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

REPLY TO
ATTENTION OF:

NEDED 0CT 12 979

Honorable Hugh J. Gallen

Governor of the State of New Hampshire
State House

Concord, New Hampshire 03301

Dear Governor Gallen:

Inclosed is a copy of the Northwood Lake Dam Phase 1 Inspection Report,
which was prepared under the National Program for Inmspection of
Non-Federal Dams. This report is presented for your use and is based
upon 8 visual inspection, a review of the past performance and a brief
hydrological study of the dam. A brief assessment is included at the
beginning of the report. I have approved the report and support the
findings and recommendations described in Section 7 and ask that you
keep me informed of the actions taken to implement them. This follow-up
action 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.

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

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

Sincerely,
s s
Incl B. SCEEIDER
As stated Colonel, Corps of Engineers

Division Engineer
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PHASE I REPORT
NATIONAL DAM INSPECTION PROGRAM

Name of Dam: Northwood Lake Dam, [.D. NH 00285
State Located: New Hampshire

County Located: Merrimack

Town Located: Epsom

Stream: Little Suncook River

Date of Inspection: June 5, 1978

BRIEF ASSESSMENT

Northwood Lake Dam is a concrete gravity structure approximately
165-foot long and 13-foot high. The spillway is a concrete broad
crested overflow weir approximately 110-foot long and 12-foot wide.

The overall physical condition of the dam is good. The dam has a
spillway adequate to pass only 10 percent of the estimated Probable
Maximum Flood (PMF), the recommended test flood, before overtopping
the concrete non-overflow section of the dam. More detailed hydro-
logic and hydraulic studies are therefore needed to refine the Spill-
way Design Flood for this low dam and determine appropriate spillway
capacity or the ability of the dam to withstand overtopping.

It is recommended that the owner, within 12 months after receipt of
this Phase 1 Report, acquire basic engineering data in the form of an
accurate and complete set of as-built plans, sections and details of
the dam and its upstream and downstream reaches that will allow the
proper assessment of hydraulic capacity.
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Recommended maintenance actions to be completed within 12 months relate
to the selective clearing of trees in the area downstream of the spillway

and along the banks of the river reach between the dam axis and the road-
way bridge downstream of the dam.

The Tow level outlet hoist is improperly attached to its base and should :
be reattached. Other recommended repairs to the hoist mechanism are

described in Section 7.3.
|
<Lt Loihy PE

Robert Gershowitz, P.E. !
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This Phase 1 Inspection Report on Northwood Lake Dam
has been reviewed by the undersigned Review Board members. In our

opinion, the reported findings, conclusions, and recommendations are
consistent with the

Recommended Guidelines for Safety Inspection
of Dams, and with good engineering judgment and practice, and 1'.s

i hereby submitted for approval.

Clondy f~Cezsesl

CHARLES 6. TIERSCH, Chairman
Chief, Foundation and Materials Branch
Engtneering Division

\ . r. &4 - ..
"s Chief,. Water Control Branch
| - Engineering Division :

| . -

B R

Chief. Engineering Division
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iv




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, wash1ngton, D.C. 20314. The purpose of a Phase 1
Investigation is to identify expeditiously those dams which may

pose hazards to human 1ife or property. The assessment of the gene-
ral condition of the dam is based upon available data and visual
inspections. Detailed investigation, and analyses involving topo-
graphic mapping, subsurface investigations, testing, and detailed
computatlona] evaluations are beyond the scope of a Phase I inves-
tigation; 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 thedam 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 nume-
rous 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 izspection can there be any chance that unsafe condition be de-
tected.

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 reasonably possible storm runoff), or
fractions thereof. Because of the magnitude and rarity of such a
storm event, a finding that a spillway will not pass the test flood
should not be interpreted as necessarily posing a highly inadequate
condition. The test flood provides a measure of relative spillway
capacity and serves as an aide in determining the need for more detail-
ed hydrologic and hydraulic studies, considering the size of the dam,
its general condition and the downstream damage potential.
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NORTHWOOD LAKE DAM

General view of the dam from downstream looking toward the
right abutment. The stop plank section and the low level
outlet are in the foreground, the spillway section is in
the background.
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PHASE I INSPECTION REPORT
NORTHWOOD LAKE DAM NH 00285

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. HARRIS-ECI ASSOCIATES 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 was issued to
HARRIS-ECI ASSOCIATES under a letter of June 7, 1978 from Ralph T. Garver,
Colonel, Corps of Engineers. Contract No. DACW 33-78-C-0305 has been
assigned by the Corps of Engineers for this work.

b. Purpose

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

(2) Encourage and assist 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 Project Description

a. Location
Northwood Lake Dam is located on the Little Suncook River in the Town
of Epsom, Merrimack County, New Hampshire, approximately 2 miles up-
stream of the hamlet of Epsom. The Little Suncook River is a tributary
to the Suncook River and is part of the Merrimack River drainage basin.

b. Description of Dam and Appurtenances |
Northwood Lake Dam is a concrete gravity structure originally built
across the Little Suncook River in 1926. The impounded lake is appa-
rently of natural origin and has been raised by the dam. No record
plans of the dam exist; and all following dimensions are approximate
and subject to verification and possible revision. According to
existing records, the dam is approximately 165-foot long, 13-foot high
and impounds'2,600 acre-feet derived from a tributary drainage area of
20.7 square miles. The spillway section is constructed of concrete i
and has a fiat crest approximately 12-foot wide. The spiliway length ‘
is listed variously as 109 and 117 feet but appeared to be shorter on
the visual inspection, possibly as a result of a reconstruction com-
pleted in 1973.

The area downstream of the spiliway sectionispartly blocked by tree
growth. Large stone blocks have been placed downstream of the spill-
way in order to dissipate the energy of the overflowing water. The low
level outlet is located adjacent to the left side of the spillway section
and consists of a passage approximately 2.4-foot wide and approximately
4-foot high, controlled by a sluice gate mounted on the upstream face
of the dam. The low level sluice gate hoist is housed in a small build-
ing on top of a short non-overflow section adjacent to the spillway. A
new 12-foot wide stop plank section has been added to the dam in 1973,
located to the leftofthelowlevel outlet. The entire structure has appa-
rently been founded on ledge rock. Cutoff at the abutments has been

(.
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accomplished by means of cutoff core walls running into higher ground
on both sides. The left abutment core wall is approximately 32-foot
long. The right abutment core wall is about 20-foot long, and was added
in 1973. An 8-inch thick concrete facing has been added to the upstream
face of the spillover section at an unknown time after the original
construction was completed.

Northwood Lake is fairly heavily developed along its rim and some
artificial sandy beaches have been located along the shore line. No
signs of slope instability could be detected at the visual observation.

The downstream channel of the Little Suncook River is well defined with
a rocky bottom. The hamlet of Epsom is the first significant settlement,
some 2 miles downstream of the dam axis,with a population estimated at
about two hundred persons.

c. Size Classification
According to the "Recommended Guidelines of the Safety Inspection"
by U.S. Department of the Army, Office of the Chief of Engineers,
the dam is classified in the dam size category as being "Intermediate"
since its storage is more than 1,000 acre-feet, but less than 50,000
acre-feet. The dam is also classified as "Small" because it height
is less than 40 feet. The overall size classification is determined
by the larger of these two classifications, and accordingly Northwood
Lake Dam is classified as "Intermediate" in size.

d. Hazard Classification
The dam has been classified as having a High Hazard Potential in the
Inventory of Dams compiled by U.S. Army Corps of Engineers on the basis
that excessive damage could occur to downstream property in the event
of failure of the dam and its appurtenances, together with the possi-
bility of losing more than a few lives. This fnspection concurs with
the assessment on the basis that the dam impounds considerable volume




of water and that in a case of hypothetical dam failure, the nearest
populated settlement at Epsom would have only approximately 10 minutes
to implement flood evacuation procedures.

e. Ownership
Northwood Lake Dam is owned by the New Hampshire Water Resources Board

(NJ-WRB) headquartered at Concord, New Hampshire.

f. Operator
The Northwood Lake Dam is operated by the N.H. Water Resources Board,

headquartered at Concord, New Hampshire - Telephone: (603) 271-3405.

g. Purpose of Dam

ar

The purpose of the dam is recreation and flood control.

h. Design and Construction History

The dam was built in 1926 for Suncook Mills for conservation purposes.
The lake at that time was known as Suncook Pond. In 1957, the owner-
ship passed to the N.H. Water Resources Board. No data has been
uncovered as to the design and construction history of the dam from
available information sources.

. Normal Operating Procedures

The dam is used to regulate the level of Northwood Lake, by means of
uncontrolled flow over the broad crested spillway section, and select-
jve use of the low level outlet and stop plank section. Control of the
lake's water surface has been facilitated by the construction of the
stop plank section in 1973 which allows a faster regulation and control
of the lake surface. The lake level is maintained within one foot of
the spillway crest level in the summer months and is drawn down several
feet in the winter to accommodate significant snowmelt inflows in the




spring. The lake is considered "flashy" in that the level of the lake
rises fairly rapidly in response to ordinary rainfalls over its drainage
area. Depending on the season, the lake is visited weekly or semi-
weekly by a NH-WRB dam operator to adjust the outflows at the dam in
order to achieve targeted lake levels.




1.3 Pertinent Data

a. Drainage Area

b. Discharge at Dam Site

Maximum known flood at dam site:

Warm water outlet at pool
elevations:

Diversion tunnel low pool
outlet at pool elevation:

Diversion tunnel outlet at
pool elevation:

Gated spillway capacity at
pool elevation:

Gated spillway capacity at
maximum pool elevation:

Ungated spillway capacity at
maximum pool elevation:

Total spillway capacity at
maximum pool elevation:

20.7 square miles
725 cfs (estimated)
NA

NA

NA

NA

NA

350 cfs (Elev. 519.3)

350 cfs (Elev. 519.3)

c. Elevation (Feet above MSL)

Top of dam:

Maximum pool design surcharge:
Full flood control pool:
Recreation pool:

Spillway crest:

Upstream portal invert diversion
tunnel:

Downstream at centerline diver-
sion tunnel:

Streambed at centerline of dam:

Maximum tailwater:

519.3
519.3
NA
518.16
518.16
NA

NA

505 * (estimated)

Unknown

 Jp—

L. .




I T ]

d.  Reservoir
Length of maximum pool:

Length of recreation pool:

Length of flood control pool:

e. Storage (acre-feet)

Recreation pool:
Flood control pool:
Design surcharge:

Top of dam:

f. Reservoir Surface (acres)

Top of dam:
Maximum pool:
Flood control pool:
Recreation pool:
Spillway crest:

g. Dam
Type:

Length:
Height:
Top width:

Side Slopes - Upstream:
- Downstream:

Zoning:
Impervious core:
Cutoff:

Grout curtain:

3.4 miles (estimated)
3.0 miles (estimated)
NA

2,400 (Elev. 518.16)
NA
3,000 (

( Elev. 519.3
3,000 (

Not available
Not available
Not available
589
589

Concrete gravity

169 feet
12 feet
12 feet

Vertical
Vertical

Not applicable
Not applicable

The main part is built on rock with
concrete cutoff walls at both abutments

None
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h. Diversion and Regulating Tunnel

Type:

Length:

Closure:

Access:

Regulating facilities:
i. Spillway

Type:

Length of weir:

Crest elevation:
Gates:

U.S. Channel:
D/S Channel:

J. Regulating Outlets
Low level outlet:
Controls:

Emergency gates:
Outlet:

k. Stop Plank Section
Passages:

Width:

Supports:
Stop planks:
Invert of passage:

Not applicable
N

NA

NA

NA

Broad crested overflow weir

109.5 (from available records)
but seems shorter from visual observ-
ations

518.16
None
Northwood Lake

Natural channel of Little Suncook
River

Listed as 3 ft.x 5 ft., estimated at
28 in. x 48 in. during inspection

Sluice gate at upstream face of dam
None
Downstream channel of Suncook River

3

40 in., 38 in., 40 in. net width between
retaining beams

8 x 8 steel beams, hinged at bottom
Individual, 7 1/2 in. high
Elev. 511.4




SECTION 2
ENGINEERING DATA

2.1 Design

No design data has been recovered for the original dam built in 1926.
There are no record or design drawings, hydrologic or stability compu-
tations of any kind in the files of the N.H. Water Resources Board (NH-WR3)
The dam was modified in 1973 by the NH-WRB by the addition of a 12-foot
stop plank section. The plans for this modification consist of marked

up drawings of another NH-WRB dam at Silver Lake adapted to Northwood
Lake. These modified drawings are shown as Drawings 2 and 3, appended.
The marked up drawings bear little or no similarity to the actual struc-
ture. A sketch of the actual structure is shown on Drawing 1, made during
the visual inspection. No computations relating to hydraulics, hydrology,
foundation condition or structural analysis of the 1973 dam modifications
were recovered from the NH-WRB files.

2.2 Construction

No data or information has been recovered from any source relating to
the construction of the dam except that it was built in 1926.

2.3 Operation

No data on the operation of the dam has been recovered except as given
by the NH-WRB dam operator at the time of the visual inspection.

[ e




2.4 Evaluation

a. Availability
The available information is virtually non-existant. Although plans for
the 1973 stop plank modification are available, they relate only to the
details of the modification and not to the generai dam setting. There
is no set of as-built plans for the dam, and several key dimensions
relating to the spillway and low level outlet are not confirmable.
No documented data exists on the foundation level or materials over-

lying the bedrock surface.

b. Adequacy
The lack of in-depth engineering data did not allow for a definitive

review. Therefore, the adequacy of this dam could not be assessed from
the standpoint of reviewing design and construction data, but is based
primarily on visual inspection, past performance history and sound
engineering judgment.

c. Validity
The validity of the plans and pertinent data recovered is very quest-
jonable. The spillway length is variously given as are the dimensions
of the low level outlet. Freeboard dimensions are not consistent. All
previously assembled pertinent data cannot be confirmed by the visual
inspection. Until as-built drawings are produced, all dimensions are
considered questionable, except for the details specifically dimensioned
on the stop plank section modification.

10
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SECTION 3

VISUAL _ INSPECTION
3.1 Findings

a. General
The general condition of Northwood Lake Dam is good. The dam has been
modified and has received maintenance since the time it has been acquired
by the N.H. Water Resources Board (NH-WRB).

b. Dam
The dam is a concrete gravity structure founded on ledge rock. The abut-
ment contacts are in the form of cutoff walls extending from the spill-
over and stop plank sections into higher ground. The right cuttoff
wall is of recent construction, dating to 1973. No visible seepage
could be discerned, however the spillway was overflowing on the day
of inspection and obscured a large part of the downstream face. The
original concrete in the spillway section was in fair to good condition,
showing moderate signs of freeze-thaw weathering and water caused
erosion. No surface cracking or major structural cracking could be
detected. No monolith joints were visible but the spillway horizontal
1ift jointswere visible on the downstream face of the spillway and

- exhibited minor local erosion and deterioration. The horizontal and

vertical alignment of the spillway crest was good to excellent. The
top of the broad crested weir was estimated to be level within a 1 inch
tolerance over its entire surface. An 8-inch thick facing apparently
has been added to the upstream face of spillway section at some time
after the original construction. The spillway is ungated and currently
no flash boards are used, although apparently in the past they have
been. The freeboard between the spillway crest and the top of the dam
js extremely limited, amounting to only 13-15 inches. The listed spill-
way length is 109.5 feet; however, the spillway looked shorter on visual
inspection and the dimension should be verified.

n
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Adjacent to, and to the left of the spillway, a short non-overflow

section houses the low level outlet gate and its gate house (see Drawing

1). The low level outlet passage has been variously listed as being 3x 3,0r
3 x 5 ft. in size,and is controlled by timber sluice gate on the upstream
face of the dam. The size of the low level outlet is estimated at

28 x 48 inches for this inspection report and must be verified by an
accurate field survey. The invert elevation of the passage is estimated

at 511.4 MSL.

The gate is manually operated by a combination of worm gearing and spur
gearing. The gate stem is @ 4 in. by 8 in. timber equipped with a cast
iron rack spiked to the stem. The stem timber appeared to be in very
good condition; however, the rack showed heavy corrosion, and the top
two teeth had broken off. The operating mechaniam is not securely
anchored to the concrete structure of the dam. The existing arrangement
employs concrete and timber blocks which hold the operating mechanism
approximately one foot above the floor of the gate house. This block
arrangement does not have the strength to withstand the horizontal
forces developed by the worm gear, and at present the blocks deflect
s1ightly when force is applied to the handwheels.

For this reason, it is recommended that a new hoist pad be poured and
properly anchored to the dam structure.

The operating mechanism employs a back up roller which holds the gate
stem and rack against the pinion gear and prevents the timber stem from
deflecting. Originally this roller was held in place by two cast iron
bearing caps oolted to the mechanism frame. Apparently, these iron
bearing caps have either broken or become excessively worn, because at
the time of this inspection the back up roller shaft was held in place
by wooden blocks bolted to the frame. If either of these wooden bearing
caps were to fail, the gate would be inoperable until a replacement

js fabricated.

12




In general, because of the many minor deficiencies in the operating
mechanism, this gate is considered to lack operational reliability.

Adjacent and to the left of the low level outlet (see Drawing 1) a

stop plank section has been installed in a modification made by the
NH-WRB in 1973. The stop planksection is 12-foot wide overall with

a fixed concrete sill at an elevation estimated to be at 511.4. There
are three individual stop plank passes supported by vertical wide flange
steel beams and side wall grooves. The individual stop planks are

2 1/2 x 7 1/2 inches in dimension and fit in between the flanges of the
steel beams for support. The clear space between flanges of the steel
beams is approximately 40-inch Wide. Vertical steel beams are required
to support the three sets of stop planks. In addition to the recesses
in the side walls, the two central steel beams, which have stop logs on
Joth sides, are not rigidly fixed to the dam structure. At the top of
each of these two beams, there is a removable pin (1 in. dia. bar stock)
securing the beam to the dam structure. In case of emergency, one or
both of these pins can be removed, detaching the beam completely and
removing with it all stop planks which are in place at the time.

If both center support beams were released, the resulting flow passage
would be approximately 11.2-foot wide and almost the full height of
the dam. The steel support beams, the retaining pins, and timber
stop logs are all in very good condition.

c. Appurtenances
There are no appurtenant structures associated with this dam.

d. Reservoir
The Northwood Lake covers approximately 530 acres at normal pool levels,
and is approximately three miles long. The reservoir rim slopes vary
from moderately sloping to flat in places. The rim is heavily developed
with shore front cottages, and some artificial beach areas have been

13
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created. The general rim slope is heavily wooded and is locally cleared
for the summer cottages. There are no signs of slope instability along
the lake rim. There is some evidence of sedimentation in the part of
the lake immediately behind the dam where it is naturally shallow. It
is not known to what extent the channel to the low level outlet and

stop plank section is silted in.

e. Downstream Channel
The immediate downstream channel of the Little SuncookRiver iswell defi-
ned having a width of approximately 15 feet and rocky or riprapped side
slopes of 1 on 4 horizontal. Immediately downstream of the dam, the
transition zone area between the 110-foot wide spiliway and the 15-foot
wide river channel is overgrown with trees, some of which form an island.

The stream reach between the dam axis and the nearest downstream road
crossing also has trees growing close to the normal channel of river.

A11 of these trees are considered a potential hazard at high spillway

or outlet discharges, in that they could be uprooted and plug to the down-
stream bridge opening, thus creating undesirable high tailwater levels at
the dam.

Large stone boulders and riprap have been placed downstream of the spill-
way and low level cutlet to dissipate energy.

3.2 Evaluation

The dam inspection showed that the physical condition of Northwood Lake
Dam is generally good, but that improvements could be made as described
in Section 7.3.
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SECTION 4
OPERATIONAL PROCEDURES

4.1 Procedures

The reservoir is considered to be " flashy ", in that significant fluc-
tuations in lake levels can be expected at times of moderate rainfall.
Depending on the season, the dam is visited on a weekly or semi-weekly
basis by an operator of the N.H. Water Resources Board (NH-WRB) for
regulation of the lake level to meet targeted lake levels. In the
summer time, an attempt is made to maintain the lake level within one
foot of the crest elevation by uncontrolled flow over the spillway and
stop plank section, or by opening the low level outlet gate or by re-
moving as many stop planks as deemed necessary. In the winter, the
NH-WRB practice is to lower the lake level by several feet to prevent
ice damage to docking facilities and to provide storage for the heavy
spring time inflows due to snowmelt. Spring time low level outlet re-
leases are keyed to the amount of the prevailing snow cover and its
water content. Releases are adjusted to achieve the normal full lake
elevation by early June.

4.2 Maintenance of the Dam

Maintenance of the dam has been carried out on an as-needed basis based
on operationsof an experienced state organization. Since the time the
dam was acquired by the NH-WRB, the facility appears to have been gene-
rally rehabilitated and upgraded.

4.3 Maintenance of Operating Facilities.

The operating facilities are maintained on an as-needed basis in con-
nection with the weekly visits by the dam operator. The Tow level

15




outlet hoist mechanism is protected from the elements and casual
vandalism within a locked gate house. The stop planks are locked
in their grooves against unauthorized removal.

4.4 Description of any Warning System in Effect

As far as can be determined, no warning system is currently in effect
to alert downstream residents of impending high stream stages, caused
by operating procedures at the dam.

4.5 Evaluation

The operational procedures at the dam are simple, fitting in with the
simple facilities involved. In line with greater public interest in dam
safety, the owner should institute a bi-annual dam inspection utilizing
a simplified version of the visual check 1ist used in this inspection
report. The reports should be kept on permanent file. Maintenance
schedules should be drawn up and all visits to the dam logged in a per-
manent record, whether for maintenance or dam operation.

16




SECTION 5
HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. Design Data
The evaluation of the hydraulic and hydrologic features of the North-

wood Lake Dam was based on criteria set forth in the Corps' Guidelines for
Phase 1 inspections, and additional guidance provided by the New England
Division, Corps of Engineers. The Probable Maximum Floor (PMF) was esti-
mated from guide curves from probable maximum flood for New England re-
gion, based on past Corps' studies. The PMF peak versus drainage area
curves are presented in the section of hydrologic computations.

The PMF curve applicable for flat and coastal areas was adopted for the
estimation of PMF peak of the reservoir. The PMF versus drainage rela-
tionship can be expressed mathematically as follows:

Q = 1,020.84 - 304.91 Log 10 A
Qp = QxA
where:
Q = Unit peak discharge in cfs square miles
Qp = Peak PMF discharge, in cfs, for the reservoir
A = Watershed area, in square miles, upstream of the dam axis.

The computed peak discharge of PMF and one half of the PMF for a drainage
area of 20.7 square miles using the above equation are 12,826 cfs and
6,413 cfs, respectively. A triangular shaped flood hydrograph was assumed
for the inflow design hydrograph.
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Both the PMF and one half of PMF inflow hydrographs were routed
through the reservoir by the modified Puls Method, utilizing computer
program HEC-1. The peak outflow discharges for the PMF and one half
of PMF are 10,870 cfs and 5,041 cfs, respectively. Both the PMF and
one half of the PMF result in overtopping of the dam.

The reservoir stage-capacity curve was constructed using comparisons
of both dam inventory data and planimetered areas, measured from
15-minute quadrangle topography maps. Reservoir storage capacity
included surcharge levels exceeding the top of dam assumed that dam
remains intact during routing. In the routing computations, the dis-
charge through outlet facilities was excluded due to its insignificant
magnitude, as compared to the spillway discharge and the PMF. The
spillway rating curve and the reservoir capacity curve are presented
in the section of hydrologic computations.

Since the spillway of the dam is incapable of passing the PMF or one
half PMF without overtopping the dam, an assessment of downstream
hazards due to a flood wave that would result in case of a hypothetical
with dam failure was also estimated. The magnitude of the flood wave
was estimated using generally accepted "rule of thumb" computational
procedures established by the New England Division, Corps of Engineers,
in combination with sound hydrologic engineering judgement. Flood
routing of the dam break hydrograph for downstream areas are given in
the section on hydrologic computations. The result of this computation
shows that in the event of a hypothetical dam failure at the time the
lake level is at the top of dam, a lake discharge of about 9,250 cfs
would be released. Flood stages in the downstream channel reaches are
given in the following table.

18




TABLE 1

Distance Downstream of Dam Axis Est. Flood Stages
(Miles) (Feet)
0.05 9.2
1.0 12.0
2.0 (Epsom) 14.0
3.0 (Gossville) 8.5

The flood stages would affect the structural stability of buildings
in the downstream reach whose foundations are below the hypothetical
inundation Tevel, and could cause large scale property damage and
possible loss of lives.

Since the data used in the determination of downstream flood stages _
are very preliminary, it is recommended that further hydraulic studies
of the downstream channel be carried out in order to accurately assess
the downstream hazard to property and life due to a hypothetical dam
failure.

b. Experience Data
Records of reservoir stage or spillway discharge are not available for
this site. From interview with localresidents, itwas learned that the reservoir
elevation was always below the dam crest even though the spillway is
only capable of discharging about 10 pereent of the PMF peak.

c. Visual Observations
The spillway structure is in good condition, hydraulically, but the low
Tevel outlet was not considered operationally reliable. Sediment deposits
were observed in the reservoir adjacent to the upstream face of the
right abutment. There were man made beaches along the reservoir rim.
Additional sediment deposits into the reservoir from these beaches are
likely, but it does not endanger the stability of the dam nor the valid-
idity of the reservoir routing.
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d. Overtopping Potential
As indicated in Section 5.1.a., both the PMF and one half PMF, when
routed through Northwood Lake Reservoir, result in overtopping the
dam. The spillway and reservoir surcharge capacities are too small
to accommodate the peak flows. The PMF and one half PMF overtopped
the dam by 8.25 feet and 4.45 feet respectively (This may or may not

affect the stability of the structure). The spillway is only capable
of passing a flood equal to 10 percent of the PMF without overtopping
the dam. Since the PMF is the Spillway Test Flood for this

dam, according to the Recommended Guidelines for Inspection of Dams

by the Corps, the spillway capacity of the Northwood Lake Dam is
considered inadequate. In determining the spillway capacity at

high discharges, the assumption was made that spillway capacity was
not affected by submergence caused by high stream stages downstream,
This assumption should be verified in subsequent studies.

20
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SECTION 6
STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations
There are no signs of structural instability apparent on visual exami-
nation. No leakage or seepage was observed at the abutments or at the
toe of the dam where not obscured by overflowing water to the spillway.
The dam appeared to be in good alignment and no settlement could be
detected. There were no noticeable cracks to indicated overstressed
conditions. On the basis of the visual examination and the dam's 50-

year service history,structural stability under present conditions is
not of great concern because of the dam's low height and relatively
substantial width as related to its height.

b. Design and Construction Data

Insufficient documentation has been recovered to assessthe structural
stability of the dam. No cross sections of the dam are available and
the depth to the foundation contact is not defined. No data is avail-
able on the properties of the foundation rock on which the dam is
apparently founded. There is no pertinent construction data on which
an evaluation of structural stability can be founded.

c. Operating Records
No operating records for the dam have been recovered on which an opinion
on structural stability can be formulated.

d. Post Construction Changes
After the New Hampshire Water Resources Board took over the ownership
of the dam in 1957, the following changes have been made to the dam:
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(1) The right abutment core wall was extended 20 feet
into the hillside. This modifications is considered beneficial to the
overall stability and safety of the dam.

(2) Addition of a 12-foot wide by 6.6-foot high stop-
plank section. This modification adds a considerable discharge capa-
city to the dam and is considered very beneficial in reducing overtopping
incidents, which create the risk of potential abutment erosion and under-
mining.

In addition to the abovemodifications, the upstream spillway surface has
been refaced by the addition of an 8-inch thick concrete wall. This
modification is also considered beneficial to the overall stability of
the dam.

e. Seismic Stability
The dam is located in Seismic Zone 2 and,in accordance with the
Recommended Phase I Guidelines, does not warrant seismic analyses.

22
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SECTION 7
ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

7.1 Dam Assessment

a. Condition
The overall physical condition of Northwood Lake Dam is good according
to the visual inspection performed. The dam's overall safety is in
question since the spillway capacity is only 10 percent of the PMF.
The spillway discharge capacity has been estimated by current Corps of
Engineers' screening criteria, and the owner should determine the spill-
way capacity by more sophisticated and accurate methods and procedures.

b. Adequacy of Information
The lack of in-depth engineering data did not allow for a definitive
review. Therefore, the adequacy of this dam could not be assessed from

the standpoint of reviewing design and construction data, but is based
primarily on visual inspection, past performance history and sound
engineering judgment.

c. Urgency
The urgency of performing the recommendations and remedial measures

are detailed below.

d. Need for Additional Investigations

There is no need for further investigations in this phase of the program.
Recommended investigations to be carried out by the owner are listed
below.
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7.2 Recommendations

It is recommended that the owner, within 12 months after receipt of
this Phase I Report, assemble the following information.

a. Data Acgquisition

(1) An updated as-built set of drawings of the dam showing all
pertinent details and correcting inadequacies and omissions on the pre-
sently available drawings.

(2) Additional topographic surveys should be made in the
reach downstream of the dam axis including details of roadway bridge
downstream of the dam.

(3) The area downstream of spillway should be topographically
surveyed and all trees larger than 4 inches in diameter should be

located and shown on the plans.

(4) Soundings should be made on the upstream side of the dam
to determine silt and hard bottom levels.

b. Investigations

Determine and document the spiliway capacity of the dam using more
sophisticated and accurate methods than were used in the Phase I
screening methodology employed in this report, including the routing
of the inflow through the lake, and assessment of the effect of possible
submergence on the spillway capacity.

Based on the results of the spillway capacity analysis, the owner

should formulate plans for augmenting the spillway capacity if shown
necessary.
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7.3 Remedial Measures

a. Alternatives
The alternatives available for augmenting the spillway capacity of the
dam are:

(1) Raising the non-overflow part of the dam to permit
greater heads and discharges over and through the existing facilities.

(2) Provision of an additional auxiliary spillway on the
left abutment.

(3) Seasonal regulation of the lake levels to provide
additional storage capacity in anticipation of large runoff events.

(4) Combination of the above methods.

b. 0&M Maintenance and Procedures
The owner should initiate the following programs:

(1) Bi-annual inspection of the dam utilizing a visual
check 1ist similar to that used in this inspection report.

(2) Set up a maintenance schedule and log all visits to
the dam for operation, repairs and maintenance.

(3) Assemble and keep on hand complete documentation of
the dam design, as-built drawings, and any other data pertaining to the

dam safety.

(4) Selectively clear trees in area downstream of the
main spillway that could be uprooted during high spillway discharges
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and cause damage to or plugging of the roadway bridge immediately
downstream of dam. Selectively remove trees alon; the reach of Little
Suncook River channel that pose a similar potential risk to the
bridge.

(5) Securely fasten the low level outlet gate hoist to
the floor of the gate operating house, so that it remains rigid during
operation. Repair missing teeth on the gate hoist rack. Replace wooden
hoist stem backing roller shaft bearing caps with cast iron ones of
suitable design.

(6) Maintain a silt free channel to the low level outlet
sluice gate and stop plank section of the dam.

(7) The owner should establish a formal system with local
officials for warning downstream residents in case of emergency. Round
the clock surveillance should be provided by the owner during periods
of unusually heavy precipitation.

26
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APPENDIX A

CHECK LISTS: - VISUAL OBSERVATIONS

- ENGINEERING, CONSTRUCTION
MAINTENANCE DATA

- HYDRAULIC AND HYDROLOGIC DATA
ENGINEERING DATA
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CHECK LIST

HYDROLOGIC AND HYDRAULIC DATA
ENGINEERING DATA

Name of Dam: NORTHWOOD LAKE DAM

Drainage Area Characteristics: 20.7 square miles

Elevation Top Normal Pool (Storage Capacity): 518.16

Elevation Top Flood Control Pool (Storage Capacity): Not applicable

Elevation Maximum Design Pool: 519.18
Elevation Top Dam: 519.3
SPILLWAY CREST:
a. Elevation 518.16
b. Type Overflow: flat, broad crested weir
c. Width . 12 feet approximately
d. Length 109.5 feet
e. Location Spillover Left side of dam
f. No. and Type of fGates None
OUTLET WORK:
a. Type Slide gate 2.4 x 4-foot high
b. Location Adjacent to left side of spillover section
c. Entrance Inverts 508.7 estimated
d. Exit Inverts 508.7 estimated
e. Emergency Draindown Facilities 12 wide stop plank section Inv. 511.4

HYDROMETEOROLOGICAL GAGES:

a. Type Staff gage
b. Location Left wingwall of dam
c. Records None available
MAXIMUM NON-DAMAGING DISCHARGE 750 cfs (estimated)




APPENDIX B
PHOTOGRAPHS

ALL PHOTOGRAPHS TAKEN ON JUNE 5, 1978




' NORTHWOOD LAKE DAM

Photo 1 - View of the left abutment from downstream. The spillway
is on the left of the picture, the low level outlet is

in the center with the gate house over it, and the new
stop plank section is on the right.

Photo 2 - Interior view of the gate house showing the gate hoist for

the low level outlet. The gate hoist is inadequately
anchored to the floor.




Photo 4 - View of the dam from the roadway crossing downstream of

A
e

it. Note that the area downstream of the spillway on
the left side of the picture is partly blocked by tree
growth.




NORTHWOOD LAKE DAM

Photo 5 - View of the downstream channel of Little Suncook River
taken from the dam.

Photo 6 -View of the rim of Northwood Lake taken from the dam axis.
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APPENDIX ¢

PLATES

PLANS & DETAILS OF DAM
GEOLOGIC MAP

Drawings 1, 2 8 3
Drawing ¢4
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