where discharge flows
into the Quinebaug River Basin). Flows were used to
generate mechanical power at these sites.

4
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h. Design and Construction History: Facilities at Masha-
paug Pond were originally constructed in 1740 for the
generation of mechanical power for downstream mills.
In 1899, the dam, dike, and spillway were raised to
their present elevations. The spillway was probably
built during this reconstruction, since no previous
mention in records could be found and it was not shown
on older maps. No construction drawings or records
are available regarding the history of construction,
repair or maintenance.

i. Normal Operating Procedure: Water level in the pond is
controlled by the two outlet pipes at the dam and by
the spillway at the southern end of the pond. During
the winter months, the water level is lowered by approxi-
mately 2 feet below the spillway crest in order to pro-
tect the waterfront facilities. This lower water level
is achieved by opening the gate valves installed on the
two 30-inch discharge pipes. When water reaches a cer-
tain level marked with a nail in a tree near the outlet
works, the gate valves are opened. During the summer,
waterlevel is raised to spillway elevation and is con-
trolled automatically by discharge through the spillway. S

1.3 Pertinent Data:

a. Drainage Area: Mashapaug Pond and its drainage area
are located in Tolland County in northeastern Connecti-
cut (a small portion of the watershed is in Massachu-
setts). The basin is irregular in shape with an approxi-
mate width of one mile, a length of 5 miles, and a total
drainage area of 4.68 square miles (see Watershed Map
in Appendix D). The longitudinal axis of the drainage
area is aligned in a northeast to southwest direction.
The topography is characterized by hilly terrain with S
elevations ranging from a high of 1,290 feet at Stickney
Hill at the southwesterly end of the drainage area to
a low of 706 feet at the spillway crest. Basin slopes
are steep to moderate with grades ranging from 4% to
50%. Buckley Pond, Welles Pond, and a small wetland
area at the southerly end of the watershed are the S
only outside storage areas in the watershed. They are,
however, so small that their effect in dampening and
delaying the peak of the surface runoff during a high
intensity rainfall event is considered negligible. A
schematic diagram and associated calculations for the
watershed analysis are attached in Appendix D of this S
report.

b. Discharge at Dam Site: No records of spillway or out-
let works discharges are available for this site.

5



Listed below are calculated discharge data for the
spillway and outlet works at the dam.

1. Outlet works:
Size: 2-30" Dia. pipes
Invert Elev.: 689.7 feet
Discharge capacity: 200 cfs (at spillway

crest elevation)

2. Maximum known flood at August 1955,
dam site: discharge unknown

3. Ungated spillway capacity at
top of dam (including flow over S
abutments): 1,260 cfs at Elev.710.8

4. Ungated spillway capacity at
test flood elevation (in-
cluding flow over abutments): 2,180 cfs at Elev. 712.3

5. Gated spillway capacity at
normal pool elevation: N/A

6. Gated spillway capacity
at test flood elevation: N/A

7. Total spillway capacity at
test flood elevation: 2,180 cfs at Elev.712.3

8. Total project discharge at
top of dam: 1,500 cfs at Elev.710.8

9. Total project discharge at
test flood elevation: 6,130 cfs at Elev. 712.3

c. Elevation (Feet above National Geodetic Vertical Datum):

1. Streambed at toe of dam: 689.7 S
Streambed at toe of dike: 695.5
Streambed at toe of spillway: 698.0

2. Bottom of cutoff: Unknown

3. Maximum tailwater: Unknown 0

4. Normal pool: 706.0

5. Full flood control pool: N/A

6



6. Spillway crest: 706.0

7. Design surcharge
(original design): Unknown

8. Top of dam: 710.8
Top of dike: 710.1
Top of spillway abutments: 708.0

9. Test flood surcharge: 712.3

d. Reservoir (Length in Feet):

1. Normal pool: 8,700 S

2. Flood control pool: N/A

3. Spillway crest pool: 8,700

4. Top of dam: 9,200

5. Test flood pool: 9,500

e. Storage (Acre Feet):

1. Normal pool: 5,300 5

2. Flood control pool: N/A

3. Spillway crest pool: 5,300

4. Top of Dam: 6,700 0

5. Test flood pool: 7,200

f. Reservoir Surface (Acres):

1. Normal pool: 273

2. Flood control pool: N/A

3. Spillway crest: 273

4. Test flood pool: 340 S

5. Top of dam: 326
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g. Dam and Dike: Dam Dike

1. Type: Earth embankment Earth embankment
concrete wall at
downstream outlet 0

2. Length: 290 feet 500 feet

3. Height: 21 feet 15 feet

4. Top width: 20 feet 16 feet 0

5. Side slopes: 1 H:lV 1 H:lV

6. Zoning: Unknown Unknown

7. Impervious core: Unknown Unknown S

8. Cutoff: Unknown Unknown

9. Grout curtain: Unknown Unknown

h. Diversion and Regulating Tunnel: N/A S

i. Spillway:

1. Type: Concrete, broad crest

2. Length of weir: 25 feet S

3. Crest elevation
(without flashboards): 706.0 feet

4. Gates: None

5. U/S channel: Reservoir bottom
Sand and silt

6. D/S channel: Natural streambed
Bedrock and cobbles

J. Regulating Outlets:

1. Invert: 689.7 feet

2. Size: 2 @ 30" diameter

3. Description: Pipe (type unknown)

4. Control mechanism: 2 gate valves in wetwell

5. Other: Pipes have intake 50 feet
into pond,pass beneath S
dam into wetwell,and then
discharge through gate
valves and rectangular
3'H x 5'W outlet into
Lower Mashapaug Pond.

8



SECTION 2

ENGINEERING DATA

2.1 Design: No data on the design of the dam, dike, or spillway
has been recovered and none probably exists.

2.2 Construction: Very little is known about the construction
of the dam. The first construction in the vicinity of
Mashapaug Pond is said to have taken place in 1740, although
exact dates for construction of the dam or dike could not
be established. In 1899 the facility wa ' raised by 5 feet
to its present elevation. The spillway was probably con-
structed at that time.

2.3 Operation: No formal records of operation are maintained
for this facility. During late fall the water level is
lowered in the pond in order to protect waterfront facilities
during the winter months. The water level is kept approxi-
mately 2 feet below spillway elevation.

2.4 Evaluation of Data:

a. Availability: There are no plans, specifications, or
computations available from the owner, state or federal
offices regarding the design, construction, or any other
repairs or modifications to this dam.

b. Adequacy: The lack of in-depth engineering data did
not allow for a definitive review. Therefore, the ade-
quacy of this dam could not be assessed from the stand-
point of reviewing design and construction data and is
based primarily on the visual inspection, the past per-
formance history and sound engineering judgment.

c. Validity: Due to the lack of available data, the con-
clusions and recommendations found in this report are
based on the visual inspection and hydraulic/hydrologic
computations.

9



SECTION 3

VISUAL INSPECTION

3.1 Findings:

a. General: As a result of the visual inspection and general
appearance, the dam, dike, and spillway are all judged
to be in POOR condition.

An inspection of the Mashapaug Pond facilities was per-
formed on December 2, 1980 by Lenard & Dilaj Engineering,
Inc., with the assistance of Geotechnical Engineers, Inc.
The weather was cloudy and the temperature was about
250 - 350 F. Water level in the pond at the time of in-
spection was about 2 feet below spillway crest level.
No flow was being discharged through either the spill-
way or outlet works.

The three separate structures, namely, the earth dam
with the outlet works, the earth dike, and the concrete
spillway were all inspected separately. Each of these
structures is a separate entity, yet impounding the
same body of water. At the time of the inspection,
the water in the reservoir was about 7 feet below the
crest of the dam and of the dike, and approximately
2 feet below the spillway crest. The elevation of the
crest of the dam and dike is approximately 3 feet higher
than the abutments of the spillway structure.

b. Dam: The dam is an earth embankment. No construction
d-wings are available nor are the details of design
known. The dam is 290 feet long, 20 feet wide at the
crest, and 21 feet high at the outlet structure.

1. Crest: An unpaved roadway traverses the crest of
the dam serving residences along the lake shore
and providing access to the outlet structure.
Towards the right abutment the crest is approxi-
mately 0.7 feet higher than at the left abutment.
The roadway swings around the outlet structure as
shown on Photos 1 and 4. There is no evidence of
any recent overtopping of the dam,and no signs of
erosion or ruts along the crest.

2. Upstream slope: The upstream slope is about
1 H:lV and is covered with hand placed riprap
(Photo 3). As shown on Photo 3, there are con-
crete blocks placed on the opposite upstream side
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of the intake structure. The purpose of this con-
struction is not known. There is a twin tree grow-
ing on this slope which has a nail used as a marker
to indicate high water. When water reaches this
level, the outlet gate valves are opened. Numerous
trees are growing on the entire upstream slope,
ranging from small sizes up to 18 inches in diameter.

The intake to the outlet structure is located be-
neath the water level in the pond and about 50 feet
out from the shore. Its condition could not be
ascertained during the inspection.

3. Downstream slope: The downstream slope is about
1.3H:lV and is heavily overgrown with trees and
brush (Photo 5). There is no apparent seepage on
the slope, but there is extensive seepage along the
entire length of the toe. Standing water downstream
of the dam makes it difficult to estimate seepage
flow. Seepage can be observed clearly only at
locations where the flow is concentrated. Photo 8
shows the general seepage area left of the downstream
outlet structure and Photo 7 shows a close-up of the
right downstream wing wall. The seepage along the
base of the wall can be clearly noted. There are a
number of locations where the seepage is so concen-
trated that, even though it is obscured by tail
water, the flow can be clearly noted (Photo 10).
Although no soil movement could be observed, the
soil through which the seepage exits appeared to
be a clean gravelly sand or sandy gravel, possibly
the result of the fines having been washed out of
the original soil. Due to the presence of the tail
water from Lower Mashapaug Pond, the quantity of
seepage could not be estimated.

4. Outlet structure: There is a gate structure on the
downstream side of the dam crest which appears to
be in good condition. The two 30-inch pipes are
continuously under pressure from the intake to the
downstream side of the crest. The gates were not
operated during the inspection.

The structure consists of a wet masonry well approxi-
mately 10 feet in diameter with two gate valves in-
side. On the ground surface, there is a wood frame
structure with a padlock (Photo 4). The outlet
structure (Photo 5) was capped with concrete, as
shown on Photo 6, approximately 4 or 5 years ago.
The original headwall structure appears to be a
stone masonry construction. There are numerous

11



hairline cracks in the concrete wall. The outlet
opening is rectangular, 5 feet wide and 3 feet
high. There are no weep holes on this new concrete
facing at the outlet works. Minor efflorescence 0
was observed on the concrete capping.

c. Dike: The dike at Mashapaug Pond is an earth embank-
ment structure approximately 500 feet long, 15 feet
high at the center, and 14 feet wide at the crest.
There are no plans or construction drawings available
nor are the details of design known.

1. Crest: An unpaved roadway traverses the crest of
the dike as shown on Photo 14. This road appears
to be used by lakeside residents. Toward the left
abutment a third of the dike is approximately one 0
foot lower than the right abutment. The roadway
is in fairly good condition with an even surface.

2. Upstream slope: The entire slope is overgrown with
trees and brush. In one area along the right abut-
ment, the slope protection consists of hand placed S
riprap about 150 feet long on a 2H:lV slope
(Photo 12), For the remaining length of the dike,
however, the slope is steeper, about 1 H:IV, and
the riprap has the appearance of having been dumped
(Photos 11 and 13). The dumped appearance of the
riprap is possibly the result of sloughing of the
slope and distortion of the original hand placed
riprap. Locally at numerous locations one could
observe the remains of stone walls that had been
built on the upstream slope (Photo 11). Many of
these stone walls have collapsed (Photo 13); ero-
sion of the slope and crest was observed behind
these collapsed walls (Photo 13). Thp soil exposed
in the eroded areas consisted of a silty, gravelly
sand. At the locations of the collapsed stone walls
the crown of the dike was noted to be lower than in
other areas. It was also noted that at these same
locations trees were cut prior to the construction 0
of the walls. It is possible that the trees held
back the erosion and that once they were cut, ero-
sion occurred and the walls sloughed. These block
walls are constructed of cut stone slabs and rein-
forced concrete blocks, probably salvage material
from old buildings.

3. Downstream slope: The downstream slope is irregu-
lar with an inclination ranging from 1 H:lV to
IH:lV. Extensive tree and brush growth was ob-
served with trunk diameters of up to 18 inches.
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Some of the tree trunks are bent in the lower part
with a concave upwards shape indicating some creep
deformations of the slope.There is no seepage on the
slope, but there is extensive seepage at the toe.
Along the entire downstream slope there is an ex-
tensive swampy area which is fed by a stream from
a separate watershed and by the seepage from Masha-
paug Pond. The tail water against the dike obscured
the seepage; however, locally, the seepage is evi-
dent (Photo 15). Because of the leaf cover and the
presence of the tail water it could not be ascer-
tained whether soil was being transported by the
seepage, nor could the amount of seepage be esti-
mated. Along the lower part of the downstream em-
bankment, numerous small gullies, which represent
minute sloughing at each individual location, were
noted. Some of these could be due to frost action.
There are no appurtenant works at this location.

d. Spillway: The spillway is a concrete structure situated
on bedrock and located at the extreme southerly end of
the pond. It is 60 feet long and 10 feet high. The
crest section of the spillway is 2 feet lower than the
two abutments and 25 feet long. The upstream face of
the structure was covered by accumulated sands (Photo 22).
Indications are that a cap was poured over an original
spillway at the same location. As shown on the over-
view photo, there is a long, continuous crack immediately
beneath the cap of the spillway (see also Photos 17 and
19).

The downstream face shows severe spalling with a large
horizontal crack (Photos 17 and 18). Concrete has been
removed from this crack underneath the spillway cap.
Some of the holes are 8 inches deep and, at certain 0
locations, a ruler can be inserted to a depth of 1 to
1 feet (Photo 19). A short section of the wall near
the left abutment is separated from the rest of the
structure by a large crack with apparent horizontal
displacement of a few inches across the crack. Minor
seepage is emanating at this location (Photo 20). The S
amount could not be estimated due to the presence of
the tail water.

About 30 feet downstream of the spillway, in the dis-
charge channel, there is rust colored standing water,
possibly the result of seepage through the bedrock S
foundation (Photo 21).

e. Reservoir Area: There is considerable siltation upstream
of the spillway structure. There are no indications of
instability along the reservoir edge in the vicinity of
the dam, dike, or spillway.
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f. Downstream Channel: The downstream channel for the
spillway is Bigelow Brook, which is a steep narrow
channel with bedrock exposed at the bottom near the
spillway. There is no clearly defined downstream
channel for the outlet structure, since it discharges
into Lower Mashapaug Pond.

3.2 Evaluation: The dam, dike and spillway are judged to be
in POOR condition because of the following:

a. The extensive seepage observed downstream of the dam
and dike represent a potential for piping, erosion,
and embankment instability, particularly because of
the steepness of the slopes.

b. The extensive tree growth on the dam and dike rep-
resents a risk of damage due to tree uprooting during
storms or to seepage along rotten and decaying roots.

c. The erosion of areas of the dike crest can result in
a significant local reduction of freeboard.

d. The irregularity of the surface and the apparent creep
of the downstream slope of the dike indicates insuffi-
cient stability.

e. The deterioration of the concrete spillway structure
can eventually result in its failure, most probably
during high spillway flows.

f. The two pipes which pass through the dam are continu-
ally under pressure, since the control valves are lo-
cated on the downstream side, and could present a
problem if they were to deteriorate and leak. Water
passing outside the pipes could lead to piping and
erosion, thereby presenting stability problems for
the dam embankment.

14
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SECTION 4

OPERATIONAL AND MAINTENANCE PROCEDURES

4.1 Operational Procedures:

a. General: The pond level is controlled by the Manager
of Facilities Engineering of American Optical Company
of Southbridge, Massachusetts. During late fall, the
pond level is lowered to an elevation of approximately
2 feet below spillway flow in order to protect the
waterfront facilities. During the spring, the water
level is raised to elevation 706 feet which is the
crest elevation of the spillway. In case water rises
to a higher elevation which is marked by a nail in a
tree opposite the outlet structure (this is above the
previously mentioned nail which marks the spillway
elevation), the gate valves are opened to lower the
water level.

b. Description of Any Warning System in Effect: No formal
emergency or contingency plan is in effect at this site.
Upon radio announcement of intense storm activity, the
gate valves are usually opened.

4.2 Maintenance Procedures:

a. General: As discussed in Section 3 of this report,
the embankments of both the dam and dike were exten-
sively overgrown with vegetation. Maintenance at the
site is limited and not implemented on a regular basis.
Irregular maintenance appears to be accomplished when
staff resources permit and extraordinary need arises.

b. Operating Facilities: The gate valves are operated
fairly frequently and the structure housing the valves
is maintained in good condition. As stated in Sec-
tion 3, the spillway structure is in a state of dis-
repair.

4.3 Evaluation: A program of regular operational checks of
the gate valves at the outlet works has not been developed
or implemented. Maintenance procedures of the spillway,
dam, dike, and approach and discharge channels must be
established. A formal program of operation and maintenance
procedures should be implemented, including documentation
to provide complete records for future reference. Also,
a downstream warning system should be developed and imple-
mented, particularly because of the serious effects of a
breach in either the dam or dike.
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SECTION 5

EVALUATION OF HYDRAULIC/HYDROLOGIC FEATURES

5.1 General: The facilities at Mashapaug Pond include an earth
embankment dam with a downstream concrete wall outlet struc-
ture, an earth embankment dike, and a reinforced concrete
spillway. As previously mentioned, these structures are
all separated by long distances with the spillway being on
the southerly side of the pond and the dam and dike on the
northerly end. The dam is 290 feet long and 21 feet high at
the outlet and the dike is 500 feet long and 15 feet high.
The spillway crest has a width of 25 feet, is 2 feet below
the abutments, and 8 feet above the streambed. For purposes 0
of hydraulic calculations, the spillway was considered as
a broad crested weir. Calculated discharge over this spill-
way structure includes flow over the abutments (as noted in
Appendix D), which are of similar construction to the crest
and anchored to bedrock on either side of the stream. Addi-
tional discharge capacity is available through two 30-inch
pipes passing through the dam at the north end of the pond.
The outlet pipes are controlled, whereas discharge over the
spillway is not. In order to visualize the flow out of this
facility, it should be noted that the spillway crest eleva-
tion is 706.0 feet, the abutment elevation is 708.0 feet,
the top of the dam and dike at the north end is at 710.8
feet, and the invert elevation of the pipes is 689.7 feet.

The spillway discharge channel (Bigelow Brook) is about
25 feet wide at the base of the structure and converges to
a 10 foot width a short distance downstream. It is a very
irregular channel with exposed bedrock, many cobbles, and
embankments overgrown with trees. The brook continues at
this width and with similar channel characteristics to a
point about 2,500 feet downstream where it discharges into
Bigelow Pond, still within the confines of Bigelow Hollow
State Park. At the northerly end of the pond, the outlet
works discharges into Lower Mashapaug Pond which controls
the level of the tailwater against the dam and dike. The
outlet from the two pipes is submerged and located in a
rather swampy backwater area of the lower pond. It should
be noted that this lower pond is created by a dam located
at the northerly end of a culvert passing beneath 1-86
(Wilbur Cross Parkway).

The watershed covers an area of 4.7 square miles, consist-
ing basically of wooded terrain with moderate to steep
slopes. Only small portions of it are developed along
major roads passing through the area. Although a few cot-
tages and permanent homes are located around the shores of
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the pond, it is basically undeveloped and expected to remain
as such because of the state controlled land, which is com-
prised of Bigelow Hollow State Park and the Nipmuck State
Forest.

At normal pool level, set by the spillway crest elevation,
Mashapaug Pond has a storage capacity of 5,290 acre feet.
This increases to 6,725 acre feet at the top of the dam and
7,214 acre feet at the test flood level. Surcharge storage
to the top of the dam and test flood level, therefore, is
1,436 and 1,925 acre feet, respectively.

5.2 Design Data: No design data was available for the facilities
at Mashapaug Pond.

5.3 Experience Data: No records on past experience were found
to be available for this site.

5.4 Test Flood Analysis: Based on the "Recommended Guidelines
for Safety Inspection of Dams", all three structures are
classified as INTERMEDIATE in size. In addition, the dam
and dike are classified as having a HIGH hazard potential,
while that for the spillway is LOW. The test flood for
these conditions is the Probable Maximum Flood (PMF).

Using the HEC-I Flood Hydrograph Computer Program developed
by the Army Corps of Engineers for dam safety investiga-
tions, the inflow and routed outflow for the test flood
were found to be 7,800 cfs (1,660 CSM) and 6,100 cfs,
respectively. Water level in the pond at the time when
the routing began was assumed to be at 706 feet. As a
basis of comparison, the PMF resulted in an inflow of
3,890 cfs and an outflow of 1,400 cfs. The outflow capac-
ity of the structures at Mashapaug Pond (including the
spillway and outlet works) is 1,550 cfs at the level of
the top of the dam and dike, which represents 25% of the
test flood outflow. The maximum overtopping associated
with the test flood outflow is 1.5 feet over the level of
the dam and dike. This means that the abutments of the
spillway structure would be overtopped by 4.3 feet.

Although the storage areas within the basin do not have a
major impact on the test flood flows, the storage in Masha-
paug Pond itself is quite significant and due in part to
the difference in elevation between the spillway crest and
the top of the dam and dike. Calculations for the above
mentioned data, together with a computer printout of results,
is included in Appendix D of this report.
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5.5 Dam Failure Analysis: A failure analysis was performed
using the "Rule of Thumb" method for estimating downstream
dam failure hydrographs, as developed by the Corps of
Engineers. Failure discharge calculations were determined
for all three structures. The discharge from the spillway
structure was found to be 915 cfs with water level at the
top of the abutments at elevation 708.0 feet. Because of
this limited outflow and lack of any significant downstream
development, no further analysis was performed.

The failure discharge of the dam was calculated to be 0
7,120 cfs with water level at the crest elevation of the
dam at 710.8 feet. Although the structure is 21 feet high
from the outlet discharge to the top of the dam, its effec-
tive height for this calculation was limited by the tail
water elevation of Lower Mashapaug Pond to 15 feet. The
dike's failure discharge was found to be 18,400 cfs with
water level at the dike crest elevation of 710.8 feet.
Since both the dam and the dike discharge into the same
downstream channel and since the outflow from the dike
represented the greater danger, the downstream failure
analysis was performed using the discharge from the dike
breach.

Failure was assumed to occur when water level in the pond
was at the top of the dike. The dam outlet structure's
discharge just prior to the dike failure would be 250 cfs,
which could increase the level of Lower Mashapaug Pond by
approximately 3 feet (taking into consideration the storage 0
of the pond area). This is due to the fact that the dam
controlling the level of this lower pond is on the north
side of the 1-86 culvert, and the flow of 250 cfs approaches
the discharge capacity of the culvert. The increase in water
level of Hamilton Reservoir due to the 250 cfs discharged
from the outlet structure would be negligible.

The calculated dike failure discharge of 18,400 cfs could
produce an increase in depth at the lower pond of 14 feet,
taking into consideration the cross sectional areas avail-
able for flow over and under 1-86. This could also mean a
depth of flow over 1-86 of as much as 10 feet in some areas 0
of the intersection located at the stream crossing. The
increase in water level of Hamilton Reservoir would range
from about 6 feet at the southerly end to 4 feet at the
northerly end as the wave is routed through the reservoir.
Flood effects would continue from this point until the
stream eventually discharges into the East Brimfield Flood
Control Reservoir located in Holland and Brimfield, Massa-
chusetts. The depth of flow just prior to discharge into
this area would be approximately 9 feet (indicating an in-
crease in depth of about 8 feet). The analysis covered a
distance of 4.5 miles downstream, as shown by the calcula-
tions in Appendix D. 0

18



The 250 cfs discharge from the outlet works at the dam
would produce prefailure depths of 3 feet at the 1-86
culvert, but would not flood the highway, its two access
roads or the two adjacent local roads. Post failure 0
depths at these same locations would be increased by about
13 feet, indicating flooding of these roads by about 9
feet of water. Prefailure depths at the other three local
roads would be at the level of Hamilton Reservoir, since
the storage available there would render any depth increase,
due to the 250 cfs outflow at the dam,negligible. It is S
estimated, therefore, that post failure depths at the three
remaining local roads would be about 4 feet over the crest
of the road. The increase in water depths at the homes and
commercial establishments near 1-86 would range from 2 to
8 feet, with no flooding due to the dam outflow prior to
failure. The greatest damage to homes would be around the 0
perimeter of the Hamilton Reservoir. Since the prefailure
flow of 250 cfs from the outlet works at the dam would pro-
duce a negligible increase in depth of the reservoir, the
post failure depth of 4 to 6 feet would mean that many of
the houses could be flooded by as much as 2 to 4 feet.

The breach of the dam could, therefore, cause appreciable
damage to five homes and two commercial establishments in the
vicinity of Lower Mashapaug Pond, to 1-86 and its two access
roads, to the numerous homes around Hamilton Reservoir and
between Hamilton Reservoir and the East Brimfield Flood
Control Reservoir (as many as 100 homes could be affected), S
and to five local roads. Because of the storage capacity
of Mashapaug Pond, the duration of substantial flows could
last for several hours. It is expected that the dike fail-
ure could result in the loss of more than a few liv-s.

Based upon the failure analysis, both the Mashapaug Pond
Dam and Mashapaug Pond Dike are classified as having a
HIGH hazard potential and Mashapaug Pond Spillway is
classified as having a LOW hazard potential.

19



SECTION 6

EVALUATION OF STRUCTURAL STABILITY

6.1 Visual Observations: There are indications of creep and
minor sloughing in the downstream slope of the dike. The
extensive seepage downstream of the dam and dike repre-
sents a threat to their future stability. The fact that
the two pipes passing through the dam are continuously
under pressure could also present a problem. Piping and S
erosion from water leaking out through the pipes could
also threaten the stability of the dam.

6.2 Design and Construction Data: There was no design and
construction data available at the time of inspection
except for a 1979 drawing of the spillway showing a •

proposed modification of the weir, which has not been
carried out.

6.3 Post Construction Changes: There is no available infor-
mation on post construction changes. The outlet structure
and gatehouse have apparently been repaired sometime in
the last few years.

6.4 Seismic Stability: The dam is located near the boundary
between Seismic Zones 1 and 2 and, in accordance with the
Phase I inspection guidelines, does not warrant seismic
stability analysis. S
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SECTION 7

ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

7.1 Dam Assessment:

a. Condition: On the basis of the visual inspection,
the dam, dike, and spillway structure are judged to
be in poor condition because of the following:

1. The extensive seepage observed downstream of the
dam and dike represents a potential for piping,
erosion, and embankment instability, particularly
because of the steepness of the slopes of the dam
and dike.

2. The extensive tree growth on the dam and dike
represents a risk of damage due to tree uprooting
during storms or to seepage along rotten and de-
caying roots. S

3. The erosion of certain areas of the dike crest
can result in a significant local reduction of
freeboard.

4. The irregularity of the surface and the apparent
creep of the downstream slope of thea dike indi-
cates insufficient stability.

5. The deterioration of the concrete spillway struc-
ture can eventually result in its failure, most
probably during high spillway flows.

6. There is, presently, inadequate spillway capacity
to pass the design flood without overtopping the
dam and dike.

b. Adequacy of Information: There was no design or con-
struction data available. Thus, the assessment of the
condition of the dam and appurtenant structures is
based only on the visual inspection.

c. Urgency: The recommendations presented below should
be carried out within one year after receipt of this
report by the owner.

7.2 Recommendations: The following should be carried out under
the direction of a qualified registered engineer:

a. Investigate the significance of the seepage downstream
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of the dam and dike and, if appropriate, design seepage
control measures to prevent the possibility of erosion
and piping. Develop a system and schedule to monitor
seepage downstream of the dam and dike. a

b. Analyze the stability of the dam and dike.

c. Remove trees and their stumps from the dam and dike,
backfilling the holes with suitable materials after
analyzing for stability and only under the direct S
supervision of an engineer. Also regrade the low
areas and eroded areas along the crest of the dam and
dike.

d. Establish measures to control erosion of the crest and
downstream slopes of the dam and dike. a

e. Repair the cracks and spalling in the spillway structure.

f. Perform a detailed hydrologic/hydraulic investigation
to assess further the potential of overtopping the dam
and the need for and the means to increase project dis- a
charge capacity.

g. Place riprap along the bare areas of the upstream slope
of the dike and repair the riprap in areas where slough-
ing has occurred. .

h. Investigate the feasibility of providing control of the
two discharge pipes at the dam at the upstream side of
the structure.

7.3 Remedial Measures:

a. Establish a warning program for downstream inhabitants
in case of an emergency.

b. Establish a program of annual technical inspections
by qualified engineers.

c. Maintain the dam and dike slopes and crest clear of
trees and brush.

7.4 Alternatives: There are no practical alternatives to the
recommendations of Sections 7.2 and 7.3.
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VISUAL INSPECTION CHECKLIST
PARI Y ORGAN I 7AI ION S

PROJECT MASHAPAUG DAM DATE DECEMBER 2, 1980

TIME 8:30 a.m.

WEATHER cloudy

W.S. ELEV. U.S. DN.S.

PARTY:

I John Lenard, L.D.E.I. 6.

2. Michael Dilaj, L.D.E.I. 7.

3. Karl Acimovic, L.D.E.I. 8.

4 Kent HealZ,, L.D.E.I. 9.

5. Gonzalo Castro, G.E.I. 10.

PROJECT FEATURE INSPECTED BY REMARKS

1. Structural John Lenard

2. Geotechnical Kent Healy, Gonzalo Castro

3. Hydrology/Hydraulics Michael Dilaj, Karl Acimovic

4. 0

6.

7 . 0

0.

A. -
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PERI001C INSPECTION"CHECKI IST

PROJECT MASHAPAUG POND DAM DATE DECEMBER 2, 1980

PROJECT FEATURE rIAr1L _

DISCIPLINE M__[_ ___ AHE

AREA EVALUATED CONDITION 0

DAM EMBANKWIENT

Crest Elevation

Current Pool Elevation

Maximum Impoundment to Date

Surface Cracks None observed

Pavement Condition Not applicable

Movement or Settlement of Crest Too irregular to judge 5

Lateral Movement Too irregular to judge

Vertical Alignment Too irregular to judge

Horizontal Aliqnment Too irregular to judge 0

Condition at Abutment and at Concrete Good. Seepage at left outlet wall.
Structures

Indications of Movemewnt of Structural Not applicable
Items on Slopes

Trespassinq on Slopes Several footpaths

Sloughin or Erosion of Slopes or Erosion of crest end of downstream
Abutments slopes

Rock Slope Protection - Riprap Failures Hand placed riprap. Good condition.

Unusudl Movemex~nt or Crackinq at or Near None observed.

Toe

idminkment or Downstream Extensive seepage at toe and downstream 5

Seepa qe of dam.

Pipinq or Boils None observed

Foundation Drainaqe Features None known

Toe Drains None known

Instrumentation System None

Vecetation A-2 Heavy growth on both slopes S

L - - -- -



PERIODIC INSPLCTION CH1[CKI IST

PROJECT MASIJAPAUG DAM DAT I DECEMBER 2, 1980

PROJECT FEATURE NAM[.

DISCIPLINE NAME

AREA EVALUATED CONDITION

DIKE EMBANKMENT

Crest Elevation

Current Pool Elevation

Maximum Impoundment to Date

Surface Cracks None observed

Pavement Condition Not applicable

Movement or Settlement of Crest Too irregular to judge

Lateral Movement Too irregular to judge

Vertical Aliqnment Too irregular to judge

Hforizontal Alignpent Too irregular to judge 0

Condition at Abutment Good

Indications of Movement of Structural Not applicable

Items oi Slopies

Trespassing on Slopes Several footpaths on slopes

Slounhinq or Erosion of Slopes or Severe erosi : of both slopes and of

Abutments crest.

Rock Slope Protection - Riprap Failures Riprap failures caused by sloughing

Unusual Movement or Cracking at or None observed

Near Toes

Eymtankment or Downstream Extensive seepage at toe and downstream

seepa qe of dam.

Piping or Boils None observed

Foundation Drainaqe Features None known

Toe Drains None known

Instrumentation System None known

Vegetation A-3 Heavy tree growth.

. .. . .- - , i i - - . . . .. . . . . ._ _ _ __.. . ._ _._._ _ _ _ _. . . .



I'[ZIOD)IC INSPCiION.CIU W'K 1 1 1

MASHAPAUG DAM DECEMBER 2, 1980
1'j"0O)ECT_______________________________ IDAII _____________________

PROJECT IIAItMF NAMI_

DISCIPLIrI[ NAF -0

ARIA IVALUATED CONDIT ION

OUTIET WORKS - INTAKE CHANNEL AND Under water, not observable
INTAKE S-TRUCTURE -

a. Approach Channel

Slope Conditions 0

Bottom Conditions

Rock Slides or Falls

Loq Room 0

Debris

Condition of Concrete Lining

Drains or Weep Holes

b. Intake Structure

Condition of Concrete

Stop Logs and Slots •

0

A- 4



PERIODIC INSPECTION CIIECKLIST

PROJECT MASHAPAUG DAM f)AIL DECEMBER 2, 1980

PROJECT FEATURE __NA __

DISCIPLINE NAI _

AREA EVALUATED CONDIT ION

OUTLET WORKS - CONTROL TOWER Gate structure

a. Concrete and Structural Stone masonry

General Condition Good

Condition of Joints Not applicable

Spalling None observed

Visible Reinforcing Not applicable

Rustinq or Staining of Concrete Not applicable

Any Seepage or Efflorescence Observable part is above water level in
reservoir

Joint Alignment Not applicable

Unusual Seepage or Leaks in Gate Observable part is above water level.
Ch a t)er

Cracks None observed

60 Rustinq or Corrosion of Steel None observed 0

b. Mechanical and Electrical Not applicable

Ai r Ven's

Float Wells

Crane Hoist

Elevator

Hydraulic System

Service Gates

Emergency Gates

Lightning Protection System

Emergency Power System

Wiring and Lightinq System A-5

I



PERIODIC INSPECTION CI1ECKLisr

PROJECT MASHAPAUG DAM DATE DECEMBER 2, 1980

PROJECT F[AIURE NAME _

DISCIPLINE _NAME

AREA EVALUATED CONDITION

OUTLET WORKS - TRANSITION AND CONDUIT Not appZicabZe

General Condition of Concrete

Rust or Staining on Concrete

Spalling

Erosion or Cavitation

Cracking S

Aliqnnent of Monoliths

Alianment of Joints

Numbering of Monoliths

0

A-6p. __ _ _ _ _ __ _ _ _



PERIODIC INSPECT ION.CIIECKL ]I

PROJECT MASHAPAUG DAM DATE DECEMBER 2, 1980

PROJECT F[ATURF NAHE _

DISCIPLINE NAME ..,

AREA EVALUATED CONDITION 0

OUTLET WORKS - OUTLET STRUCTURE AND
OUTLET CHANNEL

General Condition of Concrete Good. Concrete cap placed %4 years ago

Rust or Staining None observed

Spalling Minor spalling at tail waterline

Erosion or Cavitation None observed

Visible Reinforcing None observed

Any Seepage or Efflorescence Some local efflore,-.ence

Condition at Joints Not applicable

Drain holes None observed 0

Channel Swacnpy area downstrecn

Loose Rock or Trees Overhanging Not applicable
Channel 0

Condition of Discharge Channel Not applicable

A

S

A- 7



PERIODIC INSPECl ION CIIECKLISI

PROJECT MASHAPAUG DAM DATE DECEMBER 2, 1980

PROJECT FEATURE NAM.

DISCIPLINE NAME

AREA EVALUATED COrDITION 5

OUTLET WORKS - SPILLWAY WEIR, APPROACH
-AND-DIISCH-ARGE CHlANN-ELS

a. Approach Channel No approach channel Open beach area with

sand almost to weir level
General Condition

Loose Rock Overhanging Channel

Trees Overhanging Channel

Floor of Approach Channel

b. Weir and Training Walls No training walls,exposed bedrock at both

ends of spillway structure.

General Condition of Concrete Poor

Rust or Staining None observed

Spal ing Extensive, particularly along construction
joints

Any Visible Reinforcing None observed

Any Seepaqe or Efflorescence Some seepage, extensive efflorescence

Drain Holes None on spillway wall

c. Discharge Channel Natural stream bed

General Condition Fair

Loose Rock Overhanging Channel None observed

Trecs Overhanninq Channel Several trees

Floor of Channel Bedrock and boulders

Other Obstructions None observed

Other Conynents

A-8 _ _ _ _ _ _ _ _ _ _ _ _ _ _ S



PERIODIC INSPECTION CHFCKLIST

PkOJECT MASHAPAUG DAM DAI[ DECEMBER 2, 1980

PROJECT FATfIRRE NAME

DISCIPLINE_ NA4E.

AREA EVALUATED CONDITION-

OUTLET WORKS - SERVICE BRIDGE There is no service bridge.

a. Super Structure

Bearinqs S

Anchor Bolts

Bridge Seat

Longitudinal Members "

Underside of Deck

Secondary Bracing

deck

Drainaqe System

Rail inqs

Expansion Joints I
Paint

b. Abutnient & Piers

General Condition of Concrete

Aliqnment of Abutment

Approach to Bridqe

Condition of Seat & Backwall 0

A-9
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HAL,> EK POND

INTAKE STRUCTURE FOR LOW
LEVEL OUTLET. SLUICE GATE
AT BOTTOM ON UPSTEAM SIDE.

,1IGH LEVEL TOP OF INLET
OUTLET. 670.9 -- SERVICE BRIDGE

r____ __ _ __ J I . . . .,i
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INTAKE STRUCTURE FOR LOW
LEVEL OUTLET. SLUICE GATE SPILLWAY
AT BOTTOM ON UPSTEAM SIDE. 668.0

TOP OF FLASH
BOARDS 670.0
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TL!ET INV. 651.3 656.

4.9PONDED 01

SEEPAGE AREA-/---.. 5

LEARDN OILAJ EU*UIRSRRSS. IMC vs £50? 9111INSISt DIV. meW 1OI....

NATIONAL 0406AW OF 0180PSCTION OF NOWPRO DAMlS

PHOTO INDEX
HALCHEK POND DAM

S3/W1LLINGTONo CT
_________________________________________ 

0. 1# ... 0 . Y. -$ t:_



LX

230" C.I. PI

7016.0 
4'( 'i

7114 

U71.

x 7i

695 5

STOE ASNR WET WELL 
SEEPAGEWITH 2GATE VALVES

(WOOD FRAME COVER

20 10 0 
4

feet



MASHAPAUG POND

* HEAVY TREE
GROWTH ON SLOPES-)

2-30" C.I. PIPES-. I1

~~ 709 6 -4

719 I x__711.3_

695.5 _9___ 712.68

SEE PAGE

SEEFAZ^E -

L OUTLET STRUCTURE
WITH CONCRETEt FACING
OPENING: 5'W x 3' H
INVERT 689.7 
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MASHAPAUG POND

iEE GROWTH ON SLOPES 
LOW AREA OF CREST

/ ; 
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POND ______
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HISTORY OF MASHAPAUG POND DAM

The first mill built in the vicinity of Mashapaug Pond was
located near what is now Lower Mashapaug Pond (and formerly
The Mill Pond). It was built by Captain Daniel Badger (a
Revolutionary War hero) around 1740, and later burned in 1825
under the ownership of Philip Corbin and Robert and Paul
Lawson. Indications are that the facilities for Mashapaug 0
Pond (the Upper Mashapaug Pond) were constructed sometime in
the period between 1740 and 1846, when records indicate that
Josiah Leland purchased land in the vicinity of Mashapaug
Pond from the Quinebaug Reservoir Company. Flow rights were,
however, retained by the Quinebaug Reservoir Company for the
use of downstream factories and mills. The company also re-
tained the right to raise the dams and water level at the
pond, to maintain its existing facilities and to excavate
materials required for the construction of dams and appurtenant
facilities.

In 1899, the structures at Mashapaug Pond, and subsequently 0
the water level, were raised to what is considered to be their
present elevation. Flow rights at that time were owned by the
Hamilton Woolen Company. After construction was completed,
an inspection was conducted by T.H. McKenny as indicated by
the following certification recorded on December 18, 1900:
"This certifies that I have inspected the plans, specifica-
tions and workmanship of the dams which have been built by
the Hamilton Woolen Co., or the Quinebaug Reservoir Co., for
the purposes of raising the levels of Mashapaug Lake in the
Town of Union, Connecticut, and I hereby approve the same.
I believe them to be sufficient to withstand the action of
water under any circumstance which may be reasonably expected 0
to occur." Mr. McKenny was a member of the Connecticut State
Board of Civil Engineers.

Land owned by the Reservoir Company, or subsequent owners,
around the perimeter of the pond was later acquired by the
State of Connecticut for purposes of creating a park and a
state forest conservation area.

The order of ownership from 1846 is as follows:

1846-1928 Quinebaug Reservoir Company
1928-1935 Hamilton Woolen Company
1935-1956 Ames Textile Corporation
1956-present American Optical Company

The American Optical Company only owns and maintains the dam,
dike and spillway at the present time, all other land having
been granted to the State of Connecticut.
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0

RECEIVED
NOV 2b ,

STATE WAiEh cGuiIISSION -

November 22, lD55

;ir. Caestor Hlartin 0
Old Lyme, Connecticut

Dear Sir:-

On November 21, 1955 I visited with you the 11ashapaug
Ponds - both upper and lower. These ponds are located in 0
the Town of Union almost at the dividing line between Connecticut
and llassachusotts.

The spillway for the Lower Pond is located just west of the
South bound roadway of the Wilbur Cross Parkway. The water fron
this pond crosses under the highway through a culvert 20 feet 0

wide and about 4 feet deep beneath the bottom of the bridge
girders. There is a dam a few feet West of the bridge and
this is a stone dam with a concrete apron on top. The drainage
area of this Lower Pond is about 4 square miles and it is my
opinion that the water passage under the parkway is not
adequate for maximum floods, I believe that during the past
storms of August and September that the water came over the
parknway for a short time. It would be a major expense to
increase the width of the bridge at this parkway and I do not
think, that it is necessary to do so, The water would only go
over the:roadway during emergency conditions and I think that 0
conditions better be left as they are.

The dan itself seems to be in fairly good condition, althou-h
some of the planking on the side of the drawdown gate would need
to be replaced in time. It is not in a bad condition, however.
I do not think that the State would be put to any serious eXpense
in tile car future in maintaining this dam.

There is an earth dike, which is perhaps 250 fest lon- and
it separates the Lower Pond from the Upper Pond. I would assune
that the difference in water level between the Upper and Lower
Ponds is perhaps 11 foot. There is a gate to allow the water
to come from the Upper to the Lower Pond but there is not any
spillway in this embankment other than the gate. So far as
I could tell the embankment appeared to be in good condition
and I did not see any excessive leaks.



0

The gate appeared to be all right, although I
could not examine it in detail. 1 do not think that
there is any serious maintenance problem on this dike.

There is a second dike along the edgje of the
Upper Pond and this 1 would estimate is 600 or 700 feet
long. It has some stone rip rap on the water side
and it is rather swampy on the low side. This dike
appears to have been made of gravel without much clay
and it may be rather-porous but the leaks# if any,
did not seem to be dangerous or excessive. Some work
should be done on this dike in the way of cutting
down trees and brush which have grown up. A few loads
of fill should be placed on the upstream side Where the
embankmient has eroded away. The total expended on this
dike I think would not exceed $1,000 and does not
constitute any emergency but does represent some maintenance

* work that should be done.

The spillway for the Upper Pond is at the opposite
end of the Lake from the Lower Pond. This spillway has
,a small concrete wall about 21 feet long and 2 feet deep.
However, there is a concrete extension on either side
of 20 feet of wall and then natural ledge running up
the sides from this point, so that in effect the spillway
is about 61 feet long and water could flow over it at least
2 feet deep on the shallow part and 4 feet deep on the
deep part without causing any washout. The drainage area
to the Upper Pond is only about three square miles,
although the pond itself is much larger than the Lower Pond.
I consider this spillway to be adequate for the location
and the conditions surrounding it. Some question was raised
about keeping the level of the water in the Upper Pond
2 or 3 feet lower than full pond. This is, of course, a
matter fo. the Department to decide but I do not think S
it is necessary as far as the safety is concerned. I do
not think that it would be necessary for the State to
spend any money on the spillway as above described.

My conclusion is that if the State decides to take
over these two ponds that the expense involved would be S
small to bring them up to condition.

Very truly yours,

Member, State Board for Supervision of ba

BliP/ew
c.c.: Chairman 'i. S. Wise



STATE OF CONNECTICUT,
DEPARTMENT OF ENVIRONMENTAL PROTECTION

STATE OFFICE BUILDING * HARTFORD, CONNECTICUT 06115

20 June 1974

Mr. James A. Thompson S
Buck and Buck Engineers
98 Wadsworth Street
Hartford, CT 06106

Re: Upper Mashapaug Lake Dams
Union

Dear Jim:

U,.--- Under the terms of your contract to-act as a consultant to this ......

department, will you please inspect and submit a report on the condition

of the subject dams. Also, submit a cost estimate for any necessary

repairs.

d Very truly yours, S

L Victor F. Galgowski S

Supt. of Dam Maintenance
Water & Related Resources
Telephone no. 566-5506

VFG:ljg

P



BUCK & BUCK
E N C I N E E R S

98 WADSWORTH STREET, IIARTFORD, CONNECTICUT 06106

JAKES A. TIEOMPKON IIR!NHY WUL()f O'' '

moIbNSOx W. SUCK
KOUUbOX II IlL K

LAWDUXCE r. BUCK 1f35.11131-

COMM. 5713-98 November 27, 1974

WATER & RELATED

Mr. Victor Galgowski,
Water and Related Resources, '- L.
State Office Building,
Capitol Avenue, - 0
Hartford, Connecticut 06103 ., ,,.

Re: Mashapaug Pond

Dear Vic:

In accordance with your request we have inspected the spillway and two
dams at the subject pond and have analysed its capacity. We have the follow-
ing to report:

Spillway, South End of Pond

The spillway is 25 feet long with an available water height of two feet.
It is founded on ledge rock and is in good condition. Above the two foot
level the waterway widens to 40 to 50 feet and is concrete to ledge rock.
There was some flow downstream of the spillway but we feel this flow is
through fissures in the ledge and is of no concern. The spillway has a capac-
ity of 233 cubic feet per second with a headwater depth of 2.0 feet.

Our hydrologic analysis revealed the following:

Watershed Area 2,982 Acres
Pond Surface 272 Acres
Peak Inflow from 100 year storm: S

1 day duration 1,765 cfs
2 day duration 1,302 cfs

10 day duration 385 cfs
Peak Outflow from 100 year storm:

I day duration 254 cfs
2 day duration 259 cfs
10 day duration 158 cfs

At the peak outflow of 259 cfs, the depth of flow over the sides of the
spillway section will be about one inch, and the velocity will be about 1.6
feet per second, or less than half of the minimum eroding velocity of four
feet per second.

We conclude that the South spillway of Mashapaug Pond is in satisfactory
condition and has adequate capacity. A copy of our calculations is enclosed.

S



BUCK & BUCK ENGINEERS 0

T Mr. Victor Galgowski PAG 2.
DATK November 27, 1974 5713-98

Northerly Dam with Outlet Gate

This dam is an earth embankment with no overflow spillway. It has a locked
gate which has some type of discharge control. To inspect this control, it will
be necessary to obtain permission and keys from the owner. •

The upstream face of the dam is protected with field stone rip-rap to
approximately 3 feet above normal water surface. There are many trees on both
the upstream and downstream face of the dam. These trees should be removed.

The outlet to the gate, on the downstream slope of the dam, was below water 0
and therefore could not be inspected. The downstream face of the dam, in the
area of the outlet, consists of Heavy Masonry (rubblestone and concrete) retain-
ing walls. These walls have been severely eroded and show deep penetration in
some areas. These walls should be repaired by removing the loose material, and
forming and pouring a new concrete surface.

We found a 5 gpm seep at the toe of the embankment adjacent to the North
abutment. We also found considerable flow at the toe of the slope, South of the
outlet structure. This second flow could not be measured because of the swampy
condition of the area. Both these seeps could probably be corrected with add-
itional downstream fill. The existing downstream slope of the dam appears to be
approximately 1 1/2:1. According to current standards this slope should be no 0
more than 3:1.

North Westerly Dam

This dam is an earthen (sand) embankment with steep (1 1/2:1) upstream and
downstream slopes. There is serious erosion on the upstream slope due to foot -

traffic. There has been some attempt to correct this erosion by adding rip-rap,
but the job is far from complete.

Both faces of the dam are overgrown and should be cleaned of trees and
brush. We also noted some seepage at the toe of the downstream slope near the
East abutment, but it did not appear to be serious. The principle problem with 0

this dam is the erosion due to foot traffic of people.

Sincerely,

BUCK & BUCK

J es A. Thompson

JAT:fb
Enc. 0

p0
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1O American Optical Corporation SOUTHBRIDGE. MASSACHUSETTS. US A 01550/(617) 765-9711

October 2, 1979

Mr. Victor Galgowski
Superintendent of Dams UN f
Water Resources Unit E EIVED -

Department of Environmental
Protection OCT 5 1979

State Office Building Ai;V
H a r t f o r d , C T 0 6 1 1 5 RE F M RED -------

Dear Mr. Galgowski: FILED 0

Subject: Spillway at Bigelow Hollow

As we discussed on the telephone, American Optical at South-
bridge, MA owns and maintains three dams at Mashapaug Lake in
Union, CT. They are shown on the enclosed print BM 3017.

At dam No. 1, we operate a gate valve in an attempt to control
the height of water at the lake. Iii the summer, the residents
around the lake prefer the height to be about one foot below
the spillway at Bigelow Hollow. The lower level protects
erosion of the embankment. In the winter, we lower the level S
four to five feet below the spillway to protect the boat docks.

To help control the level of the lake one foot below the spill-
way at Bigelow Hollow, we would like to remove a section of the
concrete cap, approximately 12" deep and 12'6" wide (enclosed
print PL-7667). 0

If the above plan is agreeable to your office, may we have
your permission to proceed.

Our plans are to complete this project before winter. If there
are any questions or if more information is required, do not S
hesitate to call me at (617) 765-9711.

Very truly yours,
AMERICAN OPTICAL CORPORATION

ddr/ rge L. Gal rani
irector, Facilities and Security

enc.

p S

USA
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Photo 1. Crest of dam looking from the right abut-
ment towards the left abutment. Note the
gate housing for the two 30-inch low level
outlet pipes at the center of the picture.

Photo 2. Overall view of dam from right abutment.
Note large trees growing over dam embank-
ments and hand placed stone protection on
upstream face. Approximate slope is 1.5H:lV.

US ARMY ENGINEER DIV. NEW ENGLAND MASHAPAUG POND DAM
CORPS OP 1"OfNES11S NATIONAL PROGRAM OF UNION, CONNECTICUT

WALT"N. MASSACHUBITYS INSPECTION OF CT 01700

LENARD.DILAJ ENGINEERING, INC. JAN. 1981
SOAR.CONNECTICuI NON-FED. DAMS C



Photo 3. Concrete blocks on upstream slope. Tree in
background has a nail marker used to control s
water level in reservoir. When water is at
that level, the gate is opened. Note riprap
protection along water line.

•S

Photo 4. Outlet control structure. Outlet works con-
sists of two 30-inch pipes entering into a
circular intake chamber with valves. Outlet
from this chamber is a 3'x 5' conduit.

0

US ARMY ENGINEER DIV. NEW ENGLAND MASHAPAUG POND DAM
CoUp" OF a"S"""R NATIONAL PROGRAM OF UNION, CONNECTICUTWALTNAM. UAOOACNUBErTTB

WNARDDLHAM. NINERIN NC.INSPECTION OF CT 01700
LENARDDILAJ ENGINEERING, INC. JAN. 1981

'Oua.,Co.,c.,CUT NON-FED. DAMS
,a,,,fC-3
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Photo 5. Downstream sloe ofromtleft abrute.Ti

aprxmalyl.3lVNoeetniere

US~~~~rot andY taNGwater atV base ofGAN AmHPUPNA

Ph0NIoNNEto 6.-FD DonteaAaeofotetsrcur.Ti
strutureis aconcete ap o anClde



____________ ________________________

Photo 7. Closeup of downstream wall. Note seepage
along end of wall.

vS

Photo 8. Seepage area left of downstream outlet
structure. Note rust colored water which
appears to be rising up from the founda-
tion soils.

US ARMY ENGINEER DIV. NEW ENGLAND MASHAPAUG POND DAM
CORtPS of I***11624 NATIONAL PROGRAM OF UNION, CONNFCTICUT

WALTHAM, WSAHI78INSPECTION OF CT 01700
LENARD-DILAJ ENGINEERING. INC. JAN.1983-

41Omh3.COU"ICTICuT NON-FED. CAMSc-
IO~bIC-5



Photo 9

Closeup of hand placed stone
protection on upstream face of
dam. Note large tree and bulging 0
as a consequence of this growth.

0

Photo 10

Seepage along toe of dam down-
stream slope. Mostly obscured
by tailwater, except in loca-
tions of heavier flow, such as
in photo, taken approximately
30 feet from left abutment.

US ARMY ENGINEER DIV. NEW ENGLAND MASHAPAUG POND DAM
Coops op ,,*oc,,s NATIONAL PROGRAM OF UNION, CONNECTICUT

INSPECTION OF CT 01700
LENARD.DILAJ ENGINEERING, INC. JAN. 1981

s oN.S.Co.u"CTICUT NON-FED. DAMS C-6 0
I NhIE C-
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Photo 11. view of left side of dike on upstream
slope. Note concrete block repairs, inter-

* mittent collapse of these repaired sec-
tions, and extensive tree growth on the
upstream slope.

Photo 12. Overall view of dike from right abutment.
Note heavy tree growth. Riprap protection
is approximately l.5H:1V.

US ARMY ENGINEER DIV. NEW ENGLAND MASHAPAUG POND DIKE
coops OF r."0118228 NATIONAL PROGRAM OF UNION, CONNECTICUT

WALRA .ABO C~ SI TSIN SPEC TIO N O F C T 0 16 9 9
LENARD-DILAJ ENGINEERING, INC. JAN. 1981

sToftA6.comREc19cuT NON-FED. DAMS c



Photo 13. Closeup, of collapsed concrete block wall.
Note the gravelly sand which comprises

* the embankment slope, and riprap areas
with a 2:1 slope. Sloughing has probably
caused steeper slopes in some of these

Photo 14. Overall view of dike from left abutment.
Note extensive tree growth on both em-
bankments.

US ARMY ENGINEER DIV. NEW ENGLAND MASIIAPAUG POND DIKE
CORP* OF 11104141911 NATIONAL PROGRAM OF UNION, CONNECTICUT

WALTHAM. WASSAC60JSET7

INSPECTION OF CT 01699
LENARO'DILAJ ENGINEERING, INC. JAN. 1981

STOSASCOSN0ICTICUT NON-FED. DAMS -



Photo 15. overall view of wet area downstream of dike.

Photo 16. Newly exposed face in borrow area.near
right abutment of dike.

US ARMY ENGINEER DIV. NEW ENGLAND MASHAPAUG POND DIKE
CORP@ all 111O6UIINS NATIONAL PROGRAM OF UNION, CONNECTICUT-

WATA.j62CUET INSPECTION OF CT 01699
LENARD-DILAJ ENGINEERING, INC. JAN. 19819 7o40S.Co uln CTCU, NON-FED. DAMSC9



Photo 17. Downstream face of spillway. Note con-
struction joint below spillway crest and
spalling on face of dam.

Photo 18. Closeup of spalling on left side of
spillway weir.

US ARMY ENGINEER DIV. NEW ENGLAND ?vASHAPAUG POND SPILLWAY
CORPS OF EftalUE2fs NATIONAL PROGRAM OF UNION, CONNECTICUT

WALTHAM. WASSACHUSITYS NSETOOFCT 00640 _
LENARD-DILAJ ENGINEERING, INC. JAN. 1981

*tO~fl.COHH.?ICUNON-FED. DAMS CJ
Iu.,Ng10



Photo 19

Closeup of construction joint
below cap of spillway weir.

Photo 20

Closeup view of crack and seepaqe
between low rock and concrete abut-
ment at left side of dam. Seepage

~apparently emanates from the
abutm~ent.

US ARMY ENGINEER DIV. NEW ENGLAND MASHAPAUG POND SPILLWAY
CORPS OP ENGINEERS NATIONAL PROGRAM OF UNION, CONNECTICUT

WATA. AIA"UIT1INSPECTION OF CT 00640
LENARD.DILAJ ENGINEERING, INC. JrAN. 1981 -

ey ONABIC ONI C TICUT NON-FED. DAMS Ci
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Photo 21. Downstream channel vi(,,d from spillway
* crest. Note rust stained water approxi-

mate:ly 30 feet downstream of spillway.

Photo 22. Upstream of spillway. Note siltation at
low water level. Water level is lower
during winter months to protect lake
front docking facilities.

US ARMiY ENGINEER DIV. NEW ENGLAND MASHAPAUG POND SPILLWAY
coalPs *O ENGINEERS NATIONAL PROGRAM OF UNION, CONNECTICUT

WALTHAM, MASSACHUSETTS ISETOOFCT 00640

LENARD.DILAJ ENGINEERING. INc. JAN. 1981
510"A6 CONNICTICUT NON-FED. DAMS c1



APPENDIX D

HYDROLOGIC AND HYDRAULIC

COMPUTATIONS



THIS REPORT covers three facilities: the

spillway structure, CT 00640, located at
the southern end of the pond; the dike 0

structure, CT 01699, located on the north-

west side of the pond; and the dam struc-

ture, CT 01700, located at the northeast

section of the pond. Jointly, these three 0

facilities make possible the maintenance

of the water level at Mashapaug Pond. Since

all three structures are related to one

pond, drawing on one watershed, and having 0

identical hydrologic characteristics, the

three structures were combined into one

report. Throughout the report, however,

each structurc is discussed separately and 0

on its own merit.

i>

DAM CT. 01700

DIKE CT 01699 MASHAPAUG

SPILLWAY CS 00640
CREST ELEV. 706.0



LENARD & DILAJ ENGINEERING, INC. Joe
1066 Storrs Road SHEET NO. OF

STORRS, CONNECTICUT 06268 CALCULATED BY 4 "4. DATE 2 .AA4I

(203) 429-7308
CHECKED BY DATE

SCALE

DETERMINATION OF SPILLWAY TEST FLOOD*

A. SIZE CLASSIFICATION
THIS DAM:

Based on either storage or height
Small Storage 50-999 Ac.-Ft.

Height 25-39 Ft.

1er N Storage 1,000-50,000 Ac.Ft. _ 7 , An _____

Height 40-100 Ft. /5 F7

Storage More than 50,000 Ac.-Ft.
Large Height Greater than 100 Ft.

B. HAZARD POTENTIAL CLASSIFICATION

Category Loss of Life Economic Loss

Low None expected Minimal

Significant Few Appreciable

Mo re tha n few cssive

Hazard Classification _______

C. HYDROLOGIC EVALUATION GUIDELINES

Hazard Size Spillway Test Flood

Low Small 50 to 100-Year Frequency
Intermediate 100-Year Frequency to PMF
Large PMF to PMF

Significant Small 100-Year Frequency to PMF
Intermediate PMF to PMF
Large PMF

PMF to PMF
_jntrmediite toM_-

Large PMF

Spillway Test Flood ____/___r___

* Based upon "Recommended Guidelines for Safety Inspection of
Dams" Department of the Army, Office of the Chief of Engineers, 0
November 1976.

PUOg-1 -tWtW aburn QN MOW Ug 014W0
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