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DEPARTMENT OF THE ARMY

NEW ENGLAND DIVISION. CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM. MASSACHUSETTS 02254

REPLY TO
ATTENTION OF:
NEDED

MAR 0 6 1581
Honorable Richard A. Snelling

Governor of the State of Vermont
State Capitol
Montpelier, Vermont 05602

Dear Governor Snelling:

Inclosed {8 a copy of the Hardwick Lake Dam (VT-00186) Phase I
Inspection Report, which was prepared under the Mational Program for
Inspection of Non-Federal Dams. This report is presented for your use
and 1is based upon a visual inspection, a review of the past performance
and a brief hydrological study of the dam. A brief assessment is in-
cluded 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 i{s a vitally important part of this program.

A copy of this report has been forwarded to the Department of Water
Resources, the cooperating agency for the State of Vermont. In
addition, a copy of the report has also been furnished the owner,
Village of Hardwick, Hardwick, Vermont O05843.

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 Department of
Water Resources for your cooperation in carrying out this program.

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

Division Engineer
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BRIEF ASSESSMENT
PHASE I INSPECTION REPORT
NATIONAL PROGRAM OF INSPECTION OF DAMS

Identification Number: VT 00186

Name of Dam: HARDWICK LAKE DAM

Town: HARDWICK

County and State: CALEDONIA COUNTY, VERMONT
Stream: LAMOILLE RIVER

Date of Inspection: MAY 6, 1980

The dam, constructed about 1920, is a reinforced concrete gravity struc-
ture approximately 523 feet long and 22.4 feet in height. The main dam con-
sists of a divided primary ogee crested spillway with a total length of 144
feet, a 38.7 foot long broad crested secondary spillway at the right side, a
central structure containing a low level outlet, and a structure at the left
abutment containing two additional outlets, one of which is permanently
blocked. To the left of the main dam is a non-overflow wing wall about 300
feet long. The upstream face of the dam and the downstream face of the left
abutment structure are vertical; the downstream spillway faces are typically
sloped at 8-1/4 horizontal to 12 vertical; the downstream face of the central

structure is 4-3/4 horizontal to 12 vertical; and the wing wall is battered at

about 1 horizontal to 6 vertical. The two outlets are both 6 feet in

diameter, the gate for the low level outlet being manually operated, the other

electrically operated. Both are reported operable.

The dam impounds Hardwick Lake and is on the Lamoille River approximately
43 miles upstream from Lake Champlain. It is used seasonally to maintain the
water level of Hardwick Lake and to a minor extent for stream flow regulation
in conjunction with a hydro-electric dam about 3 miles downstream. The lake
is 10,000 feet long with a surface area of about 180 acres. Normal storage
capacity is estimated at 900 acre-feet.

Based upon the visual inspection and the review of available data regard-
ing this facility, the dam is considered to be in FAIR condition. Conditions
which could affect dam stability were noted as follow: continued spalling of

the downstream face of the wing wall could eventually compromise the stability

of the wall, and continued erosion of the training wall concrete could even-
tually lead to its collapse amd subsequent weakening of the bridge abutment.
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In accordance with the Corps of Engineers Guidelines and the size
(INTERMEDIATE) and hazard (SIGNIFICANT) classification of the dam, the Test
Flood selected was equivalent to one-half the Probable Maximum Flood (PMF).
Peak inflow to the reservoir is 55,500 cfs; routed peak outflow from the dam
is 53,300 cfs with the water elevation 6.5 feet above the dam crest. The
spillway capacity is 8,400 cfs, which is equivalent to 16% of the routed Test
Flood outflow from the dam.

It is recommended that the owner engage a qualified, registered engineer
to make recommendations as to applicable materials and techniques to repair
the spalled downstream wing wall face, to investigate the training wall in
detail and make recommendations for the correction of structural deficiencies,
and to perform a detailed hydrologic and hyraulic investigation to further
assess the need for and means to increase the project discharge capacity.
These and remedial measures which are discussed in Section 7 should be insti-
tuted within one year of the owner's receipt of this report.

James W. Sewall Company
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. This Phase I Inspection Report on Hardwick Lake Dam (VT-00186)
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 Imnspection of
N Dams, and with good engineering judgement and practice, and is hereby
submitted for approval.

5 WW"

ARAMAST MAHTESIAN, MEMBER

o Geotechnical Engineering Branch
- Engineering Division
o ( 2 “7 .
. . /
4 g
. CARNEY M. TERZIAN, MEMBER
Design Branch
i Engineering Division
Vo
A
Engineering Division
-
.\‘
o
[

APPROVAL RECOMMENDED:

i: JOE B. FRYAR
Chief, Engineering Division
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PHASE I INSPECTION REPORT
HARDWICK LAKE 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. James W.
Sewall Company has been retained by the New England Division to inspect and
report on selected dams in the State of Vermont. Authorization and notice to
proceed were issued to James W. Sewall Company under a letter of April 2, 1980
from William E. Hodgson, Jr. Colonel, Corps of Engineers. Contract No. DACW
33-80-C-0051 has been assigned by the Corps of Engineers for this work.

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

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

2. Encourage and prepare the States to quickly initiate effective
dam inspection programs for non-federal dams.

3. To update, verify and compliete the National Inventory of Dams.

1.2 DESCRIPTION OF PROJECT

a. Location - The dam is located at the outlet of Hardwick Lake, an
impoundment of the Lamoille River, about 7.5 miles upstream from its
confluence with Wild Branch and 43 miles upstream from Lake Champlain in the
Town of Hardwick, County of Caledonia, State of Vermont. The dam is shown on
the Hardwick USGS Quadrangle Map having coordinates latitude N 44° 31.0' and
longitude W 720 22.7'. The dam is popularly called "Jackson Dam".

b. Description of Dam and Appurtenances - The dam, initially constructed
about 1920 and reconstructed in 1952, has a total length of approximately 523
feet, including a divided primary spillway with a total length of 144 feet, a
38.7 foot long secondary spillway at the right side of the dam, a central
structure containing a low level outlet, a structure at the left abutment of
the main dam containing two additional outlets, and a non-overflow wing wall
extending about 300 feet to the left of the left abutment of the main dam.
Maximum dam height from the bottom of the downstream channel is 22.4 feet.

The primary spillway has a crest elevation of 794.8, 13 feet above the down-
stream channel; the crest of the secondary spillway is 2.5 feet higher. The
primary spillway has an ogee crest with a downstream slope of 8-1/4 horizontal

1-1
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to 12 vertical. The secondary spillway is broad-crested. The upstream face
of the dam is vertical.

The central sluiceway pier, with a downstream slope of 4-3/4 horizontal to
12 vertical, has a breadth of about 20 feet and a crest length of 15 feet at
elevation 804.8. A 6 foot diameter low level outlet runs through this pier at
an invert elevation of about 780. The manually operated gate control mecha-
nism is accessed via a footbridge from the left abutment of the main dam.

The left abutment section, with a width of 13.75 feet and length along the
dam axis of 25 feet has a crest elevation of 801.0, a vertical downstream face,
and houses two 6 foot diameter sluiceways at an invert elevation of 786. A
wood frame gatehouse exists at this location, housing the electrically powered
operator for one gate, the other gate being permanently shut. A downstream
training wall extends from this abutment.

To the left of the main dam is a non-overflow concrete wing wall with the
4 foot broad crest at an elevation of 801.0. The upstream face is vertical
while the downstream face is battered at about 1 horizontal to 6 vertical.

Elevations are in feet referenced to NGVD datum.
No instrumentation exists at this dam site.

c. Size Classification - INTERMEDIATE - The dam impounds approximately
2100 acre-feet with the water level at the top of the dam, which at elevation
801.0 NGVD is 22.4 feet above the streambed elevation. According to the
Recommended Guidelines, the dam is classified as intermediate in size since its
impoundment is between 1000 acre-feet and 50,000 acre-feet.

d. Hazard Classification - SIGNIFICANT - If the dam were to be breached,
there is potential for considerable downstream damage and loss of no more than
a few lives. A bridge, commonly called the "Jackson Bridge", carrying Vermont
Route 15 over the Lamoille River about 100 feet downstream of the dam would be
destroyed by the sudden 6 foot increase in stage. Further downstream, within
2 miles of the dam, three private or Town roadway bridges would be destroyed
by the pre-failure flood. The failure flood wave would cause further damage
to these roads, greatly increase the area of agricultural flooding, and
increase damage to 4 or 5 commercial buildings situated adjacent to the river,
already damaged by the pre-failure flow. The Lamoille Valley Railroad bridge,
a unique wooden covered structure 2.8 miles below the dam would suffer
increased damage or perhaps be destroyed.

e. Ownership - Village of Hardwick
Hardwick, Vermont 05843
(802) 472-5201

f. Operator - Mr, William Fee, Superintendent
Village of Hardwick Electrical Department
Church Street
Hardwick, Vermont 05843
(802) 472-5201
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g. Purpose of Dam - The dam is used to maintain the level of Hardwick
Lake during the summer months and to a minor extent for stream flow regulation "
in conjunction with the Wolcott Dam about 3.8 miles downstream, at which
electric power is generated.

h. Design and Construction History - The following information is
believed to be accurate based upon plans and correspondence available and from
conversations with persons familiar with the history of the dam. Information
pertaining to the original construction, believed to have been about 1920, was
not available. It is reported that the structure was damaged in the flood of
November, 1927 and repairs were attempted in 1930. No further record of
repairs to the dam exists until 1952 when the dam was refaced and extensively
repaired by 0. W. Miller Company of Ludlow, Massachusetts, from plans prepared
in 1952 by A. D. Bishop, P.E., of Montpelier.
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i.  Normal Operational Procedures - The lake is drained each fall and the
two operable sluice gates remain open throughout the winter. There are no
regular operational procedures other than occasional checking.

1.3 PERTINENT DATA

a. Drainage Area - 122.1 square miles of moderately steep, relatively
undeveloped terrain which is approximately 40% open and 60% wooded.

b. Discharge at Dam Site - Discharge is over the spillways, through the
6 foot diameter low level outlet, and through one slightiy higher 6 foot
diameter outlet, a third 6 foot diameter outlet being plugged and abandoned.
Elevations are in feet referenced to NGVD datum.

1. Outlet Works (conduits) capacity at
top of dam el. 801:

One 6 foot diameter low level

outlet, invert el. 780 : 350+ cfs

One 6 foot diameter sluiceway,

invert el. 786 : 350+ cfs
2. Maximum known flood at dam site:

November, 1927. Magnitude estimated

by Vermont Agency of Environmental

Protection: 15,000+ cfs
3. Ungated spillway capacity at

top of dam el. 801: 8,400+ cfs
4. Ungated spillway capacity at

test flood el. 807.5: 24,600 cfs
5. Gated spillway capacity at

normal pool el. 794.8: N/A
6. Gated spillway capacity at test

flood el. 807.5: N/A
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Total spillway capacity at
test flood el. 807.5:

Total project discharge at
top of dam el. 801.0:

Total project discharge at
test flood el. 807.5:

CPRY

Vi

¢. Elevation (Feet, NGVD)
1. Streambed at toe of dam:
2. Bottom of cutoff:
3. Maximum tailwater:
4. Recreation pool:
5. Full flood control pool:
6. Spillway crest (Ungated):
7. Design surcharge (original design):
8. Top of dam:
9. Test flood surcharge:
d. Reservoir
1. Length of normal pool:
2. Length of flood control pool:
3. Length of spillway crest pool:
4. Length of pool at top of dam:
5. Length of test flood pool:
e. Storage
1. Normal pool:’
2. Flood control pool:
3. Spillway crest pool:
4, Top of dam:
5. Test flood pool:

1-4
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24,600 cfs

8800 cfs

53,300% cfs

778.6
N/A
789.0
794.8
N/A

794.8 primary
797.3 secondary

RBE | AARGBDE |

unknown
801.0 f};
807.5 ﬁ

10,000t ft
N/A

10,000¢ ft
11,300 ft
12,500 ft

900 acre-ft
N/A
900 acre-ft

2100 acre-ft
3400 acre-ft
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Reservoir Surface

1. Normal pool:

2. Flood control pool:

3. Spillway crest:
4. Test flood pool:

5. Top of dam:

1. Type:

2. Length:

3. Height:

4., Top Width:

5. Side Slopes:

6. Zoning:

7. Impervious Core:
8. Cutoff:

9. Grout Curtain:

10. Other:

Diversion and Regulating Tunnel

Spillway
1. Type:

2. Length of weir:
3. Crest el.

4, Gates:

5. Upstream channel:

180 acres
N/A

180 acres
266 acres

222 acres

concrete gravity
523% ft
22.4 ft
4 ft

N/A

N/A

N/A

N/A

N/A

N/A

N/A

concrete ogee
182.7 ft

144 ft @ 794.8
38.7 ft @ 797.3

N/A
N/A
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6. Downstream channel:
7. General:

Regulating Qutlets

1. Invert:
2. Size:

3. Description:

4. Control mechanism

5. Other:

Pond Drain

780
6 ft diameter

pipe through
center pier

manually
operated

original streambed
N/A
Sluiceway
786+
6 ft diameter

pipe through
left abutment

electrically
operated

a third regulating gate same size and
elevation as the sluiceway is permanently
blocked and abandoned
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P SECTION 2: ENGINEERING DATA
he
- 2.1 DESIGN
ii a. Available Data - The available data consists of three sheets of .
V- "Details for Repair, Hardwick Village Storage Reservoir" by A. D. Bishop,
. dated June and August, 1952.
; f: b. Design Features - The drawings, computations and inspection reports
i indicate the design features stated in Section 1.
" .
- c. Design Data - Design data consists of information on the three
drawings by A. D. Bishop as listed in "Available Data".
: 2.2 CONSTRUCTION
a. Available Data - Information as contained in any plans, drawings, or

specifications previously listed in "Design Data" or Appendix B.

b. Construction Considerations - A minor variation was noted in the
- existing dam compared to the repair drawings of 1952. The plans show a secon-
N dary spillway at the right end of the dam. This was 39 feet long, one foot
above the main spillway, and the downstream face was formed by a granite block
. wall. This secondary spillway is now 30 inches above the primary spillway,
N and the granite blocks have either been replaced by or capped with concrete as
- seen in the left background of Photo 2.

2.3 OPERATION

Pond level readings are not taken on any regular schedule. No formal
operation procedures are known to exist.

2.4 EVALUATION

ll a. Availability - Existing data was provided by the owner.

o b. Adequacy - Detailed hydrologic/hydraulic data were not available.

- Design data and field measurements were utilized in conjunction with New

ot England Division - Army Corps of Engineers "Preliminary Guidance for
Estimating Maximum Probable Discharges" to perform the computations of outflow

Ly capacity.

The detailed engineering data required to perform an in-depth stability

1 analysis of the dam was not available. The final assessment of the dam,

N, therefore, must be based primarily on visual inspection, performance history,
b and spillway capacity computations.
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y c. Validity - A comparison of records, data, and visual observations
- reveals no significant discrepancies, other than those noted above, between
design and as-built dimensions.
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General - At the time of inspection on May 6, 1980, the water level
in Hardwick Lake, impounded by the dam, was 1 inch over the primary spillway.
The weather was sunny and mild. The general condition of this dam is fair.

b. Dam - The main dam is a reinforced concrete gravity structure con-
sisting primarily of an ogee shaped spillway divided by a central pier con-
taining the low-level pond drain, as shown in Photo 1. The concrete of the
main dam appears in good condition with only minor cracks and efflorescence.

The main dam is founded on bedrock which is exposed at both abutments and
in the channel immediately downstream as shown in Photos 1 and 2.

A reinforced concrete non-overflow wing wall, shown in Photo 3, extends
about 300 feet left from the left abutment of the main dam. The 4 foot wide
top is 6 feet above the spillway crest; the upstream face is vertical while
the downstream face is battered at about 1 horizontal to 6 vertical. The wing
wall concrete is in fair condition. As shown in Photo 4, the downstream face
is extensively spalled with practically no original surface remaining.

c. Appurtenant Structures

Snillway

As shown in Photo 1, the main spillway is an ogee section divided by a
central pier. A short secondary spillway integral with the right abutment is
shown in Photo 2. As far as could be observed, the spillway concrete is in
good condition. Discharge from much of the left side of the main spillway is
obstructed by bedrock projections, the top of which are nearly equal to
spillway crest elevation as shown in Photo 8. No debris or other obstructions
to flow were visible. Provision for flashboard attachment exists, although it
is reported that none are used on the dam.

Qutlet Structures

A low level outlet is contained within the central pier shown in Photos
1 and 8. The outlet gate mechanism is a manually operated rack and pinion
type. The outlet is sufficiently low to relieve hydrostatic pressure from the
dam and to facilitate dam repair. The wood deck of the suspended access
bridge appeared deteriorated and unsafe. Access was therefore not attempted
by the inspection team. As far as could be seen, the mechanism is in good
condition and is reported to be operable.

Two additional outlets, at a higher elevation, are located in the left
abutment of the main dam as shown in Photo 5. The left outlet gate is
operated by an electrically powered rack and pinion mechanism shown in Photo 6
and is reported to be operable although it cannot be closed tightly. The
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electrical system is antiquated, shows evidence of arcing and is in fair con-
dition. The other outlet is permanently closed and not operable. The wood
frame gate house is in fair condition.

d. Reservoir Area - In the vicinity of the dam, the shores of Hardwick
Lake are typically grassy with dispersed deciduous growth. As shown in Photo 7,
there are no indications of instability along the banks.

e. Downstream Channel - The channel directly below the dam is exposed
bedrock. A reinforced concrete training wall, about 140 feet long, extends
along the left side of the discharge channel from the left main dam abutment
to the wing wall of the Vermont Route 15 highway bridge as shown in Photo 8.
This wall is in generally good condition with minor surface spalling and
several horizontal and vertical cracks with no displacement. At the junction
with the bridge wing wall, a short section of the training wall is badly eroded
as shown in Photos 9 and 10.

The right channel bank between the dam and the bridge consists primarily of
dumped rip-rap. Below the Vermont Route 15 highway bridge, known locally as
the Jackson Bridge, shown at the top of Photo 9, the Lamoille River meanders
through a steep-sided valley about one-half mile wide paralleled by Route 15
and the Lamoille Valley Railroad tracks. The banks are grassy and bordered for
the most part by open fields, most residential and commercial structures being
considerably distant from and higher than the river, the major exception being
a commercial complex about 1.9 miles downstream from the dam and 13 feet above
the river channel.

Three light duty bridges, town or privately owned, cross the river between
the Route 15 bridge and the covered Lamoille Valley Railroad bridge shown in
Photo 11 about 2.8 miles below the dam. Photo 12 shows the second Route 15
crossing about 3.3 miles below the dam. This bridge is the approximate upper
limit of the normal impoundment of Wolcott Dam, about 3.8 miles downstream of
Hardwick Dam.

3.2 EVALUATION

On the basis of visual examination, the dam is considered to be in fair
condition.

Continued spalling of the downstream face of the wing wall could even-
tually compromise the stability of the wall.

Erosion of the lower end of the training wall, if allowed to continue,
could eventually lead to weakening of the highway bridge abutment.

Access to the pier containing the low level outlet is unsafe.

The electrical system for the electrically operated outlet is antiquated
and shows evidence of arcing.
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SECTION 4: OPERATIONAL AND MAINTENANCE PROCEDURES

4.1 OPERATIONAL PROCEDURES

a. General - The dam is used during the summer to maintain the level of
Hardwick Lake and to some extent during periods of low flow to augment flow to
the power generating dam about 3.8 miles downstream. The low level outlet is
opened in the fall and the lake remains drained until late spring.

b. Warning System - No warning system is known to exist.

4.2 MAINTENANCE PROCEDURES

a. General - The dam receives no regular maintenance.

b. Operating Facilities - No formal plan for the maintenance of
operating facilities is know to exist. There are two operable 6 foot diameter
outlets with sluice gates. A third outlet is reported to be permanently
closed and not operable.

4.3 EVALUATION

The operation and maintenance procedures at this dam are inadequate to
insure that all problems encountered can be remedied within a reasonable
period of time. The owner should establish a written operation and main-
tenance procedure as well as a warning system to follow in the event of an
emergency at the dam.
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SECTION 5: EVALUATION OF HYDRAULIC/HYDROLOGIC FEATURES

5.1 GENERAL

The project is basically a low surcharge storage - high spillage gravity
dam constructed for stream flow regulation purposes in concert with a hydro-
electric dam further downstream.

The tributary watershed consists of 122.1 square miles of relatively unde-
veloped terrain which is approximately 40% open and 60% wooded. With NGVD
elevations of 800 to over 2,000 feet portions of the watershed are very
steep, but average watershed slope is approximately 2%, thus the watershed is
considered rolling rather than mountainous in character. Contained within
this drainage area are several small lakes other than Hardwick Lake itself,
including Caspian Lake, Eligo Pond, Nichols Pond, Long Pond, East Long Pond
and Flagg Pond. The aggregate surface area of these lakes comprises less than
2% of the entire watershed area, thus their storage effect on the peak inflow
to Hardwick Lake was deemed negligible.

Hardwick Dam is a concrete gravity structure equipped with 182.7 feet of
ogee crest spillway. The spilliway capacity at the top of the dam is approxi-
mately 16% of the routed Test Food outflow with the dam overtopped by 6.5
feet.

5.2 DESIGN DATA
No design data are known to exist for this project.

5.3 EXPERIENCE DATA

The maximum known flood at the dam site occurred in November, 1927, over-
topping the dam and reportedly damaging it significantly. No detailed infor-
mation on this incident was located.

5.4 TEST FLOOD ANALYSIS

The Test Flood for this significant hazard, intermediate size dam, ranges
from one-half of the Probable Maximum Flood to the Probable Maximum Flood
(PMF). One-half of the PMF was selected as the Test Food since Hardwick Lake
Dam is at the lower end of the intermediate size classification and poses a
relatively low risk to populated areas.

Peak inflow to Hardwick Lake is 55,600 cfs and was determined using the
"Rolling" guide curve of the "Preliminary Guidance for Estimating Maximum
Probable Discharge", dated March, 1978. Peak outflow is 53,300 cfs with the
water elevation 6.5 feet above the dam crest and the initial reservoir level
assumed at the primary spillway crest (el. 794.8 NGVD). Based upon our
hydraulics computations, the spillway capacity is 8400 cfs which is approxi-
mately 16% of the routed Test Flood outflow from Hardwick Lake Dam.

5.5 DAM FAILURE ANALYSIS

Utilizing the April, 1978, "Rule of Thumb Guidance for Estimating
Downstream Dam Failure Hydrographs", the peak failure outflow with the pool
initially at the top of the dam (el. 801 NGVD) would be approximately 13,500
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cfs. The breach would cause an increase in stage above the pre-failure eleva-
tion immediately downstream from the dam of 6.3 feet which would bring the
water level approximately equal to the deck of the Vermont Route 15 highway
bridge or "Jackson Bridge", and probably destroy it. Three light duty private
or Town owned bridges span the river within 2.5 miles of the dam. These
bridges would be destroyed by the pre-failure flood, but the sudden increase
in stage of 1 to 2 feet would cause additional damage to these roads, greatly
increase the area of agricultural flooding, and increase damage to 4 or 5 com-
mercial buildings along the river which would have been flooded about 1 foot
above the sills by the pre-failure flow. Further downstream, about 2.8 miles
from the dam, a unique wooden covered bridge carrying the Lamoille Valley
Railroad over the river would suffer increased damage and pernaps destruction
from the sudden 1 foot increase in stage which wouid bring the water level
well up into the lower structural members. Wolcott Dam, about 3.8 miles
downstream, has spillway capacity to the top of dam equal to about 138% of the
peak failure flow from Hardwick Dam. There is potential for loss of no more
than a few lives and considerable property damage, thus Hardwick Lake Dam has
been classified as a "Significant Hazard" dam.
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SECTION 6: EVALUATION OF STRUCTURAL STABILITY

6.1 VISUAL OBSERVATION

The visual inspection disclosed the following potential structural
problems:

1. Continued spalling of the downstream face of the left wing wall shown
in Photo 4 could eventually compromise the stability of the wall.

2. Continued erosion of the lower end of the training wall shown in
Photo 10 could eventually lead to its collapse and subsequent weakening of the
highway bridge abutment.

6.2 DESIGN AND CONSTRUCTION DATA

No original design and construction data are available for the dam.

6.3 POST-CONSTRUCTION CHANGES

Drawings dated 1952 exist which indicate that significant renovations were ]
made to the concrete spillway section of the dam. i
A new concrete facing was applied to the overflow sections. Concrete
which had deteriorated was removed to a depth of 8 to 12 inches. Reinforcing
bars were dowelled into the existing concrete to provide anchorage for the new

concrete surface.

The secondary spillway section on the right abutment, which was con-
structed of granite blocks, is now a concrete section. It is not known if the
granite blocks remain in place beneath the concrete surface.

6.4 SEISMIC STABILITY

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

7.1 DAM ASSESSMENT

a. Condition - Based upon the visual inspection, the dam is judged to be
in fair condition.

b. Adequacy of Information - Due to the lack of design and construction
data for this dam, the assessment of safety is based solely on the visual
inspection.

c. Urgency - The remedial measures and recommendations presented below
should be implemented by the owner within 1 year after receipt of this Phase I
Inspection Report.

7.2 RECOMMENDATIONS

The owner should engage a qualified registered engineer to undertake
further investigations as follow:

a. Make recommendations as to applicable materials and techniques to
repair the spalled downstream wing wall face.

b. Investigate the training wall in detail and make recommendations for
the correction of structural deficiencies.

¢. Perform a detailed hydraulic and hydrologic study to further assess
the need for and the means to increase the project discharge capacity.

The owner should implement all recommendations by the engineer.

7.3 REMEDIAL MEASURES

a. A program of annual technical inspection, with repairs as
necessary, should be instituted by the owner.

b. A formal downstream warning system to be implemented in the event of
an emergency at the dam should be developed by the owner.

c. A formal program of operation and maintenance procedures should be
instituted and fully documented to provide accurate records for future
reference.

d. The owner should arrange for repairs to the wood deck of the foot
bridge to the low level outlet structure.

e. The owner should arrange for replacement of gatehouse wiring and
electrical devices with modern equipment and materials.

7.4 ALTERNATIVES

This study has identified no practical alternative to the above recommen-
dations.
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APPENDIX A
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HARDWICK LAKE DAM

EXISTING PLANS

On file with the Town of Hardwick:

1. Plan of Hardwick Village Storage Reservoir
Junction Routes 15 and 128
Hardwick, Vermont
A. D. Bishop, June 13, 1952
Jackson Dam, Sheet 1

2. Details for Repair - Hardwick Village Storage Reservoir
Junction Routes 15 and 12B
Hardwick, Vermont
A. D. Bishop, June 21, 1952
Jackson Dam, Sheet 2 .

3. Details at Center Pier - Jackson Dam
Junction Routes 15 and 12B
Hardwick Village, Vermont
A. D. Bishop, August 9, 1952, Sheet 3
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REPORT OW THE RENOVATED
Ve
"HARDWICK LAKE DAM

Recent extensive repsirs have improved the ststus of .

Hardwick Leke dam. This report on the work is mede for the

. il

information of the Commission. 9
General 1

In a previous report (dated Oct. 27, 1949) the w»riter

noted the unfevorable condition of Hardwick Lake dam, Az Indlcalnd
therein, complete rehsbilitation was desired to restore its useful-

ness. Repalrs were undertaken by the company, on its own Inttlative,

in August - December, 1952. Since there was no change in crnéh lovad,
Commission sauthorizatlion was not solicited. The writer re-oxaminecd 7
the structure cn Dec. 17, 1952. 3
| Pertinent information on the dam follows: g

1. Owner % operator - Electric Dept.; Villap2 of Harlet-lk E

2. Locatlon of dam ~ Lemoille R.; Town of terdwlek 3

3. Purpose of dam ~ Stream flow regulation 5

lf. Surface area of lske = At full pond, about 290 acrea, ‘

5. Storage ~ Under existing silt conditions, the i
storage 1s estimatcd at 12,000,000 cu, i,

6. Drainsge area ~ 118 sq. mi.

Description of Dsm

e The maln features of the rebullt dam are indicntad as {21)-ws:

Mein spillway section - has the grealest depth, belnw lacnted

in the maln river channel snd on a ledge foundation. Shrun

in F1g. 1, 1t 1s about 82 ft. long and about 22 rt, hiiph,
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Center sluiceway pler ~ is located at the cast end of the mailn

it
spillway section. Shown in Fig. 2,/measures sbout 1.5 t.

along the axis of ths dam, 20 ft., wide at the top and 30 ft.

wide at the base. It contains a 6 ft. dia. slulceway and &

manual-operated gate. The top of the pier is 10 ft. above apill-

A lootbridge connects this pler with the east gate

.

way crest.

house,

1

-
40

2

2
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FIG, 2 ~ Center slulceway pler
. Additional spillway - 1s provided by fitting a crest to the ladge
'\
N outcrop east of the center slulceway piler. It 3s 62 C%. lane end
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at the same level and similiar in shepe as the main splllway
sectlon. Also, the same flashboard arrangement will be used here,
Rerulatine pgate section - 1s located at the east bank., Shown in
Fig. 3, 1t is 25 ft. long, formerly provided with two outlet
conduits. The west outlet has been plugged, leaving ons O ft,
dia. conduit 10 ft. down. Flow is regulated by a motor-operatod
1ift gate. The concrote section is 6 ft. higher than the spillwey

crest. It 13 enclosed by a wooden structure., A training wall

along the east bank directs the flow back into the river chamel.
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FIG. 3 - East regulating gate section

East wing wall -« is a 300 ft. long non-overflow section sxtended
into the earth bank. In cross-section, it has a b rt. top
wicth, a vertical upstream face, and a sloping downstrenm fnco

of about 6 on 1. Its top level is 6 (t. above spillwey crest.
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Comments on conatruction

The waather was psrticularly sulted to constructinn wvierk.
. It allowed fcr an early completion of the project,

' IA geuneral, the job consisted of resurfacing the maln
portion of the dam, vwhich includes all except the east wing wnll,
) | Disintegrated, poor concrete was trimmed down 8 to 12 Inchea and
‘ more. Reinforcement bars were dowelled into the old concrefea for
anchorage of the new concrete. New concrete was placod te the

desired dimensions with the use of forms. The work was siwuiler

to that performed at tolcott dam in 1948, Indications are Lhat the

same specificatlions vere used.

An exceptionnl amount of na2w concrete was added. 1In
particular, the base of the main spillway section was very bhadly
eroded, requiring much filler. As observed at the time of wlatt,
the concrete work shows an excellent finish (See photosrapha).

;2 It appears to have beesn placed in an orderly manners.

Other work performed included the installation of nn
improved condult and gate at both the center pier and thie regnlnting
- gate section.

No work was done on the esst wing wall under this céntruct,

= .
- This section is reasonably sound aithough it shows a surfnece conditicn
on the downstream face. Plans are to back 111 with eorth on the
- downstream side to improve 1ts nppearance,
The contractor for the job was 0. ¥. Miller Co. of
Ludlow, Msss., The englneer was A. D, Blshop of lontpeller.
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. Review of design

.
-

-
.
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A

Cp

As reconstructed the dam hans suflficlent thickness for
stohility for the ustal operating conditions.,

Iﬁ the € .rlier report on the dam, mention was made of
insdequate discharge cnpabity for 8 moximum flow of the Novephar
1927 Plood size. This inadequacy remains since no spprecianle
change was made in spillway ares. However, the helght of dam and
its location lessens the importance of this Teature. About itho
only significance at floodtime would be the posgible el'fect of
backwater on the lowcr end of the village of Hardwick.

The proposed flashboard arrangement and operation sk
this dam is of some concern., As noted herctofore, the bosrda ere
to be the samec helght as on the previous crest but the plins, of
the same size, will Lsve a closer spacing by gbout 6". This kend-
towards a higher pond level snd backwater before the beards go
out to relieve the condition! Theoretically, fajlure of the bhanrda
is not 1likely until the pond level 1s at or above the top of bhe
Cend weils).
damA Thus, the boards would be of s permanent nature, having an
adverse effect on splllway capacitys

Operation with flashboards i1s to be the same as w!th
flsshboards on the old crest. The boards wlll be removed for
the winter and spring thaw period. When boards are in plwece, pond
level regulation will be by means of the two low level onutlets,
They could accommodate the ordinary flow of tho river, A 2loae
control of pond level sbove llsshboard helght is required tn
minimize the backwater effect., #ith this method of operatlinrn,

too much reliance 1s pleced on the humen element., :ﬁ
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W Conclusions PR\
NS R ~
) ﬁi
’ Hardv'ck Lake dam is nowx a greatly improved structure. AL
NG
. The method of repairs was in accordance with accepted englneering
) practice.

¥ An ob jectionnl feature is the proposed flashhonrd in-

stpllation. A more flexible arrangement with smuller d!ameter T
' pins or & tipping section would better suit the conditiuns. :5?
R !
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' STEPHEN H. HAVBROOX %
o ’ HYDRAULIC ENGINEER g;.
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KEPORT ON HALDWICK LAYE DAN AV TR

i ! Hardwick Lake dam, owned and opefated by the

: Electfic Deparfﬁent'éf the village of(Hardwick, Vermont,
was inspected by the write;.in conjuncticn with the study
| n of dams in Vermont. 1Its dllapidated condition is brought

to the attention of the Public Service Cormission via this

i report,

: * : General :

5 _~ The dam at Hardwick Lake 1s located in the course

i é; ; of the Lamollle River in the town of Harcwick., It creates

[ a reservelir of about 200 acres lying mostly in the valley of

L Alder brook. Under present silt conditions the stcrage 1is E?

! l estira ted at 12 million cublic feet. The drainage area at the . i
site is 118 sguare mile. f

:
Doscripticn of Dam:

o This dam, a concrete structure built on iedge rock

“ in one continuous line (about 600 feet) across the valley, is

)
i
A

R W ¥ W oOw

rade up with the following sections (proceeding from the west

; ?E atutrent to the east abutment):.
A composite splllvay section 120 feet long, consisting
E : of a 26 ft. lenyth of laid-up grenite stone at the abutment and
E " remainder of concretes This is the maximum section of the dam,
: reaching a depth of about 20 feet. It has a vertical upstream
Fi face, a crest width of about 4 feet, a sloping downstream fece

of about 2 on 1, and a base width of about 15 feet, Twc feet

R of flashboards are prcvided c¢n the crest.
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= ' Text is the sluiceway pier whose top is 9 fto
-. nigher than the spillvay crest, It is a concrete block

measuring about 18 ft., by 12 ft. and contalning an 8 ft.
diameter steel sluice pipe at its lowest elevation. A

manually operated wooden slide gate controls the flow

through the pipe.
. More spillway is provided in the next section which

is 60 ft. long. It has a crest width of about 7 ft. A rock

- . outcrop limits the maximum depth of this séctlion to about 3
ft. Ilashbcoards, corresponding to those on the maln spillway
; ; section, are built-up on the crest. r
i} Ad jacent to this spillway section is an outlet struc- EE
h | ture containing two 7 ft. diameter discharge pipes located 10 Eé
- ft, belcw the top of the dam. Vooden slide gates for both pipes ?
- are operated from a wooden building directly above. A concrete
§: training wall just downstream from this outlet structure retains
the east bank of the river channel. Also, a 3 ft. footbridge 1is
’:. B provided betwecen the gute house and the sluiceway pier,
)If To complete the dam is a 370 ft. concrete retaining
ig& wall which serves as a non-overflow section with its tcp level E!
EZQ 6 leet above spillway creste This section has a 4 ft. tcp width, &g
| ; a vertical upstream face and a downstream face sloping about 6 on EE
= 1. The visible portion of this section is about 6 ft. in maxi- Ig
' mum height. aﬁ
e Flashbourds provided on the crest are supported by »
‘ . 3 inch diameter pipe lengthse w2
| o
%
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Condition of the Dam:

The general condition of the dam 1s indicated in the
accompanying photographs. From these it éan be seen that the
dam is gredually losing its structural integrity.

) Figure 1 shows the condition of the main spillway
section. The finished surface vas a reinforced layer of mortar
concrete applied after the original surface has been scoured away,
Note'that this added surface layer is now practically sll gone.
The process for the surface disintegration-is shown in Figure 2.
The pcorer quality concrete under the surface layer is eaten away
firste After the surface layer is undermined sutficiently it
breaks away either by its own weight or the weight of flowing
water,

The progress of erosion in the sluiceway pier is
indicated in Figure 3. Note that its base is well eaten away.

Not only the main spiliwvay section but the whole dam
was re-surfaced with a mortar concrete, "The whole downstream face
sppears in a similiar condition, rough and scaly. On the other
hand the upstream face has stood up well.

Some leakage was observed on the spillway side of the
outlet structure but was not considered serious. The training
wall was found badly scoured along its base in a few places.

Most of the gate timbers were rotted and some.were
broken off, indicating a ncéd for replacement. The trash rack
at the intake was either omitted or destroyed, thus permitting

debris to accumulate at the pates.
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The pond behind the dam has accwnulated much silt.
From an original storage voclume of about 80 million cubic

feet the capacity has reduced to about 12 million cubic feet.

FProm Figure 1, note the small body of water for a level 5 feet

bq}ow the creste.

| General Corments:
This dam was visited by the viriter at different times,

:% the last being October 25, 1949. 1Its behavior was observed under

- N various water conditions. In Figure 4, the spillway is dis=-
charging a typicai spring thaw. |

;» The writer discussed the dam with Ir. Guy W. Larrabee,
superintendant of the company's plants., According to Mr. Larrabee,
the structure was partially wrecked in the Hovember, 1927 flood
and has not been of too much value since, particularly under the
present silt conditions. However, the owner plans to completely

rehabilitate the structure as soon as time and money permit. The

company has recently restored its Greensboro and Wolcott dams.

- The original dam at Hardwick Lake was constructed of %ﬁ
E’ poor quality concrete which made 1t easily affected by flowing %E
- water and by frcezing and thawing. An attempt was made to restore ;;i
g! the surface in 1930 when gunite concrete (mortar concrete applied ,iﬁ
. as a spray under pressure) was used. It 1is evident that the work- tg%
: manship was inferior, ;ié
F Below the dam, the Lamoille River passes through g;
. relatively flat, open country before reaching Yolcott dam 5 miles §§§
E dovnstream and then a center of population. The flcod damage E;

potential, shcnld the dam fail and release its storage, vwould

v TETY vy
DR

not be as great as in the case of some other dams of this size,
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Conclusions;:

In its present condition, Hardwick Lake dam is sus-

ceptible to progressive failure. Although the dam may be stable

at this time, its rate of disintegration, becuuse of poor con-
struction mterials, gradually reduces its mass to the point of
incipient failure. If the dam is to be maintained then some

rehabilitation work would be desirable.

A8 Tor its discharge capacity, the spillway cannot
adecuately accommodate Tlows equivalent to or greater than the

November, 1927 flood.

/?'ILUZ&m ?{ /W
(/STEP}-IEN H. HJ‘FYEHOOK i
HYDRAULIC E}IGINEER i

Public Service Cormission
Montpellier, Vermont
October 27, 1949
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Fig. 1. - Eroded condition of downstream face,
main spillway section of Hardwick Lake Dam
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APPENDIX C

DETAIL PHOTOGRAPHS
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Abutment,
and In Foreground.

(1) spillway and Central Pier- Containing Low-Level
Pond Drain

(2) Spillway (Right) and Secondary Spillway at Right

Exposed Bedrock Evident Between Spillways
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(3) Non-Overflow Wing Wall Extending
East from Left Abutment of Dam

(4) Extensive Spalling, Downstream Face of Wing Wall
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(7)

"Spillway and Reservoir Pool

(8) Discharge Channel, With Concrete Training Wall

at Right Background
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= (9) Left Discharge Channel From Gate - (10) Eroded Section of Training Wall
) Structure. Training Wall and at Junction with Bridge Wing Wall
Jackson Bridge in Background. ‘
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(12) Route 15 Crossing, Approximately 3.3 Miles Below Dam
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MAXIMJIM PROBABLE FLOOD INFLOWS

A | ~ . _NED_RESERVOIRS T oo ',
B ' R ' ' : . . T gty
- . Project . . D.A. - MPF T
L : (cfs) (sq. mi.) " cfs/sq. mi. -"ﬂ;
. - . ’ . . Y
1. Hall Meadow Brook 26,600 17.2 S 1,546 >
2. East Branch 15,500 9.25 - 1,675 Dy
3. Thomaston 158,000 . 97.2 1,625 Y
4. . Northfield Brook o ° 9,000 5.7 © 1,580 NN
S. Black Rock . 35,000 .  20.4 1,715 iy
6. Hancock Brook 20,700 12.0 1,725 :
7. Rop Brook ' . 26,400 16.4 1,610 bl
8. Tully - 47,000 50.0 © 940 T
9. Barre Falls 61,000 55.0 1,109 , ey
10. Conant Braok 11,900 7.8 1,525 by
11, Knightville 160,000 162.0 987 - =
12. Littleville 98,000 52.3 1,870 =
13. Colebrook River 165,000 118.0 1,400 - 4
14. Mad River 30,000 18.2 1,650 b
i 15. Sucker Brook . 6,500 3.43 1,895 =
16. Union Village 110,000 126.0 BV - S -
s 17. North Hartland 199,000 220.0 904 oy
= : 18. North Springfield 157,000 158.0 ' 994 :}:;
19, Ball Mountain 190,000 172.0 1,105 ‘iy
F 20. Townshend 228,000 106.0(278 total) 820 e
) 21. Surry Mountain . 63,000 100.0 630 TR
e 22. Otter Brook , 45,000 47.0 . 957 T
. - 23. Birch Hill 88,500 175.0 505 bl
< 24, East Brimfield 73,900 67.5 1,095 o
- 25. Westville . 38,400 99.5(32 net) 1,200 S
= 26. West Thompson - 85,000 173.5(74 net) 1,150 1
. 27. Hodges Village 35,600 . 311 1,145 =k
-5 * 28, Buffumville 36,500 26.5- . 1,377 fx}
29. Mansfield Hollow 125,000 159.0 . 786 |
. 30. West Hill . 26,000 - 28.0 . 928
O 31, Franklin Falls 210,000 1000.0 : 210 RS
. '32, Blackwater 66,500 128.0 520 e
o . 33.. Hopkinton . 135,000 426.0 316 oy
g ‘. " 34, Everett 68,000 64.0 1,062 %
35. MacDowell . 36,300 44.0 825 .
;-_ - . :j-'h::
r:: :.’_ »,
. B
n "
4
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L N ...  BASED ON TWICE THE B _
Sl STANDARD PROJECT FLOOD S :
= ~ S o (Flat and Coastal Areas) ¥
) i
- .
. River - SPF ‘D.A. MPF
(cfs) (sq. mi.) (cfs/sq. mi.) )
. ’ . - \
‘1. Pawtuxet River 19,000 200 . 190 3
- - 2, Mi11 River (R.I.) - - 8,500 3% " 500 : -
- 3. Peters River (R.I.) 3,200 13 490 )
e 4. Kettle Brook 8,000 30 | 530 X
=8 _ 9
‘ 5. Sudbury River. 11,700 86 270 -
3 S 6. - Indian Brooi( (Hopk.) 1,000 5.9 340
l 7. Charles River. . 6,000 184 . . 65 ) i
o 8. Blackstone River. 43,000 416 - 200 . .
. " * [}
9. Quinebaug River 55,000 331 . 330 by
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- ON KAXIKUM PROBABLE DISCHARGES
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. STEP 1: Determine Peak Inflow (Qp1) from Gunde
_. o . Curves ~

- STEP 2 a. Determine Surcharge Helght To Pass
..Qp1". )
p - 'b. Determine Volume of Surcharge

———

- (STOR1) In Inches of Runoff. -
¥ c. Maximum Probable Flood Runoff In" Ne
- Englcnd equals Approx. 19", Therefore:

STORI)

\ | 19

: STEP 3: a. Determine Surcharge Height and

~ i _ '"STOR2' To Pass ""Qp2" )
E | o X b Average ''STOR1" and "'STOR2' and
3 o o Defermine Average Surcharge and
Resulting Peak Outflow ""Qp3"’,

.sz Qp1 x {1 —

VaA

e

ESTIMATING E;'FFECT OF SUR.CH.ARGE STORAGE
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"RULE OF THUMB"

GUIDANCE FOR ESTIMATING

"DOWNSTREAM DAM FAILURE HYDRDGRAPHS

STEP 1|:
STEP 2.

STEP 3:
‘STEP 4.

CER R e vy
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STEP 5:

-

o!

DETERMINE OR-ESTIMATE RESERVOIR STORAGE (S) IN AC-FT AT TIME OF FAILURE.

DETERMINE PEAK FAILURE OUTFLOW (Qp'l)‘

QP:'

Wp=

-~

8
27

3
Wy VT Yo 5

Y

BREACH WIDTH - SUGGEST VALUE NOT GREATER THAN 40% OF DAM
LENGTH ACROSS RIVER AT MID HEIGHT.

Yo = TOTAL HEIGHT FROM RIVER BED TO POOL LEVEL AT FAILURE,

ESTIMATE REACH OUTFLOW (sz) USING FOLLOWING ITERATION.

A.
. B.

- €.

- pre
PR P T Py

APPLY Q p) TO STAGE RATING, DETERMINE STAGE AND ACCOPMANYING
VOLUME (V]) IN REACH IN AC-FT. (NOTE

SELECT. SHORTER REACH. )

DETERMINE TRIAL Opz.
- Qp, (TRIAL) = Qp, UI-%)

COMPUTE V, USING sz (TRIAL).
AVERAGE Vy AND V, AND COMPUTE sz

Op, = Op, L1~ %)

O RA N

p

e

A
(W o B

. FOR SUCCEEDING REACHES REPEAT STEPS 3 AND 4. °

AL RSATAS

USING USGS TOPO OR OTHER DATA, DEVELOP REPRESENTATIVE STAGE-DISCHARGE
"RATING FOR SELECTED DOWNSTREAM RIVER REACH.

IF Vy EXCEEDS 1/2 OF S,

APRIL 1978
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APPENDIX E
INFORMATION AS CONTAINED IN e
THE NATIONAL INVENTORY OF DAMS
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