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REPLY TO

ATTENTION OF:
¥ NEDED 7 OCT 136
k Honorable Hugh J. Gallen

Governor of the State of New Hampshire

X State House
r Concord, New Hampshire 03301
3
. Dear Governor Gallen:
3 Inclosed is a copy of the Butterfield Pond Dam Phase I Inspection Report, which
h was prepared under the National Program for Inspection of Non-Federal Daums.

This report is presented for your use and is based upon a visual
inspection, a review of the past performance and a brief hydrological
. study of the dam.

Butterfield Pond Dam has been rated as being in very poor condition. The
brief assessment and Section 3 of this report contain a discussion as to
the condition of the dam. I have approved the report and support the
findings and recommendations described in Section 7 and ask that you
keep me informed of the actions taken to implement them. This follow-up
action is a vitally important part of this program.

A copy of this report has been forwarded to the Water Resources Board,
the cooperating agency for the State of New Hampshire. In addition, a
copy of the report has also been furnished the owner, The State of New
Hampshire Resource and Economic Development Dept., Division of Parks and
Recreation.

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

I wish to take this opportunity to thank you and the Water Resources
Board for your cooperation in carrying out this program.

Sincerely,
Incl % SCHEID
As stated Colonel, Corps of Engineers

Division Engineer
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NATIONAL DAM INSPECTION PROGRAM
PHASE I - INSPECTION REPORT
BRIEF ASSESSMENT
Identification No: NH 00233
Name of Dam: Butterfield Pond Dam
Town: Washington
County and State: Sullivan, New Hampshire
Stream: Ashuelot River
Date of Inspection: December 6, 1979

)

"~ Butterfield Pond Dam is a stone-filled gravity structure about 210 feet in overall
length and 12.5 feet high from crest of dam to toe of slope. Located in the center

of a concrete capped, stone weir with concrete training walls. Near the middle
of the overflow section is a 16.2 feet wide by 0.2 feet deep low flow spillway
weir cast into the concr:‘?xocated at the right training wall of the overflow

rL of the dam is the principal overflow section which is 57 feet long and consists

section is the outlet structure which consists of a reinforced concrete sluice gate
structure containing a w ank sluice gate. Both the left and right embankments
consist of unmertdred stone. There is no emergency spillway.

e

-~The dam impounds Butterfield Pond and adjoining May Pond and the discharge
flows through the Ashuelot River in a southwesterly direction approximately 6.0
miles to Ashuelot Pond. The original purpose of the dam is reported to have been
to supply power to & mill, but its present use is recreational. The pond is 1.25
miles in length with a surface area of about 126 acres. The maximum storage
capacity is about 590 acre feet. N 142

- e

—~As a result of the visual i’napecﬁo/n of this faeility, the dam is considered to be
in YERX POOK condition./Major concerns are: a sinkhole in the earthfill on the
upstream side of the right stone embankment with pond water flowing into the
sinkhole; subsidence of the crest and bulging of the downstream slope of the left

Jp- stone embankment; severely broken and eroded condition of the concrete cap and

the downstream concrete facing of the overflow section; and significant leakage
and seepage at numerous locations along the downstream face of the dam.

This dam is classified as SMALL in size and a SIGNIFICANT hazard structure in
accordance with the recommended guidelines established by the Corps of Engineers.
The test flood for this dam therefore, ranges from a 100-year flood to one-half
the Probable Maximum Flood (1/2 PMF). Due to the very poor condition of the
dam, the 1/2 PMF was selected for this hydrologic analysis. The test flood inflow
was estimated to be 7,500 cfs and resulted in a routed test flood outflow equal
to 5,430 cfs which would overtop the dam crest by about 5.3 feet. The maximum

ii
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spillway discharge capacity with the water level at the dam crest was estimated
to be 160 cfs or about 3 percent of the routed test flood outflow. A major breach
with the reservoir surface at the dam crest would overtop New Hampshire Route
31, by 2 to 3 feet, where it crosses the channel 350 feet below the dam. This
could result in significant damage to the bridge and roadway. Although the potential
for loss of life exists if the bridge were to wash out, no loss of life is anticipated.

It is recommended that the owner engage a qualified engineer to: investigate the
sinkhole, crest subsidence, erosion channel on the downstream slope, and seepage
at the left end of the right stone embankment; investigate the subsidence of the
crest, sinkhole in the upstream earthfill, bulging of the downstream slope and
seepage at the downstream toe of the left stone embankment; investigate the
structural condition of the overflow section and the sluice gate; and do a detailed
hydrologie-hydraulic investigation to assess further the potential of overtopping
the dam, the adequacy of the spillway to pass the test flood, and the need for
and means to increase project discharge capacity. It is also recommended that the
owner clear brush and trees from a zone 25 feet wide on each side of the discharge
channel between the dam and the highway bridge downstream of the dam.

The recommendations and remedial measures are deseribed in Section 7 and should
be addressed by the owner within one year after receipt of this Phase I Inspection

o Jomit i

Kenneth M. Stewart
Project Manager
N.H.P.E. 3531

S E A Consultants Ine.
Rochester, New Hampshire
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This Phase I Inspectioa Report on Butterfield Pond Dam

, ) has been reviewved by the undersigned Review Board members. 1In our

‘ ) opinion, the reported findings, conclusions, and recommendations are
consistent with the Recommended Guidelines for Safety Imspection of

) Dams, and with good engineering judgment and practice, and is hereby '
subnitted for approval.

t ,
ARAMAST MAHTESIAN, MEMBER

- Geotechnical Engineering Branch
b Engineering Division

Coney 11 Tain

CARNEY M. TERZIAN, MEMBER
t Design Branch

T

Engineering Division

RICHARD DIBUONO, CHAIRMAN
Water Control Branch
Engineering Division

T

APPROVAL RECOMMENDED:

Chief, Bngineering Division
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PREFACE

_ This report is prepared under guidance contained in the Recommended Guidelines
[-'.: for Safety Inspection of Dams, for Phase I Investigations. Copies of these guidelines
may be obtained from the Office of Chief of Engineers, Washington, D.C. 20314,

. The purpose of a Phase I investigation is to identify expeditiously those dams
tﬁ‘ 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 inspections. Detailed
o investigation, and analyses involving topographic mapping, subsurface investigations,
. testing, and detailed computational evaluations are beyond the scope of a Phase I
‘,"-' N investigation; however, the investigation is intended to identify any need for such

j studies.

In reviewing this report, it should be realized that the reported condition of the
dam is based on observations of field conditions at the time of inspection along
with data available to the inspection team. In cases where the reservoir was
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 detectable if inspected under the
normal operating environment of the structure.

It is important to note that the condition of a dam depends on numerous and
constantly changing internal and external 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 be
detected.

Phase 1 inspections are not intended to provide detailed hydrologic 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 reason-
ably possible storm runoff), or fractions thereof. Because of the magnitude and
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P rarity of such a storm event, finding that a spillway will not pass the test flood
‘ should not be interpreted as necessarily posing a highly inadequate condition. The

Fs test flood provides a measure of relative spillway capacity and serves as an aide
t'? in determining the need for more detailed hydrologic and hydraulic studies, con-~
L] sidering the size of the dam, its general condition and the downstream damage
. potential.

The Phase 1 investigation does not include an assessment of the need for fences,
gates, no-trespassing signs, repairs to existing fences and railings and other items
which may be needed to minimize trespassing and provide greater security for the
facility and safety to the public. An evaluation of the project for compliance with
OSHA rules and regulations is also execluded.
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NATIONAL DAM INSPECTION PROGRAM
PHASE 1 INSPECTION REPORT
BUTTERFIELD POND DAM

SECTION 1
PROJECT INFORMATION

1.1 General

a. Authority. Public Law 92-367, August 8, 1972, authorized the Secretary
of the Army, through the Corps of Engineers, to initiate a National Program of
Dam Inspection throughout the United States. The New England Division of the
Corps of Engineers has been assigned the responsibility of supervising the inspection
of dams within the New England Region. S E A Consultants Ine. has been retained
by the New England Division to inspect and report on selected dams in the State
of New Hampshire. Authorization and notice to proceed were issued to S E A
Consultants Inc. under a letter of November 5, 1979 from William Hodgson, Jr.,
Colonel, Corps of Engineers. Contract No. DACW33-80-C-0008 has been assigned
by the Corps of Engineers for this work.

b. Purpose

(1) To perform technical inspection and evaluation of non-federal dams
to identify conditions which threaten the public safety and thus permit correction
in a timely manner by non-federal interests.

(2) To encourage and prepare the states to initiate quickly effective
dam safety programs for non-federal dams.

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

1.2 Description of Project

a. Location. The Butterfield Pond Dam is located in the town of Washing-
ton, New Hampshire, at the south end of Butterfield Pond, just east of New
Hampshire Route 31. The dam impounds water from Butterfield Pond and adjoining
May Pond which, after passing over the spillway, flows through the Ashuelot River
in a southwesterly direction for approximately 6.0 miles where it discharges into
Ashuelot Pond. The dam is shown on U.S.G.S. Quadrangle, Lovewell Mountain, New
Hampshire, with coordinates approximately N43°13'33", w72°07'08", Sullivan County,
New Hampshire. (See Location Plan)

b. Description of Dam and Appurtenances. Butterfield Pond Dam is a

stone-filled gravity structure with a concrete capped overflow section and a
reinforced concrete sluice gate structure. The dam is approximately 210 feet in
overall length and 12.5 feet high from crest of dam to toe of slope. Both
embankments consist of unmortared stone and have a crest width of approximately




-

6.0 feet. The left embankment has a downstream slope of unmortared stone which
extends from crest of dam to toe of slope at approximately 1.5 feet vertical to
1.0 foot horizontal (1.5:1). The right embankment has a downstream slope of
earthfill at approximately 1.0 foot vertical to 2.0 feet horizontal (1:2).

Located in the center of the dam is the principal overflow section which is 57
feet long and consists of a concrete capped, stone weir with concrete training
walls. Near the middle of the overflow section is a 16.2 feet wide by 0.2 feet
deep low flow spillway weir cast into the concrete cap.

Located at the right training wall of the overflow section is the outlet structure
which consists of a reinforced concrete sluice gate structure containing a wood
plank sluice gate. All mechanical equipment to operate the sluice gate has been
removed and the sluice gate is split, leaking and inoperable. Flow passing through
the sluice gate structure discharges into a 12 feet wide stone-lined sluiceway that
extends approximately 56 feet to the main channel.

& c. Size Classification. Small (height - 12.5 feet; storage - 590 acre-feet)
based on storage (less than 1,000 acre-feet and greater than or equal to 50
acre-feet) as given in the Recommended Guidelines for Safety Inspection of Dams.

d. Hazard Classification. Significant Hazard. Failure of the dam could
result in damage to a state bridge and highway (NH Route 31), since the capacity
of the highway bridge is nearly 2,000 cfs less than the dam failure discharge and
the roadway would be overtopped by 2 to 3 feet. There are no dwellings located
near the downstream channel until the river discharges into Ashuelot Pond. However,
at this point the stage would decrease rapidly to less than a foot and dwellings
located on the pond would not be impacted. Although the potential for loss of
life would exist if the bridge were to wash out, no loss of life is anticipated.

e. Ownership. No information regarding the original owner was found, but
according to the files of the State of New Hampshire Water Resources Board, the
original dam was built to create a pond and provide power for what was called
Butterfield Mill. The dam was reconstructed in 1934 by the Civilian Conservation
Corp., and at that time was owned by the State of New Hampshire Forestry
Reservation. Since that time, the dam has always been owned by an ageney of
the State of New Hampshire, and is presently owned by Pillsbury State Park; more
specifically, the State of New Hampshire Resources and Economiec Development
Department, Division of Parks and Recreation, Post Office Box 856, Concord, New
Hampshire 03301. Telephone No. (603) 271-3254.

f. Operator. The dam is maintained and operated by Pillsbury State Park,
under the State of New Hampshire Resources and Economic Development Depart-
ment, Division of Parks and Recreation, Post Office Box 856, Concord, New
Hampshire 03301. Telephone No. (603) 271-3254.

g. Purpose of Dam. The original purpose of the dam was to provide power
to a mill. The present purpose of the dam is recreational.




h.  Design and Construction History. No information regarding the original
design or construction of the dam was found. Early records indicate that it was
last rebuilt in 1934. A set of plans dated 1934, showing plan, elevation, and section
of an existing structure and proposed reconstruction prepared by R. D. Chapin,
Civil Engineer, Newport, New Hampshire, are on file at the State of New Hampshire
Water Resources Board. None of the details shown on these plans are consistent
with the configuration of the present structure. Photographs taken in 1937 that
are on file substantially agree with the detail of the present structure.

i. Normal Operating Procedures. The Butterfield Pond Dam is used
primarily to retain the waters of Butterfield Pond and adjoining May Pond for
recreational use at Pillsbury State Park. There is no normal operating procedure
for this dam.

1.3 Pertinent Data

a. Drainage Area. The drainage area above the Butterfield Pond Dam
covers nearly 7.15 square miles (approximately 4576 acres), consisting of steeply
sloped terrain surrounding Butterfield Pond and adjoining May Pond, and other
smaller ponds located upstream from Butterfield Pond. The topography in the
drainage basin ranges from 2332 feet (NGVD) on top of Bean Mountain to approxi-
mately 1592 feet (NGVD) at the base of the dam. The majority of the basin is
heavily wooded and generally undeveloped. The development which does exist
consists of structures associated with Pillsbury State Park.

b. Discharge at Damsite. Discharge at the damsite normally oceurs over
the overflow section located between the two concrete training walls. A 16.2 feet
wide by 0.2 foot deep low flow spillway is located near the middle of the overflow
section. The invert of the spillway weir is at elevation 1603.0 feet (NGVD) and
has a capacity of nearly 4 cfs. A 6.1 foot wide by 6.05 foot high sluice gate is
located adjacent to the right training wall. The sluice gate is normally closed,
and presently is inoperable and leaking through a split in the gate. This gate, if
operable, would allow the reservoir to be lowered to an elevation of 1595.2 feet.

(1) The capacity of the sluice gate was estimated to be 435 efs with
the water surface at the top of dam (elevation 1604.2 feet) and 595 cfs with the
water surface at the test flood elevation (elevation 1609.5 feet).

(2) Maximum known flood at damsite - unknown

(3) The ungated spillway capacity with the water surface elevation
at the top of the dam (elevation 1604.2 feet) was estimated to be 160 cfs

(4) The ungated spillway capacity with the water surface elevation
at the test flood elevation (elevation 1609.5 feet) was estimated to be 2,375 efs




(5) N/A
(6) N/A

(7) The total spillway capacity at the test flood elevation was
estimated to be 2,375 efs at 1609.5 elevation

(8) The total project discharge at the top of the dam was estimated
" to be 210 cfs at 1604.2 elevation (with the sluice gate closed) and 630 cfs at
1604.2 elevation (with the sluice gate open)

(9) The total project discharge at the test flood elevation was
estimated to be 5,430 cfs at 1609.5 elevation

e. Elevation (feet, NGVD) based on elevation 1603.0 shown on U.S.G.S.
quad sheet assumed to be pool elevation at top of permanent spillway crest

(1) Streambed at toe of dam - 1591.9
(2) Bottom of cutoff - unknown
(3) Maximum tailwater - unknown
(4) Recreation pool -~ 1603.2
(5) Full flood control pool - N/A
(6) Spillway crest - 1603.0
(7) Design surcharge (Original Design) - unknown
(8) Top of dam - 1604.2
(9) Test flood design surcharge - 1609.5
d. Reservoir (length in feet) (Butterfield Pond and adjoining May Pond)
(1) Normal pool - 6,565
(2) Flood control pool - N/A
(3) Spillway crest pool - 6,550
(4) Top of dam - 6,630
(5) Test flood pool - 6,990




1
(2)
(3)
(4)
(5)

e.  Storage (acre-feet) (Butterfield Pond and adjoining May Pond)

Top of dam - 590

f. Reservoir Surface (acres) (Butterfield Pond and adjoining May Pond)

Normal pool - 465

Flood control pool - N/A

Spillway crest pool - 440

Test flood pool - 1,415

(1)
(2)
(3)
(4)
(5)

(1)

(2)
(3)
(4)

(5)

(6)
(7
(8)
(9)

g. Dam

(10) Other - none

Normal pool - 126

Flood control pool - N/A
Spillway crest - 125
Test flood pool - 175
Top of dam - 134

Type - stone-filled gravity structure with concrete capped overflow
section

Length - 210 feet overall
Height - 12.5 feet maximum

Top Width - 6.0 feet (at stone embankments)
8.0 feet (at overflow section)

Side Slopes - 1.5 V to 1.0 H downstream slope (left embankment)
1.0 V to 2.0 H downstream slope (right embankment)

Zoning - unknown
Impervious core - unknown
Cutoff - unknown

Grout curtain - none
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h.  Diversion and Regulating Tunnel

Not applicable (see Section j below)

i. Spillway
T (1) Type - stone fill, concrete capped overflow section with concrete
training walls

(2) Length of weir ~ 57 feet (entire overflow section)
16.2 feet (low flow spillway section)

(3) Crest elevation - 1603.0 (invert low flow spillway)
1603.2 (invert main overflow section)

‘ (4) Gates - N/A

(5) U/S Channel - The banks of Butterfield Pond and May Pond are
tree lined. For the most part the slopes appear to be stable, although some debris
{ has blocked the sluice gate. Other than the debris blocking the sluice gate, no
- evidence of significant sedimentation was observed.

(6) D/S Channel. The dam's overflow section discharges into a natural
river channel (Ashuelot River) which is about 20 feet wide and 3.5 feet deep.
Approximately 350 feet downstream from the dam, the river passes beneath a
state highway (NH Route 31). The bridge opening (perpendicular to the centerline
of the channel) measures 24.3 feet wide by 10.4 feet high. After passing through
the bridge, the river travels in a southerly direction until it discharges into Ashuelot
Pond, approximately 6 miles downstream from the dam.

j+  Regulating Outlets
(1) Invert - Sluice gate - 1595.2 (bottom of gate opening)

(2) Size - Sluice gate - 6.1 feet wide x 6.05 feet high opening

(3) Description - Sluice gate - 5 inch thick wooden planks, 7.1 feet
wide, bolted together to form gate in 6.1 feet wide
opening

(4) Control Mechanism - Sluice gate - Manual crank lift by cables.
Lifting mechanism removed. Gate planks
split and leaking.

.........................................
............................................
..........................................
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SECTION 2
ENGINEERING DATA

2.1 Design

No design data were disclosed for Butterfield Pond Dam. A set of plans dated
1934 showing plan, elevation, and section of an existing structure and proposed
reconstruction of the dam by R.D. Chaplin, Civil Engineer, Newport, New Hampshire
are on file at the State of New Hampshire Water Resources Board. None of the
details shown on those plans were consistent with the configuration of the present
structure.

2.2 Construction
No construction records were disclosed.
2.3 Operation
No ergineering operational data were found.
2.4 Evaluation
a. Availability. No engineering data were available for Butterfield Pond
Dam. A search of the files of the State of New Hampshire Water Resources Board

revealed a limited amount of recorded information.

b.  Adequacy. The final assessments and recommendations of this investiga-
tion are based on the visual inspection and the hydrologic and hydraulic calculations.

c¢. Validity. The field investigation indicated that the external features

of the Butterfield Pond Dam almost completely disagree with the detail shown on
the plans on file at the State of New Hampshire Water Resources Board.

2-1
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SECTION 3
VISUAL INSPECTION

3.1 Findings

a. General. Butterfield Dam impounds a pond of small size. The drainage
area above the dam consists of steeply sloped terrain surrounding Butterfield Pond
and adjoining May Pond, and other smaller ponds located upstream from Butterfield
Pond. The majority of the basin is heavily wooded and generally undeveloped. The
development which does exist consists of structures associated with Pillsbury State
Park. The downstream area is undeveloped except for the bridge crossing of NH
State Route 31.

The field inspection of Butterfield Pond Dam was made on December 6, 1979. The
inspection team consisted of personnel from S E A Consultants Inc. and Geotechnical
Engineers, Inc. Inspection checklists, completed during the visual inspection, are
included in Appendix A. At the time of inspection, water was passing approximately
2-1/2 inches deep over the 16.2 feet wide low flow spillway. The pool elevation
was at approximately 1603.2 feet (NGVD). The upstream face of the dam could
only be inspected above this water level.

b. Dam. Butterfield Pond Dam is a stone-filled gravity structure about
210 feet in overall length and 12.5 feet high from crest of dam to toe of slope.
(See Plans and Detailing in Appendix B.)

The central portion of the dam consists of a stone-masonry overflow section about
57 feet long with concrete training walls and a stone weir, concrete capped on
the crest and downstream side. (See Photo Nos. 2 and 7.) The crest of the overflow
section is about 8 feet wide and the downstream face is vertical. (See Photo Nos.
3 and 7.) The upstream side of the overflow section is not completely visible
beneath the water surface, but does indicate the existence of an unmortared stone
apron. Located near the middle of the overflow section cast into the concrete
cap is the low flow spillway which is 16.2 feet wide and 0.2 feet deep. (See Photo
Nos. 7 and 8.) The concrete cap on the crest of the overflow section is broken
and severely eroded at numerous locations. (See Photo Nos. 8 and 10.) At one
location there is a small eddy where water is flowing down into a hole on the
crest. Water is leaking from the downstream face at the contact between the
overflow section and the foundation bedrock. (See Photo No. 9.) Major leakage is
discharging from loose rocks at the toe of the right end of the overflow section.

Between the sluice gate at the right training wall of the overflow section and the
right abutment, there is a stone embankment which appears to consist of a vertical
dry-stone-masonry wall with earthfill against the upstream and downstream sides.
In the fill immediately adjacent to the upstream side of the wall, there is a ditch
in which water is flowing from the pond toward a sinkhole which is about 15 to
20 feet to the right of the concrete sluice gate structure. (See Plans and Details
in Appendix B.) It appears that the water which flows into this sinkhole is discharging
at the base of the downstream end of the right training wall of the sluice gate
structure. (See Photo No. 13.) About 5 feet to the right of the concrete sluice
gate structure, the crest of the stone embankment has subsided about 2 feet.
Directly in line with this subsidence, there is an apparent erosion channel that
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extends from the crest to the toe of the downstream slope of the embankment.
This channel is filled with weeds and brush, and there are stumps of some small
trees in the channel. Some brush and one small tree are growing on the earthfiil
on the upstream side of the stone embankment. Brush and weeds are growing on
th;e earthfill on the downstream side of the stone embankment. (See Photo No.
4.

Between the left training wall of the overflow section and the left abutment there
is a stone embankment which has a downstream slope inclined at about 1.5V:1H
and which has an earthfill against its upstream side. There appears to be a major
bulge in the downstream slope of this stone embankment close to the overflow
section of the dam. (See Photo No. 5.) Major seepage is discharging at the toe
of the stone embankment next to the overflow section. The crest of the stone
embankment has settled about 1 to 1 1/2 feet within about 10 feet of the overflow
section and the crest of the earthfill on the upstream side of the embankment
has a sinkhole about 3 to 4 feet deep above pond level at a location about 25
feet to the left of the overflow section. (See Photo No. 6.) Brush and small trees
are growing on the earthfill on the upstream side of the embankment. Brush and
trees are growing at the downstream toe of the embankment. (See Photo No. 4.)

c.  Appurtenant Structures. Located at the right training wall of the
overflow section is the dam's outlet structure which consists of a reinforced
concrete sluice gate structure that discharges into a 12 foot wide stone-lined
sluiceway that extends approximately 56 feet to the main channel. (See Photo
Nos. 10 and 11.) The sluice gate itself consists of 5-inch thick wood planks that
are secured together by two long vertical bolts. The gate is approximately 6.1
feet wide and 6.05 feet high and is raised and lowered through steel slots embedded
in the sides of the concrete sluice gate structure. Near the top of the gate, a
severe crack has developed between the wood planks and water is pouring through
and discharging into the sluiceway. (See Photo No. 12.)

A 6-inch thick concrete slab cast on top of the sluice gate structure acts as a
control tower for the gate. The lifting mechanism has been removed, and the gate
is jammed in the closed position. The upstream face of the left wall of the
concrete sluice gate structure is being undermined and is deteriorated, exposing
reinforcing steel.

d. Reservoir _Area. The slopes of the ponds appear to be stable. No
evidence of significant sedimentation was observed. The approach channel to the
spillway is wide and unobstructed.

e. Downstream Channel. The dry-stone-masonry wall on the right side of
the sluiceway downstream of the sluice gate structure is in poor condition. Some
brush is growing in the channel downstream of the sluiceway. Some trees overhang
the channel downstream of the overflow section of the dam, and one tree has
blown over across the channel. (See Photo Nos. 14, 15 and 16.)




3.2 Evaluation

On the basis of the results of the visual inspection, Butterfield Pond Dam is
considered to be in very poor condition.

A major sinkhole into which water from the pond is flowing on the upstream side
of the stone embankment at the right end of the dam, subsidence of the crest of
the right stone embankment, an apparent erosion channel on the downstream slope
of the right embankment, and a major discharge of water from the base of the
right training wall of the sluice gate structure are all signs of serious stability
problems of the right embankment. It is possible that this embankment could fail
at any time.

A major subsidence of the crest of the stone embankment at the left end of the
dam, a major sinkhole in the earthfill on the upstream side of the left stone
embankment, apparent bulging of the downstream slope of the left embankment,
and a major discharge of water from the downstream toe of the left embankment
are all signs of serious stability problems of the left embankment. It is possible
that this embankment could fail at any time.

The broken and eroded condition of the concrete cap and downstream facing of
the overflow section of the dam, leakage from cracks in the downstream facing,
leakage at the contact between the overflow section of the dam and the bedrock
foundation, and the flow of pond water into a hole on the crest of the overflow
section are all signs of serious stability problems in the overflow section of the
dam.

A large crack between the wood planks of the sluice gate and the water pouring
through and discharging into the sluiceway, and the absence of any lifting mechanism
are signs of considerable deterioration of the gate. It is possible that the gate
could fail at any time.

Trees growing at the downstream tne of the dam, and brush which will eventually
attain tree-size on the earthfills on the upstream side of the left stone embankment
and on the upstream and downstream sides of the right stone embankment may
lead to erosion and seepage problems if a tree blows over and pulls out its roots,
or if a tree dies or is cut and its roots rot.

3-3
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SECTION 4
OPERATIONAL AND MAINTENANCE PROCEDURES

4.1 Operational Procedures

a. General. The Butterfield Pond Dam is used primarily to retain the
waters of Butterfield Pond and adjoining May Pond. There are no written or routine
operational procedures.

b. Description of Any Warning System in Effect. No written warning system
exists for the dam.

4.2 Maintenance Procedures

a. General. The owner, the New Hampshire Resources and Economic
Development Department, Division of Parks and Recreation, is responsible for the
maintenance of the dam. No formal plan for maintenance was discussed.

b. Operating Facilities. No formal plan for maintenance of operating
facilities was disclosed.

4.3 Evaluation

The current operation and maintenance procedures for the Butterfield Pond
Dam are inadequate to insure that all problems encountered can be remedied
within a reasonable period of time. The owner should establish a written operation
and maintenance procedure, as well as establish a warning system to follow in
event of flood flow conditions or imminent dam failure.
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i SECTION 5
EVALUATION OF HYDROLOGIC/HYDRAULIC FEATURES

5.1 General. Butterfield Pond Dam is a stone-filled gravity structure approxi-
- mately 210 feet in overall length and 12.5 feet high from crest of dam to toe of
f‘ slope. Located near the center of the dam is the principal overflow section which
is 57 feet long and consists of a concrete capped, stone weir with concrete training ST
walls. Near the middle of the overflow section is a 16.2 feet wide by 0.2 foot -
deep low flow spillway weir. Adjacent to the right training wall of the overflow b
section is a 6.1 feet wide by 6.05 feet high sluice gate housed in a reinforced

concrete structure. The sluice gate discharges into a 12 feet wide stone-lined

sluiceway which extends approximately 56 feet to the main channel. At this time,

the wooden plank sluice gate is inoperable and is severely leaking through a gap

between two of the planks.

e
In addition to Butterfield Pond, five other ponds are located in the drainage area '
upstream from Butterfield Pond. Consequently, nearly two-thirds of the runoff
from the watershed is intercepted by these ponds before flowing into Butterfield
Pond.
5.2 Design Data. No hydrological or hydraulic design data were disclosed. ) L

5.3 Experience Data. No experience data were disclosed. Maximum flood flows
or elevations are unknown.

5.4 Test Flood Analysis. Due to the absence of detailed design and operational
information, the hydrologic evaluation was performed utilizing data gathered during
field inspection, watershed size and an estimated test flood determined from the
Corps of Engineers guide curves. For this dam (small size and significant hazard)
the test flood ranges from a 100-Year Flood to one-half the Probable Maximum
Flood (1/2 PMF). Due to the very poor condition of the dam the 1/2 PMF was
selected for this analysis. Since the drainage area consists of steeply sloping
terrain, the "mountainous” curve, from the Corps of Engineers set of guide curves,
was used to estimate the maximum probable peak flow rate.

Based on an estimated maximum probable flood peak flow rate of 2,100 cfs per SRR
square mile and & drainage area of 7.15 square miles, the test flood inflow was RN
estimated to be 7,500 ecfs. The test flood was routed through the reservoir in
accordance with the Corps of Engineers procedure for Estimating Effeet of °

Surcharge Storage on Maximum Probable Discharge. The routed test flood outflow
was estimated to be 5,430 cfs. This analysis indicated that the dam crest would
be overtopped by approximately 5.3 feet. The maximum spillway capacity (assuming
that the sluice gate is closed) with the water level at the dam crest was estimated
to be 160 cfs, which is only about 3 percent of the routed test flood outflow.

5.5 Dam Failure Analysis. The impact of dam failure with the reservoir surface
at the dam crest was assessed utilizing the "Rule of Thumb" Guidance for Estimating
Downstream Dam Failure Hydrographs published by the Corps of Engineers. The
analysis covered a reach extending approximately 6 miles downstream to Ashuelot
Pond. Based on this analysis, the Butterfield Pond Dam has been classified as a
significant hazard.
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Failure of the Butterfield Pond Dam would increase the stage along the immediate
downstream channel by 7.5 feet, with an associated discharge of 5,950 cfs. Since
this discharge exceeds the capacity of the highway bridge by nearly 2,000 cfs, it
is probable that the pool formed by the flow restriction of the bridge would
overtop the roadway by 2 to 3 feet and could cause significant damage to the
bridge and roadway. The stage of the river would be reduced to about 4.5 feet
by the time it discharges into Ashuelot Pond. The stage, however, would decrease
rapidly, to less than a foot, as the flow passes through the wider portions of the
pond. Although the potential for loss of life would exist if the bridge were to
wash out, no loss of life is anticipated.

R I
il sl e




SECTION 6
EVALUATION OF STRUCTURAL STABILITY

6.1 Visual Observations

The visual inspection indicates the following potential structural problems:

(V

(2)

&)

(4)

(5)

A major sinkhole into which water from the pond is flowing on the
upstream side of the stone embankment at the right end of the dam,
subsidence of the crest of the right stone embankment, an apparent
erosion channel on the downstream slope of the right embankment, and
a major discharge of water from the base of the right training wall of
the sluice gate structure are all signs of serious stability problems in
the right embankment. It is possible that this embankment could fail
at any time.

A major subsidence of the crest of the stone embankment at the left
end of the dam, a major sinkhole in the earthfill on the upstream side
of the left stone embankment, apparent bulging of the downstream slope
of the left embankment, and a major discharge of water from the
downstream toe of the left embankment are all signs of serious stability
problems in the left embankment. It is possible that this embankment
could fail at any time.

The broken and eroded condition of the concrete cap and downstream
facing of the overflow section of the dam, leakage from cracks in the
downstream facing, leakage at the contact between the overflow section
of the dam and the bedrock foundation, and the flow of pond water
into a hole on the crest of the overflow section are all signs of serious
stability problems in the overflow section of the dam.

The large crack between the wood planks of the sluice gate and the
water pouring through and discharging into the sluiceway, and the
absence of any lifting mechanism are signs of considerable deterioration
of the gate. It is possible that the gate could fail at any time.

Trees growing at the downstream toe of the dam, and brush which will
eventually attain tree-size on the earthfills on the upstream side of
the left stone embankment and on the upstream and downstream sides
of the right stone embankment, may lead to erosion and seepage problems
if a tree blows over and pulls out its roots, or if a tree dies or is cut
and its roots rot.

6.2 Design and Construction Data

No information regarding the original design or construction of the dam was

found.
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6.3 Post-Construction Changes

Early records indicate that the dam was rebuilt in 1934. A set of plans dated
1934, showing plan, elevation, and section of an existing struecture and proposed
reconstruction prepared by R.D. Chapin, Civil Engineer, Newport, New Hampshire,
are on file at the New Hampshire Water Resources Board. None of the detail
shown on these plans are consistent with the configuration of the present structure.
Photographs taken in 1937 that are on file substantially agree with the detail of
the present structure.

6.4 Seismic Stability

This dam is located in Seismic Zone 2 and, in accordance with the Phase I
guidelines, does not warrant seismic analysis.
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SECTION 7
- ASSESSMENT, RECOMMENDATIONS, AND REMEDIAL MEASURES

7.1 Dam Assessment

a. Condition. The visual examination indicates that Butterfield Pond Dam
- is in very poor condition. The major concerns with respect to the integrity of the
! dam are:

(1) Sinkhole in the earthfill on the upstream side of the right stone
embankment, with pond water flowing into the sinkhole.

(2) Major subsidence of the crest of the left stone embankment.
(3) Bulging of the downstream slope of the left stone embankment.

(4) Severely broken and eroded condition of the concrete cap and the
downstream concrete facing of the overflow section.

'S

(5) Leakage from cracks in the downstream facing of the overflow o
section and at the contact between the overflow section and the
foundation bedrock.
(6) Subsidence of the crest of the right stone embankment.
I (7) Erosion channel from the crest to downstream toe of the right
embankment.
(8) Major seepage at the base of the right training wall of the sluice
gate structure.
| (9) Sinkhole above pond level in the earthfill on the upstream side

of the left stone embankment.
(10) Major seepage at the downstream toe of the left embankment.

(11) Leakage through a large crack between the wood planks of the
sluice gate.

(12) Trees overhanging the discharge channel downstream of the over-
flow section of the dam and one tree which has blown over across
the channel.

- (13) Inadequacy of the spillway to pass the test flood.

7-1




A T rn—",

...........................

. b. Adequacy of Information. The information available from the visual

inspection is adequate to identify the problems that are listed in 7.2. These
problems will require the attention of a qualified registered professional engineer
who will have to make additional engineering studies to design or specify remedial
X measures. No additional information is needed for the purpose of this Phase I
- investigation.

- c.  Urgency. The owner should implement the recommendations in 7.2 and
a 7.3 immediately upon receipt of this Phase I report.

7.2 Recommendations

The owner should retain a registered professional engineer qualified in the
design and construction of dams to:

(1) Investigate the sinkhole, crest subsidence, erosion channel on the
downstream slope, and seepage at the left end of the right stone
embankment, and design remedial measures as needed.

(2) Investigate the subsidence of the crest, sinkhole in the upstream N )
earthfill, bulging of the downstream slope, and seepage at the SO
downstream toe of the left stone embankment, and design remedial
measures as need

- (3) Investigate the structural condition of the overflow section and
i design remedial measures as needed.

(4) Investigate the structural condition of the sluice gate and design
remedial measures as needed.

(5) Do a detailed hydrologic-hydraulic investigation to assess further

] the potential of overtopping the dam, the adequacy of the spillway *
, to pass the test flood, and the need for and means to increase T
project discharge capacity. SRR
The owner should carry out the recommendations made by the engineer. ,ZZZ‘. i
7.3 Remedial Measures .

a. Operating and Maintenance Procedures. The owner should:

(1) Clear brush and trees from a zone 25 feet wide on each side of
the discharge channel between the dam and the highway bridge

-~ downstream of the dam. i
(2) Visually inspect the dam and appurtenant structures once a month.
(3) Engage a registered professional engineer qualified in the design ’lif_'.:' o
and construction of dams to make a comprehensive technical P

irspection of the dam once every year.

7-2

........................................
......................................................




r_'rr'v.".' TR — MMM A Sl S e Ped . gt el i 0 S SOEM - -0 NS et e e S i St S e s TR TN T YT

-
.
° :

. (4) Establish a surveillance program for use during and immediately
after heavy rainfall, and also a warning program to follow in case
of emergency conditions.

o 7.4 Alternatives

- There are no practical alternatives to the recommendations of Section 7.2 ‘
and 7.3 except removal of the dam. SRR
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INSPECTION CHECKLIST
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2. Hydrology/Hydraulics B.. Pierstorff/P. Ricardi

it e i g P A Ao e W \ ot g P —————
INSPECTION CHECK LIST
PARTY ORGANIZATION
PROJECT: Butterfield Pond Dam, NH DATE: December 6, 1979
TIME: 9:00 a.n.
WEATHER: Cool, partly cloudy
W.S. ELEV, 1603.2 U.S.1591.9DN.S.
(NGVD)
PARTY:
1. Kenneth Stewart, S E A 6. Kenneth Stern, NHWRB
2. Robert Durfee, S E A 7. Richard DeBood, NHWRB
3. Bruce Pierstorff, S E A 8.
4.  Philip Ricardi, SEA 9. L
5. Ronald Hirschfeld, GEI 10.
PROJECT FEATURE INSPECTED BY REMARKS li‘.'.l
1. Structural Stability K. Stewart/R. Durfee T'__:.

3. Soils and Geology R. Hirschfeld

................
------------------
................
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INSPECTION CHECK LIST

Movement or Settlement of Crest
Lateral Movement

Vertical Alignment

Horizontal Alignment
Condition at Abutment and at
Concrete Structures

"Indications of Movement of Structural
Items on Slopes

Trespassing on Slopes

Vegetation on Slopes
Sloughing or Erosion of Slopes or Abutments

Rock Slope Protection - Riprap Failures

Unusual Movement or Cracking
at or near Toe

Unusual Embankment or Downstream Seepage
Piping or Boils

Foundation Drainage Features

Toe Drains

Instrumentation System

PROJECT: _Butterfield Pond Dam, NH DATE: _pecember 6, 13979
PROJECT FEATURE: Dam Embankment NAME:
DISCIPLINE: NAME:
AREA EVALUATED CONDITIONS
DAM EMBANKMENT
Crest Elevation 1603.0
Current Pool Elevation 1603.2
Maximum Impoundment to Date Unknown
Surface Cracks None observed
Pavement Condition Not paved

One sinkhole in crest to right of sluice gate
structure, one sinkhole in crest near left end
of overflow section

Bulging of downstream dry stone masonry wall
between left end of overflow section and left
abutment in vicinity of sinkhole on ecrest
Sinkholes, as noted above

See "Lateral Movement" above

Fair

None observed
No evidence observed

Brush and some small trees on upstream side
of embankment, on abutments, and down-
stream of toe of dam

Major erosion channel on downstream slope
next to training wall on right side of sluice-
way S

No riprap

None observed
Major seepages at several locations
None observed
None observed
None observed
None observed

....................
---------------------
.......................
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PROJECT: _putterfield Pond Dam, NH

INSPECTION CHECK LIST

DATE: December 6, 1979

PROJECT FEATURE: Dike Embankment

NAME:

. DISCIPLINE:

NAME:

AREA EVALUATED

CONDITIONS

= DIKE EMBANKMENT

Crest Elevation

Current Pool Elevation

Maximum Impoundment to Date
Surface Cracks

Pavement Condition

Movement or Settlement of Crest
Lateral Movement

Vertical Alignment

. Horizontal Alignment

Condition at Abutment and at
Concrete Structures

Indications of Movement of Structural
] Items on Slopes

Trespassing on Slopes

Vegetation on Slopes

Sloughing or Erosion of Slopes or Abutments
Rock Slope Protection - Riprap Failures

Unusual Movement or Cracking
at or near Toe

Unusual Embankmeni or Downstream Seepage
Piping or Boils

Foundation Drainage Features

Toe Drains

Instrumentation System

No dike
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INSPECTION CHECK LIST

PROJECT: Butterfield Pond Dam, NH DATE: December 6, 1979
PROJECT FEATURE:_ Intake Channel NAME:
I DISCIPLINE: NAME:
. AREA EVALUATED CONDITIONS
) OUTLET WORKS - INTAKE CHANNEL AND
INTAKE STRUCTURE
a. Approach Channel
Slope Conditions Good
Bottom Conditions Not visible beneath pond surface
Rock Slides or Falls None
Log Boom None
Debris Debris built up against sluice gate
Condition of Concrete Lining Loose stone lining
Drains or Weep Holes None
b. Intake Structure
Condition of Concrete Fair to poor. Exposed reinforcing steel and
numerous cracks.
Stop Logs and Slots Wooden gate (not operable) split and leaking.
-
A-4 ®
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i INSPECTION CHECK LIST
PROJECT: Butterfield Pond Dam, NH DATE: December 6, 1979
PROJECT FEATURE: Control Tower NAME:
i DISCIPLINE: NAME:
- AREA EVALUATED CONDITIONS
& OUTLET WORKS - CONTROL TOWER
a. Concrete and Structural
General Condition Fair
Condition of Joints Good
Spalling Minor
Visible Reinforeing Visible reinforcement on leading edge of both
! sides of intake channel
.

Rusting or Staining of Concrete
Any Seepage or Efflorescence
Joint Alignment

Unusual Seepage or Leaks in
Gate Chamber

i Cracks
a I Rusting or Corrosion of Steel
- b. Mechanical and Electrical
Air Vents
Float Wells
- Crane Hoist
Elevator
p Hydraulic System

Service Gates

Emergency Gates
Lightning Protection System
Emergency Power System

Wiring and Lighting System

Minor
Minor

Good

None observed
Numerous

Rusting of visible reinforcing steel

Not applicable
Not applicable
None

Not applicable
Not applicable

Not accessible - water pouring through
apparent split in wooden gate

Same as service gates
Not applicable
Not applicable

Not applicable
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£ INSPECTION CHECK LIST

PROQJECT: Butterfield Pond Dam, NH DATE: December 6, 1979

PROJECT FEATURE: Transition and Conduit NAME:

| DISCIPLINE: NAME:

T

AREA EVALUATED CONDITIONS

AND CONDUIT Not applicable

k OUTLET WORKS - TRANSITION

General Condition of Concrete
b Rust or Staining on Concrete
h Spalling

Erosion or Cavitation

& Cracking

Alignment of Monoliths

Alignment of Joints

Numbering of Monoliths

-
p
-
A-6 ® b
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> INSPECTION CHECK LIST o
N PROJECT: _Butterfield Pond Dam, NH DATE: December 6, 1979
“ PROJECT FEATURE: oOutlet Structure NAME:
F DISCIPLINE: NAME: ‘o
AREA EVALUATED CONDITIONS )
n OUTLET WORKS - OUTLET STRUCTURE ’ .
A AND OUTLET CHANNEL
General Condition of Concrete Fair
Rust or Staining Minor
Spalling Minor ¢
Erosion or Cavitation Both wing walls undermined and eroded. (Left
side more serious.)
Visible Reinforeing None observed Py
Any Seepage or Efflorescence Some efflorescence o
Condition at Joints Cracking at lift boundaries
Drain holes None - .
Channel
Loose Rock or Trees Overhanging
Channel Trees overhanging channel. Dry stone masonry R
wall on the right side of the sluiceway channel .
is in poor condition. - ®
Condition of Discharge Channel Fair
o
| ®
j o




T T R S N —— o et g e e

INSPECTION CHECK LIST

PROJECT: Butterfield Pond Dam, NH DATE: December 6, 1979
PROJECT FEATURE: spillway Weir NAME:

' DISCIPLINE: NAME:

AREA EVALUATED CONDITIONS

? OUTLET WORKS - SPILLWAY WEIR,
APPROACH AND DISCHARGE CHANNELS

a. Approach Channel

F General Condition Good
E Loose Rock Overhanging Channel None observed
- Trees Overhanging Channel None observed
i Floor of Approach Channel Not visible beneath pond surface
b. Weir and Training Walls
General Condition of Concrete Extensively deteriorated
Rust or Staining None observed
Spalling Large sections of concrete cap broken away
Any Visible Reinforeing None
L Any Seepage or Efflorescence Extensive seepage
Drain Holes None

c. Discharge Channel

General Condition Fair

Loose Rock Overhanging Channel None observed

Trees Overhanging Channel Trees in channel and overhanging channel
Floor of Channel Boulder-covered

Other Obstructions One tree has fallen across channel
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INSPECTION CHECK LIST e

PROJECT: Butterfield Pond Dam, NH DATE: December 6, 1979
PROJECT FEATURE: service Bridge NAME:
DISCIPLINE: NAME: -8
AREA EVALUATED CONDITIONS G
OUTLET WORKS - SERVICE BRIDGE No service bridge Te
a. Super Structure :
Bearings
Anchor Bolts . . |

Bridge Seat
Longitudinal Members -
Under Side of Deck : . :
Secondary Bracing e
Deck

Drainage System

Railings

Expansion Joints
Paint RO
b. Abutment & Piers V

General Condition of Concrete

Alignment of Abutment
Approach to Bridge

Condition of Seat & Backwall
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AVAILABLE ENGINEERING DATA el

No Engineering Data other than past inspection reports from the State of
New Hampshire Water Resource Board were available.
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PAST INSPECTION REPORTS




December 7, 1979
To: Vern Knowlton

From: Ken Stern 5
Re: Corps Imspection of May Pond Dam

(Butterfield Dam) 245.01, Washington

On December 6, 1979 I accompanied the inspection team from SEA Consultants.
This dam is in poor condition. The concrete is extremely deteriorated, the
. rock abutments have settled, there is major leakage at several locations.

The only structure threatened should the dam fail is a highway bridge on
state route 31l.° This bridge has a large clear opening. If the dam were to
fail gradually there may be no damage to the bridge.

I discussed the dam with Gary, who has been there, and we agree that
major reconstruction is needed. Once work is considered, total reconstruction
may be inevitable.

I recommend that the stoplogs be removed and the pond lowered until re-
medial action is taken. This would reduce the hydraulic pressure on the dam
and reduce the amount of water discharged should the dam fail. The lowered
water level would redistribute the location and magnitude of the ice pressures
on the structure.

I reébamend lowering the pond. A decisidn shauld be made and action
taken now.

KS/1in

.........

.....................
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May Pond, Dam No. 245.01, Washington, New Hampshire

This is a stone-fill, gravity with concrete abutments and spillway cap dam

type structure. It is approximately 225' long and with a maximum height of

Bel . SNty e dtimen

18'. The present structure has several serious leaks through the stonework,

YT

and cracks and holes in the concrete. It also contains a pond drain gate
T near the base of the dam which also leaks. The present configuration of the

dam and spillway does not permit the passage of the estimated 100 year flood

RN

flow (1,450cfs) without the dam being overtopped. The Beard's proposal in-

w

cludes work to stop thé leakage and increase the discharge capacity to equal

3 the 100 year flood flows,

+: The proposal incorporates comstructing an access road, removing the leaking
spillway stones and concrete cap, the leaking gate section abutments, con-

structing steel reinforced concrete face walls and abutments, and a new

s concrete spillway with flashboards. This will require the removal of accu-
mulated siltband debris froﬁ the upstream side of the dam. The project also
includes constructing a stoplog section to act as a pond drain which may re-
quire some channel excavation to improve the hydraulics of the downétream

channel.

Tﬁe aCCached cost estimate reflects the materials of construc:ion and labor

- e - e [ -
I - -—— —— —— e S b saketanlei i PRI o

.~ T TT-"Tcosts bf‘this proposal to be constructed not later than the end’ of 1980
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MAY POND DAM ({#245.01)

WASHINGTON, NEW HAMPSHIRE

Dam originally constructed to create a mill pond, but now used to
maintain a recreation pond for users of Pillsbury State Park

Pond area ~ 103 Acres

Ratio of net drainage to pond area - 37:1
100 year flood flows - 1450 cfs
Shoreline -~ 3+ Miles

-Altitude - 1632 feet

Watershed - Connecticut

River system - Ashuelot River

Inlets - Ashuelot River

Color of water - colorless

Ownership- State, Division of Parks
B e R TSI S SRR
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year frequency flood flows.

,,,,,,,,,,

(A S

MAY POND DAM (#245.01)
PILLSBURY STATE PARK

WASHINGTON, N. H.

At the present time, the dam on May Pond does not have capacity
to flow the 100 year storm frequency flow without overtopping the dam.
The present design standard requires dams to pass storms equal to 100

through the stonework.

The design for this project includes:

1. Removing existing spillway and construction a permanent
concrete crest with automatic flashboards.

2. Stoplog section construction.

The dam also has several serious leaks

3. New concrete abutments and cut-off and upstream face walls

to prevent the leak which is now occurring.

The follwing is a cost estimate:

Access Road $ 8,000.00

Remove cut brush and grass 2,000.00

Remove existing stone spillway, debres ) : 10,000.90
and silt

Concrete, reinforcements, ete. (200 cy) 70,000.00

Stoplog construction . 8,000.00

- Backfill & clean-up ' ) 6,000.00

SUB-TOTAL $104,000.00

AZOi fngineering & Contingencies 20,800.00 |
TOTAL $124,800.00

ROUNDED TOTAL  $125,000.00

B-6 2/7179




. (through openings in the snow) to be well built, substanial, and water tight. _p?ﬁ
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MEMO
TO: Vernon A. Knowlton DATE: August 16, 1978 '
Chief Engineer oL ) .
FROM: Gary Kerr 3 2
Water Resources Engineer:.‘ ) - A - ol

SUBJECT: Dam Inspection #2&5 Ol - Report of Leakage

DATE OF msrzcnon: _August 14, 1978

o . R 1y

¥
, s

Via a letter from the S.C.S. office in Claremont I was instructed
to reinspect the subject dam for a serious leak. Below are listed my
observations and please refer to the accompaning photos and file for clarity.

1. " Dam 1s founded on ledge and consists of piled stones
embankment and spillway with a concrete cap.

2. A stoplog section w1th concrete abutments.
3. Serious_leakage occuring the® the structure at several places:
"~ a. Right: embankment
“*b, ‘Left side pler of the stoplog section
c. Thru the hole in the spillway cap

’ ,;' ¥ o o .
: R A S
This structure is listed ag a menace dam because of the pondage :
(approx. 103 acres) DA, of 7.3 m; and downstream development
The Ashuelot River flows thru May Pond, under Route 31 and into !
Ashuelot Pond, Washington. There is considerable domestic development around
Ashuelot Pond and points South. _ CL .., 2 xua

In F.C.M.!'s inspection report of 1971, he states that the dam s flood -
capacity is sufficient to pass the estiglited 100 flood with 1/2'of Ereeboard
and no gate (now stoplogs) operation. He also indicated "it appeared . |

Unfortunately now, these assumptions are not entirely true. The dam has’ :
deteriorated, rocks have moved, the spillway cap is broken and the structure -
does leak seriously. g i o LaE

R
w T . AR T

B .,\

I strongly suggest that the pond be lowered or the dam sealed, sufficiently
enough to stop the leakage thru the embankment and spillway cap. This may require
a drawdown of 2-3', and since we are approching the hurricane season, the drawdown

would redue the protential flooding of a full pond plus runoff from the stydm
should the dam fail.

LK/kn
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STATE OF NEW HAMPSHIRE Do

L
INTER-DEPARTMENT COMMUNICATION :
DATE  August 16, 1978 ‘ff'%
0
FROM George M. McGee, Sr. AT (OFFICE) R j
E Chairman Water Resources Board e ‘
SuBJECT Leakage through dam #245.01 at May Pond . jﬂ"i“fli
- - - - R
TO Theodore Natti, Director ' ¥ - AR
Division of Resources Development R oo ]
' STl e
( ) ) ) . ..;
I‘ ' This office has been alerted to the fact that your"Butterfield f‘ . ]
e Dam" (245.01), at May Pond, Pillsbury State Park is leaking quite e
badly. An engineer re-inspected this dam and filed his report. :
Please be aware that this dam was inspected, per your request, in

September, 1975 and a copy of the suggested repairs was sent to you.

.The inspector noted that none of the suggested repairs, short term

oxr otherwise, were 1mplamented and now the dam condition has deteriorated .
seriously. ) N )

As a result of this inspection the following items require your
immediate attention:

1. The right hand piled stone embankment (looking downstream)
no longer acts as a pond retaining structure as water
freely flows through it.

2. This same embankment appears to have sloughed, to the extent S
that it no longer retains the shape of a stone wall with el
vertical sides. S

3. Because of the present pond elevation and erosion on the ;’L
upstream side of this embankment, leakages is occuring '
through the right hand embankment (please see photos).

4. Leakage is also freely flowing through.the enlarged hole
in the concrete spillway cap (please see photo).

S. Leakage i3 also evident adjacent to the left hand pier for ‘ T ; '
*  the stoplog section on the downstream side of the spillway. -

All of the above constitute a hazardous condition and threatens
the "stability of the dam and as such require corrective action.

Because this dam is a menace structure, we require that you send
us a schedule of your proposed repairs within 30 days. We do suggest
that you reduce the pond level 2-3 feet, or more, effectively immediately
and remain lowered until your repairs are completed, or the causes of
the leakage eliminated.

If you have any questions, please contact us.

Sincerely yours, .

® George M. MMcGes, Sr.
GMMG/GK/kn
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N. H. WATER RESOURCES BOARD .o
Concord, N. H. 03301 : '

DAM SAFETY INSPECTION REFCRT FCRM

Town: / ‘/‘4‘54’%7'0/\1 Dam Number: 245.0/
Inspected by: Sgey L. Keee Date: 22 Sapr 1975 : -
Local name of dam or water body: M{l /00,00 AR,

°
Ouwner: Q/uﬂgf Smre, @e& Address: S

Cwner wes/was not interviewed during inspection.

Drainage Area: _ (p. O/ sq. mi. Stream: _Aﬁ.ﬁﬂ&{z’f E\ vED

Fond Area: o3 <r;:fq_>cre, Storege Ac-Ft. Max, Head___ Ft. .«
Foundation: Type AEOGR «-Poccs , Seepage present at toe - ve=/Vo, Ao
’ Braso  CResiRd (
Spillway: Type _Cowc2gr® i, Freeboard over perm. crest: 2 t , .
Width 4o '+ , Flashboard height 3's pmdg s
Max. Capacity ‘ c.f.s, _
" Erbankment: ~Type Ko , Cover ROCCS Width =5 ¢, ST
Upstream slope_ \/gpei~ to 1; Downstream slope _ \ERT to 1 _
Abutments: Type _G:.ucv.&rg s, Condition: : Fair o
Gates or Pond Drain: Size 5 '[ong  Capacity, Type_<foP 2GS ;::';."i:ﬂ:,‘;
Lift{ng apparatus___ _t/ew/? Operational condition_ &S | u/géwf"“’ -.-_‘:1 f “

Changes since construction or last inspection:

Downstream develorment:

This d@w be a menace if it failed. wdt oof &2 SO
°

Suggested reinspection date:

Rerarks: /-~ Joc& s n C P27 E CAP o7 SEte i

IitoR,  [Frnsleds 07 PHUrrmBLTY

AP (s 3" Flod QD YFER  SOldtkpy
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DATE: February 8, 1971

FRO M: Francis C. Moore, P.E.
Water Resources Engineer

SUBJECT: May Pond at Pillsbury State Park, Washington - #254.01

TO: Vernmon A. Knowlton
Chief Water Resources Engineer

On January 25, 1971, I inspected the dam called Butterfield dam that flows back
into May Pond in Washington at the head-waters of Ashuelot River. This dam was
well rebuilt by C.C,C. forces in 1934, consisting of rock £ill dam with con-
crete capped spillway.

The capacity of the spillway with 1/2 foot freeboard and no overflow through a
6' x 6' gate is once in 100 years. The dam appears, through openings in the
snow, to be well built, substantial and 7ater tight. However, there may be some
trees to be removed from dam ($500.), some concrete patching ($3,500.) and
miscellaneous work ($1,000.) totaling about $5,000. upon inspection at a later
time.

Two views are shown in photos taken at this dam. The gate section could be opened
to lower the pond if necessary., This dam is near N. H. H. W. Route #31 midway
between Washington and Goshen on the northeast side of the highray.

As seen in the photos, water was going an estimated 4'" over the spillway.

FCM/ jb -
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NEW HAMPSHIRE WATER CONTROL COMMISSION
DATA ON DAMS IN NEwW HAMPSHIRE

LOCATION STATE NO. ..24%5.:01 ./
Town . Wa.shington..Y. : County . Washington ./
Stream May Pond A »
Basin-Primary Conn, R. . ./ : Secondary Ashuelot R./
Local Name Qld. Butterfield. . Mill. .2
Coordinates—Lat. : Long.
GENERAL DATA J/
Drainage area: Controlled...................8q. Mi.: Uncontrolled .................... Sq. Mi.: Total....."s..z.QJ.-....Sq. Mi.
Overall length of dam ...229......ft.: Date of Construction rebullt 1973)4' 4 ol
Height: Stream bed to highest elev.....: .5..../, ..... ft.: Max. Structure ...15:2.2 15.25.7 ft. .‘ -
Cost—Dam : Reservoir o
DESCRIPTION Rockfill-Concrete cap spillway,stone&timber v/
Waste Gates
Type ( concrete ./ . R
Number 1 : Size 6..Y ft. high x 6. ft. wide ’ . e
Elevation Invert I TR/ : Total Area 6. sq. ft. R
Hoist o
Waste Gates Conduit .
Number - : : Materials N
Size ft.: Length ft.: Area sq. ft. . ._
Embankment e s
Type _ "f-j.
Height—Max. ' ft.: Min. ft. .. v
Top—Width : Elev. : ft. T
Slopes—Upstream on : Downstream on e
Length—Right of Spillway : Left. of Spillway g
* Spillway L -
Materials of Construction ..s.....SOBCIStE cap | SRR
Length—Total 47.5'high 17.5'1?1!.: Net - &t o
Height of permanent section—Max. --..1!5:\.5....i..ft-: Min. 15..25 4 ftL_ S
Flashboards—Type : Height ft. o
Elevation~—Permanent Crest : : Top of Flashboard ',;l. " N
Flood Capacity cfs.: cfs/sq. mi. ' ' N
Abutments v
Materials: . .
Freeboard: Max. ..2..Z5.......... eerssremesserraasasanies ft.: Min. 228, ft.
Headworks to Power Devel.—(See “Data on Power Development”)
OWNER .....N.H.Forestry Reservation ./

REMARKS Additional spillway over gate 6'wide,same elevation./
Use-Recreation.Good Condition .

- Tabulation By ...evvnnen - Date

DLANTIUL




NEW HAMPSHIRE WATER RESOURCES BOARD

| ( B " INVENTORY OF DAMS AND WATER POWER DEVELOPMENTS

] DAM . o . o ~

BASIN __ Compeptronr - NA, . R4S 0/ e

RIVER ARt fonst A : MILEg FROM MOU"’H DA SQ M é Q(
TCWN 9&;7(,‘!:/4 fnge OWNER A A4 F,r",:'/ru/ fe<cy‘¢r’f-pn :

(T-F ol A//- Canene;fe C‘da Zlcllndy

S ne@, Lritrd ey Lo y’e

o} AREA-ACE /oz.égfa DRA\"IDO‘IN FT. POND CABACITY-ACE FT.
HEIGIT-TCP 70 BED CF STREA!M-FT. ,? T MAX. MIN.
QVERALL LENGTH OF DAM~FT. 22:_ HMAX .FLOOD HEIGHT ABOVE EREST-FT,
PERMANENT CREST ELEV.U.S.G.S. " LOCAL GAGE
TAILWATER ELEV,U.S.GeSe : LOCAL GAGE

PILIWAY LENGTHS<FT, & fow: FREEBOARD-FT 2.8 ame 2,78

v LA A,

o FLASHBCARDS-I‘YPE HEIGHY
L WASTE GATES-NO. WIDTH MAX ,OPENTNG DE §"‘Iﬂ SILL BELOW CREST

[l 4 _ & _E&

- REMARKS _ Zon of Zroisore—re 2nncl s Doar Aos Goow rebz /%
o é/‘"ﬁ Dh Sy WPA Anore KX :

LT fntn Mrhoe fot Bl

W'y
\
i

e S S ordinates Lat. #3° 134357
POWER DEVELOPMENT - - v’ .4 C’vi' 27 4.«, 7o 7 20ar

P . UNITS_NO. _HP FEZT FULL GATE KW - . MAKE .

:,.i.

. -
' .
ot
O L4
Coww Vs - B A P S
o - -
- *

~ - USE ._éz'_éﬁ;éo'w-er‘ Lar s ll pope rOPCNEN Hox

©~ .  PREMARKS n‘l wal 5 ///Ve_&/ srer a:;‘& J’wfa/e Sup plopntiag
=~ 8o, DR LU [P, 7 :

—

“ LOCAL NAME,OF Dall T.Fgli Butierfiald Ml
BUTLT / 4‘”,’;‘9 DESCRIPIION o m———re

T .",«' ;,-.3.,:;,'
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MAY POND IN WASHINGTON
N. H. Forestry Dept.
September 28,1937

No. 245.01




PLANS AND DETAILS
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Photo No. 1 - General view of reservoir from dam.
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W of‘crest of dam from left abutment
looking toward right abutment
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Photo No. 5 - View of downstream face of left stone embank-
ment (Note depression in crest of embankment)
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Photo No. 6 - Closeup view of 4 feet deep sink hole located -
to left of overflow section SO
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Photo No. 9 - Closeup of seepage and cracks on downstream
face of overflow section.

Photo No. 10 - View of upstream face of sluice gate structure
and erosion of concrete cap of overflow section.
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Photo No. 13 - Closeup view of seepage at the downstream SERERY
end of the right training wall of the sluice IO
gate structure. e
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Photo No. 14 - General view of downstream channel immediately
below dam.
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APPENDIX D

HYDROLOGIC AND HYDRAULIC COMPUTATIONS
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STORl = Volume of staorage (1o 112 =-inches)
drainage 1rex
. < e R ] [TV
< 1S2azrs + \Zuauea><7‘5 —at) C',Z /‘.4»)
=3
STOR, = [
! Y5+6 ares
STOR, = 3eO&Z \nches
c. determine sz [ )
SToOR
= - 1
%p2 * Qp3 (l —-———>
9.s°
aS - e
3,087 [
W= 5,120 cts
e
4. STEP 3: Determine surchargs 0 - Ad
sz and then QP?
a. From Figure 1 determine surcharc- heirhs <~ 2as-
0py = 5,120 ct= °
- 4 -
Surg)(t\o-rg_o_ e koan = 609, 4 e
N Soe el
. — LN R R
<ley, selway  weer Ceest = {522.0 R
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b. determine STOR, L
4 \?43—; -~ \2.‘::&4—} yo~ \ ' -
< > ((/;-“T*.—')(‘Z [t
3 STOR, = ”
! 2 AB5FE seres
®
i = 2.5 \nches
p c. Average STORl and STOR,
[ .
®
_ STOR AL
A STORpyg * 1 :
}
/I -— H
3.02 + Z.51
STCRAw * 2 ®
STOR avg = 2. 1% inches
d. determine QP3 .
2,737\
- — - \
%3 = 5,320 cfs -
5., STEP u4: Determine surcharge heicht for QD3 and STOR3 .31;
a. from Figure 1 surchavge h:icsht for Q.. = 5) E:ECD.;;Z s
T ®
SUrc&M%a_ Laration = 1609,5°
aleu i;p-'\\waa e orecd = 16 03.0 !
igr;$ﬂwga h¢$&§ - ‘3-5';Ji

<ur kaca tc€a. oX [LOY.S5' = 35S

b. determine GTOR

I35 ac + 125 a N\ : ‘ ®
- ( = )ﬁ;é-S‘W)C%ZZC;; e
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STOR, = Z.56 wivnes
r c. determine STORAVG |
—_ i
* 2.31" + 2.36
ST =
> “Rave 2
!
[
STOR, = Z.67F wnches
{ d. determine qu
_ h} (‘ Z-é?’"" \
Qpy = (7—) 500 e a 5~
- - =
Opg‘, = \))3 QO C"‘ﬁ
6. STEP 5: Determine surcharge height for qu and STOR | ,aaw:
CQes ’
a. From Figure 1 surcharge height for 3, = & 2 90 -

jurg‘;&a«-?fL QfLQ;.m,{w\ - 1(9551‘-3

e Sovthwan Wer Ceerk = {(aQE,:
<

. , -

"‘;-L.S.w'{ =t Soe =

[ Ur :J\M‘c‘!:_
~

4
50:@4_:_ OO- PO |C4.8 = s

b. determine STOR ‘
[3S6c + \2Tac

)Cé‘ff%\‘. £ o,

STOR, = = e
“L16 Cives
DTORM = 2.5¢6 PYSAPEY
c. determine STORAVG
n L oo !
7 - CI\J

STOR, . _ 2.63 o
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QPS = 54430 C.‘(S
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b. oweet iow :a(uﬁ_Qm«a C&POaIéf

i C\,\)wa}fx Surgou-ax \M 'Pcwv O~ \C"\' <oz Q,w;'uwwkw-/r‘ e z ’ —
Q = (2.6)(16.2")(1604.2 = 1602 o)
+(2.6)(40.37 ) (1604. 2" = [03. 2) (605
@) wuder sucloc o top of el cactment = 1600.6 7 Y ;

PP u)

Q= (2.6)016.2" Y 1606.6 = 1552.0 Sk . |
+ (7. o)40.8 ) (6066 "= iLo%2) T B= 4E5Cens

/ ; - - . -
3\; wWad r 5ur£ﬁ-«.ﬂ. A +€:§{ -\—_rvi AL e~ T [609.5

Q@ = 2o 12)(le;r.5 "~ 1603.0) %
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III. Using "Rule of Thumb" Guidance for Estimating Downstream Dam Failure
Hydrographs examine impact of dam failure

% 1. Pertinent Data
a. Failure occurs when reservoir level at crest of
E: dam - elevation = |L04.2 Lu,\'
- b. Storage at crest elevation estlmated to be approximately

{ 59D awe- (eat

‘; A. Reach 1

-t 1. STEP 1l: Determine reservoir storage at time of failure

from previous calcs. storage = 590 Ome-tt
2. STEP 2: Determine Peak Failure Outflow QPl

¥2
Qpy = (8/27) Wy Je 7

where:
re Wb

Breach width (use u40% of total length)
(210l ( 0.40)
= 34 -Cec_‘k

Y, = Total height from channel bed to pool

level at failure co4.2 7
= 2.2 feet ~ |592.0 '
[2.2 !

3

= (8/23)(84 (eet) (32.2)'2 (12. 2
%, & G6,000cfs
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Determine QP (TRIAL)

i V.
Qpz¢TrIAL) ~ 9Py (1 - =—l>

o)
4T e .
g
Qo2 (7o1AL)Y (4,000 i (1 §G0ac-i-

szLT“.-\\,x = SC‘ISO C:L:"

S .- R S P UL

RN T et
— 4"..‘--'“-‘*“_‘ D S I Y G W LS W ey

s Cuienvy__Army_Corps i ; Jos No._2u44=-7301 PaGge QT
i ProvecT o ulttorwdd ‘el e Cometo. By ___3W7 Dare _=(3/30
* Derarc __Hydrologic Calcs. Cx'D. By Ui Date ___ ~ -/
¢ 3. STEP3: Prepare stage-discharge curve for Reach /
3
L a Pertinent Data
; (1) Reach length = 350 Lok
(2) Channel slope = O. OI53
(3) Manning n = .05
| N
(4) Channel shape - WRLM
(5) Base width = Z0O (et
b. See Figure 3 for stage-discharge curve
.- 4., STEP4%: Estimate Reach Outflow
a. Determine stage for W, = 6 000 ¢ from Figure 3
and find volume in reach
~
(1) Stage (depth of flow) = 7,6 et
: - cross-sectional
(2) Volume in reach = (reach length) (area of charmel)
< Ly % 32
X-area = Co") 1.6 44 B< zZo = ? ’
. gt A4t
- ‘ 2 2 .C;\‘
(581 4+% (239~
Volume = Vl = “\3l560 ‘C‘\Vl/ﬂ.m
= 4 ._; M - g*
S
Vl < 7 J.reach length OK
b.

' e
I3
£ aa_ o Py
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- Devain __Hydnologic Cales.  Cx'o. By M5 Dare 2.2/ 502
E c. Compute V2 using QP& (TRIAL)

From Figure 3 determine stage for QP:‘.(TRIAL)

r Stage = 4.5 fank
l X-area = (0.5)( 1.5 ) (zo tv + 132 4+)
[ = 570 £+7
0 Ce
we SR
Vo T AL auwe- L

d. Average Vl and V2 and compute QPa

Vv, + V
@) Vavg = __12—2

4.3 ac- {4 A 4ot
Va\ls e L

Vavg = 4.3 we-ﬁ*
(2 Qp, = Qp, ( - y_a'\sl'a)

o 4.3
(Gooock) (1~ =i >

Qpz =
o |
Qp2 = 59s0 C,_’IVS 3
=
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Oevaiv __Hydrologic Calcs., Cxk'o. Bv AMS Oave __. ~ - -
‘ [
2. FTewen 2
N 3. STEP 2: Prepare stage-discharge curve for Reach Z
b a. Pertinent Data T e
b (1) Reach length = 133 Cek
(2) Channel slope = O.Q03%5
(3) Manning n = 0.05 .
- Ok al
(4) Channel shape '\'Tﬂfe—? \Lax °
[ (5) Base width == 20O ient
b. See Figure 3 for stage-discharge curve
. ...
.- 4. STEP : Estimate Reach Outflow : :
a. Determine stage for Qp, = 5950 ¢+s  from Figure 3
and find volume in reach . -
o
(1) Stage (depth of flow) = G, 3 lest o
(2) Volume in reach = (reach length) (cross:-iev:tionaJ) L
area ~f channel °
X-area = (0.5}(6.3(’«\;(13"' =15 ++)
- z
3 & 425 4 \ )
p- o s ‘
) Volume = V; = QZD 20 - A
+ 43,560 Lxtace ]
} = l.? M-L-&. \ .
{ S ST
# vl < 7 J.reach length 0K Coree ]
. .
;:_ b. Determine QPE(TRIAL)
. - A V.,
t U= (rrIAL) T Fea ll - L
-~ . L3
: Up:(rerAL) - . S450 <= ,0 .= Tza0

Qp'.?‘.'". (YR =
H4

S930 c+=

.- - - '..._.-- . . . - . ..-' - - .‘». -;— Y .‘-.. N LS R L-"- .'..‘-.'.
LR UL VA SN VA W E AT W ., PREP W S VI T ST S W GU SR S Yl WY G S S A - PO . hx;;\gu-tLJ




SIEIA CONSULTANTS INC. BOSTON , MASS.
ENGINEERS / PLANNERS ROCHESTER, N. .M.
Cuienvy___Arnmy Corps Jos No.__27t-730] Pace__ 22 - =
Prosect S5 kil Mowd. D am Comero. By __BWP Dave _2/3/
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¢. Compute V2 using QP;‘(TRIAL)
From Figure 3 determine stage for QP (TRIAL)
Stage = (.3 teat
K-area = (0.5)( 5.3 Syl zofy + 145 *v*\)
~ 425 L2
(425 C2) (135
Vy = 43, 560 txifacre
v, = 1.3 Guena - £¥
d. Average Vy and V, and compoto 3
V., + V
(1) Vvavg = L 5 2
[.?‘ ae - £+ + l.?a4—C‘\
Vavq = 2.
/“
Vavg = [ F -t
- Vavg
(2} Qpy = Qpp ( - ‘*&.J)
I T
Gp3 = (5, I50c4) 5?0
L
=
ng = S)q 30 oS ‘1
o]
B
_f";':li_-'ji-fw
° !
3
Sl
............ B S St T R T PR
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. 3. STEP 2: Prepare stage-discharee curve for Reach 3

a. Pertinent Data
T (1) Reach length = t2s <ok
| (2) Channel slope = O, 021G
E (3) Manningn = 0.09%
(4) Channel shape - *trape 2004l
(5) Base width = ZO Leoft

b. See Figure 3 for stage-discharge curve

- 4, STEP4 : Estimate Reach Outflow

a. Determine stage for Qp; = :;)c(,3O C+c from Figure 3
and find volume in reach

(1) Stage (depth of flow) = 6,9 Lea

. ~ ~ ~ross-secticnal
(2) Volume in reach = (rea~h length) (area 5F channel)

X-area = (O).S\,('G.B--‘;,CZ;)-f + |22+

2 TS Sy
Volume = vl - <48—3C* o .‘_‘.V y

b. Determine QPA(TRIAL)

YoacrrraL) T e (1 - ~—l> B
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t Prosecr = 71t Lol 0 A T Dane.  Comero. By __BUP Dave 2 /5390 R

J. Devaic ___Hydralogic Calcg Cwx'n. By heidbi Darve _= ~ - SR
) °

‘ c. Compute V2 using QP‘&(TRIAL) S

From Figure 3 determine stage for QP-%(TRIAL)
®

,. Stage = (.8 Leot oo

, X-area = (O 5\-( A gf(»\) (2:) £~ + |22 C;) .

. = = DY

~ 4 83 1(_*-*7, ; -9

. (493 42 225 £+ _ , 4

43,500 Hiace

; V, 2 8.0 e -4 o

.9

| o
d Average Vl and V. and ~on J
Vy o+ v, ® 1

(1) Vavg = - o
5.0 ace-fr 4 8.0 -4 S

Vay, = - o

h ‘ o]

4 4

Vavg = 8-0 aere - {4 5

- Vavg ) T

(2) Qp, = Orq (1 - == ) fo 1

‘ ~ 8.0 ;
Qp‘\=(5)q3OC\i \L \— sS90 \

9

o s
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F D, Rewca 4 o
3. STEP>: Prepare stage-discharge curve for Reach 4 ;.i.;ﬁ;.»"fl
a. Pertinent Data :_'.;':'lf‘r',:’:;
-
r (1) Reach length = [b6 350 +eat ®
(2) Channel slope = 0. QO3+
f (3) Manning n = 0.05
(4) Channel shape - ﬁapc?"‘&‘)‘ .
(5) Base width = 20 (. & * .
b. See Figure 3 for stage-discharge curve :
1

- 4., STEPA4: Estimate Reach Outflow [ )
a. Determine stage for QP4 = 5850¢~\(-—> from Figure 3 ji:f.‘
and find volume in reach :
o :
(1) Stage (depth of flow) = <4 4 ..t T
(2) Volume in reach = (reach length) (CFOSS_SEC.‘PTO“al) 7’?",',
irea of -hinnel U
L
X-area = (0.5) (4.4 £+><7o v ¥ 330.- o
= (320 {47 S
Volume = V =(l320 (1552 N2 i;  .‘-'.
1 43 560 {rijaumk
o
= 50.0 awe —-C‘k‘ :
S
vl (7 J.reach length OK
. ]
b. Determine QPS’(TRIAL)
Q o 7 S
‘PS(TRIAL) ~ “pq \l - = T
_ . ®
L= L/ £0 TN
- Q © - c aon - -—_ -
- PS—(T ;;A.L) - ( \‘16-"‘ -— - Vi ( [ L::'C ?‘4.
/
QPS [ = 5350 C_L'.a - ..

............
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c. Compute V2 using st(TRIAL)

. 5 . ctace Faw
From Figure 2 determine 3tiage 70T <~g(TRTAL)

Stage = 4,2 iesk .
geares = (0.5)(4.2 LX) (zo by * 554:%)
= |205 457
. \'.\ - - ®
.. (lzost (1630 Caat) .
: A3 S60 i/ a~e
Vy * 45,F ceene - £
°
d Average Vl int YV, and comny - 5
vV, + V2 ®
(1) Vavg = - -
50,0 ac-++ ¥ 45F T
Vavs = 2 T
. ®
Van = 4_'?'C{ }w-[*
434
Qpg = (5/95‘%-{"33 C \— Tap
[
Qps = S5.230 o4
°
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3. STEP3: Prepare stage-discharge curve for Reach &

a. Pertinent Data .

I (1) Reach length = 30 4eat

(2) Channel slope = O,C0%F¥

- (3) Manningn = 0,05

(4) Channel shape - WC?O\;LA—Q
-

' (5) Base widrh == _0 les~

ct

. b. See Figure 3 for stage-discharge curve

4, STEP Estimate =each OJutflow
[
’ — . .
a. Determine s=ags for Joo = 5 250 e from Figure °
o -
E and firnd “°l.me in reach
. (1)
v
g
a 2)
»
v, &3
w ~h e %
. 1 v . reach _»ng
- b. Determine 2 .
J P6 (TREIAL)
"1
. 2 ey T Do "
. o (trray C o Yes (U - =
) . (- 520
S - —~ T oA =, — -
ECOTETAL) :<€,-)80" PN car /)
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c. Compute V, using Qp, (prIAL)

From Figure 3 determine : t*age for % (TRIAL)

Stage = (.7 feet
X-area = (0-5)( ¢.? L%f)(Z.OL«i + 230 Cui)

x= 838 {+*
( 838 &2)@s08)
vy = 43,560 Frjacre
v, = |8.3 Gere- 4

d. Average V, and V, and comp.‘e ?'C
vV, + V
(1) Vvavg = _1__2__2
1.8 quore £+ & 18.3ace-t4
Vavg = 2

vavg = 18.5 et

(2} Qp, = Qps ( - !a"'g)

1}

8.5 .
Qpe (5»380 ‘"LS}(l - _\5_?5.)

Qpc‘-‘ 5)2‘0 C_’{S
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3. STEP3: Prepare stage-discharge curve for Reach b

a. Pertinent Data
(1) Reach length = IS50 feot

(2) Channel slope = O, OO 45%#
(3) Manninga = 0.05

(4) Channel shape - +repe zawdal
(5) Base width = 20 [t

b. See Figure 3 for stage-discharge curve

- 4, STEP<4: Estimate Reach Outflow

a. Determine stage for Qp, = 5,210 c¥s from Figure 3

and find volume in reach

(1) Stage (depth of flow) = 7.5 veal

(2) Volume in reach = (reach length) c;zzs;?ec‘:igg:i‘)
%-apea = (0.5)(FE Cud)(20fent * 255 Lub)
= 103 47 e
(03 £¢3) (155074
Votume = ¥y = A3, 560 = aeons
= 36.7 acre -5¥
v, &3

1 2 J.reach length OK

b. Determine Qpq rrIaL)

_ v
acrrIAL) © W <} - §%)

(52105 (i~ 357 )

Qp3(TRIAL)
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P' Bcvau.__liy_dmlggi_g_ca_]_cs,_____ Cx'o. By y Dare . s
.
N From Figure 3 determine stage for Qnmerprar)
(’ Stage = 1.3 C“d
- X-area = (0.5 (3 Cot) (20 5+ + 242 £4)
S =~ 982 “4%
S ( 8z o) (1550 84)
& V2 = - 43 560 44 faere
L
v, = 34,9 acw-f¥

d. Average Vl and V:, and ~ome e T 7

i

(1) Vavg = ———=

36t ac-fr  * 34,9 ae bt

Vayg = 7 z

Vavg = 35,92 O.M"‘C"'

(2) Qpy = O-y (1 - "i‘iﬁ)

25.9 AR

, - =4 RO

Gpy = (S,ZIO ;.4«5 ( \ 590 T
v vy

R

Qpz = 4,890 <t ey

B
.
:
L4
? .
Ry

.‘.

ARy
Yy
0
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3. STEP3: Prepare stage-discharge curve for Reach ¥

a. Pertinent Data
(1) Reach length <= 2825 luf
(2) Channel slope = O. 00 <45%#
(3) Manningn = O.05
(4) Channel shape - meula_&
(5) Base width = 2Z0O {4t

b. See Figure 3 for stage-discharge curve

.- 4., STEPM4: Estimate Reach Outflow

a. Determine stage for Qp, = 4 840c4s from Figure 3
and find volume in reach

(1) Stage (depth of flow) = 1.4 Lot

(2) Volume in reach = (reach length) cross—sectlonal)

area of channel

CENGR Cak) (204t + 24544)
qgl £+t ,
(ast &) (2825 &40
43,560 {+tfare

X-area

[T

Volume = Vl

= 63,06 -+
S
Vl < 7 J.reach length OK

Determine Qpg/rpyaL)
Q = Q vy
P3(TRIAL) - PR\l = =

£3. 6

Qpa(TRIAL) - (4,8‘?0 d‘)( REEED,

El

QegUingy = "},,3 NP, cts
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c. Compute V, using Qpg(rrrar)

From Figure 3 determine stage for Qpa(TRIAL)

Stage = 7-.0 ‘Q.Qj«'

x-area = { 0.5)( 7.0 at ) ( 10 L5 + 232 ++)

- 882 *
( 8828 (z825 6D
vy, = — 413,560 Sf¥acre
VZ = 57-.2 aere ~ £+

[

d. Average V, and V2 and comp:te

]
h' b =%
(1) Van = 3 _::.::-
63,(, oc-t4 ¥ 5.2 ae-ds -_:
Vavtj - z .:;‘
Javg = 60.4 acen-

(21 Qpg = Qpy (1 - V—a’?)

Gps=( 4,8% ) (- e 3

Qps= 4390 cts
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3. STEP3: Prepare stage-discharge curve for Reach =3

a. Pertinent Data

(1) Reach length = S625 feet
(2) Channel slope = O. 00356

(3) Manning n = 0.0S
(4) Channel shape - trapezo:d af
(5) Base width = 20 Jfeod

b. See Figure 3 for stage-discharge curve

.- 4. STEP “4: Estimate Reach Outflow

a. Determine stage for Qpg = 4,390 et from Figure 3
and find volume in reach

(1) Stage (depth of flow) = &, | Lot

(2) Volume in reach = (reach length) (Zross-sectlonal)
rea of channel

C0.5) Gl faat) (20 Lt + 355 -ue,

X-area =
= 44 O Y \
) (144 ) (se2S L+
Volume = V1 ® 43 £60 4 acre

= |48 aoe-ft

)
Vl < 7 J.reach length 0K
b. Determine QP‘?(TRIAL)

Qpq (TRIAL) ~

Qpq (TRIAL)

.............
'''''''''''''
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c. Compute V, using Qpq(rrIaL)

From Figure 3 determine stage for Qpq(prrAL)

,P Stage = &.4 (et
| X-area = CO-‘S) (5.4 .Cu,-l-)(z.oﬁe,_j— + 318 ,".',)
| = 913 {4°
E (a3 &) (5625 £
| Vp = A, SLO L7 /aure
v, = 18 oere~fx

d. Average Vl and V2 and compute th

Vv, + V

2

|4 Qae-f+ + 118 ac-Lt
Vavci = Z-

1l 2

"

(1) Vavg

Yavg = (33 seee - featk

(2 Qpq = Qpe(l - Y‘a‘;’l’&)

133
Cpq = (4,3‘10 c,is)( | =330
Qpg = 3,400 cts
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3. STEP3: Prepare stage-discharge curve for Reach 2
a. Pertinent Data
(1) Reach length = 2.81s Lent
(2) Channel slope = ©. Q139
(3) Manningn = O.09
(4) Channel shape - —h-n.en.aomuﬂ
(5) Base width = 40 (et

b. See Figure 3 for stage-discharge curve

- 4. STEP“: Estimate Reach Outflow
: a. Determine stage for Qpq = 3,400 c4s from Figure 3
and find volume in reach
(1) Stage (depth of flow) = 5.5 [feot
E.
: . _ cross-sectional
(2) Volume in reach = (reach length) rea of channel)

! . X-area = (0.5)(5.5 Lat)(a0és + F2O48)
, = ZO90 £y

: o (zoq0 t+2) (2835 H)

b Volume = Vv, = A2 500 <iam

o

= |38 a_o.e.--c*'
S
; Vl < Z J.reach length 0K
b. Determine QPuJ(TRIAL)
Q = vy
+ Po(TRIAL) ~ Yo \l = 2
128
P~
§ Qp,o(TRIAL) = (3,400 C‘S\BC b= 590 )

7610 cits

..............

...........
....................
.............
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c. Compute V2 using QP\O(.TRIAL)

B
t— From Figure 3 determine stage for QP(O(TRIAL)

F Stage = 4.9 £¢¢_“'

s g-area = ( 0.5 4.54) (40 f+ + oo {+)
" -~ 15638 442

(1568 {42)(z 835 £+ _
Vo = A 3.560 /e }
S
v = |03 aere - £+
ﬁ d. Average Vl and VZ and compute QP -
V., + ¥
. @) Vavg = *-l—z———g'
- ) “{:;
- (28 oc.ti + 1032
Vayg = y4
L javg = 121 aere—F4
g
y
F (2} Qp 07 Qg ( - '2;5,5)
f -
: (21
QPao = (3’400 Q“‘s)( ‘ 590
s
sto: 2;[0 C:"S :.'. _.:
. i'_-Z«".--:L.'.:Ii
) o
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3. STEP3: Prepare stage-discharge curve for Reach |2

a. Pertinent Data

(1) Reach length = 5,300 feok
(2) Chann:1 slope = O.00ll
(3) Manningn = 0.0%

(4) Channel shape =~ hapa.zmél&
(5) Base width = 4 {act

b. See Figure 3 for stage-discharge curve

_-- 4. STEP4: Estimate Reach Qutflow

a. Determine stage for W o* 2“4(0&5 from Figure 3
and find volume in reach

(1) Stage (depth of flow) = 6'1-(@*

. - crcss-sectional
(2) Volume in reach = (reach length) (area of channel)

(0.5) (6.7 lat) (404 + 5254
1893 L

(1834 (5,300 )
43, 540 {t7/ame

230 Gwere - £+

X-area

Volume = V

1

S
Vl < ? J.reach length OK

b. Determine QP W(TRIAL)

) v
Qpy (TRIALY © pro<1 - §l)

%n(TRIAL) = (2.,7»(0(;45)( [ — s«o0 )
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c. Compute V, using Qp(TrIAL)

From Figure 3 determine stage for Qp (TRIAL)

$.4 Laax

Stage =
. X~area = CO'S> CS' “ Ca}) (40 e+ 4\33“’-) L
§ = 1232 L4 ESSRY
-0 ]
3 (272 £33 (5,200 £4) P
- Yy * 43,560 iz {
‘- v, = 155 aere-t ey
F d. Average V, and V2 and compute '-‘,;.
vV, + V
(1) Vavg = 1 3 2
730 ac-F+ + 1S5 ac- %
Vavg = 43,560 Lti/aul
{C{?; o.ov@--'(*
Vavg =
3 (21 Qp,y = Qpl9(1 - y‘%&)

& on= (270 ) (- =)

2 o= 1§30 =
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< 3. STEP3: Prepare stage-discharge curve for Reach ||

a. Pertinent Data
(1) Reach length = §.000 feat

(2) Channel slope = (O, 00!l

(3) Manning n = O.09 i
(4) Channel shape - -\-w-apa.w\i& -

(5) Base width = 40Lcet o
b. See Figure 3 for stage-discharge curve
- 4. STEP "f'.: Estimate Reach Outflow '.
a. Determine stage for Qp,, * [)@?;O ct< from Figure 3
and find volume in reach S

(1) Stage (depth of flow) = 5,7 Q@i‘

1 - cross-sectional
(2) Volume in reach = (reach length) apea of channe1> R
X-area = CO-§>C 5.7 -Ce.u\ (“/‘Q f4 =4 430 =) SR
= |4l £x? | i
r.?) (5002 A S
Volume = v, = (\4“ T (b . fee
A3, 560 HY o o
= ‘(92 O.MQ—-'{JK- o
S
Vl < 7 J.reach length 0K
b. Determine Qpi2 TRIAL)
Q = Y1
pliaxTrRIAL) © %pu \l - 2
| 5=
I Q2y¢ -ﬁt‘\ < - £ED
Qpi(TPIAL) = ( 1,830¢ |
QPQLT‘\::\L) = ',3 EJ ws
"""""" e D e e G B e e T e R
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c¢. Compute V2 using qu(TRIAL)

From Figure 3 determine stage for Qpoipprap)

Stage = 5,0 teat

X-area = CO.S) (S.O-L-L)<4O .{:4. L QO

— (113 £z
Lm%-ﬁﬂ(s’t}f’,ﬁ)

v, = T2 560 47 aimt

v - [ZB Qere - ‘C+

d. Average Vl and V

and compagta 2

2
V., + V
(1) Vavg = 1 5 2
(éZau:—:‘ ~+ 128&<m.f
Vavcj - 2

- ¢

(2} Qp, = QP\\(1 - Vaé )

............................

.........
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3. STEP3: Prepare stage-discharge curve for Reach /&

a. Pertinent Data

P (1) Reach length = 5,009 feat
i (2) Channel slope = (. OO0t

(3 Manningn = 0.0

[ - (4) Channel shape =~ ta.o 2odald
3 (5) Base width = 40O (eX

b. See Figure 3 for stage-discharge curve

_— 4, STEP%4: Estimate Reach Outflow

a. Determine stage for Qp, = |, 38 Ock from Figure 3

and find volume in reach

(1) Stage (depth of flow) = 5.5) Leat

. _ cross-secticnal
(2) Volume in reach = (reach length) (area of channel)

(0.5) (s.08+) (do &+ + K05 &)

X-area = !
= {13 e L
o (1 Sem) (S20077)
Volume = vy = 33 S6O L4 /acne

128 Oere -4+

< S

v Z? J.reach length 0K

1

b. Determine Qp.yrrIAL)

i v
QiyrrIAL) = B2 (1 - 5&)

128

<l)380c(—s\)((-’ sso )
[,O8octs

Qp@a(TRIAL)

]

QP"’: T
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c. Compute V, using Qpzrrrar)

From Figure 3 determine stage for Qp\—:(TRIAL)

Stage = 4.6 Leot
X-area = (O 5> C‘i-(a LQAB <4O {eat 4 3?5%
= 455 {42

(ass 2 (5000 £4+)

2,560 M face

N
]

2 [LO Oxre L4

<
(1

d. Average \Il and V2 and compute 7

o33
Vv, + V
1) Vavg:_l__f_l
|22 aoe - £+ + i1 O aeme - €4
Vavg - Z
Vavg = ! G.we—'c**

(2 Qp ,* Qp\z( - v—a'\sl'a)
119

o= (1380 k) (11— -5:.,:37

Qpa = \)(OO C—-&S

.................

e At MR
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3. STEP3: Prepare stage-discharge curve for Reach '3 (’l

/‘35,.', Jr
a. Pertinent Data .

= (1) Reach length = 3,050 Lask
(2) Channel slope = O. OOl e
(3) Manningn = 0.0% RS
(4) Channel shape - trep< zondad
(51 Base width = Z 080 Load

b. See Figure 3 for stage-discharge curve

™ .- 4. STEP%: Estimate Reach Outflow ‘o
a. Determine stage for Qp\3= l,lOOc‘s from Figure 3

and find volume in reach
(1) Stage (depth of flow) = O. 3 faat

R - cross-sectional
(2) Volume in reach = (reach length) (ar'ea of channel>
o X-area = (0.5 )( O.Qie.i) (2 yg0t + Z1104)
' |4 ¥ > .
(\ae3fe3)( 309975

nn

Volume = Vl = 43,560 ~am
~ . 103 cew- {5 . _
s
V1 <2' <. reach length 0K
b. Determine QP!-(TRIAL)

Q = Yy

PI(TRIAL) ~ %Pl = 2
[ 1O

. / - =

Qp (TRIAL) - ( 180 Cis) \ l 2

Qe GRiny = CY‘OQ*S




aizlA CONSULTANTS INC. 8O0STON , MASS.
ENGINEERS / PLANNERS AROCHESTER, N.H.
Jos No.._274-7301 Page 44 ¢ {47
Comerp. By ___BWP Dare _2[3(93
DCTAlL___Hy.dmlngJ.c_C‘a.m._—-—- Ck'oc. By bl Dare =5 22

c. Compute V, using Qp,(TRIAL)

From Figure 3 determine stage for Qpa(TrrAL)

Stage = 0.6 Lt

X-area = (O-5>(0'G\C+>(’ZZ,OBO & 2 1056)
= 12564t"

(2se t=) (305044

Vy = T 43, 560 ttiaee |
Vv, = 83 Gome -C 4
v
- e
ot
“"‘
d. Average V, and V, and compute Qp)4 ?&
V, + V
(1) Vvavg = 1 5 2
r‘v
(OR0c-{t + S8 o
Vavg = 2z

Vayg = qs e -4

2} QPH thB(l - ‘.’i‘éﬁ)

Qpie= (\}\oo c*s} C |- == j

L
iU
L\

opu= G20 cis
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