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NATIONAL DAM INSPECTION PROGRAM

PHASE I INSPECTION REPORT

Inventory No.: NH00054
NHWRB: 223.01 '
Name of Dam: HIGHLAND LAKE SOUTH OUTLET
Town: Stoddard
County and State: Cheshire County, New Hampshire
Stream:. Moose Brook, Tributary to

Contoocook River
Date of Inspection: 14 June 1978

BRIEF ASSESSMENT

The dam for the Highland Lake South Outlet lies at the
southeast tip of the lake, 150 yards above the settle- -

ment of Mill Village in the town of Stoddard. The lake
drains eventually to the Contoocook River in the Merrimack -. .-.

River Basin.

This dam is essentially a 9 foot high concrete and stone
gravity dam which is founded on rock. Both abutments
consist of concrete placed on massive, detached bedrock.
The dam incorporates two control structures, a 51 foot
long broad crested spillway and a 4 foot wide sluiceway
equipped with stop-logs extending to the bottom of the
dam. Appurtenant works include a 57 foot long riprapped
South Dike, some 150 feet west of the right abutment,
and 4.4 miles to the north on the eastern shore, the North
Outlet. The North Outlet (NH00238) is the subject of
an independent report, but it interacts hydraulically
with the South Outlet and must be considered conjointly.

The dam was built in 1911 to consolidate a series of
smaller ponds and was rebuilt in 1936. The drainage -
area is 29.7 square miles, and the normal storage is
7800 acre-feet. The dam's size classification is INTER- S 9
MEDIATE and its hazard potential is STGNIFICANT"

rw . ," .%'° • "_ _



The dam's condition is FAIR, although some preventive
maintenance items require attention. The dam has success-
fully withstood major floods in the past without evident 0 .
distress. Although the Spillway Test Flood (STF) would
greatly exceed the discharge capacity of the dam, there
are no indications of potential instability even under '
that high flow.

- 0
The companion structure, the South Dike, displays seepage
at its downstream toe under normal conditions. -.

The hydrological studies demonstrated the interdependence .-.-

of the North Outlet and showed that discharge provisions 0 .1
on the lake need very substantial augmentation to accomo-
date the STF without overtopping.

Consequently, it is recommended that engineering studies
be initiated to refine the hydrologic analyses with a view
toward identifying a modification plan that would greatly 0 0
augment discharge capacity, combining the studies with
parallel investigations at the North Outlet. The studies
should include methods of improving the South Outlet's
downstream channel, particularly the bridge constriction,
and optimum designs of zoned filters for the South Dike. 0 •

Operationally, the South Dike seepage should be monitored
at least once per month for changes in turbidity and
volume and a maintenance program should be established
to include: sealing of open joints at cracks; repairing ___,_

spalled and eroded concrete; and placing gunite, or other- ...-

wise suitably packing all voids, in the downstream dry
. rubble masonry. A warning plan should be developed and

local public safety officials should be appropriately
instructed and equipped to respond to flood emergencies
at the dam.

The recommendations should be initiated in the near term, . -

within 1 to 2 years after owner's rec .-t of the Phase I

Inspection Report.

( . NEW 4 '

IV i if '' James H. Reynolds, PE
N.. i i strat 226 Mass. Registration 8044
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PREFACE

This report is prepared under guidance contained in the "Recommended
Guidelines for Safety Inspection of Dams 1 for Phase I Investigations. , 9A
Copies of these guidelines may be obtained from the Office of Chief

of Engineers, Washington, D.C. 20314. The purpose of a Phase . -

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 evalua-

tions 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 6afety 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 nunerous 0

and constantly changing internal and external conditions and is evolu-

tionary in nature. It would be incorrect to assume that the present

condition of the darn will continue to represent the condition of the dam.

at some point in the future. Only through continued care and inspection ._____

can there be any chance that unsafe conditions will be detected.
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PHASE I INSPECTION REPORT

HIGHLAND LAKE SOUTH OUTLET, NH00054 .O .

NHWRB 223.01

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 Eng-
ineers, to initiate a National Program of Dam Inspec- i]
tion 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. Goldberg, Zoino, . _

Dunnicliff & Associates, Inc., (GZD) has been retained
by the New England Division to inspect and report on
selected dams in the State of New Hampshire. Author-
ization and notice to proceed were issued to GZD under
a letter of May 3, 1978 from Ralph T. Garver, Colonel,
Corps of Engineers. Contract No. DACW33-78-C-0303 has S 6
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 _0
threaten the public safety and thus permit cor-
rection in a timely manner by non-Federal interests.

(2) Encourage and prepare the states to initiate - -.- -

quickly effective dam safety programs for non-
Federal dams.

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

(c) Scope "

The program provides for the inspection of non-
Federal dams in the high hazard potential category
based upon location of the dams and those dams in the
significant hazard potential category believed to
represent an immediate danger based on conditions of
the dams.

1-1
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12Description of Pro-ject

(a) Location

The Highland Lake South Outlet lies at the southern
end of Highland Lake, approximately 1SO yards north of.-.-
the post office/general store in the settlement of
Mill Village near Stoddard, New Hampshire. The South Outlet -
flows into a tributary of the Contoocook River, which joins
the Merrimack. The portion of the USGS Lovewell Mountain,
New Hampshire quadrangle presented previously shows this
locus. Figure 1 of Appendix B presents a detail of the
site taken from the town tax maps.

(b) Description of Dam and Appurtenances

.This dam is essentially a 9 foot high concrete
and stone gravity dam which is founded on rock (Figure
2). Both abutments consist of concrete placed on
massive, detached bedrock. The dam incorporates 2
control structures, a 51 foot long broad crested spill-
way and a 4 foot wide sluiceway equipped with stop-logs
extending to the bottom of the dam.

Inspection of the impounded shoreline revealed
the existence of a 57 foot long, 5.5 foot high earth
and rock dike approximately 150 feet west of the right
abutment (Figure 4, Photo 1). Investigations indicated
that local residents built this dike in the Late 1930's
to prevent inundation of land developed after the
construction of the dam, but which flooded at lake
levels well within the design capacity of the South
Outlet. This structure is discussed in greater detail
in Section 3. * ..

Although located some 4.4 miles from the South Outlet,
Shedd Brook plays an important role in the lake as
evidenced by its USGS designation as the North Outlet. While
the original dam is no longer distinguishable from the
natural shoreline, the brook still provides a channel
which, if upgraded, could pass significant quantities of . -

water. A separate report being prepared under the dam

safety inspection program and Section 5 of this report
discusses Shedd Brook, its related structures and its
interaction with the South Outlet.

(c) Size Classification

The dam's normal impoundment of 7800 acrc-feet '"E7l

places it in the INTERMEDIATE size category as de-
fined by the "Recommended Gu ide Ii nes" .

1-2
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The discharge-stage curve in Appendix D illustrates
the outflow from each location plus the total outflow
from the lake for any given stage. It is obvious that
the STF of 15,000 cfs will result in significant over-
topping at all three locations. -.

5.2 ttydraulic/Hydrologic Evaluation

The results of hydraulic and hydrologic assessments of
Highland Lake Dam indicate that the maximum possible flow " -"
without overtopping of the road embankment across Shedd
Brook and the South Dike is 2,000 cfs, which is considerably
below the 15,000 cfs STF. Given the location of the South
Dike, the discharge through that breach when combined with
the overflow from the dam could cause significant damage to
properties in the immediate vicinity of Mill Village. For A l
the Spillway Test Flood to pass out of the lake, it is
necessary to dcvelop a lake water level. of 8.6 feet above
the spillway crest. At that stage, the flow in the vicinity
of the dam is roughly 5,850 cfs; approximate]y 3,950 cfs
would occur at the North Outlet and the remaining 2,000
cfs would go through the South Dike. The existing dam is,
therefore, severely undersized to handle a STF criteria and.
guidelines.

5.3 Downstream Dam Failure Hazard Estimates

Use of the procedure set forth in "Rule of Thumb
Guidelines for Estimating Downstream Dam Failure flydrographs",
Corps of Engineers, N.E.D., April 1978 permits estimation of
the flood hazards in downstream areas that would result from
a failure of the dam. This procedure incorporates the attenu-
ation of the dam failure hydrographs in computing flows and
flooding depths for downstream areas. These calculations
take into account the hydraulic and storage characteristics
of the stream reaches downstream of the dam.

While this dam can probably survive even the most
severe overtopping, for the purposes of these calculations
we have assumed that failure of the dam would occur when
the depth of overtopping of the right abutment is 2.0 feet
or when the east abutment is first overtopped, or at 1.33
feet above the spillway crest.

The evaluation divides the downstream channel into
four reaches. The first reach is from the dam to the •
bridge at Mill Village. The second reach runs from the
bridge to the end of the channel running through town.
Reach three is the area of meanders as the stream approaches
Island Pond and reach four is the Island Pond area. The

5-4
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As the lake elevation continues to rise, two
other outlets come into play. The first is Shedd
Brook, or the North Outlet which is the subject . .
of a separate Phase I Dam Safety Inspection report,
but which requires consideration in conjunction with
this dam. A road embankment with an 18 inch CMP
culvert crosses the brook 500 feet downstream of the
lake. The crest of the road is nearly level for -- "
approximately 100 feet at an elevation 3.5 feet_-
above the spillway crest at the Si uth Outlet.

The second overflow is a dike located approximately
150 feet west of the dam; the remainder of this
report will refer to it as the "South Dike". The
dike is 57 feet long with a crest elevation 3.7 0
feet above the spillway crest.

Analysis of the performance of the South Outlet
during the STF involves the following assumptions
concerning these 3 structures:

(1) Beaver dams at the 18 inch cmp obstruct all
flow in Shedd Brook, as they have for at least
the past 11 years.

(2) Breaching of the earth embankment on Shedd
Brook occurs with overtopping on the order of
6 inches and a gap 40 feet wide by 4 feet deep
results. This height of overtopping is equivalent
to flow 4 feet over the spillway at the main dam.

(3) While heavy riprap protects the entire *,.--..-

South Dike, sufficient flow may pass over the dike S S
to cause its breaching. The analysis in Appendix
D considers a breach 20 feet wide and 3.7 feet
deep, or with bottom elevation equal to the spill-
way of the main dam. While breaching of the
dike is hydraulically useful in that it permits
assignment of additional flow to that area, . S
survival of the embankment and its functioning as
a submerged weir would not result in greatly
increased flow at the other outlets or a sign-
nificantly higher maximum lake level.

(4) All stop-logs are in place in the main dam
at the time of the STF. This assumption, which
is a distinct possibility based upon the dis-
cussion in Section 4, is a conservative one.

5-3S S 5 5 .S -S .S. S"SU"-



ability to safely allow an appropriately large flood
to pass. This involves investigations to determine how :.'-.-
the recommended Spillway Test Ylood (STF) compares --

with the dam discharge and storage capacities. None 0
o.f the original hydraulic and hydrologic design records
were available for use in this study.

The "Recommended Guidelines" specify Spillway
Test Flood criteria based on the size and hazard -

potential classifications of the dam. As shown in .
Table 3, for a dam classified as INTERMEDIATE in size
with a SIGNIFICANT hazard potential, an appropriate
STF is between 0.5 to 1 times the Probable Maximum
Flodd (PMF).

Use of the chart of "Maximum Probable Flood
Peak Flow Rates" obtained from the NED provides a
basis for estimating the PMF. The analysis uses a
30 square mile drainage area and a "rolling" terrain
classification for Highland Lake. Use of the chart
results in a maximum probable flow rate into the lake
of 39,400 cfs, one half of which is 19,700 cfs.

The "Recommended Guidelines" suggest that where a
range of STF is likely, the analysis should consider the
magnitude that most closely relates to the involved
risk. On this basis, since the risk is most likely
at the lower end of the significant category, an STF
of approximately one half the PMF is reasonable The
calculations contained in Appendix D, therefore used an
uncorrected STF of 20,000 cfs. Applying the procedure
suggested by the NED in "Estimating the Effect of Surcharge
Storage on Maximum Probable Discharges, results in a final
STF of approximately 11,800 cfs.

Attenuation of the STF is according to the
storage-stage curve shown in Appendix D. This curve
used a lake area of 712 acres and assumes a simple,
linear storage vs. elevation above spillway crest S .
relationship.

The discharge capacity of the South Outlet is
dependent on the outlet characteristics and on the
level of the water surface in the lake. Under most
flow conditions, the spillway and weir outlet control
the discharge from the lake. If the lake level over-
tops the spillway abutments, then the discharge
capacity becomes dependent on the overall dam crest
characteristics.

5-2
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SECTION 5 HYDRAULIC/HYDROLOGIC " "

5.1 Evaluation of Features

(a) Design Data

The primary data sources available for The
Highland Lake Dam are an "Inventory of Dams and Water
Power Developments" by the New Hampshire Water -

Resources Board dated October 27, 1936 and "Data on
Dams and Reservoirs in New Hampshire" by the New
Hampshire Water Control Commission on August 30, 1939. .-- A1
These sources deal for the most part with the physical
characteristics of the dam and its outlet works.

Other sources of data include several letters 2
dated as recently as August 29, ]977 which relate
primarily to the outlet works operations policy. This
data indicates that the NIItVRB operates the dam for
spring flood control and summer recreational interests.
During the fall the Board lowers the lake several feet
by the removal of stop-logs from the sluiceway.
During the spring high runoff period, the lake refills -- O-
to its normal level.

(b) Experience Data

Records maintained by" N1IWRB since 1969 indicate -
that the dam crest has been overtopped in April 1969 and
June 1973. In April 1969, water rose 1.5 feet above
spillway crest with no stop-logs pulled. This created
water levels 0.2 feet over the left side of the dam crest.
In June 1973, water flowed 1.4 feet over the spillway
crest with three stop-logs pulled. This created water
levels 0.1 feet over the left side of the dam. No other • .
information on experienced peak floods is known to be
available for this dam.

(c) Visual Observations :2 4\,..

The total area draining into the lake is 29.7 square S
miles and under normal conditions the lake has an area
of 711 acres. The spillway is a relatively flat
concrete and stone structure with a top width of 12 feet
and a length of 51 feet. A single bay, stop-log
sluiceway having a length of 4 feet controls the lake
level. • S

(d) Overtopping Potential

The hydrologic conditions of interest in this
Phase I investigation are those that are required to ,
assess the adequacy of the dam in terms of its _ .

5-1



4.5 Evaluation

I- For the paricular dam, the established operational -

procedures are adequate. Some improvement, however
- is possible, particularly in the area of decreasing

response time in removing stop-logs.

|U 0
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SECTION 4 OPERATIONAL PROCEDURES

4.1 Procedures - .

As noted earlier the NHWRB has 2 roving dam operators
who visit all dams under the Board's jurisdiction on a 7 to
10 day cycle. These individuals adjust the lake levels as
the Board's engineering section. When the Board receives
complaints from area residents about lake levels or flow
conditions, the engineering section validates the complaint
with a local agency such as the police or fire department
and then. sends an operator if necessary.

The Board's chief engineer maintains a list of these
dams particularly susceptible to flash flooding. During
severe storms, operators visit these dams first. Should
conditions require more dam operations than the regular
operators can handle, the Board's engineers have the
equipment and training to operate the dams. 7

At the end of the summer, the Board sets the lake
level at 3 to 4 feet below the spillway in anticipation
of fall storms and spring runoff.

4.2 Maintenance of Dam

The dam operators report any maintenance problems to
the engineering section. They, in turn, assess the problem
an initiate whatever corrective measures are necessary.

4.3 Maintenance of Operating Facilities

The stop-log sluiceway requires only routine mainten-
ance as discussed above.

4.4 Description of Any Warning System in Effect

The NHWRB relies on its dam operators to detect any
probelms which would adversely affect dam safety. While
not formally established, the continuous interest of • .
local residents, ample evidence of which is found in the
Board's correspondence and phone logs, provides a
secondary, but effective, warning system.

4-1 -,-. "
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the right abutment, the team noted clear seepage on -
the order of 1 gpm (Photo 9); water was also flowing
from several smaller seepage points within a distance
of 5 feet on either side of the large one. -.. 0

(d) Reservoir

An inspection of the reservoir shore revealed no
evidence of movement or other instability. While __-_.-

sedimentation was heavy immediately behind the spillway, -.
the total quanity was negligible in terms of the -

reservoir capacity. An examination of the surrounding
area revealed no work in progress or recently completed
which might increase the flow of sediment into the lake. - j
Additionally, the team noted no changes to the surround-
ing watershed which might adversely affect the runoff 0 LI
characteristics of the basin.

A considerable amount of the development in this
area is seasonal in nature and is directly on the
lake shore. Were the probable maximum flood to occur
with the lake at normal level and were lake levels to 0 0
rise on the order of 8 feet, significant property
damage would result to homes and cottages all
around the lake shore.

(e) Downstream Channel

The team observed no downstream conditions which
adversely affect the operation of the dam or which pose
a hazard to the safety of the dam. The downstream road -,

bridge (Figure 1), however, could not pass the SDF
without creating high tailwater levels at the dam.

3.2 Evaluation

Because the dam is of simple design and because its
major structural components are accessible for examination,
the visual inspection permitted satisfactory evaluation of -

those items which affect the stability and safety of this
structure.

3-3 -.
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The east abutment, which is approximately 26
feet long and 5.5 feet wide, is also similar in
construction to the spillway and the west abut-
ment except that the top surface has only a --
partial concrete cap. Either rubble stone masonry
or a bedrock outcrop are higher in elevation than
the adjoining concrete surfaces. Vegetation covers
approximately 10% of the abutment surface. The
exposed downstream rubble wall face does not show *
any sign of displacement. The end of this abut-
ment also ties into detached bedrock.

The rock which forms the foundation and j
downstream area of the dam and into which the
abutments tie consists primarily of quartz monzite. * -

The rock is tightly jointed and shows only slight
weathering. The rock masses at the abutments,
while quite massive, are detached from the parent
bedrock. However, close inspection of the form- -'"
ations revealed no evidence of movement or seep-
age through these areas. *4

(4) Buttress (Photos 7 and 8)

The dam contains an intermediate buttress

constructed between the spillway and the sluice-
way and founded on rock. This buttress consists
of dry rubble stone masonry with concrete facing
on the upstream side and its top surface. The
downstream side of the buttress consists of
rubble stone set on a near vertical plane.,'"... ":
Portions of this masonry directly under the sur-
face slab are missing, as is stone at the base __ ._
of the rubble. The top concrete surface shows
evidence of erosion and contains spalls and wide
random cracks. Grass flourishes in the cracks.

(c) Appurtenant Structures

The appurtenant structure of greatest concern is
the earth dike to the west of the right abutment.
Originally constructed as a rock and earth filled
timber crib in the late 1930's, residents apparently •-..-.-.
enlarged it and added heavy riprap on all surfaces in . . . .
recent years. The crest of the dike is approximately
3.7 feet higher than the center of the spillway. At' a
point on the toe of the downstream slope, 34 feet from . . -

3-2
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SECTION 3 VISUAL INSPECTION

3.1 Findings

(a) General

The Highland Lake South Outlet is in good condition "-".'
at the present time. The dam requires no immediate -Al
remedial measures for continued safe operation under nor-
mal .conditions. It does, however, require some maintenance :".

work, the details of which Section 7 presents.

(b) Dam-
-0 _JL

(1) Spillway (Photo 2)

The spillway is 51 feet long and has a crest
width of 12 feet. The free fall over the spill-
way varies from approximately 3 feet to 9 feet.
The surface of the spillway consists of a concrete * •
cap, approximately 6 inches thick, placed on dry
rubble stone masonry. The downstream slope of the
exposed dry rubble stone masonry varies from the
vertical to approximately 2 in 12. There is
no evidence of spalls, cracks or other deficiencies
on the spillway crest. The near vertical dry
rubble stone masonry does not show any evidence of
displacement.

(2) Sluiceway (Photos 3 and 4, Figure 3)

The structure includes a concrete sluiceway
equipped with stop-log slots approximately 11
feet east of the spillway. The sluiceway is 4
feet wide and approximately 9 feet high. A con-
crete safety walkway 5 feet wide and 6 inches in ''-"--"-.,'"
thickness spans over the sluiceway. At the time
of inspection, the sluiceway contained approximately
7 vertical feet of stop-logs..

(3) Abutments (Photos 4, 5 and 6)

The west abutment, which is approximately 15
feet long and 12 feet wide, is similar in con- 0 0
struction to the spillway. Medium random cracks
and efflourescence are prevalent on the vertical
surfaces of the concrete portion of the abutment.
The exposed downstream rubble wall face does not
show any sign of displacement. This abutment
ties into detached bedrock. AW 0-

3-1
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SECTION Z ENGINEERING DATA --. "

2.1 Design

The design of the present structure is quite simple and
appears adequate in all respects except ability to pass the
Spillway Test Flood (STF). Plans for neither the original
nor the rebuilt structure are available.

2.2 Construction

Visual inspection of the dam detected only minor .0.- --L

construction deficiencies in the structure. In some areas,
apparent overworking or over vibration of the concrete has
resulted in exposed aggregate. At one location on the
downstream face, large voids exist in the mortar bound
rubble probably due to inadequate setting of rubble in the * *
concrete. Overall, the quality of construction is probably 0

as good as can be expected for a structure of this type
built during this period.

2.3 Operation

4 7
Prior to state ownership, area residents found it

necessary on several occasions to call the Public Service ---

Company in order to get stop-logs pulled during periods of
high water. The State only performs this function routine.y
in the Fall of each year.

2.4 Evaluation

As mentioned above, the original plans for this dam are
not available, if indeed they still exist. Previous inventory
reports, sketches and correspondence concerning the dam, -
supplemented by the observations of the inspection team and
interviews with local residents form the basis of the
information presented herein. Thus, for the combined in.
formation from all sources affecting dam evaluation, the
availability, adequacy, and validity of the relatively
sparse data can only be considered marginal. However, since
the observations by the inspection team generally confirm the 9. 9
available written data and statements of residents, the
data are considered as satisfactory bases upon which to form
an evaluation......-..!

2-1
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(2) Length; 108 feet

g (3) Height: 8+ 1 feet

(4) Top Width: 12 feet

(5) Side Slopes: Not Applicable

(6) Zoning: Not Applicable

(7) Impervious Core: Not Applicable

(8) Cutoff: Unknown

(9) Grout Curtain: Unknown

(h) Spillway

(1) Type: Concrete and stone, broad crested.

(2) Length of Weir: 51 feet 3 inches

(3) Crest Elevation: 1296+ feet

(4) Gates: None

(5) Upstream Channel: Shallow approach, full
width of dam

(6) Downstream Channel: Small pond with numerous
rock outcrops

_-o (i) Regulating Outlets * *

The dam includes a 4 foot wide sluiceway with stop-logs .:,).
near the left abutment (Figure 2). Approximately 7 feet of -

*" stop-logs were in place at the time of the inspection. The ...

stoprlogs require manual removal and a bar lock secures them
in the dam. The invert of the sluiceway is at Elevation .. "
1289+. -

1-6 -
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(c) Elevation (feet above MSL)

(1) Top Dam: West Abutment 1298.6+
East Abutment 1297.3.+_ (Estimated minimu.n)

(2) Maximum pool-design surcharge: 1297.3±.

(3) Full flood control pool: Not Applicable

(4) Recreation pool: 1296+

(5) Spillway crest: 1296+

(6) Upstream portal invert diversion tunnel:
Not Applicable

(7) Streambed at centerline of dam: 1287+ -

(8) Maximum tailwater: Unknown

(d) Reservoir

(1) Length of maximum pool: Unknown "7-

(2) Length of recreation pool: 5.5 miles

(3) Length of flood control pool: Not Applicable

S (e) Storage (acre-feet)

(1) Recreation pool: 7800±

(2) Flood control pool: Not Applicable

(3) Design surcharge: 7800± . _,0

(4) Top of dam: 7800±

(f) Reservoir Surface (acres)

(1) Top dam: 712± .- .

(2) Maximum pool: 712±

(3) Flood control pool: Not Applicable

(4) Recreation pool: 711

(5) Spillway crest: 711

(g) Dam

(1) Type: Concrete and stone gravity

•*
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(i) Normal Operational Procedures

The NHWRB has two roving 4am operators who visit
all dams under the Board's jurisdiction on a 7 to 1.0
day cycle. Section 4 discusses the operational
procedures employed in greater detail.

q 1.3 Pertinent Data

(a) Drainage Areas

Highland Lake receives runoff from a 29.7 square
mile drainage area. Approximately 65% of this area is . "
on the west side of the lake, as the terrain to the
east slopes away from the lake at the northern end.
Tributaries of the lake include Kennedy, Rice and Upton
Brooks to the west, Halfmoon and Philbrick Ponds to
the north and Freezeland Creek, Pictarel Creek and Carr
Brook to the east. The terrain is heavily forested 9 •
and steeply sloping, rising approximately 300 feet
within one mile of the shoreline on both sides. There
is limited year-round development around the lake.
The majority of the structures are summer cottages.

(b) Discharge at Dam Site .. S

The NHWRB has maintained records of water sur- . -

face elevation at Highland Lake since 1968. During -
this ten year period the largest floods occurred -

in April of 1969 and June of 1973. In 1973, there
was 1.4 feet over the spillway with 3 stop-logs _
pulled. In 1969, there was 1.5 feet over the spill-
way with the stop-logs in place. These flows are the
maximum from recorded data at the dam, but in March
of 1936 considerably greater flood depths probably
occurred based on total runoff downstream at the USGS -
gauge near Antrim, N.H. The maximum discharge at -9 -
that gague occurred on March 19, 1936 with an estim-
ated discharge of 5000 cfs. This yields a runoff
rate of 91.2 cfs. per square mile if unifoimly dis-
tributed. The drainage area of the lake is 29.7
square miles which would result in an approximate
peak discharge of 2700 cfs. The stage-discharge data 5 9
contained in Appendix D indicates that 4.5 ft. of head -
above the spillway would be required to produce an .
outflow of that magnitude at the south end of the
lake.

1-4
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( "d) Hazard Potential Classification

The location of several permanent dwellings and .
the local fire department immediately downstream of
the dam and the potential damage to Rt. 123 warrant
a SIGNIFICANT hazard potential classification.

(e) Ownership

The Public Service Company of New Hampshire owned
the dam until 1968. At that time, after some main-
tenance work, the New Hampshire Water Resources Board
(NHWRB) assumed possession.

(f) Operator A* I
The NHWRB controls the operation of the South

Outlet. Key officials are: Chairman George McGee,
Chief Engineer Vernon Knowlton, Assistant Chief Engineer
Donald Rapoza and Staff Engineer Gary Kerr. The
Board's telephone number is (603) 271-3406. It may also
be reached through the State Capital Operator at
(603) 271-1110.

(g) Purpose of Dam

While formerly used for storage and as a control
dam for power generated at a downstream site in
Hillsborough, the dam now serves only recreational
purposes with minor flood control functions.

(h) Design and Construction History

No significant information is available for this
dam. A 1936 inspection report by the New Hampshire
Water Resources Board indicates that rebuilding of the
dam took place in that year, probably resulting in its
present configuration. Initial construction was
apparently somewhat earlier, as some records alluded
to the dam in 1911. Placement of the dam did result

* .in the consolidation of three smaller bodies of water,
one of which was Long Pond, into what is now Highland
Lake. Contact with the previous owner, Public Service
Company of New Hampshire, the present owner, the NHWRB,
and officials in the town of Stoddard provided no 4
plans for the structure. The available reports make
mention of one A.T. Hotchkiss as the architect/engineer

" for the reconstruction.
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simplified analysis used predicts that the average flow
depths in each of the reaches are not sufficient to cause
severe flooding. This result is reasonable for reaches 2,
3, and 4. For reach one, the simplified procedure probably
does not adequately consider the backwater from the restric-
tion at the bridge. It is believed that significant flood
potential will exist in the area between the dam and bridge
and that this area requires more detailed analysis before
establishing an estimated flood depth.

*nL
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SECTION 6 STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability -

(a) Visual Observations

The extensive field investigation of the dam
indicated no significant displacements and/or distress O .
which would warrant the preparation of structural sta-
bility calculations based on assumed sectional pro-
perties and engineering factors.

(b). Design and Construction Data

As mentioned previously, a check of records held * .E
by the past and present owners and by town officials
yielded no plans or calculations of value to a
stability assessment.

(c) Operating Records '

Neither the Public Service Company of New Hampshire * 0
nor the NHWRB have the pre-1969 operating records. The . "
engineering section of the Board holds the operating -°-"

records since 1969. These records reveal no evidence
of instability during the floods recorded in

i April 1969 and June 1973.

(d) Post Construction Changes

The results of the field investigation and a
check of available records produced no evidence of
changes to the dam or surrounding area thait would
influence stability of the structure.

(e) Seismic Stability

Paragraph 3.6.4 of the "Recommended Guidelines"-
permits the assumption of no earthquake hazards for
structures in Seismic Zone 2 which show no obvious-
static stability problems, as is the case with this
dam.
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SECTION 7 - ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

-- 7.1 Dam Assessment

(a) Condition

The condition of the dam for Highland Lake's South
Outlet is FAIR, and there are no indications of poten-
tial instability. O

However, the Spillway Test Flood would greatly
overtop the South Outlet, would seriously threaten the
South Dike to the west of the right abutment and would
create very large flows in Shedd Brook. The following
discusses each occurrence individually.

Based on the visual inspection, the South Outlet
could probably survive an overtopping by the STF, the
dam functioning as a submerged weir. The large dis-
charge over the dam would most likely wash out the
roadway just south of the dam and those structures " •0
near the channel and around Island Pond would suffer -
considerable damage from flooding. The rising lake
level created by the inability of the dam to pass the
very high flow of the STF would also damage about 100
residences around the lake shore. Loss of life is un-
likely, as evacuation measures would have already taken
effect.

Overtopping the South Dike would release a sig-
nificant amount of water into the low area to the
west of Eaton's store (Figure 1). The water would
most likely cause some damage to Rte. 123 before re-
joining the downstream channel of the main dam some-
where between Mill Village and Island Pond. Again,
loss of life from this individual event is unlikely.
Similar flooding would occur in the Dead Brook area.

Increased flow in Shedd Brook likewise presents , .J
more danger of property damage than loss of life,
since there is no significant downstream development
for a distance of at least 6 miles.

7 -
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(b) Adequacy of Information

An adequate assessment of this structure consis-
tent with the scope of a Phase I investigation was
possible based upon the visual inspection, the exist-
ing records and the information provided by local res-
idents.

K (c) Urgency

Recommendations below should be initiated in
the pear term, within 1 to 2 years of owner's receipt
of the Phase I Inspection Report.

(d) Need for Additional Information

There is a need for a refined hydrologic analysis
under separate study, to be combined with feasibility
studies for the improvement of the North Outlet as an
emergency spillway.

7.2 Recommendations

The primary deficiency of the South Outlet is not its
structural integrity, but its inability to pass even moder-
ate floods without overtopping. Additionally, this inab-.0. .
ility to pass the flood brings other features of the lake
into play, primarily the heavily riprapped South Dike and
the North Outlet, or Shedd Brook. To resolve these prob-
lems, the owner should initiate engineering studies and
refined hydrologic analysis to assist in identifying a mod-
ification plan that would greatly augment lake discharge
capacity. Such an investigation would necessarily involve
the North Outlet, or Shedd Broov. A single report should
be prepared for the lake as an entity. The studies should
include:

(a) Upgrading of Shedd Brook and its intervening..-
structures to permit passage of that portion of
the STF which the South Outlet cannot safely handle.
While the North Outlet Dam (NH00238) is the subject
of a separate report in this series, its interaction
with the South Outlet requires concurrent consider-
ation.

7-2 .
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* (b) Investigating the optimum design for zoned fil- -
ters at the downstream of the South Dike and initiat-
ing a program to monitor seepage through this struc-
ture, at least once per month. While the present
height of the dike is sufficient for the storm of
record, the STF would significantly overtop it. To

M raise the height of the dike to that consistent with.
the STF is not practical, as it would involve extend-
ing the dike upstream to prevent flanking, thereby
isolating the nearby shore front homes from the lake.

7.3 Remedial Measures

The only apparent alternative to greatly increas-
ing discharge capacity appears to be breaching of
the dam.

(b) 0 and M Procedures

As a matter of prudent maintenance programming
and operational reliability, the following should be

* implemented: _

(1) Seal all joints and cracks and maintain
them free of debris and vegetation.

(2) Repair all areas of spalled and eroded
concrete.

(3) Pack all voids in the downstream dry rubble
stone masonry by guniting, or by other
suitable techniques, to prevent the loss
of additional material.

(4) Decrease the response time in opening the -.• ....
outlet works in an emergency. The NHnRB
should consider delegating some operational
responsibility to a local official such as
the police or fire chief. This individual
or his delegate would maintain a set of keys
to the stop-logs for use in an emergency
as directed by the NHbRB.

" t d7-3
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APPENDIX A :.o

VISUAL INSPECTION CHECKLIST
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INSPECTION TEAM ORGANIZATION

Date: 14 May 1978 - 9:30 A.M.

Project: NH00054 ~-
Highland Lake South Outlet

*Mill Village, Stoddard, New Hampshire
Moose Brook
NHWRB 223.01

Weather: Sunny, Warm

- Inspection Team __

James H. Reynolds Goldberg, Zoino, Dunnicliff
Associates, Inc. (GZDA) Team Captain

William S. Zoino GZDA Soils

*John E. Ayres GZDA Geology

*Nicholas A. Campagna GZDA Soils

3Robert Minutoli GZDA Soils

Paul Razgha Andrew Christo Engineers, Inc. Structural ~M-

*Richard L. Laramie Resource Analysis, Inc. Hydrology

* State Official Present

No NHWRB representative available

A-2



Highland Lake South Outlet, June 14, 1978 --

Moose Brook, Mill Village (Stoddard) NH NH00054

TEAM MEMBERS CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION REMARKS 8 .

SUPERSTRUCTURE

General

Vertical alignment and No vertical or horizontal move-
movement ment or alignment problems
Horizontal alignment noted
and movement

Condition of abutments No deficiencies in rock abutments
noted . ,

Abutment slope prot- No protection required
ection

Unusual movement or Rock at toe of dam not completely
cracking at or near toe visible due to water over spill-

ay,. but appears to be in good
condition

Unusual downstream No downstream seepage noteds eep a g e 7 (- .[- -

Foundation drainage o foundation drainage visible __

features

Condition of Concrete

Erosion or cavitation Erosion noted in buttress between
pillway and left abutment

Spalling Spalling in buttress between spil -

lway and left abutment

Cracking andom cracks at right abutment
.nd in buttress between spillway
nd left abutment. Vegetation in
)uttress area cracks.

Condition of joints ,eft .abutment concrete fair with
(sealing, alignmentetc.) some vegetation in joints. -

Rusting or staining of None

concrete " --- '

Visible reinforcing None

Seepage or efflores- Efflorescence at right abutment ::
cencei
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Highland Lake South Outlet June 14, 1978
Moose Brook, Mill Village(Stoddard)NH NH00054

TEAM MEMBERS CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION & REMARKS I-

Condition of Rubble Some rubble stone missing on
Bound in Concrete downstream face between sluiceway

and spillway.
Right abutment fair .
Left abutment fair
Fair condition below spillway
(water flowing)

SOUTH DIKE

Vertical & horizontal Good _JL-alignment". :...

Surface cracks None j
Slopes Good condition, no sloughing or

erosion

Riprap Good

Seepage One gpm clear seep 34 ft from
right abutment at toe of down-
stream slope. Several smaller
seeps within 5 ft of larger
seep on either side.

OUTLET WORKS y '
Approach Channel ' ""
Slope conditions No slopes on approach channel

Bottom conditions Siltation behind spillway-water I-
k, depth 6" on right side and 3'4"

on left side
Rock slides or falls No evidence of slides into chamelI '

Log boom No log boom

Control of debris No debris noted behind spillway

Trees overhanging No trees
channel

Concrete Spillway

Concrete Fair some exposure of aggregate

Erosion or cavitation None

A-4
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Hh South Outlet •
Moose Brook, Mill Village (Stoddard) NH June 14, 1978

NH00054

TEAM MEMBERS CHECK LISTS FOR VISUAL INSPECTION "

AREA EVALUATED BY CONDITION & REMARKS -

Concrete Spillway (cont.)-.:

Spalling None

Cracking No cracks visible (water flowing)

Rusting or staining None

Visible reinforcing None

Any seepage or efflores- None
cence

Stop-Log SluicewayI

Condition of stop-logs Good

Condition of concrete Condition of concrete fair, no
retaining slots (see ' cracks or spalling noted "
items for concrete
above) (__ "

Adequately secured Locked in place with bar " .
(tamper proof) I __

Outlet Channel (immed- je
iate area)
Slope conditions Downstream slope of dam primarily -

rubble bound in concrete and ,

bedrock outcrops

Rock slides or falls None S i

Debris None

Trees overhanging One small tree over channel
channel presents no problem I

Erosion at toe of dam No major erosion of bedrock-
appears massive, tightly jointed .
and in good condition.

Existence of gages NHWRB uses top of spillway as
gage .

RESERVOIR

Shoreline Shoreline stable to 500 feet up-
stream on either side.

A-5
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Highland Lake South Outlet June 14, 1978
Moose Brook, Mill Village (Stoddard)NH NH00054 -'..- -

S S"

TEAM MEMBERS CHECK LISTS FOR VISUAL INSPECTION .

AREA EVALUATED BY CONDITION REMARKS - .

RESERVOIR (cont.)

Sedimentation Sedimentation behind spillway
(see spillway comments)

Upstream hazard areas in
*the event of backfloodin Several beach front homes subject

to inundation if lake rises
3-5 feet.

Changes in nature of No changes noted watershed -.0 AD

watershed (agriculture, primarily forest
logging, construction,
etc.)

DOWNSTREAM CHANNEL -

Restraints on dam oper- Large diameter culvert under road
ation 400 feet downstream from dam.

Channel has steep sides and flows .
into Island Pond mile down- I

Sstream.

Potential flooded areas iSeveral downstream buildings at
approximately the level of top
Df dam.

OPERATION AND MAINTENANCE
FEATURES j.O

Reservoir regulation plan

Normal procedures ake lowered after Labor Day

Emergency procedures ood response time but could be
mproved by assigning stop-log V,--O
eys to local police or fire
ersonnel.

A-6
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Appendix BI

Page
Fig. 1 Site Plan B-2 _

Fig. 2 Critical Dimensions of South Outlet B-3

Fig. 3 Detail of Sluiceway Area B-4

Fig. 4 Critical Dimensions of Earth Dike B-5 - .

List of Pertinent Records not included B-6
and their location

Agreement Concerning Drawdown of B-7 O _
Highland Lake (formerly Long Pond)
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APPENDIX D*

HYDROLOGIC HYDRAULIC COMPUTATIONS

FOR

HIGHLAND LAKE SOUTH OUTLET
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7. View of buttress from right side downstream
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5. View from upstream of left abutment

6. View from downstream of right abutmnent
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3. View from downstream of stuiceway with stoplogs

O

* S

4. View from upstream of left abutment, buttress and sluiceway
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MEMO REGARDING DRAW-DOW7N FOR LONG POND SITUATION

James Haddock provided me with the following information on

November 3, 1964.

An agreement executed in 1911 between the Town of Stoddard and-

a predecessor company of Public Service Company of New Hampshire

provides that the maximumr draw-down at Long Pond shall be 45.6" which

* is equal to three feet above the mudsill.

R. W. Hunt
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The NHWRB maintains the majority of information regarding
the Highland Lake South Outlet. Representatives of the ".'. . '

Public Service Company of New Hampshire, (PSCNH), indicate
that they turned all their records over the NHWRB.at O .
the same time the Board assumed ownership of the dam.
Included in these records are:

(a) Operating logs from 1969 to the present time.

(b) A 1957 report briefly outlining the power generating
capacity of Highland Lake (probably by PSCNH).

(c) Three pages of charts prepared by the PSCNH in
1942-1944 regarding possible discharge rates
at the dam.

(d) A 1950 report by the PSCNH listing the usable storage
capacity in Highland Lake as 2340 acre-feet.

(e) A 1939 report by the New Hampshire Water Control . .
Commission entitled "Data on Dams in New Hampshire". -..-

(f) A 1939 report by the same agency entitled "Data
on Reservoirs and Ponds in New Hampshire".

(g) A 1936 report by the NHWRB entitled "Inventory of
Dams and Water Power Developments".

Additionally, the tax office in the Town of Stoddard
has on hand a series of maps prepared by the Federal 'z

Insurance Administration of HUD entitled "Flood Hazard
Boundary Map H-01-20 and current as of 17 May 1977.

,*-*. -... -h**. .
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