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Honorable tiugh Jeo Gallew

LOVernur ol the didle Oi huw Dalyps>ailc
dtate nouse

Concord, wew maopshire UL33ul

Dear Governor Gallen.

Inclosed is a copy of the Concord Water Works Dam Pnase 1 Inspection
Report, which was prepared under the National Program for Inspection of o
Non~Federal Dams. This report is presented for your use and is based .’
upon a visual inspection, a review of the past perforumance and a brief
hydrological study of the dam. A brief assessment is included at the S
beginning of the report. I have approved the report and support the .
findings and recommendations described in Section 7 and ask that you
keep me informed of the actions taken to implement them. This follow-up
action 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, City of Concord

Water Works, 16 Penacook Street, Concord, New Hampshire 03301.

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.

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

Sincerely,

j . AR,
2t M, L.
Incl B+ SCHEIDER R
As stated Colonel, Corps of Engineers SN
Division Engineer
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NATIONAL DAM INSPECTION PROGRAM
PHASE 1 - INSPECTION REPORT

:- BRIEF ASSESSMENT ,

. v
S

Identification No.:  NH 00360 o

Name of Dam: Concord Water Works Dam S

l Town: Concord
) County and State: Merrimack, New Hampshire
Stream: Rattlesnake Brook
~  Date of Inspection: December 4, 1979

gConcord Water Works Dam is an earthen embankment approximately/9 feet high

from crest of dam to toe of slope and 265 feet long. The upstream face of the

embankment is protected by a 1.0 foot thick concrete wall, a concrete slab and

r granite bloek riprap which extends to the bottom of the reservoir. The crest width

is approximately 21.5 feet and is asphalt paved. The Concord Water Treatment

Plant is located on the left abutment (north end) of the dam. The principal spiliway

is located on the north side of the water treatment plant and consists of a granite

- block weir, 40 feet long, with flashboards and granite block training walls. There
is no emergency spillway.

,i The dam impounds Penacook Lake and the discharge flows through Rattlesnake
Brook in an easterly and southeasterly direction for approximately 1.0 mile to its
confluence with the Merrimack River. The dam was originally constructed and is
still used to provide a primary water supply for the city of Conecord. The reservoir
is 2.18 miles in length with a surface area of about 358 acres. The maximum
storage capacity is about 2,210 acre-feet.

As a result of the visual inspection and the review of available data regarding
this facility, the dam is considered to be in FAIR condition. Major concerns are:
deterioration of the concrete wall forming the upper 2 feet of the upstream slope;
displacement of the upstream slope protection; a wet area 90 feet downstream of
the dam at the base of the hillside which forms the right abutment; and extensive
cracking and settlement of the bottom of the concrete spillway discharge channel.

This dam is classified as INTERMEDIATE 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 one-half the
Probable Maximum Flood (1/2 PMF) to the Probable Maximum Flood (PMF). Since
the dam falls on the lower end of the intermediate size range, the 1/2 PMF was
utilized for this hydrologic analysis. The test flood inflow was estimated to be
4,460 cfs and resulted in an outflow discharge equal to 1,450 cfs which would
overtop the dam crest by about 0.8 feet. The maximum spillway capacity (with
flashboards in place) with the water level at the dam crest was estimated to be
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i ' 290 cfs or about 20 percent of the test flood discharge. A major breach with the
LT reservoir surface at the dam crest could cause damage to 6 to 8 houses, a
. s community swimming pool, a factory, the pumping station at the water treatment
plant, a town street and a highway. Water could be 1 to 2 feet above the sill of
o two or three houses, and only approach the sill elevation in the remainder of the
houses. The pumping station would be inundated, with water 6 to 8 feet above

l | the sill. The failure discharge would enter the swimming pool (around 1 foot above
- the deck), and be 2 to 3 feet above the lower foundation of the factory. Water
would flow about 2 to 3 feet deep over the town street and highway. The potential
for loss of life exists, but it appears that this would not be a likely occurrence.

It is recommended that the owner engage a qualified registered professional engineer
= to investigate a means of stabilizing the upstream slope protection including the
y ) vertical wall, to investigate the possibility that the springs downstream of the

dam on the right abutment may be influenced by the reservoir, to 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, and to assess the need for and
[ | : means to provide a low level regulating outlet that would allow drawdown of the
reservoir in an emergency. It is also recommended that the owner repair the
cracking and settlement of the bottom of the concrete spillway discharge channel.

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

s b Report.
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i L > 22 Project Manager
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'n This Phase I Inspection Report on Concord Water Works Dam
P . has been reviewed by the undersigned Review Board members. In our
13 opinion, the reported findings, conclusions, and recommendations are
s consistent with the Recommended Guidelines for Safety Inspection of
T Dams, and with good engineering judgment and practice, and is hereby '
|' submitted for approval.
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T CARNEY M. TERZIAN, MEMBER
Design Branch
. Engineering Division

S RICHARD DIBUONO, MEMBER
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ARAMAST MAHTESIAN, CHAIRMAN
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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
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
investigation, and analyses involving topographic mapping, subsurface investigations,
testing, and detailed computational evaluations are beyond the scope of a Phase I
investigation; however, the investigation is intended to identify any need for such
studies.

In reviewing this report, it should be realized that the reported condition of the
dam is based on observations of field conditions at the time of inspection along
with data available to the inspection team. In cases where the reservoir was
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 econtinue
to represent the condition of the dam at some point in the future. Only through
continued care and inspection can there be any chance that unsafe conditions be
detected.

Phase I 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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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
test flood provides a measure of relative spillway capacity and serves as an aide
in determining the need for more detailed hydrologic and hydrauliec studies, con-
sidering the size of the dam, its general condition and the downstream damage
potential.

The Phase I 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 ruies and regulations is also excluded.
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NATIONAL DAM INSPECTION PROGRAM
PHASE [ INSPECTION REPORT
CONCORD WATER WORKS 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 Inc. 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-C0008 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 Concord Water Works Dam is located in the City of
Concord, New Hampshire, at the Concord Water Treatment Plant off Hutchins
Street. The dam impounds water for Penacook Lake, which after passing over the
spillway, flows through Rattlesnake Brook in an easterly and southeasterly direction
for approximately 1.0 miles to its confluence with the Merrimack River in Concord,
New Hampshire. The dam is shown on U.S.gx.s. Quadrarbgle, Concord, New Hamp-
shire, with coordinates approximately at N43°14'33", W71 34'40", Merrimack County,
New Hampshire, (See Location Plan.)

b. Description of Dam and Appurtenances. Concord Water Works Dam is
an earthen embankment approximately 9 feet high from crest of dam to toe of
slope and 265 feet long. The reservoir face consists of a 1.0 foot thick concrete

wall which extends from the crest of the dam down 2 feet to the top of a concrete
slab which slopes 1 foot vertical to 4 feet horizontal (1:4) down to the top of a

1-1




' granite block riprap slope of approximately 1 foot vertical to 2 feet horizontal
. (1:2) which terminates at the bottom of the reservoir. The downstream slope of DS
the embankment is approximately 1 foot vertical to 2.5 feet horizontal (1:2.5) to el
toe of slope. The crest width is approximately 21.5 feet and is asphalt paved.

Beginning at the left end of the dam and running in a westerly and then northerly R
= direction approximately 480 feet until its termination at the spillway is a granite )
block riprap which protects the earth fill that the water treatment plant is

constructed upon. This riprap begins approximately 2.0 feet down from the top of

the fill, slopes 1 foot vertical to 2.5 feet horizontal (1:2.5) and terminates at the

bottom of the reservoir.

Located at the north end of the site, at the termination of the stone block riprap, '

is the principal spillway which consists of granite block training walls and a granite -
block weir with flashboards that discharges into a 12 foot wide concrete spillway BRI
channel that begins Rattlesnake Brook. A 3.5 foot high earth berm extends from
the left training wall north to Hutchins Street where it terminates at a stone S

'~ -
e.  Size_ Classification. Intermediate (height - 9 feet, storage - 2,210 !’.;-'-;-
acre-feet at the crest of the dam) based on storage (greater than or equal to
1,000 acre-feet and less than 50,000 acre-feet) as given in the Recommended N
Guidelines for Safety Inspection of Dams. e
I d.  Hazard Classification. Significant hazard. A major breach in the Concord =
Water Works Dam could cause damage to 6 to 8 houses, a community swimming L
pool, a factory, the pumping station at the water treatment plant, a town street, e
- and & highway. Water could be 1 to 2 feet above the sill of two or three houses, -
and only approach the sill elevation in the remainder of the houses. The pumping R
station would be inundated, with water 6 to 8 feet above the sill. The failure S
L discharge would enter the swimming pool (around 1 foot above the deck), and Bt
h would be 2 to 3 feet above the lower foundation of the factory. Water would flow e
about 2 to 3 feet deep over the town street and highway (U.S. Routes 3 and 4). e
The potential for loss of life exists, but it does not appear that this would be a Lt
likely occurrence. ot

e.  Ownership. The early structures of the dam are believed to have been

-~ constructed in 1873 as part of the City of Concord Water Collection and Distribution -—
System, and is owned by the City of Concord Water Works, 16 Penacook Street, o
Concord, New Hampshire 03301. Phone: (603) 225-5575.

f. Operator. The dam is maintained and operated by Robert N. Gillis,
- Director of Water Works, City of Concord, New Hampshire 03301. Phone: (603)
225-5575. by

g. Purpose of Dam. The dam was constructed to provide a water supply
for the City of Concord.

sttt AT .
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h.  Design and Construction History. The early structures of the dam are
believed to have been constructed in 1873 when the initial intake structure for
the Concord Water Works was built. A plan of this dam indicates the earth fill
structure has a stone block core. It is not known when the concrete and granite
block riprap on the upstream face of the dam, the concrete face walls and railings
on the upstream and downstream face of the dam, or the asphalt pavement on
the dam crest were added. Photographs on file at the New Hampshire Water
Resources Board indicate these changes were made before 1934.

It is not known when the granite block spillway and concrete spiliway channel
were built. The earliest records of the spillway are dated 1934.

Prior to construction of the new water treatment facility, an earth berm dike and
stone wall bridged the gap between the dam and spillway. The design of the
Concord Water Treatment Plant was completed in 1968 by Camp, Dresser & McKee,
Consulting Engineers, Boston, Massachusetts. During construction of the plant in
1974 by Pizzagalli Construction Company, Wolfeboro, New Hampshire, the earth
dike and stone wall were replaced by an earth fill which is protected on the
upstream side by granite block riprap.

The plan of the dam, showing profile and cross-section was obtained from the
Concord Water Works Department, Concord, New Hampshire. The plans of the
Concord Water Treatment Plant showing grading and cross-sections of riprap were
obtained from Camp, Dresser & McKee, Consulting Engineers, Boston, Massa-
chusetts, No in-depth design calculations or as-built drawings were disclosed for
this dam. ‘

i. Normal Operating Procedures. The Concord Water Works Dam is used
primarily to impound the water of Penacook Lake which provides a water supply
for the City of Concord, New Hampshire. There is no normal operating procedure
for this dam.

1.3 Pertinent Data

a. Dra;’gg_ge Area. The drainage area above the Concord Water Works Dam
covers nearly 3.88 square miles (approximately 2,480 acres), consisting of steeply
sloped terrain surrounding Penacook Lake. The topography in the drainage basin
ranges from 793 feet NGVD on top of Pine Hill to less than 390 feet NGVD near
the base of the dam. The majority of the basin is heavily wooded and generally
undeveloped. The development which does exist consists of widely scattered houses,
which are not located close to the lake.

b.  Discharge at Dam Site

(1) Discharge over the spillway occurs only during the wetter periods
of the year. Discharge at the dam site normally occurs through the intake structure
at the new water treatment facility. This intake structure is 10 feet wide by 14
feet high, with a bar rack. Discharge through the structure is controlled by two
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2 feet by 2 feet sluice gates which are operated from inside the treatment facility.
Water passing through these gates enters one of two channels which convey the
water to two wet wells so that it may be pumped up to the settling basins. The
intake structure cannot be used to drain the pond by by-passing the water treatment
process.

(2) Maximum known flood at dam site was estimated at 45 cfs (based
on water surface elevation of 402.88 recorded for the period April 25, 1955 to
May 2, 1955).

(3) Spillway capacity with the water surface elevation at the top of
the dam (elevation 404.04 feet) was estimated to be:

(a) with flashboards in place - 290 efs
(b) with flashboards removed - 511 efs

(4) Spillway capacity with the water surface at the test flood elevation
(elevation - 404.8 feet) was estimated to be:

(a) with flashboards in place - 515 efs
(b) with flashboards removed - 725 efs

(5) The gated spillway capacity at normal pool elevation - not appli-
cable since the reservoir surface is below the spillway crest for much of the year.

(6) The gated spillway capacity (flashboards in place) at test flood
elevation was estimated to be 515 cfs at 404.8 elevation.

(7)  The total spillway capacity (all flashboards removed) at test flood
elevation was estimated to be 725 cfs at 404.8 elevation.

(8) Total project discharge at top of dam was estimated to be 571
cfs at 404.04 elevation with all flashboards removed and 350 cfs at 404.04 elevation
with flashboards in place.

(9) Total project discharge at test flood elevation was estimated to
be 1,450 cfs at 404.8 elevation.

c.  Elevation (ft, NGVD). Based on USGS datum from plans of water treat- B
ment plant construction by Camp, Dresser & McKee, Consulting Engineers.

(1) Toe of dam -~ 385.0
(2) Bottom of cutoff - unknown
(3) Maximum tailwater ~ unknown

(4) Normal pool - 402.0 (elevation shown on U.S.G.S. quadrangle sheet;
the actual water surface elevation varies considerably with water usage)




u (5) Full flood control pool - N/A
(6) Spillway crest:

(a) permanent crest - 4061.15
u (b) top of flashboards - 402.48

(7) Design surcharge (Original Design) - Unknown
(8) Top of dam - 404.04

(9) Test flood design surcharge - 404.8
d. Reservoir (Length in feet)
(1) Normal pool - 11,500 (corresponds to pool shown on U.S.G.S. sheet)
(2) Flood control pool - N/A
(3) Permanent spillway crest pool - 11,400
(4) Top of dam - 11,600
(5) Test flood pool - 11,650
e.  Storage (acre-feet)
(1) Normal pool - 1,515 (corresponds to pool shown on U.S.G.S. sheet)
(2) Flood control pool - N/A
(3) Permanent spillway crest pool - 1,160
(4) Top of dam - 2,210
(5) Test flood pool - 2,420

f. Reservoir Surface (acres)

(1) Normal pool - 358 (corresponds to pool shown on U.S.G.S. sheet)
(2) Flood-control pool - N/A

(3) Permanent spillway crest - 347

(4) Test flood pool - 387

(5) Top of dam - 379
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g. Dam

(1)

Type ~ earth fill with stone block core, granite block and concrete

riprap on upstream face

(2)
)
(4)
(5)

Length - 265 feet
Height - 9 feet
Top Width - 21.5 feet

Side slopes - upstream face 1V to 4H (concrete) 1V to 2H (riprap).

Downstream face 1V to 2.5H

(6)
¥))
(8)
(9)
(10)

Zoning - unknown

Impervious core - stone block
Cutoff - unknown

Grout curtain - none

Other - none

h. Diversion and Regulating tunnel. Not applicable (see Section j).

i. Spillway

(1)
(2)
(3)

(4)
(5)

Type - granite block, with straight drop
Length of weir - 40.0 feet

Crest elevation - 402.48 (with flashboards)
401.15 (permanent crest)

Gates - none

U/S Channel - Penacook Lake. The slopes of the lake appear

stable. No evidence of significant sedimentation was observed.

(6)

D/S Channel - The dam's spillway discharges into a concrete

spillway channel about 12 feet wide and with an average depth of 1.0 foot. The
channel runs in an easterly direction for about 190 feet where it terminates at
an 8 foot wide by 6 foot high structural pipe plate arch culvert passing underneath
the access road to the treatment plant. From this point, the discharge from the
concrete channel runs into Rattlesnake Brook which travels in an easterly direction,
passing under U.S. Routes 3 and 4 until it discharges into the Merrimack River,
approximately 1.0 miles east from the dam site.
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jo Regulating Outlets

- (1) Invert - Water treatment facility intake structure - 390.7

(2) Size - Total opening 10 feet wide by 14 feet wide

1
5 (3) Description - 10 feet wide by 14 feet high cast in place concrete
structure with bar screen
(4) Control mechanism - Two 2 feet by 2 feet sluice gates
(5) Other - Old intake structure has been abandoned and filled with
concrete
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“' SECTION 2
o ENGINEERING DATA
N 2.1 Design
A plan, circa 1873, showing elevation and section for construction of the dam,
" intake house, and gate and screen house was obtained from the Concord Water

Works, Concord, New Hampshire 03301. A set of plans dated 1968 showing plan,
grading, and section of the earth fill and riprap around the Concord Water Treatment
Plant were obtained from Camp, Dresser & McKee, Consulting Engineers, Boston,
Massachusetts 02108. No in~depth engineering calculations, as-built drawings, or
specifications were found.

2.2 Construction

No construction records are available for use in evaluating the dam. The Concord
Water Treatment Plant and surrounding site work (including the earth fill and
riprap) were built by Pizzagalli Construction Company, Wolfboro, New Hampshire,
and completed in 1974,

2.3 Operation

No engineering operational data were found.
I 2.4 Evaluation

a.  Availability. The earth fill and riprap around the Concord Water
Treatment Plant was designed by Camp, Dresser & McKee, Consulting Engineers,
Boston, Massachusetts. Other than the plans described above, no additional engi-
neering data was found.

b. Adequacy. Available engineering data and drawings are considered
adequate for a Phase I investigation.

c. Validity. The field investigation indicated that the external features
of the Concord Water Works Dam have changed substantially from the detail shown
on the original construction plan, circa 1872. The earth fill and riprap around the

Concord Water Treatment Plant substantially agree with those shown on the
furnished plans dated 1968.

2-1
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SECTION 3
VISUAL INSPECTION

3.1 Findings

a. General. Concord Water Works Dam impounds a lake of intermediate
size. The watershed above the dam consists of steeply sloped terrain surrounding
Penacook Lake. The majority of the drainage basin is heavily wooded and generally
undeveloped. The downstream area is heavily developed until it passes undernearth
U.S. Routes 3 and 4.

The field inspection of the Concord Water Works Dam was made on December 4,
1979. The inspection team consisted of personnel from S E A Consuitants Inc. and
Geotechnical Engineers Inc. Inspection checklists, completed during the visual
inspection, are included in Appendix A. At the time of the inspection, no water
was flowing over the spillway. The pool elevation was at approximately 397.6
NGVD. The upstream face of the dam could only be inspected above this water
level.

b. Dam. Concord Water Works Dam is an earthen embankment about 9
feet high, 265 feet long, and 21.5 feet wide at the crest (See Photo No. 2).

The upstream face of the dam consists of a 12" thick vertical concrete wall which
forms the upper 2 feet of the upstream slope (See Photo No. 3). Immediately
below the base of this concrete wall, the embankment slope is covered with a
concrete slab on a slope of 1V:4H for a distance of about 4 feet. Below the
concrete slab, the slope is protected by flat slabs of cut granite with a slope of
1V:2H which terminates at the bottom of the reservoir (See Photo No. 3). There
are several locations where the granite block slope protection has experienced 6
to 8 inches of vertical displacement. An asphalt paved roadway passes over the
crest of the dam. The paving has longitudinal cracks approximately on the centerline
and running the full length of the embankment section. The location of these
cracks coincides approximately with the location of a 2 foot wide stone block wall
forming the core of the dam (See Plans and Details in Appendix B).

The vertical concrete wall forming the upper 2 feet of the upstream slope has
tilted upstream approximately 1 inch at the walkway leading to the abandoned
intake structure. The horizontal restraint provided by this walkway slab has
prevented movement of the section of the wall immediately adjacent to the
abutment. This restraint has led to the crack which is a few feet left of the
walkway abutment (See Plans and Details in Appendix B and Photo No. 4).

The downstream slope of the dam is inclined at 1V:2.5H and is covered with a
well-maintained grass cover (See Photo No. 5). Approximately 90 feet downstream
of the axis of the dam and along the hillside forming the right abutment, the
ground surface is soft and there is standing water (See Photo No. 6). The wetness
in this area is attributed to springs which exit from the hillside, including springs
on the hillside above the reservoir level. An employee of the Water Department
stated that this area is always wet regardless of the reservoir level.
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c. Appurtenant Structures. The spillway is located on the left abutment
at the termination of the stone block riprap around the water treatment plant
(See Overview Photo). The spillway intake area which is several hundred feet wide
is located well upstream from the embankment. The floor of the spillway channel
is strewn with boulders and covered with a dense grass mat (See Photo No. 8).

The spillway structure has granite block training walls approximately 3 feet high
and in good condition (See Photo Nos. 9 and 12). A chain link fence has been
installed across the crest of the spillway, to which flashboards have been attached
(See Photo Nos. 9 and 12). About 20 feet downstream of the spillway crest, the
right side of the spillway is protected by a concrete wall which is about 3 feet
high and is in good condition (See Photo Nos. 13 and 14). The left side of the
spillway is protected by a 9 inch high granite block wall and is also in good
condition.

The floor of the spiliway channel has a concrete paving in very poor condition
(see Section e.) which extends about 190 feet below the spillway crest to an 8
foot wide and 6 foot high structural plate pipe arch metal culvert (See Photo Nos.
14 and 15).

An abandoned intake structure is located near the center of the dam just upstream
from the dam face (See Plans and Details in Appendix B and Photo No. 2).
According to existing drawings, a total of three cast iron pipes exit from this
intake structure. However, the intake structure's wet wells have been filled with
concrete thereby plugging the three pipes. The condition of the outlets could not
be verified since they were buried. No evidence of leakage was observed.

d. Reservoir Area. The slopes of the reservoir in the vicinity of the dam
appear stable. No evidence of significant sedimentation was observed.

e, Downstream Channel. There is extensive cracking and settlement of
the concrete bottom of the spillway channel (See Photo No. 15). There is con-
siderable seepage between these cracks and underneath the concrete slabs.

3.2 Evaluation. On the basis of the visual examination, the dam is considered

to be in fair condition.

Deterioration and displacement of the concrete facewall of the upstream slope of
the dam indicate the presence of unknown conditions in the interior of the
embankment. Further deterioration and collapse of the wall could lead to over-
topping of the dam.

The vertical displacement of the granite block slope protection on the upstream
face of the dam is further evidence of unknown conditions in the interior of the
embankment described above.

-
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The presence of a wet area 90 feet downstream of the dam, along the base of
the hillside forming the right abutment, is thought to be due to natural springs
on the hillside which are believed not to be influenced by the reservoir. These
springs should be observed regularly when the reservoir is at its maximum normal
operating level to verify this observation.

Cracking and settlement of the concrete bottom of the spillway channel with
visible seepage indicates undermining of the concrete slabs which could lead to
extensive erosion when water is passing over the spillway.
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SECTION 4
OPERATIONAL AND MAINTENANCE PROCEDURES

4.1 Operational Procedures

a. General. The Concord Water Works Dam is used primarily for the
retention of Penacook Lake which acts as a water supply for the City of Concord.
The normal operating procedure for this dam is to monitor the water level of the
reservoir approximately once a week.

b. Description of Any Warning System in Effect

No written warning system exists for the dam.

4,2 Maintenance Procedures

a. General. The owner, Concord Water Department, 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 Concord Water Works Dam
are inadequate to ensure that all probiems encountered can be remedied within a
reasonable period of time. The owner should establish a written operation and
maintenance procedure as well as establishing a warning system to follow in event
of flood flow conditions or imminent dam failure.
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SECTION 5
) | EVALUATION OF HYDROLOGIC/HYDRAULIC FEATURES

5.1 General. The Concord Water Works Dam is an earthen embankment approxi-
mately 9 feet high from crest of dam to toe of slope and 265 feet long. The
spillway structure is located to the north of the dam on the opposite side of the
water treatment facility. The spillway is 40 feet long with a permanent concrete

L block weir, with flashboards installed on the weir crest. Th flashboards are 1.33
feet high, with a 7.5 feet long by 0.33 foot high removable section. Flow over
the spillway discharges into a channel which narrows to a width of 12 feet, with
a depth of 1 foot. Approximately 190 feet downstream from the spillway weir,
the channel discharges into an 8.0 feet wide by 6.0 feet high corrugated metal
pipe arch which passes beneath the entrance road to the water treatment facility.
The dam impounds Penacook Lake which serves as a water source for the City
of Concord. The water surface fluctuates in response to water usage and runoff
into the lake. Consequently, during periods of high water usage and low natural
runoff to the lake, the impoundment offers a control for stormwater runoff since
the reservoir is likely to be lower than the spillway crest.

5.2 Design Data. No hydrological or hydraulic design data were disclosed.

5.3 Experience Data. Records of water surface elevations dating back to the
1880's were examined. The maximum water surface recorded (elevation 402.88 feet
NGVD), occurred during the period from April 25, 1955 to May 2, 1955. It was
: estimated that this water surface elevation would have resulted in a discharge of
‘ 45 ecfs through the spillway (flashboards in place with 7.5 feet by 0.33 feet
removable section removed).

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 equal to one-half the

1 Probable Maximum Flood (1/2 PMF). The 1/2 PMF test flood was selected over

.- the full PMF, because the dam falls on the lower end of the intermediate size
range. The drainage basin is essentially mountainous, however, the "rolling" curve
from the Corps of Engineers set of guide curves was used to account for the large
reservoir surface area as compared to the size of the drainage area.

Based on an estimated maximum probable flood peak flow rate of 2,300 cfs per )

square mile and on a drainage area of 3.88 square miles, the test flood inflow T
was estimated to be 4,460 cfs. The test flood was routed through the dam in :
accordance with the Corps of Engineers procedure for Estimating Effect of
Surcharge Storage on Maximum Probable Discharge. The reservoir water surface
was assumed to be at elevation 402.0 prior to the flood routing. The project o]
discharge was estimated to be 1,450 efs. This analysis indicated that the dam L

crest would be overtopped by approximately 0.8 feet. The maximum spillway "

capacity (with flashboards in place) with the water level at the dam crest was
estimated to be 290 cfs, which is only about 20 percent of the test flood discharge. DAY
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Both the 12 feet wide by 1 foot deep spillway channel and the 8.0 feet wide by
6.0 feet high corrugated metal pipe arch at the end of the spillway channel do
not have adequate capacity to handle the test flood discharge. The capacity of
the spillway channel was estimated to be approximately 130 cfs while the culvert
capacity was estimated to be approximately 400 cfs.

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 0.4 mile downstream to a point
where the stream channel begins to drop rapidly to the Merrimack River flood
plain. Based on this analysis, the Concord Water Works Dam was classified as a
significant hazard.

A major breach in the Concord Water Works Dam would increase the stage along
the immediate downstream channel by approximately 10 feet, and the stage would
be reduced to less than 6 feet after crossing the highway (U.S. Routes 3 and 4),
approximately 1,750 feet downstream. Such a breach could damage six to eight
houses along the stream reach. In two or three of these houses, water could rise
to 1 to 2 feet above the sill, while for the remainder the water would approach
the elevation of the sill. The pumping station located near the base of the dam
would be inundated with water 6 to 8 feet above the sill of the building. Water
would probably be high enough to enter the community swimming pool located
about 500 feet below the dam. The failure discharge would rise to about 2 to 3
feet above the lower foundation of the factory which has been constructed adjacent
to the stream channel. It appears that the capacity of the culverts beneath a
town street and the state highway would not be adequate to handle the failure
discharge. Consequently, these roads would be overtopped by water which would
be about 2 to 3 feet deep. The potential for loss of life does exist, but it appears
that this would not be a likely occurrence.

5-2
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" SECTION 6
EVALUATION OF STRUCTURAL STABILITY

6.1 Visual Observations

The visual inspection indicates the following potential structural problems:

(1) The concrete wall forming the upper 2 feet of the upstream slope has
deteriorated and the wall has tilted about its base in some areas as
much as 2 inches. Further deterioration and collapse of the wall could
lead to overtopping of the dam.

(2) The upstream slope protection has been displaced vertically and hori-
zontally in several areas. Continued movement of the slope protection
could lead to further movement of the concrete wall desceribed above.

(3) A wet area 90 feet downstream of the embankment was thought to be
due to springs on the abutment hillside which were not influenced by
the reservoir. However, if further inspection indicates that the springs
are influenced by the reservoir, this seepage, if left uncontrolled, could
lead to failure of the dam.

(4) Cracking and settlement of the concrete spillway channel which could
lead to extensive erosion when water is passing over the spiliway.

6.2 Design and Construction Data

A plan, circa 1873, showing elevation and section for construction of the
dam, intake house, and gate and screen house was obtained from the Concord
Water Department. A set of plans dated 1968 showing plan, grading and section
of the earth fill and riprap around the Concord Water Treatment Plant were
obtained from Camp, Dresser & McKee, Consulting Engineers. No design data were
found for the spillway structure, and the date of its construetion is unknown.

6.3 Post-Construction Changes

Considerable changes have been made to the dam in comparison to the design
detail shown on the 1873 plan. Concrete face walls on the upstream and downstream
face of the dam have been constructed. Concrete and stone riprap on the upstream
slope, asphalt pavement on the crest of the dam and concrete rail posts have also
been added. Photographs on file at the New Hampshire Water Resources Board
indicate these changes were made before 1934.

During the construction of the Concord Water Treatment Plant in 1874, some
changes were made to the spillway structure. The right wall of the spillway channel
which was constructed with granite block was replaced with a 3 foot high concrete
wall, and an existing granite block culvert underneath the road at the end of the
spillway was replaced with a pipe arch culvert.
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Once the water treatment plant was finished and in operation, the existing works
at the dam were abandoned. The valves to the pipes were closed and the inlets
at the intake house and gate and screen house were plugged with concrete.

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, RECOMMENDATION, AND REMEDIAL MEASURES

o
A
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7.1 Dam Assessment

a. Condition, The visual examination indicates that the dam is in fair
condition. The major concerns with respect to the integrity of the dam are:

(1) Deterioration of the concrete wall forming the upper 2 feet of S
the upstream slope. R

(2) Displacement of the upstream slope protection.

(3) A wet area 90 feet downstream of the dam at the base of the )
hillside which forms the right abutment.

(4) Cracking and settlement of the concrete spillway bottom. e
(5) Inadequacy of the spillway to pass the test flood.

(6) Apparent lack of a low level regulating outlet that would allow ’ x
drawdown of the reservoir in an emergency.

b. Adequacy of Information. The information available from the visual Z.fj,ilf.;
mspectxon and hydraulic computations is adequate to identify the problems listed el

in 7.2. These problems will require the attention of a qualified registered pro- =
fessional engineer who will have to make additional engineering studies to design . -
or specify remedial measures. No additional information is needed for the purposes R
of this Phase I investigation. 0

e, Urgency. The owner should implement the recommendations in 7.2 and
7.3 within one year after receipt of this Phase I report.

:P"',',',‘,'.
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7.2 Recommendations --,"-ﬂ-l‘::

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

[

(1) Investigate a means of stabilizing the upstream slope protection,
including the vertical wall.

(2) Investigate the possibility that the springs downstream of the dam
on the right abutment hillside may be influenced by the reservoir.

(3) Do a detailed hydrologic-hydraulic investigation to assess further ]
the potential of overtopping the dam, the adequacy of the spillway S
to pass the test flood, and the need for and means to increase T
project discharge capacity. S

(4) Assess the need for and means to provide a low level regulating O
outlet that would allow drawdown of the reservoir in an emergency. y

The owner should carry out the recommendations made by the engineer.




7.3 Remedial Measures

a. Operating and Maintenance Procedures. The owner should:

1)

(2)

(3)

(4)

(5)

(6)

Monitor the displacement of the concrete wall on the upstream
slope of the dam until the recommendation made in 7.2(1) has
been carried out.

Monitor the wet area 90 feet downstream of the dam periodically
until the recommendation made in 7.2(2) has been carried out.

Repair the cracking and settlement of the concrete spillway
bottom.

Remove the chain link fence from the spillway.

Engage a registered professional engineer qualified in the design
and construction of dams to make a comprehensive technical
inspection of the dam once every year.

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

7.4 Alternatives

There are no practical alternatives to the recommendations of Section 7.2
and 7.3 except that on an interim basis, the owner may consider operating the
reservoir at its present lower level throughout the year so as to provide more
storage for extreme flood events.
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g' X INSPECTION CHECK LIST
5 - PARTY ORGANIZATION
" .:-", PROJECT: Concord Water Works Dam, N.H. DATE: December 4, 1979
I TIME: 9:00 A.M. !
4
i WEATHER:_Cloudy and cold
S W.S. ELEV.397.6 U.S. n/a DN.S.
(U.S.G.S. Datum)
PARTY:
1. __ Kenneth Stewart, S EA 6. _ Kenneth Stern, N.H.W.R.B.
2. __Robert Durfee, S E A 1.
3. __RBruce pPierstorff, SEA 8.
4. Philin Ricardi, S E A 9.
S. Dan LaGatta, GEI 10.
PROJECT FEATURE INSPECTED BY REMARKS
1. Structural stability K.Stewart/R.Durfee
2. Hydrology/hydraulics B. Pierstorff/pP. Ricardi
3. Soils and geoclogy D. LaGatta
4.,
8.
6'
7.
8. ;
]
9.
.
10. -
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INSPECTION CHECK LIST

PROJECT: _ Concord Water Works Dam, NH DATE: December 4, 1979
PROJECT FEATURE:  Dam Embankment NAME:
DISCIPLINE: NAME:

AREA EVALUATED CONDITIONS
DAM EMBANKMENT
Crest Elevation 404.04
Current Pool Elevation 397.6

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 Struetural
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

402.88 from 9/25/55 to 5/2/55
Asphalt cracked longitudinally along core wall
Asphalt pavement in good condition

Slight differential settlement transverse sec-
tions

None observed

Concrete wall on upstream face has moved
upstream and rotated outward about its base

Concrete wall on upstream face has moved
upstream and rotated outward about its base

Condition at abutments is good

Concrete wall on upstream slope & concrete
decking on upper slope have experienced small
movements

No evidence observed
Well maintained
None observed

Slope protection is cut granite and there has
been minor displacements

None observed

Ponded water @ 90 ft downstream on rt.
abutment. This water attributed to springs in
hillside above dam.

None observed

None observed

None observed

None observed




INSPECTION CHECK LIST
PROJECT: Concord Water Works Dam, N.H. DATE: December 4, 1979
PROJECT FEATURE: Dike Embankment NAME:
DISCIPLINE: NAME:
AREA EVALUATED CONDITIONS
DIKE EMBANKMENT No dike

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 Struetural
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 Toes

Unusual Embankment or Downstream Seepage
Piping or Boils
Foundation Drainage Features

Toe Drains

Instrumentation System
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INSPECTION CHECK LIST

PROJECT: _concord Water Works Dam, N.H. DATE: pecember 4, 1979
PROJECT FEATURE:_1ptake Channel NAME:
DISCIPLINE: NAME:

AREA EVALUATED

CONDITIONS

OUTLET WORKS - INTAKE CHANNEL AND
INTAKE STRUCTURE

a. Approach Channel
Slope Conditions
Bottom Conditions
Rock Slides or Falls
Log Boom
Debris
Condition of Concrete Lining
Drains or Weep Holes
b. Intake Structure
Condition of Concrete

Stop Logs and Slots

Original outlet works which consisted of an
intake below reservoir level has been plugged
with concrete. New intake through riprap at
water treatment plant.

Good

Not visible beneath reservoir surface
None

None

None

Not applicable

None

Good

Moderate rust on 1" x 3/8" bar stock screen




INSPECTION CHECK LIST

PROJECT: Concord Water Works Dam, N.H. DATE: December 4, 1979
K PROJECT FEATURE: __ Control Tower NAME:
DISCIPLINE: NAME:

.
P

AREA EVALUATED

CONDITION

OUTLET WORKS - CONTROL TOWER

a. Concrete and Structural

General Condition

Condition of Joints

Spalling
. Visible Reinforeing
Rusting or Staining of Concrete
Any Seepage or Efflorescence
t' Joint Alignment

Unusual Seepage or Leaks in
Gate Chamber

Cracks
! . Rusting or Corrosion of Steel
| b. Mechanical and Electricai
Air Vents
Float Wells
Crane Hoist
Elevator
Hydraulic System
Service Gates
Emergency Gates
Lightning Protection System
Emergency Power System

Wiring and Lighting System
' in Gate Chamber
]

Original control tower no longer in use
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INSPECTION CHECK LIST

PROJECT: Concord Water Works Dam, N.H. DATE:
PROJECT FEATURE: Transition and Conduit NAME:
DISCIPLINE: NAME:

December 4, 1979

AREA EVALUATED

CONDITION

OUTLET WORKS - TRANSITION
AND CONDUIT Not visible

General Condition of Concrete
Rust or Staining on Concrete
Spalling

Erosion or Cavitation
Cracking

Alignment of Monoliths
Alignment of Joints

Numbering of Monoliths
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INSPECTION CHECK LIST :
PROJECT: Concord Water Works Dam, N.H. DATE: December 4, 1979
PROJECT FEATURE: outlet Structure NAME: ;~
| DISCIPLINE: NAME: L
AREA EVALUATED CONDITION
OUTLET WORKS - OUTLET STRUCTURE .A
AND OUTLET CHANNEL Outlet is through water treatment plant to
municipal water supply system
General Condition of Concrete
Rust or Staining .
Spalling
Erosion or Cavitation B
Visible Reinforeing .. .
Any Seepage or Efflorescence
Condition at Joints
Drain Holes '
Channel
Loose Rock or Trees Overhanging S §
Channel e
: » ‘
Condition of Discharge Channel
»
)
»
’

I, SR, S, ML S S
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INSPECTION CHECK LIST

PROJECT:

Concord Water Works Dam, N.H.

DATE: December 4, 1979

PROJECT FEATURE: Spillway Weir

NAME:

DISCIPLINE:

NAME:

AREA EVALUATED

CONDITIONS

QUTLET WORKS - SPILLWAY WEIR,
APPROACH AND DISCHARGE CHANNELS

a. Approach Channel

General Condition
Loose Rock Overhanging Channel
Trees Overhanging Channel

Floor of Approach Channel

b. Weir and Training Walls

General Condition of Concrete

Rust or Staining
Spalling
Any Visible Reinforeing -
Any Seepage or Efflorescence
Drain Holes
¢. Discharge Channel
General Condition
Loose Rock Overhanging Channel
Trees Overhanging Channel

Floor of Channel

Other Obstructions

Very wide approach channel around left abut-
ment of dam. Usually water in channel.

Good
None
None
till with small

Good condition. Glacial

swampy areas.

Training walls upstream are granite cut
blocks; downstream the granite cut block
stops and the right training wall continues as
a concrete wall.

None

None

None

None

None

Good .
None
None

At base of weir the channel is lined with flat
cut granite blocks and is in good condition;
downstream, the channel floor is concrete
and is in poor condition with numerous cracks
and evidence of extensive undermining.

There is a culvert beneath access road to the
site approximately 200 feet downstream of
spillway weir

E
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INSPECTION CHECK LIST
PROJECT: Concord Water Works Dam, N.H. DATE: December 4, 1979 '
) PROJECT FEATURE: _ Service Bridge NAME: o
DISCIPLINE: NAME: '
- AREA EVALUATED CONDITION .
OUTLET WORKS - SERVICE BRIDGE No service bridge
a. Super Structure
Bearings
®
Anchor Bolts
Bridge Seat
" . Longitudinal Members .

Under Side of Deck
Secondary Bracing
- Deck - .,,.,..
K , »

Drainage System
Railings Ry
Expansion Joints

Paint

- b. Abutment & Piers

. General Condition of Concrete
Alignment of Abutment
Approach to Bridge

Condition of Seat & Backwall
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APPENDIX B o

ENGINEERING DATA
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AVAILABLE ENGINEERING DATA

A plan, circa 1873, showing elevation and section for construction
of the dam, intake house, and gate and screen house was obtained
from the Concord Water Department, 16 Penacook Street, Concord,
New Hampshire 03301. A set of plans dated 1968 showing plan,
grading, and section of the earth fill and riprap around the
Concord Water Treatment Plant were obtained from Camp, Dresser,
and McKee, Consulting Engineers, One Center Plaza, Boston,
Massachusetts 02108. No in-depth engineering calculations, as-
built drawings, or specifications were found.
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MEMO M

Date: December 5, 1979 gﬂ/ i

W
To: Vernon A. Knowlton, C/" /Aki/}

Chief Engineer ¢

From: KXen Stern,
Water Resources Engineer f

Subject: Corps Inspection of Concord Water Works Dam No. 51.13, Concord
On December 4, 1979 I accompanied the inspection team from SEA Consultants... "At
the time of inspection the lake was down several feet.
The items in need of atﬁention are as follows:
1- The upstream concrete retaining wall is in fair to poor
condition. It is cracked in several locations, badly spalled

in several locations and leaning. The wall is only 2 ft. high.

2- The upstream concrete apron is badly spalled just left of the
service bridge to the old intake structure.

3~ The upstream split stone slope paving has settled in areas.
This should be monitored.

4~ The concrete channel downstream of the spillway is undermined
in areas. The water flows on the surface then underneath and
then on the surface again.

There is water coming out of the right downstream hillside. This is apparently
from springs.

The dam should be reinspected during the spring for seepage at the toe when the
pond is full.

I believe any action on this dam can wait until receipt of the Corps' reporrc.

KS:paf
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NEW HAMPSHIRE WATER RESOURCES BOARD

n INSPECTION REPORT

Town-_é@LJC—OEP WATER. \WOEK S Dam Number: S /,(5
Name of Dam, Stream and/or Water Body: mACQM CAKE .

T2
. A x ] (= Telephone Number: 2'25 ~-SCS 7
Mailing Address- /,é @LOO/& 5"}*
Max. Height of Dam: Pond Area: Length of Dam:
FOUNDATION:
(" -

OUTLET WORKS:

L - - 23’ sPLLWAY || FEEEBLARD ouERE.
16" BOABRD<,
BO"' <58 VUL IPTIcAL PIPE wPER DRUCE

. 4
ABUTMENTS : 200 LG ABBINMITE Btock pAam
&
FEMBANKMENT:
1
1
A B-4
’ lwwee: yive Sizing, Condition and detailed description for each item, if applicable.




-2~ Dam No.

——

SPILLWAY: Length: Freeboard:

SEEPAGE: Location, estimated quantity, etc.

Changes Since Comstruction or Last Inspection:

U Tail Water Conditions:

Overall Condition of Dam:

Contact With Cwner:

SFRING-

Date of Inspection: Suggested Reinspection Date j7z7

Class of Dam:

Signature [&u /@‘. '

Date

B-5

Note: Give Sizing, Condition and detailed description for each item,if applicable.
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f ‘ -3- Dam No.

g CCMMENTS:
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I NEW HAMPSHIRE VATER RESOURCES 30ARD

INSPECTION REPORT

Town: GOAICo'bD Dea Number; S/./73

Name of Dam, Stream and/or Water Body:

Owner: chcggo W Arze. (o LS Telephone Number:

Mailing Address:

 Max. Height of Dam: q's Pond Area: Length of Dam:

FTOUNDATION: E ATy

L __ourier works:. - )

[ "
ABUTMENTS : _

{: EMBANKMENT: _ Spcimad oy 00 Mg;:&_“!.v\g(ﬂ (4}5\53‘-04‘\@5 &_S_Q_(__(\if_____ _‘
/\L'kﬁ-uxu Jone SDA\WK L, e ﬂ &,M_ el | 1

Cusst  qaans ,.ﬂ Aﬂb‘mtz : -L —\\ .. J Ms;_eo{,-ﬁ:\

oD S O , -
B-7 S
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~ -2~ Dam No.

I‘SPILLWAY: Length: Freeboard:

STEPAGE: Location, estimated quantity, etc.
- : ___J__s_.riL’SM__ iju,\_g

~Changes Since Comstruction or Last Imspection:

Tazil Water Conditions:

~

Ow.raﬂ Condition of Dam: S_Q_Q,wx-cc& tu(.QQ WAa | Sf‘\\\z\ad \’\o‘&)ek% ADqucj '\_&uug_ e, £r4

i rCc ~tact With Owner:

.Date of Inspection: \2-S 11 Suggested Reinspection.Date g%\*: N

Clags of Dam: -
.
. Signature —ZL‘M—Q- ﬂO(M\.,.
Do Y
L Date 17 -5- 11
|
p
: =
| B-8
r !

-_i _1
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a2 | |3 _
P -3
1 ¢ NEW HAMPSHIRE WATER CONTROL COMMISSION
L  DATA ON DAMS IN NEW HAMPSHIRE
- v
LOCATION STATE NO. ....8013. . -
Town ..J20CoR4 v : County Merrimack 4
Stream .........200RC00K. L&k
~Basin-Primary ....... .M.e.::z'.i:nack J . Secondary ﬂ)ﬁ/m’vﬁf ...... 2T e
Local Name ... e L.
Coordinates—Lat. .. 43..... 15! ,500?7‘ Long OF..35...wla00. BT oo
GENERAL DATA o ' ‘ R /———~‘-/»\/>< -
Drainage area: Conﬁolle@x\ ....... Sq. Mi.: Uncontrolled ................ Sq. Mi.: Total Bﬁmz Sq. Mi.
Overall length of dam ....810Q...7 ft.: Date of Construction . 4' :
_Height: Stream bed to hlg'hest e]ev ...S......(.. ft.: Max. Structure B8.824. .
Cost—Dam ....ccvieeei: : Reservoir ... ' ' R
DESCRIPTION zarth _.mbc.n..men'b— Earth Granite Conezste oa ZaTta 4
Waste Gates '
Type eereseestaneestesenssrsresarsnarans sesesvesass
Number ............ eencens receree? SIZ@ eeereerrerereessoneens ft. high x . ft. wide
Elevation Invert R : Total Area .......... sq. ft..
.Hoist e . .
Waste Gates Conduit R o . T
Number : Materials . v
SIZE rrvvreerreesSrnernasenes ft.: LeRgth ..vecerrureeriracnannans ft.: Area sq. ft
Embankment A ‘ b 3
TTDE@ cereceecceerisiosssnsansasrasssnsussasrcsnsassssassossaasssasesssnss coonnnsonsiosens
Height—Max, . ft.: Min......... ft.
TOP—WIdth .covecereerererertesionseressssernsnssnasesessesesnenans : Elev. N T
Slopes—Upstream’ . on : Downstream on .
. Length—Rigzht of prﬂway : Left of Spillway
prﬂway Sk - " . :
Materials of Constructxon : e eviesaeennd .
‘Length—Total ... AQu ft.: Net .....
Height of permanent sectmn—max .6.52...‘.4. ft Mm
Flashboards—Type wiirme.. Mone
Elevation—Permanent Crest : Top of Flashboard
Flood Capacity ........400 cfs.: L02: % cfs/sq. mi .
Abutments ‘ N
Materials: ccrrrrimiicnsniiiisisisacnensesnonssenssorsaseoanne seeesnans
Freeboard: Max. . Loz £t.: Min. ......... ; ft. E‘_j::::
Headworks to Power Devel.—(See “Data on Power Development”) . e w *
OWHER ... oP3aliobd s E-NET WY 1o Pel 3= SO " ceasreene 4
: Londyvies 3 -0¢ .
IWNEIARKS Jater Suzpiy Domestic
B-10.
Tasulation By ... 2008 3.0

I AU T T ST W . Y )
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< v ) j
: SNy
: v ’ NEW HAMPSHIRE WATER RESOURCES BCARD Lk
INVENTORY OF DAMS AND WATER POWER DEVELCPMENTS R
AN o o .
BASIN Aeppriiif . NO. /3 ——— 30 0 3847 G
".RIVER  Ponprack Zacde MILES FROM MOUTH______ D.A.SQ.Ml.2. 4L
. TOWN Crmeorod : OWER__Compgma luglen Lo 3
' LOCAL NAME  OF DAM
UILT DESCRIPTION FprZA &J&*}C«/fﬂc —_— & A
Erutte C'a trcret’g 042 :a»ﬁ .
ST RERSAIES . DRAWLOWS Pr._____ POWD TR TTACRE T -
. HEIGHT-T0P TO-BED OF aT ~I-F*. MAX i _ MIN. .
. OVERALL LENGTH OF DAM-FT. “m:ﬁrm'mrm TOVE CREST-FT. .
~  PERMANENT CREST ELEV.U,S.q. LOCAL GAGE —
“WPAILIATER - ELEYV.Y S.u.o. LOCAL GAGE
SPILLVAY -IENGTHS<FT. HLo¢ FREEROARD-FT.__ 2,33
FLASHBOARDS -TYPE HEIGHT ABOVE CREST  Wone ,
WASTE GATES-NC. WIDTH MAX. OPENING —DEPTE SI.L PELCY CREST .
25" iz 7007 e
- _ ) . 7]‘J{’—/4“0,
REMARKS Cop A3 2% fo omaed
. — . , : — ;
SRVA fo1rfeSnace 8L e Aerriin/dck
PCW’“R DEVELOPMENT - S T
ol ~RATED -HEAD C.F.S. - - o
. “UNITS No. ' BP FEET FULL GATE KW * . MAKE T
)
S




PENACOOK L&XE IN CONCORD
Concord Water Works
August 15, 1934
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No. 51.13

PENACOOK LAKE IN CONCORAD -
Concorda Water VWorks
August 153 1934
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PLANS AND DETAILS
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SELECTED PHOTOGRAPHS
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Photo No. 1 - General view of reservoir from dam.
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Photo No. 2 - General view of dam from right
abutment.
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Photo No. 5 - Downstream slope of dam from right
abutment.
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Photo No. 6 - Wet area at toe of downstream slope
of dam at right abutment.
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Photo No. 9 - Upstream face of dike
from slope at right
abutment looking toward
left abutment.

Photo No. 10 - Downstream face of spillway 1
stoplog section. -
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Photo No. 13 - Right training wall of spillway
discharge channel.

Photo No. 14 - View of spiliway discharge channel
from spillway stoplog section.
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) ILI. Using "Rule of Thumb" Guidance for Estimating Downstream Dam Failure

Hydrographs examine impact of dam failure
- 1. Pertinent Data
| -

I a. Failure occurs when reservoir level at crest of
dam - elevation = <40%.0% {eet

AR

b. Storage at crest elevation estimated to be approximately
7210 owre-£

o —

A. Reach 1
1. STEP 1l: Determine reservolir storage at time of failure
from previous calcs. storage = 2210 awa-Eb

2. STEP 2: Determine Peak Failure Outflow Qp )

>
e

EY
/27 w_ & Y,

whe :
re Wb

Uy

Breach width (use 4Q0% of total length,

(0.40) (2.65 Feet)
2~ V06 teet

Yo = Total height from channel bed to pool

level at failure

x \ S Leet

. AN Iy Pl * 3/2 »’,'q
(/29 (1557 (323 (15 &) =

n

| O) 400D cis

ol e e LI - " - “ — M ~ i atniastdltmiandl o o Py PP S o PR SN NP 0 W1 UHIY G WU W | i o . W |
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3. STEP3: Prepare stage-discharge curve Ssr Pzach /[ -
a. Pertinent Data 2]
- 1 ]
(1) Reach length = 725 Lt 1
(2) Channel slope = O.0%l 1
(3) Manning n = 0.0Q . . L
) <A warie r,,\ L. xw'f\l
(4) Channel shape = troga eoda (C‘,,M%u SRR Gl b e ) ' d
(5) Base width = 20 i{ee+ _
b. See Figure 3 for stage-discharge curve k
S
- 4. STEP 4: Estimate Reach Outflow L
a. Determine stage for Qp, = '\O)%OC,% from Figure 3
and find volume in reach _ :;'4
1
(1) Stage (depth of flow) = 0.2 Le.- o
(2) Volume in reach = (reach length) (L‘POSS-S@Cthﬂ&l) E
area of channel - .4
N \ AR N~ RV AN ]
X-area = (2} (10"} 20" +150" =+ 5. (0.2 )\l:,_’)' =0
= B8l {42 . S
" \' ‘Z ;) - A-
Volume = Vl = 32\ 4" 7“1 b
43,5604*\ /a e
- 1
= l4_-q Ocne — b=
S
Vl <2' reach l2ngth Ok
b. Determine QP?.(TP,IAL)

/ o
Qoo (rp1aL) & 7 (1 - _’;>

Vo)
ae)
~
=3
J
]

53
-
1
"
O
-
o
O
{3
1
3
~
[\
5

QPZL Tiw = kO E\AA,_J oo
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c. Compute V2 using QPZ(TRIAL)

From Figure 3 determine stage for T rora)
)
' Stage = 10,2 Leat |
N 5N/isy! 260" s
X-area = C(‘DUO \)(ZO +3v .-/( ' - /\ 30 Z L
— g8\ ft* ]
) .
r el X< ]
, . (o8l &etjctes 0
2~ 23 So0 vt faend o
' V2: {4.’1 Creald - = ' 4
- IR

F
"
) R

l d. Average V; and V, and = ‘
L

@ vavg < L2 .";.';??.-_fi

1 Vavg = (43 ac-tx —;’lﬁ.} ar-=1 . 3
yavg = \4.} Gere - L

)

(10,400 &) (\ - =5

- (2) Qp, = Qp, (1 - la—Y-%) '

,!)

1}

Qp=

10,300 ¢

Qp=2
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3. STEP3: Prepare stage-discharge curve for Reach
. a. Pertinent Data
| = ["
: (1) Reach length = 425 +et
(2) Channel slope = 0.04¢6 ]
(3) Manningn = 0.05% o
(4) Channel shape -%-rs!ce z0aal
(5) Base width = 20 ‘C@J’( 1
_ 4
_ b. See Figure 3 for stage-discharge curve
' <
o @A. STEP4: Estimate Reach Outflow .
a. Determine stage for Q.- = "D; 200 :_"..S from Figure 3 '.:i
'l' and find volume in reach i
o]
(1) Stage (depth of fiow) = =, [, .‘:39' ::f:::jl'.
(2) Volume in reach = (reach length) (CPOSS-SECtlonal> ;T;L.
[ = area of channel ﬂ
-9
' X-area =LO~5>(8.Q -ﬂ)(ZO;-' S sy ]
= 58| -C"i'?‘ . el
2\ (428 L= ) IR
Volume = V (53\ L®) L“'S -
1 23 $60 ~~ifaue?
i
= 5.7F adeve - L4
3
o Vl 47 J.reach l=2ngth OK ‘
b. Determine QP?(T'RIAL)
/
“p3crrraLy T 2 (L - —)
™, 7 t 5 *
Ooz(reran) = \/\(O, oo T -
Q',Bt_'-. Vi = \Q ::-/ T

(IR WY YA S AP0 L P S
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. ute V 1
¢. Comp 2 USINE Qpy(TRIAL)

From Figure 3 determine stage for 3,

.....

Stage = 8(5 ‘\:Cc_*

X-area = (05)( 8.6 £+)(20% + WS
= 581 {x2

; soi £+ (425 840 -

2 43 350 v+l A

2 5.7 cere - &k

<
i

d. Average Vl and v2 and compiito Sy

(1) Vavg =

s~q' QC-‘(-* * 5':—1‘(,1(_-;{-
=

V 3vcj

1]

Vavg 5.9 ac- {2

(2} Qpy = O, (1 - -—A-aval‘_j")

—

(10,300 &)V = 22

220

1}

Qp3

B
.
-

il
"

Qpz \O, 250 cs

W e s
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C. Keach 3
- 1. sTEP3: Prepare stage-discharge curve S-r Reach 3
h a. Pertinent Data N
1

S (1) Reach length = 225 deet

F (2) Channel slope = 0.04%6

' (3) Manning n = O.05

(4} Channel shape - -h—n.(;ezo\_-L\SL <

~ ~ A ~

o AL wlopR O

[N (.U'JQ £-as2a Qll fr"\-l'ij"'

/
(5) Base width = 20O -(;C:’_T
) b. See Figure 3 for stage-discharge curve
" .
- ®. STEPY4: Estimate Reach Outflow S

a. Determine stage for Qpy = [0,250 c4s from Figure
and find volume in reach

(1) Stage (depth of flow) = 5.4 -[C(‘.'lr

(2) Volume in reach = (reach length) (CI‘OSS—SEC*CIDH&L)

[ area of channel o
X-area = (o.sY%.o')(zo'+ 1357 +{o.sx (o st TR
= 9298 £+
, L
d £:2 z2 -
Volume = V, = (a2 £:3) { Rl
A2 S D ~- el
B 4. 8 [oW-= -3 L+
o \ S
' Iy < 7 J.reach length OF

b. Determine Jp,(rrryg,

~—

/7 .
Qpacroray 7 i3 1= —>

LA N W TV VIR SUNE AL SR WAL UIPIC WA 100 ST WUr WPRT GO
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. : . o v i \

: o] Compute , using QPQ(TRIAL)

- From Figure 2 determins stige for 7 -

mosigur o 5 “P4(TRIAL)

‘I .l Stage = 5.7 Loct
X-area = qZB _L_*l (px—r N

AR

d. Average Vl and ‘12 and comui! " 4

V., + V
(1) Vvavg = 12 2

4.Boc. by = 4.9 0.t
Vawj = 2 '“

4,8 s e -~k

Vavg

W2

- Vav
. (2) QP.‘,‘-O_F3(1-~——;£)

\,

- 4.3
250 c%)< | = Zzzn )

!
[~
O

Qpy

-0y 2o s
Qps = (O 7200 <
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; g . stEP3: Prepare stage-discharge curve for Feach =
i a. Pertinent Data
1 -
(1) Reach length = 335 =ear
(2) Channel slope = 5,026
(3) Manning n = O.0S5 ;oo - e )
[ (4) Channel shape - frage= o das \-wroo b RIS S
; (5) Base width = 22 bo-
g b. See Figure 3 for stage-discharge -urve
- @. STEP4: Estimate Reach Qutflow
a. Determine stage for Qps = D Z0cs from Tigure :
and find volume in reach
(1) Stage (depth of flow) = £, | g:eef
(2) Volume in reach = (rez::h leonzs*h) C:j?:'g'“:‘j:iﬁ
X-area =(2.5)( 5.0 (zo' +130) = {00, [z (1= = 2027
= 458 &2
A58 T4 25 -
Volume = V1 = ( J‘“ A : i“-‘
S U002 -Fh
= 8. 2 :L.,VQ 'C;
. S
3 vy < z S
b. Determine QP."(T‘F‘?.:\;)
/ \\
Qigcriiay T 4 - /

@i .
"PO(TRTAL

Q IS
Md

RPN Wl S S Sl S APl Tl SGAP ST TR SR S W 1P WP Wl Tl Wl WAl il Y Vol

~
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c.
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Compute V, using Qpg(rprar)

Average V

(1)

(21

Stage

r . _
X-area = C{SB . o A0 DNeTak

1

Vavg =

Vav(_“ =

Vavg =

s =

1)

Cps

Qps =

-~

From Figure 3 determine stage

and V, and compute T -

2

-7 Yps(TRIAL)

Pace___ 22 or 2
DaTe EL?fgC)
DaTe i E2

V. o+
otV
2
e U O B R

8.2 Cu.»rQ—CL\

Vavg
Urq (l - —TQ)

/

( 0,200 ¢

!
S

‘C?/ifSLD C;;S
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- 3. STEP 3: Prepare stage-dischares cuovs o o 0o ;/

a. Pertinent Data

(1) Reach length = <400 feat
(2) Channel slope = O,!S
(3) Manning n = O0.0%

(4) Channel shape "'(Ta..ge?_ouﬁo’.i
(5) Base width = 720 la.=

b. See Figure 3 for stage-discharge ~uowe2
- 4, STEP 4: Estimate Reach Qutflow

a. Determine stage for Qo - |0, 150c~ <from Tizure

and find volume in reach

(1) Stage (depth of flow) = §,.8 L\ee;{-

. . . Srosz-s27tional
(2) Volume in reach = (reazh lerc:ih) ( LT >
- e q s Toanhe o
e NN ‘., ~ - -
X-area ="\O-5)(5.5 L*.—}-\ D - 20
= 412 T ,
/on PEh G NS R
Volume = V, = —LT'% R -
l — Lol T ] - . +
f IRV & R4 AR 2%
= 3.8 Qe =77
v, L3
1 7' - - i ‘g‘——“ .
b. Determine ..., . \
2N .
/ \
<L v s 1 -
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b N - ¢
t c. Compute V2 using QP/ (TRPIAL)
From Figure 3 determine stzge Sor Tglﬁ,(,:“,) :
n )
f Stage = 5.5 La
X-area = (0.5){ €.2 <+)( 2o+, - VED
= 4.3 ~o%
! )
v, = (4, (400
2 " RN T
‘315"3:—) T e
- - L
V2 NP S W SR ¢ )
d. Average Vl and \12 and ~-ome g ;
V., o+ V -
2 :
(1) Vavg = —LT— -
28 P s 38 ac (s 5
Vavcj - 2 }
Vavg = _,)-8 Qenre - % %
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