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g DEPARTMENT OF THE ARMY
£ NEW ENGLAND DIVISION, CORPS OF ENGINEERS

i~.~ii424 TRAPELO ROAD
I WALTHAM, MASSACHUSETTS 02154

I QREPLY TO
ATTENTION OFgNEDED MAY 3 01980

A Honorable Richard A. Snelling
Governor of the State of Vermont
State Capitol

I Montpelier, Vermont 05602

Dear Governor Snelling:

j Inclosed is a copy of the Norton Brook Dam Phase I Inspection Report,
which was prepared under the National Program for Inspection of Non-
Federal Dams. This report is presented for your use and is based upon a
visual inspection, a review of the past performance and a brief
hydrological study of the dam. A brief assessment is included at the
beginning of the report. I have approved the report and support the
findings and recommendations described in Section 7 and ask that you

1 keep me informed of the actions taken to implement them. This follow-up
action is a vitally important part of this program.

r 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, the

r city of Vergennes, Vergennes, Vermont.

Copies of this report will be made available to the public, upon I
request, by this office under the Freedom of Information Act. In the

r case of this report the release date will be thirty days from the date

L of this letter.

r I wish to take this opportunity to thank you and the Department of
Water Resources for your cooperation In carrying out this program.

Sincerely,

mcl SHIE
As stated Colonel, Corps of Engineers

Iii Division Engineer
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NATIONAL DAM INSPECTION PROGRAM

PHASE I INSPECTION REPORT

Identification No.: VT 00102

Name of Dam: Norton Brook Damn

Town: Bristol

County and State: Addison County, Vermont

Stream: Norton Brook

Date of Inspection: 24 October 1979

BRIEF_____________________________ AS E SM N

1. Project Description

Norton Brook Damn is an earth embankment consisting of a
darn section and an immediately adjacent dike section. The two
sections are barely separated by a narrow natural rock outcrop
abutment. The dam and dike combined are about 597 feet long.

The dam se_ tion is 354 feet long and about 34 feet high.
The upstream slope is about 2.5H:1V and the downstream slope
is about 2H:lV. Top width varies from 4 to 8 feet. The abut-
ments of the dam are bedrock. The dam is set on a soil foun-
dation with a concrete core wall that partially penetrates the
foundation soils. Approximately one-half of the length of the
core wall has a sheet pile wall to bedrock beneath the core.

The dike section, to the left of the dam, is about 243 feet
long and 17 feet high. The upstream slope is about 2H:lV and
the downstream slope is about l.5H:lV. Top width is about 4
feet. All other features of the dike are similar to the dam,
except that no sheet piling was used under the core wall.

Normal pool elevation of 4 feet below the top of the dam
and dike is maintained by a single drop inlet spillway located
about at the midpoint of the dam section. This is the only
spillway for the dam.
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2. Significant Findings and Assessment

From a geotechnical standpoint, the dam is in POOR condition,
primarily because of the presence of sinkhole-like features up-
stream from the core wall of both the dam and dike. Also, numer-
ous large trees and brush cover all surfaces, a beaver pond
obscures observation of any potential seeps downstream of the
central part of the dam, and substantial settlement of the crest
relative to the core wall has occurred.

3. Hydraulic and Hydrologic Findings

The dam has adequate spillway capacity, because the test flood
does not overtop the dam. In accordance with recommended guide-
lines established by the Corps of Engineers, the dam is classifiedr
as SMALL in size and as having a SIGNIFICANT hazard potential.
Accordingly, a TEST FLOOD equal to ONE-HALF PMF (probable maximum
flood) was Judged as appropriate within the recommended range of
the 100-year flood to one-half PMF. The test flood does not over-
top the dam, but results in a minimum freeboard of about 2.2 feet.
Peak inflow for the test flood is 330 cfs. Peak outflow is 170
cfs. Total project discharge capacity at the top of the dam is
due only to the drop inlet spillway (outlet works assumed closed)
and is equal to 540 cfs, or 3187. of the test-flood peak outflow.

4. Recommended Action

WITHIN ONE YEAR after their receipt of this Phase I Inspection
Report, the Owner should implement the following recommendations:

a. All trees and brush should be removed from the surfaces
to a distance of 20 feet downstream from the toeline and
the surfaces kept mowed. The beaver pond downstream
should be removed. s

b. A registered engineer qualified in the design of dams
should be engaged to investigate the sinkhole-like
feature upstream of the dike and the depression up-
stream of the dam, to recommend how to fill tree
rootholes, to recommend repairs to the outlet structure
training walls, to inspect the dam after the surfacesI[ have been cleared and the beaver pond downstream has
been removed, and to make recommendations for monitoring
the seeps.

-2-
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[Additional recommendations and remedial measures that should
be implemented by the Owner WITHIN ONE YEAR after their receipt
of this Phase I Inspection Report are described in Section 7.

j GORDON E. AINSWORTH & ASSOCIATES, INC.

Kenneth J. Male, P.E.

* &LAND SURVEOR



This Phase I Inspection Report on Norton Brook Dam
has been reviewed by the undersigned Review Board members. In our
opinion, the reported findings, conclusions, and recommendations are
consistent with the Recommended Guidelines for Safety Inspection of
ps_, and with good engineering judgment and practice, and is hereby
submitted for approval.

ARAMAST MAHTESIAN, MEMBER
Geotechnical Engineering Branch
Engineering Division

CARNEY M. TERZIAN, MEMBER
Design Branch
Engineering Division

RICHARD 1)1 NO HARA
Water Control Branch
Engineering Division

APPROVAL RBCOMNED:
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PREFACE

This report is prepared under guidance contained in the

Recommended Guidelines for Safety Inspection of Dams, for Phase Ik

Investigations. Copies of these guidelines may be obtained from

the Office of Chief of Engineers, Washington, D.C. 20314. The

purpose of a Phase I Investigation is to identify expeditiously

those dams which may pose hazards to human life or property. The

assessment of the general condition of the dam is based upon avail-

able data and visual inspections. Detailed investigation, and

analyses involving topographic mapping, subsurface investigations,

testing, and detailed computational evaluations are beyond the

scope of a Phase I investigation: however, the investigation is

intended to identify any need for such studies.

In reviewing this report, it should be realized that the

reported condition of the dam is based on observations of field

conditions at the time of inspection along with data available6

to the inspection team. In cases where the reservoir was lowered

or drained prior to inspection, such action, while improving the

stability and safety of the dam, removes the normal load on the

structure and may obscure certain conditions which might otherwise

be detectable if inspected under the normal operating environment

of the structure.

Ii It is important to note that the condition of a dam depends

on nmserous and constantly changing internal and external con-
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ditions, and is evolutionary in nature. it would be incorrect

to assume that the present condition of the dam will continue to

represent the condition of the dam at some point in the future.

Only through continued care and inspection can there be any

chance that unsafe conditions will be detected.

Phase I inspections are not intended to provide detailed

hydrologic and hydraulic analyses. In accordance with the es-

tablished Guidelines, the Spillway Test flood is based on the

estimated "Probable Maximum Flood" for the region (greatest

reasonably possible storm runoff), or fractions thereof. Because

of the magnitude and rarity of such a storm event, a finding that

a spillway will not pass the test flood should not be interpreted

as necessarily posing a highly inadequate condition. The test

flood provides a measure of relative spillway capacity and serves

as an aide in determining the need for more detailed hydrologic

and hydraulic studies, considering the size of the dam, its

general condition and the downs tream damage potential.

The Phase I Investigation does not include an assessment of

the need for fences, gates, no-trespassing signs, repairs to ex-

isting ences and railings and other items which may be needed

to minimize trespass and provide greater security for the f a-

cility and safety to the public. An evaluation of the project

for compliance with OSHA rules and regulations is also excluded.
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d. Reservoir (length in feet)

1) Maximum Pool Length - Spillway Crest 1,040 +
- Top of Dam 1,060 +

2) Shoreline - Spillway Crest 3,570 +

- Top of Dam 3,640 +

e. Storage (acre-feet)

1) Spillway Crest 170

2) Top of Dam 233

3) Test Flood Pool 196

f. Reservoir Surface (acres)

1) Spillway Crest 14.7

2) Top of Dam 17.0

3) Test Flood Pool 15.7

g. Dam 
Dike

1) Type - Earth Earth

2) Length - 354 feet 243 feet

3) Height
Hydraulic Height - 34 feet 17 feet

Structural Height - 36 feet 22 feet

4) Top Width - Varies 4 to 8 feet 4 feet

5) Side Slopes
Upstream - 2.5H:lV 2H:IV

Downstream - 2H:lV 1.5H:IV

6) Slope Protection
Upstream - Rock Riprap Rock Riprap

Downstream - Vegetation Vegetation

7) Approximate Volume - 20,000 cubic yards 2,500 cu.yds.

8) Zoning - None known None known

41
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3) Computed Discharge - W.S. at Test Flood
Elevation

Outlet Works None
Ungated Drop Inlet Spillway 170
Gated Spillway N/A
Over Dam N/A
Total Project Same as Spillway

c. Elevation (feet - NGVD)

A note on the original design/construction drawings
(Appendix B2-1) indicates that the elevations on the drawings
are "referred to USGS Datum, mean sea level at Sandy Hook EL 0.00".
Comparing the drawing elevation shown at a point on Plank Road
where it is crossed by the Little Otter Creek (EL 310) and at
normal reservoir level (EL 410) with comparable points on the
USGS map (less than EL 280 and EL 381 respectively per Appendix
D-l), there is a 29-foot difference. Therefore, all elevations
used in this report are 29 feet less than those on the original
design/construction drawings in Appendix B and are in approximate
feet above mean sea level NGVD (National Geodetic Vertical Datum
of 1929).

1) Natural Streambed at Toe of Dam - Upstream 353 +
-Downstream 351 +

2) Lowest Foundation Surface (core wall bottom) 349

3) Core Wall - Bottom (lowest point) 349
-Top 384

4) Bottom of Cutoff (lowest point-cutoff only
exists under portion of dam) 319 +

5) Maximum Tailwater Unknown

6) Recreation Pool N/A

7) Flood Control Pool N/A

8) Normal Pool 381

9) Spillway Crest (ungated drop inlet) 381

10) Design Surcharge Unknown

11) Top of Dam and Dike 385

12) Test Flood Surcharge 382.8

* h1-7
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The drop inlet spillway is uncontrolled and wide open.
The water main intakes are partiall: open supplying water to
the 17 families still tapped into the otherwise shut-down trans-
mission main. The low level drain is closed. The 15-inch diameter
pipe supplying inflow from Rivers Brook Diversion Dam appears to be
valved off at the diversion dam, but its exact status is not clear.

Refer to Section 4 of this report for a complete discus-
sion of operation and maintenance procedures.

1.3 Pertinent Data

a. Drainage Area

1) Location - West central Vermont in northwestern
foothills of Green Mountain National
Forest.

2) River Basin - Tributary to Norton Brook, then to
Rivers Brook, to Little Otter Creek,
to Lake Champlain, to Richelieu River.

3) Shape - Roughly rectangular, about 2,000 feet by

2,400 feet.

4) Area - 0.155 square miles, or 99.4 acres.

5) Topography - Fairly steep wooded slopes averaging
25% slope. Elevations vary from EL 381
to EL 847.

6) Other - Additional inflow via 15-inch pipeline from
Rivers Brook Diversion Dam from its 0.976-
square mile drainage area.

b. Discharge at Dam Site (cfs)

1) Maximum Known Flood Unknown

2) Computed Capacity - W.S. at Top of Dam
Outlet Works

Spillway Outlet Conduit 540
Low Level Drain (normally closed) Not Estimated
Water Supply Intake (in minimal Unknown

use)
Ungated Drop Inlet Spillway 540
Gated Spillway None
Total Project 540 5

1-6
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g. Purpose of Dam

The dam was originally constructed to provide, and
did provide until 1972, an active water supply for the City of
Vergennes. Since 1972, the City has stopped using the reservoir
as its water supply and has drawn water from Lake Champlain.
There are 17 families who live along the route of the transmission
main to the City who are still tapped into the main and who use
raw water from the reservoir as their water supply. The City
would like to shut the transmission main down entirely, but the
17 families who still use the water have a suit against the City
trying to force the City to continue to provide them with water.

The City would like to sell the dam and reservoir, and/
or see it developed for recreation without the City's involvement.
Presently, a local fish and game club, who have a club building
and firing range in a field about 1,700 feet downstream of the
dam (see Photo C-13A), have a long-term lease on the approximate
10-acre parcel of ground occupied by the firing range and club
building. However, they have no lease or other rights on the dam
and reservoir.

h. Design and Construction History

The dam was constructed in 1935 for the City of Vergennes.
The designer was Barker and Wheeler Engineers, 36 State Street,
Albany, New York, who are no longer in business and the location
of whose files is unknown. The construction contractor was W. G.
Fritz Company, 69 Main Street, West Orange, New Jersey. The busi-
ness status of this firm and the location of its files are unknown.

and On June 21, 1942, part of the dike washed out, exposing
adundercutting the core wall. Repair work was done by a

Mr. Overacked of Burlington...". The whereabouts of this gentle-
man and of any records he may have of his repair work are unknown.
From one photo showing the repair work underway (Appendix B3-11),
it would appear that the core wall was extended deeper during the k
repair.

No other construction, modification, or major repair
are known to have occurred. Refer to Section 2 of this report
for a complete discussion of the design, construction and oper-
ation history, with selected plans and other engineering data

included in Appendix B.

i. Normal Operation Procedures

Since 1972 when the City of Vergennes stopped using the
dam and reservoir as an active water supply, the City has essen-

17 tially abandoned the operation and maintenance of the dam and
reservoir. Consequently, there are no current operation and

maintenance procedure,*

1': 1-5



c. Size Classification

In accordance with recommended guidelines (Reference 1),
Norton Brook Dam is classified as SMALL in size because its mnaxi-
mum height is 34 feet (within the 25 to 40-foot range), and also
because its maximum storage is 233 acre-feet (within the 50 to
1000-acre-foot range).

d. Hazard Classification

In accordance with recommended guidelines (References
1 & 18) involving urban development and economic loss, Norton
Brook Dam is classified as having a SIGNIFICANT hazard potential.
The dam is located in a predominantly rural or agricultural area
where failure could damage "no more than a small number of habit-
able structures" (approximately two), and do "minimal to appre-
ciable damage" to portions of a light-duty highway (Plank Road)
and to some agricultural land (along the Little Otter Creek).
There appears to be potential for future development in the haz-
ard area. Also, a dam failure would disrupt the water supply for
the 17 families along the water transmission main who still use
water from the reservoir. The dam failure analysis is developed4
in Section 5.5 of this report.

e. Ownership

Since its construction, the dam and reservoir have been
and are still owned by:

City of Vergennes
P.O. Box 169
Vergennes, Vermont 05491

Attention: Kenneth C. Thiess, City Manager
(802) 877-3637

The City also owns most, if not all, of the watershed,
including Rivers Brook Diversion Dam.

f. Operator

Day-to-day operation of the dam is the responsibility
of:

Carroll O'Connor, Supervisor of Public Works
(802) 877-3637
(Same address as Owner.)

1-4
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concrete spillway outlet conduit about 101 feet long through the
dam and core wall, discharging to Norton Brook, and having a
horseshoe-shaped cross-section 4 feet wide by 6 feet high.

On the upstream side of and integral with the spill-
way structure there is a concrete control tower and intake struc-
ture. Three valved intakes at different levels feed into a single
8-inch cast iron water supply pipe in the bottom of the valve
chamber under the control tower. The 8-inch pipe continues
through the valve chamber wall into the spillway outlet conduit,
where it is supported about half way up the conduit wall and
wrapped with insulation as it runs inside the conduit. Just be-
fore the outlet of the conduit, the 8-inch pipe goes through the
conduit wall into the'ground, and then increases to a 10-inch
transmission main, which continues cross-country about 6 miles
to the City of Vergennes.

Under the bottom of the intake structure, through
the bottom of the valve chamber, and discharging into the spillwayK
outlet conduit, there is a valved 14-inch diameter low level out-
let pipe.

2) Diversion Dam

In addition to receiving flow from a small natural
drainage area, Norton Brook Dam receives inflow (estimated at 7
cfs) from a small diversion dam located to the north on Rivers
Brook, via a 15-inch diameter concrete pipeline about 920 feet
long. Rivers Brook Diversion Dam consists of an earth embankment
about 170 feet long having a maximum hydraulic height of about 9
feet. Just short of the midpoint of the embankment, there is an
uncontrolled concrete ogee spillway 20 feet wide with a crest
elevation 3 feet lower than the dam crest. Plans of the dam and
reservoir are included as Appendices B2-7, B2-8, and B2-13. Also,
refer to Photos C-1lA, C-llB, and C-12A.

Normal reservoir surface at the spillway crest is
estimated as being only about 130 feet wide by 170 feet long. At
the dam crest, area is estimated as only 0.9 acre (170 feet wide
by 220 feet long), with maximum storage estimated at no more than
8 acre-feet based on a maximum depth of 9 feet. Since the maxi-
mum dam height is less than 25 feet, and the maximum storage is
less than 50 acre-feet, Rivers Brook Diversion Dam is not
included in the National Dam Inspection Program. The dam was
not inspected, but the data already cited is included in this
report for information only.

ii 1-3
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The popular name of the dam is the same as its official
name, Norton Brook Dam. The name of the impoundment is Norton
Brook Reservoir. The reservoir is aligned along a northeast-
southwest axis with the dam located at the southwesterly end.

The dam is built across Norton Brook, a tributary of
the Little Otter Creek. About 6,500 feet downstream from the dam,
the Little Otter Creek runs under the New Haven-Monkton Road and
then runs between two dwellings. The nearest downstream community
is Ferrisburg, population estimated at 150, located about 10 miles
downstream from the dam on the north side of ,the Little Otter
Creek. Ferrisburg is not an incorporated villa'ge, but is simply
a post office location together with houses and other structures.

b. Description of Dam and Appurtenances

1) Main Dam

Referring to the overview photo and the various
plans and photos in Appendices B and C, Norton Brook Dam is at
rolled and compacted earth embankment with a single spillway of
the drop inlet type. The tree-covered embankment consists of a
dam section, angled slightly upstream at about its midpoint
across a natural stream channel, and an adjacent straight dike
section. The dam and dike are barely separated by a narrow rock 4

outcrop abutment. The dam section is about 354 feet long by
about 34 feet high. The upstream slope is about 2.5H:lV and the
downstream slope is about 2H:lV. Top width varies from 4 to 8
feet.

The dike section, immediately to the left of the
dam, is about 243 feet long by about 17 feet high. The upstream
slope is about 2H:lV and the downstream slope is about l.5H:lV.
Top width is about 4 feet.

Both the dam and dike have a reinforced concrete
core wall that penetrates as much as about 12 feet below the
original ground surface, but does not reach bedrock. About half
of the length of the core wall in just the dam section on the end
toward the dike is supported on two rows of wooden foundation
piles with a row of steel sheet piling in between, all driven
to bedrock no more than about 30 feet below. The steel sheet
piling also acts as a cutoff. The thickness and type of foun-
dation soils under the remainder of the dam and dike are unknown.

The drop inlet spillway consists of a straight
uncontrolled weir crest on three sides of a covered rectangular
concrete spillway structure (22 feet total effective crest length)
located about 40 feet upstream of and connected via a service

fl bridge with the crest of the dam section at about its midpoint.
A vertical concrete transition drops about 23 feet into a closed

V 1-2
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NATIONAL DAM INSPECTION PROGRAM

PHASE I INSPECTION REPORT

NAME OF DAM: NORTON BROOK DAM, ID NO. VT 00102

SECTION 1

PROJECT INFORMATION

1.1 General

a. Authority

The National Damn Inspection Act, 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 res- '

ponsibility of supervising the inspection of dams within the
New England Region. Gordon E. Ainsworth and Associates, Inc.,
has been retained by the New England Division to inspect and
report on selected dams in the State of Vermont. AuthorizationII
and notice to proceed was issued to Gordon E. Ainsworth and
Associates, Inc., under a letter from William E. Hodgson, Jr.,
Colonel, Corps of Engineers. Contract No. DACW33-80-C-0012 has
been assigned by the Corps of Engineers for this work.

b. Purpose of Inspection

1) Perform technical inspection and evaluation of
non-Federal dams to identify conditions which
threaten the public, and thus permit correction

2) Encourage and assist the States to initiate
quickly effective dam safety programs for non-
Federal dams.

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

1.2 Descrip tion of Project

a. Location

Referring to the Location and Vicinity Maps at the begin-
£ ning of this report, Norton Brook Dar,' is located in West Centralii Vermont in the Town of Bristol, Addison County, about 6 miles

east of the City of Vergennes. The dam at its maximum section
is at Latitude 44 degrees -9.4 minutes North, Longitude 73 de-

-res 8.4 minutes Wet.

g144e1
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9) Impervious Core - Dam and dike have vertical
reinforced concrete cutoff wall,
I foot thick at top and 3 feet
thick at bottom, penetrates up to
12 feet below original ground under
dam and up to 5 feet below under
dike, but not to bedrock, supported
by two rows of wood piles in 120-
foot long section of dam only. No
pile support under dike.

10) Cutoff - Steel sheet piling in between wood piles in
120-foot long section of dam only. No cutoff
under rest of dam or dike.

11) Grout Curtain - None for'dam or dike.

12) Other - Concrete core wall under dike was extended
to greater depth during repair after washout
of dike in June 1942.

h. Diversion and Regulating Tunnel N/A

i. Spillway

1) Type - Upgated Drop Inlet.

2) Length of Weir - Two 8-foot weirs & one 6-foot weir,
22 feet total effective length.

3) Crest Elevation - w/o flashboards 381
- with flashboards N/A

4) Gates - None.

5) Upstream Channel - Not applicable, reservoir all
around.

6) Downstream Channel - Spillway discharges into vertical
concrete transition 23 feet deep,
then through dam via reinforced
concrete spillway outlet conduit
101 feet long with horseshoe-
shaped cross-section 4 feet wide
by 6 feet high, upstream invert
EL 358, downstream invert EL 355,
then into outlet channel to
Norton Brook.

I .
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j. Regulating Outlets

1) Low Level Drain

a) Invert - Intake EL 358, Discharge EL 358.

b) Size - 14-inch diameter.

c) Description - Cast iron pipe about 40 feet
long discharging to spillway
outlet conduit.

d) Control Mechanism - 14-inch spur gear gate
valve with handwheel in
valve chamber under control
tower.

2) Water Supply Intake

a) Inverts - EL 361, EL 369.5 & EL 378.

b) Size - 8-inch diameter.

c) Description - Three 8-inch cast iron intake
pipes at different elevations com-
bine in an 8-inch cast iron vertical
riser to bottom of valve chamber, then
through dam via 8-inch cast iron pipe
supported inside spillway outlet con-
duit, then undergzound changing to
10-inch cast iron transmission main
for about 6 miles to City of Ver-
gennes.

d) Control Mechanism - 8-inch gate valve on each
intake pipe with stem to floor
stand with handwheel in control
tower.

I
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SECTION 2

ENGINEERING DATA

2.1 Design Data

The dam was designed in about 1934 by Barker and Wheeler
Engineers, 36 State street, Albany, New York. This firm is no
longer in business, and the location of its files is unknown.

The dam and reservoir were part of the design for the entire
water supply system for the Owner. The Owner has a complete set
of prints of the design/construction drawings. Sheets pertinent
to the dam are reproduced at reduced scale in Appendix B2. In-
cluded are the original design/construction drawings for the dam,
revised design/construction details, and record drawings of con-
struction. The construction specifications are not available.

A review of the design/construction drawings indicates the
following geotechnical features that are of some concern:

a. The concrete cutoff wall did not extend to bedrock but
extended only a few feet beneath the original ground
surface. Thus, water can flow under the wall in all
locations except between Sta 0+21R and the left abut-
ment, where sheet piles to bedrock were driven.

b. Under a portion of the cutoff wall for the main dam,
Sta 0+21R to the left abutment, steel sheet piling with
wooden foundation piles on either side were driven to
rock to support the concrete wall. Thus, there is a
discontinuity in support of the cutoff wall at Sta 0+21R.

c. No information was given on the character of soils in

the foundation beneath the dike.

d. Apparently one row of wood piles was used to support
the outlet conduit. (See Appendix B2-9.) Thus, the
conduit forms a relatively rigid zone within the de-
forming embankment, which can lead to transverse crack-[ing due to differential settlements.

2.2 Construction Data

a. Initial Construction

The dam was constructed in 1935 under a PWA grant.
The construction work was done by W.G. Fritz Co., 69 Main Street,
West Orange, New Jersey. Telephone information has (201) 731-
0572 listed for a company of the same name. However, we were
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unable to make contact at this number. Therefore, the business
status of the original contractor and the location of his files
is unknown.

According to the Bid Summary Sheet in the Owner's files,
the Fritz Company's bid (second low bid) received on September
28, 1934 was $50,641 for Norton Brook Dam and $8,463 for Rivers
Brook Diversion Dam. Both dams appeared as single line items in
the total water supply system bid of $145,497.

Appendix B2-13 is a single sheet of record drawings
for construction of the dam. It is assumed that all revisions
to the design were noted and incorporated into these record
drawings.

The Barker and Wheeler Inspection Report of September
20, 1957 (starting on Appendix B3-3) contains some comments on
construction and history of the dam, as well as some photographs
of dam construction (Appendix B3-10). It is indicated in the
report that "... the earth embankment was carefully placed in
layers and compacted and rolled...", but that there were foun-
dation problems encountered during construction. Also described
at some length was the concern about seepage from the down-
stream toe during the year after dam construction. The July,
1936 drawing showing seepage locations, which is referenced in
the inspection report in the last paragraph on Appendix B3-4,
is included as Appendix B2-14- The other plans referenced in
the inspection report are also included in Appendix B2.

No other records on the actual construction of the dam
are known.

b. Modifications

On Appendix B3-7, there are references to a reported
raising of the spillway by as much as 16 inches. This reported
raising is cited as a possible contributing cause of the washout
of part of the dike on June 21, 1942. There are no known records
or details of any spillway raising. It is concluded that any
possible spillway raising was by means of flashboards and was
only temporary. The design/construction plans (Appendix B2-5)
show flashboard slots and sockets on the spillway.

No records of any other modifications to the dam are
known.

hce Repairs and Maintenance

After part of the dike washed out on June 21, 1942, the

damage was repaired. As noted on Appendix B3-7, the repair work
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was done by "... Mr. Overacked of Burlington..." The whereabouts
of this gentleman and of any records he may have of his repair
work are unknown. Appendix B3-11 shows photos of the washout
with repair work underway. It would appear from one of the
photos that the core wall was extended deeper as part of the
repair. No other records of the repair work are known.

From the inspection reports in Appendix B3, it is docu-
mented that brush and undergrowth were cleared off of the down-
stream slope of the dam in late September and early October, 1957.
Appendices B3-12 and B3-13 are photos of the downstream slope
taken just prior to the clearing. The clearing was dovie to allow
adequate investigation of settlement of the dam and of seepage
at the downstream toe, rather than as a normal maintenance pro-
cedure.

On a revised design/construction drawing, Appendix B2-12,
there is noted a field observation of May 6, 1959. It concerns
joint opening, leakage, and evidence of past repair at the joint
between the spillway structure and spillway conduit. No further
details of the repair are known.

No further records of past repair and maintenance work
are known to exist. Since the Owner has stopped using water from
the reservoir in 1972, they have done no maintenance work on dam
or reservoir.

d. Pending Remedial Work

The Owner has no plans for any pending remedial work.

2.3 Operation Data

a. Inspections

Only three inspection reports were found, and all are
included in Appendix B3. The Inspection Report of September 20,

I1957, by Barker and Wheeler Engineers (starting on Appendix B3-3)
is notable because it contains comments on construction and his-
tory of the dam and on problems associated with the dam. The

[ inspection report is accompanied by four pages of photos starting
on Appendix B3-10.

The last documented inspection of the dam appears to
have been on October 10, 1957. The short report is presented as
Appendix B3-14. The inspection was performed by John Cerutti,
Hydraulic Engineer, who apparently conducted the inspection on

behalf of the State of Vermont.
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b. Performance Observations

Barer ndOther than the observations on seepage made in the
Barer ndWheeler Inspection Report (see Appendix B3-3), there

are no other known records of performance observations. There
is no instrumentation in the dam.

c. Water Levels and Discharges

There are no known records of routine water levels and
discharges from the dam.

d. Past Floods

There are no known records of past floods at the dam.

e. Previous Failures

As noted in the Barker and Wheeler Inspection Report
(See Appendix B3-7), on June 21, 1942 part of the dike washed
out, exposing and undercutting the core wall. The report indicates4
that the exact cause of the failure has never been determined.
Photos of the washout with repair underway are included as Appendix
B3-11. No other records of this failure are known. This is also
the only known failure of the dam.

Mr. Carroll Blair, Commissioner of Public Works when the
failure occurred, has retired from the City's employ, but still
lives in the area. It was indicated by the Owner that Mr. Blair
would probably recall more details of the failure and subsequent
repair. We were unsucessful in contacting Mr. Blair during our
field inspection.

2.4 Evaluation

a. Availability

As listed on Appendix Bl, various engineering data and
records are available in the files of the Owner and of the Dam
Safety Engineer of the Vermont Department of Water Resources.
This data was reviewed, and copies of the records significant
to the dam are included in Appendices B2 and B3. Discussion of
the data starts at the beginning of Section 2 of this report.

b. Adequacy

Available data consisted of the design/construction
(drawings, the record drawings of construction, and several in-

spection reports. The design calculations, construction specifi-
cations, data on the foundation and embankment soils, and operation

and performance data were not available. The lack of such in-depth
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engineering data does not permit a comprehensive review. There-
fore, the adequacy of this dam could not be assessed with respect
to reviewing design, construction, and operation data.

Time permitting, it would be desirable to know more about
the construction procedures used in the dam. More data may be able
to be found by an in-depth search of the Owner's files. Also, it
is believed that the files of the original designer, Barker and
Wheeler Engineers, may have been taken over by, and may still
exist with, the engineering firm of J. Kenneth Fraser & Associates,
P.C., 600 Washington Ave., Rensselaer, New York 12144. The Con-
struction contractor, W. G. Fritz Co., may still be in business
in West Orange, New Jersey, and might have some records available.
Finally, an interview with the former Commissioner of Public Works
for the City, Mr. Carroll Blair, could provide some details on
the failure of the dike in 1942, as well as some construction
and experience data on the dam.

C. Validity

Based on field observation and checking, the data avail-
able appears to be valid. The only discrepancy noted is in the
length of the spillway outlet conduit. The design/construction
drawings show a length of 101 feet, and this is consistent with
the scaled length on the record drawings. One of the revised
design/construction drawings (Appendix B2-12) shows a length of
88 feet. The length of the conduit was not field checked due to
the amount of water flowing in the conduit. However, 101 feet
has been used as the length throughout this report.
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SECTION 3

VISUAL INSPECTION

3.1 Findings

a* General

Norton Brook Dam was inspected on October 24, 1979.
The inspection party (see Appendix A-i) was accompanied by two
representatives of the Owner, Mr. Kenneth Thiess, City Manager,
and Mr. Carroll O'Connor, Supervisor of Public Works. The
weather was overcast, with drizzle, temperature about 550 F.
The water surface was at about EL 381.2, about 0.2 of a foot
over the crest of the drop inlet spillway. The visual inspec-
tion checklist is included as Appendix A, while selected photos
taken during the inspection are included as Appendix C. Appendix
C-i is a photo index map. The Overview Photo at the beginning of
this report as well as several of the photos in Appendix C are
aerial photos taken from a helicopter on November 30, 1979.

This dam is in poor condition. Substantial downward
movements of the shells relative to the core wall are evident
along the crest. Trees cover the entire downstream slope, crest,
and upstream slope above the water level. A mushy zone exists
near the right abutment downstream from the toe. A beaver pond
downstream obscures seepage that may be occurring in some zones
downstream.

b. Dam

1) Main Dam (Between Right Abutment and Rock Outcrop)

a) Crest Movements 3

Downward movements of the crest of the upstream
and downstream shells relative to the central core wall have occurred
between Sta 0+50L and 1+30L. (Sta 0+900 is at the angle point in .
the dam). The settlements are about one foot along this entire
zone. The movements apparently were present in 1957, as may beI
seen on Appendix B3-12 (Barker and Wheeler Inspection Report) in
the top right photograph of the dam looking southeast. In a plan
view on Appendix B2-13 (record drawings of construction dated
January 1936) it is seen that the settlements have occurred along
the left half of the portion to the left of the angle point. The
depth to bedrock in this zone is about the same or less than it is
to the right of the zone that has settled. Therefore, it appears
that the foundation soils were most compressible in the zone near

the left abutment (i.e., near the rock outcrop).
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A depression on the upstream side of the core
wall was observed at Sta 1+50R. It is about I to 1.5 feet deep
and roughly 4 feet in diameter.

b) Seeps

On the natural ground just downstream from
the toeline from Sta 1+50R to the outlet structure (Sta 0+25R)
there is a wet and somewhat soft zone.

Downstream from the dam there is a beaver
pond which covers the downstream portion of the toe to the left
of the outlet structure. (See Photos C-2B and C-9A.) This pond
obscures any seeps that may exist in this zone and should there-
fore be removed to allow proper inspection.

Near the left abutment, where the beaver pond
does not cover the toe area, two seeps were observed. One is at
Sta 1+15L at the left abutment contact and is exiting about 3 feet
in elevation above the toe. It was running clear at less than 1/2
gpm. Photo C-9B shows this seep and the eroded area from which
it emerges. A second one is 8 feet to the right and is running
clear at about 2 gpm. Rusty colored staining has developed
downstream from both seeps. A soft zone about 15 feet by 15 feet
in size exists at and just above the downstream toe at about Sta
I+OOL. The seeps noted above run into this soft zone.

c) Trees
'I

The entire crest and downstream slope is
planted with white pine trees. (See photo C-2B.) Photos C-3A
and C-3B show the smaller trees that are nearer the crest and on
the exposed portion of the downstream slope. Photo C-4A shows the
trees and brush that are growing near the left abutment. PhotoC-4B shows the larger trees (10 to 12-inch diameter) that grow 'on the lower part of the downstream slope.

d) Miscellaneous Items
One animal hole, 6-inch diameter, was found in

the downstream face. Beavers have eroded paths over the dam, which

are sources of potential erosion due to overland flow. Although
the paths are well-developed, erosion has not developed significantly.

The riprap on the upstream face is overgrown[with brush and trees so that it is difficult to observe. However,
a detailed look indicates that most of the face is riprapped be-
neath the vegetation. Below the water level the riprap appears
to be in good condition.

3-2
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2) Dike (From Rock Outcrop to Left Abutment)

a) Crest Movements

At Sta 2+80L there is a sinkhole-like subsi-
dence on the upstream side of the core wall. The subsidence is
about 3 feet deep at the center, as shown in Photo C-1OA. It
occupies a 15-foot long zone along the core and reaches close to
the reservoir shoreline about 6 feet upstream.

On the downstream side of the core wall, be-
tween Sta 1+60L and 2+65L the crest has settled 1 to 2 feet rela-
tive to the core wall. Photo C-lOB shows this relative movement.
Mr. Kenworthy is standing on the core wall and the bottom of the
rule is on the crest. The side of the core wall is exposed at
many locations along this zone, which extends from the right
abutment (rock outcrop) to the middle of the dike.

The above-noted movements are in the zone
where a washout occurred in this dike in June 1942. The washout
is shown in two photos on Appendix B3-11 (Barker & Wheeler Report,
Sept. 20, 1957). This washout apparently was caused by water
flow under the core wall, which had not been carried to bedrock.
The core wall seems to have been extended deeper after the washout,
as shown in one of the photos, but it is not known what materials
remain beneath. It is significant that the core wall remained in-
tact after the washout, which means either (1) the water level in
the reservoir was too low to break the wall by the time the down-
stream shell had washed out, or (2) the core wall was able to with-
stand the pressure of the reservoir without the downstream shell
in place. There are no details available on the nature of the
repair in the washed-out zone.

In a series of photographs taken in September
1957 looking southeast (Barker & Wheeler, Sept. 20, 1957, and
included on Appendix B3-12), the second photo down on the left
shows the crest of the dike. It is evident in this photograph
that the crest of the downstream shell was lower than the top
of the core wall by about 1.5 feet in 1957, 15 years after the
repair of the washout. The settlement that has occurred since
1957 (22 years) apparently has been small compared with that
which occurred during the first 15 years.

b) Seeps

There were no seeps observed on the downstream
side of the dike. However, the area is so overgrown with brush,
grass, and trees that any seeps are virtually undetectable. Mr.
Robert Wheeler, in his letter dated September 20, 1957, (seeI.' Appendix B3-6) indicated that seepage at a rate of as much as
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about 14 gpm (20,000 gpd) was observed at the right abutment con-
tact in July 1936, prior to the washout. The dike was repaired
after the 1942 washout, and on Sept. 10, 1957, Mr. Wheeler re-
ported that the downstream shell was more saturated than he ever
recalled. A corrugated steel pipe apparently had been installed
at the toe of the dike to take the seepage. Neither the pipe nor
the seepage were apparent on the date of this inspection (October
24, 1979).

c) Trees

The slopes and crest of the dike were covered
with trees, grass, and shrubs similar to the main dam.

d) Miscellaneous Items

The riprap on the upstream face could not be
found between Sta 2+1OL and 2+80L. (The sinkhole-like feature is
at Sta 2+73L to 2+87L.) The remainder of the riprap appeared to
be present.

c. Appurtenant Structures

1) Intake Structure and Control Tower

The intake structure is just upstream of and integral
with the control tower. (See Photos C-2A and C-5A.) Most of the
intake structure is below the water surface and is not observable.
What could be inspected appeared in good condition. (Refer to
inspection checklist on Appendix A-5.)

The control tower is pictured in Photos C-2A, C-5A,
and C-bB. The inspection checklist is on Appendix A-6. Overall,
the control tower appeared in good structural condition. Vandals
have broken the windows and doors. In the cast-in-place concrete
valve chamber underneath the control tower, there is some efflor-
escence on the walls, but the concrete appeared sound and showed
no actual seeps. (See Photos C-7A and C-7B.) The water intake
piping and valves appeared sound, but rusted. The low level
and middle level intake valves appeared partially open. The
high level floor stand with handwheel has been broken off by I
vandals and thrown to the bottom of the valve chamber, where it
can be seen lying in the lower right of Photo C-7B. Photo C-7B
also shows the low level outlet in the center, a 14-inch spur
gear gate valve, and what are reported to be 4-inch valve chamber
drain valves, or backwater valves, with handwheels on each side.
The operable condition of all the valves is unknown.

f--
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2) Service Bridge

The service bridge is a concrete-decked walkway
sloping slightly upward from the dam crest over an intermediate
pier to the spillway structure. The flat top of the spillway
structure completes access to the control tower. (See Photos
C-2A, C-5A, and C-5B.) The inspection checklist is on Appendix
A-10.

Other than some of the supporting steel for the
bridge being rusted, the bridge is in good condition. Referring
to Photo C-6A, there is what appears to be ice damage to the con-
crete at the waterline on the legs of the intermediate pier. From
the design/construction drawings, Appendix B2-5, it appears that
the pier legs are steel H-columns encased in mesh reinforced con-
crete. The concrete encasement should be repaired.

Photo C-6B shows a crack about 3/4 inch wide across
the end of the service bridge at the abutment on the dam crest.
From the design/construction drawings, Appendix B2-4, it appears
that the service bridge rests on a seat cast into the top of the
core wall. The top of the core wall is shown extending upward past
the end of the bridge deck to be level with the deck, i.e., it
would be the concrete to the left of the crack in Photo G-6B. The
service bridge appears to be bolted tight to the spillway struc-
ture. Hence, any expansion, contraction, or other movement of
the service bridge has to appear in the crack at the abutment on
the dam crest. The crack should be watched and investigated
further to confirm its suspected function as an expansion joint.
If it is in fact an expansion joint, it should be filled with
an expansion joint material to prevent water entry and ice
action.

3) Spillway Structure

The drop inlet spillway structure is just down-
stream of and integral with the control tower. (See Photos C-2A
and C-5A.) There is a spillway weir on three sides of the struc-
ture, separated by corner posts, with the fourth side of the
structure common with the control tower and underlying valve
chamber. (See design/construction plans, Appendix B2-5.) The
inspection checklist is on Appendix A-9.

The spillway weir was difficult to inspect due to
flowing water. There appears to be minor spalling of the concrete
at the corner posts. Flashboard sockets and a metal weir plate as

j. indicated on the plans (Appendix B2-5) were not observed due to

the flow of water.
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4) SpiliwayTransition and Conduit

The spillway outlet conduit was difficult to
inspect due to flowing water, and the vertical transition shaft
was impossible to inspect for the same reason. The inspection
checklist is on Appendix A-7.

The spillway conduit contains a vertical crack on
the side walls about 26 feet upstream from the downstream end, as
well as near the center of the dam. These cracks may be due to
differential movement between the core wall at the center and the
concrete conduit. Also, the conduit may have settled differentially
if the pile support was insufficient.

5) Outlet Structure

The inspection checklist is on Appendix A-8, while
Photo C-8A shows the outlet structure and part of the training
walls. The training walls of the outlet channel have cracked and
tipped toward the channel at the top, apparently due to frost
action. (See Photo C-8B.) This process can be expected to lead
to collapse of segments of the wall.

d. Reservoir Area

There does not appear to be excessive reservoir sedi-
mentation. No potential landslide areas were noted around the
reservoir. Also, there does not appear to be any potential
hazard due to backwater flooding of the reservoir. No specific
detrimental features were observed that might cause excessive
alteration of the drainage area or increased inflow. There
appears to be a security fence (6-foot high wire topped with 1
foot of barbed wire) all around the dam and reservoir. However,
the fence is in poor condition with gaps that would allow easy
access.

e. Downstream Channel

Immediately downstream of the outlet structure the
discharge channel has been flooded by a beaver pond. (See
Photos C-2B and C-9A.)

For a map of the remainder of the channel, refer to
Appendix B2-1 as well as the Drainage Area Map, Appendix D-1.
Photo C-12B is an aerial view of the reservoir and channel
looking downstream, while Photo C-l3iL is the same area looking
upstream at the reservoir.
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About 800 feet downstream of the dam, the channel
(Norton Brook) crosses the access road to the dam. About 1,300
feet downstream, Norton Brook runs into Rivers Brook. About
1,700 feet downstream, Rivers Brook runs about 350 feet westerly
of a fish and game club building (seen in Photo C-13A), and then
at about 2,000 feet downstream, crosses under Plank Road. From
the dam down to Plank Road, the stream meanders and has brush
and trees growing all along its banks. No significant obstruction
to flow was observed.

About 3,000 feet downstream, Rivers Brook joins the
Little Otter Creek in a wide flat flood plain. This plain down-
stream of Plank Road can be seen toward the upper left corner of
Photo C-12B. The Little Otter Creek then meanders through a
narrow shallow valley until it crosses the New Haven-lMonkton
Road about 6,500 feet downstream of the dam. This channel can
be traced along the top of Photo C-12B with Photo C-13B looking
upstream at the intersection of Plank Road (top to bottom) and
the New Haven-Monkton Road (right to left). In the photo, note
the house trailer on the left and the house on the right of the
Little Otter Creek between the two roads.

3.2 Evaluation

a. The presence of the sinkhole-like feature on the up-
stream side of the core wall of the dike and the de-
pression on the upstream side of the core wall of
the dam should be investigated. The design of this
dam and the fact that a washout occurred previously
under the dike core wall both indicate that a similar
washout is still possible, particularly under the main
dam.

b. The large number of trees and the brush that have been
allowed to grow on this dam make it very difficult to
observe seeps or signs of movements on the downstream
side. The tree roots, although relatively shallow in
this case, can create flow paths. For these reasons
the slopes should be cleaned of all vegetation except
grass and kept that way to a distance of about 20 feet
downstream from the toe.

c. A monitoring program should be maintained for all seeps.

d. The operating condition of all the control valves should

be determined, particularly the low level outlet valve.

e. Concrete damage on the intermediate pier legs of the
service bridge should be repaired. Also, the crack at
the end of the service bridge at the abutment on the[ dam crest should be investigated and modified as a true
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rise from 1.1 to 6.1 feet deep, an increase of 5.0 feet, which
floods an area about 140 feet wide. Velocity of flow accelerates
about 3 times to 13 fps.

At Sta 20+00 near Plank Road and the fish and game
club building, peak flov,- increases about 45 times to 7,600 cfs
after about 20 minutes. This causes the water to rise from
1.4 feet to 4.0 feet deep, an increase of 2.6 feet, which floods
an area about 650 feet wide. The fish and game club building
appears to be outside the limits of flooding.

At Sta 70+00 near two inhabited structures, peak flow
increases about 43 times to 7,300 cfs after about 30 minutes.
This causes the water to rise from 1.2 feet to 3.4 feet deep,
an increase of 2.2 feet, which floods an area about 990 feet
wide. Velocity of flow accelerates about 2 times to 4 fps.
The two inhabited structures appear to be flooded to a depth
of 1 to 2 feet over their first floors due to the increase in
flow from the dam breach under test flood conditions.

The flood routing was not carried any further downstream
than Sta 70+00 because flood depths were already getting rela-
tively shallow. Also, downstream from Sta 70+00, there are wide
flood plains and a scarcity of dwellings near the Little Otter
Creek. The nearest downstream community of Ferrisburg is some
8.6 miles further downstream. Between Sta 70+00 and Ferrisburg,
it is estimated from a USGS map that there are only 4 structures
within 1,000 feet of the Little Otter Creek, and all off these
are more than 10 feet above the channel. Also, most of Ferris-
burg itself is 3,000 feet from the stream and no structure appears
to be less than 30 feet above the stream channel.

Thus, it appears that a major failure of the dam under
test flood conditions would impact at least two dwellings, pro-
bably damage portions of Plank Road, and flood some farmland next
to the Little Otter Creek. There appears to be potential for
future development in the impact area. Also, a dam failure
would disrupt the water supply for the 17 families that still
use water from the reservoir.

Since the peak outflow from the dam failure occurs
within the breach development time (i.e., at 16.74 hours within
the 16.42 to 16.92 breach development time), the peak outflow and
resulting impact area are due directly to the dam failure. They
are not due to the flood peak being routed through the breach
after the breach is fully developed.

A second dam breach was also modeled with the HEC-l
DB program and is listed last in Table 5.2 as DAM BREACH -NO
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the water surface reaches a maximum below the top of the dam
and peak flow approaches total project discharge due to the test
flood. It is the same as and is taken from the overtopping
analysis previously summarized in Table 5.1. Results are sum-
marized only at the more important downstream stations, while the
computer input and output for all stations starts on Appendix
D-11.

DAM BREACH - TEST FLOOD is a major sudden failure of
the dam under test flood conditions using the parameters pre-
viously discussed in Section 5.5a. Results are summarized in
Table 5.2 for all stations, with the computer input and output
starting on Appendix D-27.

From the computer listing and plot of the breach hydro-
graph on Appendix D-32 and 33, note that the standard calculation
interval selected (5 minutes =0.083 hours) was short enough to
permit the interpolated breach hydrograph at the standard time
interval to closely approximate the computed breach hydrograph.
Only the interpolated breach hydrograph is routed downstream.
Also, note that the breach time was long enough to include the
peak of the breach hydrograph.

c. Impact Evaluation

For a sudden major dam failure, DAM BREACH - TEST FLOOD,
the computed maximum water surface elevation for each downstream
station is tabulated in Table 5.2 and is plotted on each cross-
section beginning on Appendix D-22. The top widths of flow deter-
mined from each cross-section are tabulated in Table 5.2 and are
plotted on Appendix D-1 to define the limit of the impact area,
i.e., the limit of flooding or hazard due to the dam failure.
Also, the computed water surface is shown on the channel profile, '

The average velocity of peak flow (flow divided by total
flow area) is also listed in Table 5.2 for each downstream station

*for all failure cases. The flow area calculation is shown on
each cross-section plot starting on Appendix D-22 for only the
DAM BREACH - TEST FLOOD case.

Just prior to the dam breach, flow from the dam and at
downstream stations was approaching 170 cfs, the total project
discharge due to the test flood not overtopping the dam. Flow
at the first station 800 feet downstream was about 1.1 feet deep
at about 4 fps. Approximately 19 minutes (0.32 of an hour) after
the breach starts, peak outflow from the dam increases about 46

times to 7,800 cfs. This causes water 800 feet downstream to

V 5-10



TABLE 5.2

NORTON BROOK DAM

DAM FAILURE ANALYSIS

CONDITIONS - Same as Overtopping Analysis, Table 5.1
Start Routing at Spillway Crest Elev. 381, Dam Crest Elev. 385
Total Project Discharge Capacity at Dam Crest 540 cfs +

Due to Spillway only. Outlet Works Closed.

Time Approx. Max. Water Surface
Approx. to

Peak Peak Top Avg.
Flow Flow Elev. Depth Width Vel.

(cfs) (hours) (feet) (feet) (feet) (fps)

NO BREACH - TEST FLOOD
Total Project Discharge due to Test

Flood - Dam not Overtopped
Dam 170 16.58 382.78 27.8 -- --

Sta 8+00 170 16.58 349.1 1.1 60 4
Sta 20+00 Near Plank Road 170 16.75 339.4 1.4 230 3
Sta 30+00 170 16.83 334.5 1.5 175 3
Sta 37+00 170 16.92 334.0 3.0 20 4 7
Sta 70+00 Near Dwelling 170 17.08 279.2 1.2 240 2

DAM BREACH- TEST FLOOD
Start Breach W.S. at 382.78
Time of Failure = 16.42 hours
Breach Time = 0.50 hour
Breach Width = 90 feet
Breach Depth = 30 feet
Trapezoid, 0.5H : 1V side slopes

Dam 7,800 16.74 382.78 27.8 --- --

Sta 800 7,800 16.75 354.1 6.1 140 13
Sta 13+00 7,800 16.75 350.0 8.0 250 10
Sta 20+00 Near Plank Road 7,600 16.75 342.0 4.0 650 5
Sta 25+00 7,600 16.83 340.8 4.8 880 4
Sta 30400 7,700 16.83 337.3 4.3 1025 4
Sta 37+00 7,400 16.83 344.7 13.7 180 7
Sta 55+00 7,300 16.92 304.5 6.5 130 16
Sta 65+00 7,400 16.92 286.7 6.7 85 19
Sta 7000 Near Dwelling 7,300 16.92 281.4 3.4 990 4

DAM BREACH - NO FLOOD
Start Routing and Breach W.S. at

SpI Ilway Crest
Time of Failure = 0.0 hour
Same Breach Conditions as for Test Flood

Dam 7,100 0.33 381.0 26.0 --
Sta 20+00 Near Plank Road 6,700 0.42 341.8 3.8 645 5
Sta 7000 Near Dwelling 6,100 0.58 281.2 3.2 985 4
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call for breaching the dam when the water surface reaches the
dam crest due to the test flood, or reaches the maximum water sur-
face elevation due to the test flood when the test flood does not
overtop the dam. Since the test flood of one-half PMF does not
overtop the dam, the dam breach was allowed to begin when the
water surface reached the maximum elevation due to the test flood,
EL 382.78, about 2.2 feet below the dam crest. The inflow test
flood and the contents of the reservoir were routed through the
dam breach as the breach progressed. All other routing conditions
and test flood development were the same as for the overtopping
analysis previously discussed.

To model a sudden major dam breach, maximum breach
geometry was selected as follows: constant trapezoidal shape
with 0.5H:lV side slopes, breach width across the bottom of the
trapezoid equal to 40% of the length of the dam at mid-height
(225 x 0.4 = 90 feet), and a breach depth below the top of the
dam equal to 30 feet, which approximates a full depth failure
that would completely drain the reservoir. In addition, a mini-
mum breach time, or time for the breach width to progress the
full depth from the top to the bottom of the dam, of 0.5 hours
was selected to model a sudden failure.

The inputted cross-sections defining the downstream
channel reaches were developed from and are located on the USGS
map included as Appendix D-1. Hand plottings of the cross-sections
start on Appendix D-22, while Appendix D-26 is a profile of the
downstream channel. Normal depth channel routing was performed
by the HEC-l DB program using the Manning's n values for left
overbank, channel, and right overbank as listed on each cross-
section plot. The overbank points and the actual channel section
in between are only an approximation of the true natural channel.
This is because of the constraints of the small scale USGS map
that the cross-sections were developed from and of the limited
8-point cross-section accepted by the program. The third and
sixth point on each cross-section are defined as the overbank
points. Therefore, distinguishing between in-channel and overbank
flow cannot be done reliably by simple comparison of computed
water surface depth with the defined overbank points. It must
be done by judging the calculated quantity, depth, width, and
velocity of flow against the real channel cross-section and con-
figuration as it exists. All the cross-sections are the same as
those used for the downstream analysis without any dam breach as
referred to in Section 5.4g.

b. Results of Analysis

The results of the dam failure analysis using the HEC-l
DE program are summarized in Table 5.2. NO BREACH -TEST FLOOD4
approximates downstream conditions just prior to a breach, as
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TABLE 5.1

NORTON BROOK DAM

OVERTOPPING ANALYSIS

CONDITIONS- Total Drainage Area = 0.155 Square Mile
Plus Inflow from Rivers Brook Diversion Dam = 7 cfs
Start Routing at Spillway Crest Elev. 381, Dam Crest Elev. 385
Total Project Discharge Capacity at Dam Crest 540 cfs ±
Due to Spillway only. Outlet Works Closed.
Some Values Rounded from Computed Results.

TEST FLOOD
ONE-HALF PMF (a)

INFLOW

24-hour Rainfall (inches ) 10.5 (b)

24-hour Rainfall Excess (inches ) (c) 7.9 (d)

(cfs) 330
Peak Inflow (csm) 2,130

OUTFLOW

(cfs) 170
Peak Outflow (csm) I, I00

Time to Peak Outflow (hours) 16.58

Maximum Storage (acre-feet) 197

Max. W.S. Elevation (feet-NGVD) 382.8

Minimum Freeboard (feet) 2.2

Maximum Depth over Dam (feet) n/a

Duration of Overtopping ( hours) n/a

(a) One-half of full PMF total runoff, including base flow. For one-half PMF base flow 2 cfs
per square mile = 1 cfs ± for the land surface, plus 7 cfs diversion inflow.

(b) Approximation assuming total losses are the same as for the full PMF. Full PMF 24-hour rainfall1equals 18.5 inches.
(c) Rainfall Excess = Rainfall for the Reservoir Surface. For the rest of the drainage area, losses are

assumed to be 1.0 inch initially and 0. 1 inch per hour thereafter.
(d) Equal to one-half of Full PMF value. Full PMF 24-hour rainfall excess for the land surface

equals 15.9 inches.

It
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conservative standard lag time was used. The program uses the
inputted Snyder coefficients to solve by iteration for approxi-
mate Clark coefficients, which are then used to calculate the
runoff hydrograph.

For the reservoir surface making up Sub-area 2, loss
rates were set to zero so that rainfall would equal rainfall ex-
cess, or runoff. Assuming no delay in the rainfall/runoff res-
ponse, a constant unit hydrograph for a rainfall duration equal
to the HEC-I DB calculation interval was developed per Appendix
D-10 and inputted to the model.

f. Overtopping Potential

The results of the overtopping analysis using the HEC-I DB
program are summarized in Table 5.1. The overtopping analysis
computer input and output for the test flood of one-half PMF are
included starting on Appendix D-11.

As noted from Table 5.1, the test flood of one-half PMF
does not overtop the dam, but results in a minimum freeboard of
about 2.2 feet. Peak inflow for the test flood is 330 cfs, or
2,130 csm (cfs per square mile). Peak outflow is reduced sub-
stantially by reservoir routing to 170 cfs, or 1,100 csm, and
occurs about 17 hours after the start of the storm. The peak
portion of the inflow and outflow hydrograph for the test flood
(one-half PMF) is shown by the computer plot on Appendix D-16.
Total project discharge capacity at the top of the dam is due
only to the drop inlet spillway (outlet works assumed closed)
and is equal to 540 cfs, or 318% of the test-flood peak outflow.

g. Downstream Analysis

Not summarized in Table 5.1, but included in the
computer input and output starting on Appendix D-11 are the
results of normal depth channel routing of the flood outflow
through the downstream channel reaches. The downstream cross-
sections are located on Appendix D-1. The cross-sections and
routing methods are the same as those used for the dam failure
analysis in Section 5.5 of this report which follows immediately.
The calculations are used to approximate conditions downstream
just prior to a hypothetical dam failure as discussed in Section

* 5.5.

5.5 Dam Failure Analysis

a. Failure Conditions

In order to evaluate the downstream hazard, the flood
flow due to a major failure or breach of the dam was routed down-
stream using the HEC-1 DB program. Corps of Engineers' criteria
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area, the test flood selected for this evaluation was one-half PMF
(peak inflow 330 cfs, peak outflow 170 cfs, per Table 5.1).

The PMF event is that hypothetical flood flow produced
by the most critical combination of precipitation, minimum infiltra-
tion loss, and concentration of runoff that is considered reason-
ably possible for a particular drainage area.

e. Development of Test Flood

The U.S. Army Corps of Engineers Hydrologic Engineering
Center's Program HEC-l DB (Reference 3) was used to develop the
test flood hydrology and perform the reservoir routing. The
index PMP (probable maximum precipitation) inputted to the computer
model was 17.5 inches for a 24-hour duration all-season storm over
a 200-square mile basin, according to HMR 33 (Reference 4). Maxi-
mum 6-hour, 12-hour, and 24-hour percipitation for the actual
size of the drainage area (same for 10 square miles or less) were
inputted to the model as percentages of the index PMP in accordance
with HMR 33. A storm reduction coefficient was then applied in-
ternally by the program in order to transpose or center the storm
over the actual total drainage area. Thus, the corrected 24-hour
PMP for the actual total drainage area became 18.5 inches.

In accordance with accepted practice, floods as ratios
of the PMF (e.g., one-half PMF) were taken as ratios of runoff,
not of precipitation. The HEC-I DB program applies the ratio
to total runoff, including base flow. This method of applying
the ratio introduces an increasing error in base flow as the
ratio of the PMF gets smaller. However, this error was elimi-
nated by inputting twice the desired base flow to the full PMF,
so that one-half PMF, the test flood, would have the correct
base flow.

All precipitation was distributed by the program using
the Standard Project Storm arrangement of EM-1110-2-1411 (Refer-
ence 13), including the percentage distribution for the maximum
6-hour precipitation, and by both the arrangement and percentage
distribution from HYDRO-35 (Reference 6) for the maximum 1-hour
precipitation.

Appendix D-10 summarizes the sub-area, loss rate, and
unit hydrograph data inputted to the program. Only two sub-areas
were used. Sub-area 1 consists of all the drainage area around
the reservoir, and Sub-area 2 consists of just the reservoir
surface. For the land in Sub-area 1, loss rates were assumed
to be 1.0 inch initially and a constant 0.1 inch per hour there-
after. Snyder unit hydrograph parameters were assumed for average
conditions per Appendix D-10 and inputted to the program. A
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With the reservoir at the dam crest, EL 385, 4 feet over
the spillway crest, the total discharge from the dam is 540 cfs.
This is due solely to the drop inlet spillway. Also, with an
average discharge of 270 cfs over the 4-foot depth from the top
of the dam down to the spillway crest, it would take about 2.8
hours for the spillway to drain the 63 acre-feet of storage
between the top of the dam and the spillway crest, or about 0.7
of an hour per foot, all assuming no inflow.

c. Initial Conditions

The purpose of this analysis is to evaluate the dam and
spillway with respect to the adequacy of their surcharge storage
and spillway capacity. Accordingly, it was assumed that the
water surface was at the spillway crest at the start of the flood
routing. For all conditions, the low level outlet or drain pipe
was assumed closed, as it is normally, and the water main intakes
were also assumed closed, since the reservoir is no longer used
as an active water supply.

Since the exact status of the 15-inch diameter pipeline
from Rivers Brook Diversion Dam is not clear, it was assumed to
be fully open and discharging a constant 7 cfs to Norton Brook
Reservoir for the duration of the flood routing. Appendix D-9
shows the calculation of the 7-cfs inflow from the diversion
dam pipeline. The inflow is strictly a function of the hydraulic
capacity of the pipeline created by the difference in head be-
tween the water surfaces in the diversion dam and in the reser-
voir. For simplicity, the difference in head was assumed con-
stant throughout the flood routing and equal to the difference
when both the reservoir and the diversion dam were level with
their respective spillway crests. The 7 cfs was inputted to the
program as a constant base flow into the reservoir, Sub-area 2.

A constant base flow of 2 cfs per square mile to repre-
sent average conditions was also inputted for the land surface,
Sub-area 1.

d. Selection of Test Flood

Based on the dam failure analysis presented later in
Section 5.5, Norton Brook Dam is classified as having a signifi-
cant hazard potential (two dwellings, one road, and some farm-
land). Since the dam is also classified as small in size (see
Section 1.2c), recommended guidelines of the Corps of Engineers
(Reference 1) indicate a test flood in the range of the 100-year
flood to one-half PMF (probable maximum flood). Since the dam is
near the upper end of its small size range with regard to height,

* and since there is potential for future development in the hazard
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b. Discharge Capacity

The only spillway for the dam is a single drop inlet
structure. Referring to the design/construction plans in Appen-
dix B2, the spillway consists of a straight weir crest on three
sides of a covered rectangular concrete outlet structure (22 feet
total effective crest length by 3.5-foot high rectangular entrance),
a vertical concrete transition dropping about 23 feet, and a closed
concrete spillway outlet conduit about 101 feet long with 3 feet
of drop, and having a horseshoe-shaped cross-section 4 feet wide
by 6 feet high.

The discharge capacity of each of the three spillway
weirs was conservatively calculated assuming that its entrance
acted as a rectangular sharp-crested weir with end contractions
up to and including full entrance flow at 3.5 feet of depth., For
water depths greater than 3.5 feet, orifice flow through the en-
trance was assumed. Total spillway capacity was taken as the sum
of the spillway capacities of the three spillway weirs. The spill-
way capacity calculations are presented as Appendix D-5. With
water 4 feet over the spillway, the spillway discharges a total
of 540 cfs.

The approximate full flow capacity of the spillway out-
let conduit was calculated as 840 cfs per Appendix D-6. The cal-
culations are based only on Manning's Equation for open channel
flow with free discharge. Any reduction of capacity due to end
losses or high tailwater has been neglected. Similarly, any in-
crease in capacity due to pressure flow because of a head buildup
in the vertical transition has been neglected.

Taking the spillway crest at EL 381 and the dam crest
at EL 385, the spillway discharge computations are summarized on
Appendix D-7 and graphed on Appendix D-8. Total discharge from
the dam is the sum of the discharges from the drop inlet spillway
plus flow over the dam for the overtopping condition. Flow over
the dam was computed assuming critical flow over a rectangular
broad-crested weir with a level crest length equal to the total
length of the dam and dike. The crest elevation, length, approxi-
mate discharge coefficient, and exponent of head were inputted to
the HEC-l DB computer program (Reference 3). The formula used
for the calculation, as well as the results of hand calculation
at selected points, is shown on Appendix D-7.

When flow in the drop inlet spillway reaches the 840-
cfs full-flow capacity of the spillway conduit previously calcu-
lated, the spillway is considered to be controlled at that conduit
capacity for any greater water depths. Note that this does not
occur until the reservoir reaches EL 388, or 3 feet over the dam.
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According to USGS Water Resources Data (Reference 19), the
nearest stream gauging station is No. 04282600 located on a tri-
butary of the Little Otter Creek about 2 miles northwest of Bris-
tol, at Latitude 44 degrees - 08.73 minutes North, Longitude 73
degrees - 07.08 minutes West. The station is at a culvert under
Plank Road about 1.7 miles east of where it is intersected by the
access road to Norton Brook Dam, and about 3.6 river miles upstream
from the confluence of the Little Otter Creek and Rivers Brook.
The station has a drainage area of 1.48 square miles and a period
of record from 1964 to the present. The station is identified on
the Vicinity Map at the beginning of this report and is about 1.2
miles southeast of Norton Brook Dam.

According to NOAA Climatological Data for New England (Refer-
ences 20 and 21), the nearest climatological station is No. 0922,
Bristol 5 NNW, located near East Monkton about 5 miles north-
northwest of Bristol, at Latitude 44 degrees - 12 minutes North,
Longitude 73 degrees - 07 minutes West. The station is non-
recording, and temperature and precipitation observations are
made. Years of record start in about 1965. The station is
identified on the Vicinity Map at the beginaing of this report
and is located about 3.4 miles northeast of Norton Brook Dam.

5.4 Test Flood Analysis

a. Reservoir Storage

Using a bathymetric map of the reservoir from the
original design/construction plans (Appendix B2-2), supplemented
by existing USGS contour mapping (Appendix D-1) above the dam
crest, areas inside contour elevations were measured and the
capacity of the reservoir was calculated using the method of
conic sections. The calculations were done both by hand (Appen-
dix D-2) and by the H-EC-l DB computer program (Reference 3) with
resul', of computer calculation on Appendix D-14. Hand and com-
puter calculations agree, with the calculated volume for the 20
feet of reservoir below the spillway crest agreeing within 7%/ of
the volume reported on the design/construction plans (164 acre-feet
calculated vs. 153.4 acre feet or 50 million gallons reported).

Using the calculated values, elevation-area and elevation-
storage curves are presented on Appendices D-3 and D-4 respectively.
At the drop inlet spillway crest, EL 381, the reservoir has a surface
area of 14.7 acres and a total capacity of 170 acre-feet. At the
dam crest, EL 385, the surface increases to 17.0 acres and the
capacity to 233 acre-feet, or about 76 million gallons. Surcharge

s torage between the spillway crest and the dam crest amounts to
P 63 acre-feet, or about 7.6 inches of runoff from the 0.155 square-

mile drainage area. Therefore, the reservoir has a substantial
capacity to attenuate peak inflow.
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SECTION 5

EVALUATION OF HYDRAULICS AND HYDROLOGY

5.1 General

Norton Brook Damn is shown on the Location and Vicinity Maps
at the beginning of this report and on the Drainage Area Map,
Appendix D-1. The damn and reservoir are at the headwaters of

* Norton Brook in west central Vermont. About 1,300 feet downstream
of the dam, Norton Brook runs into Rivers Brook, which then joins
the Little Otter Creek about 3,000 feet from the dam. The Little

* Otter Creek then meanders northwesterly about 10 river miles to
Lake Champlain. Lake Champlain is drained by the Richelieu River
northerly into Canada.

The total drainage area at the dam is about 0.155 square miles,
of which about 0.023 square miles (14.7 acres), or 15%, is actual
reservoir surface at the spillway crest elevation. Being in the
northwestern foothills of the Green Mountain National Forest, the
topography is characterized by fairly steep wooded slopes averaging
25%.. Elevations in the drainage area vary from EL 381 to EL 847.

The reservoir can also receive additional inflow (estimated
at 7 cfs) via a pipeline about 920 feet long from Rivers Brook
Diversion Dam to the north. The total drainage area at the
diversion dam is 0.976 square miles, or over 6 times more than
the area naturally tributary to Norton Brook Dam.

5.2 Design Data

There are no known records of the hydraulic and hydrologic
criteria used in the original design of the dam and reservoir.
Other engineering data available, mainly the original design/
construction plans, are discussed in Section 2 of this report.

5.3 Experience Data

As noted in Section 2.3 of this report, there are no knownI.. records of routine water levels and discharges or of past floods
at the dam. On June 21, 1942, part of the dike did fail, but the
failure appears to have been by washout undercutting the core

wall due to deliberate reservoir raising rather than by dam over-
topping. Although not reported in the available engineering data,

[ a storm event may have contributed to the failure. What limited
U records there are of this failure are discussed in Sections 2.2c

and 2.3e of this report.
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The only maintenance currently being done is watershed
management. This is essentially tree thining work done by the
County Vocational Agency under an agreement with the City of
Vergennes. The City owns most, if not all, the property com-
prising the watershed of the dam and reservoir, including that
tributary to Rivers Brook Diversion Dam.

b. Operating Facilities

(Covered under preceding Section 4.2a - General.)

4.3 Evaluation

Operation and maintenance procedures for this dam do not
exist. There has been no effort to operate or maintain the dam
since 1972. Effective operation and maintenance procedures need
to be developed and implemented by the Owner in order to avoid
worsening deterioration of the dam. A reservoir regulation plan
should be developed as part of the operation procedures.

A warning system with an emergency action plan needs to be
developed by the Owner to insure proper and timely action during
critical periods.

_ _ _ _ _ _ _ _ _4-2
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SECTION 4

OPERATION AND MAINTENANCE PROCEDURES

4.1 Operation Procedures

a. General

Norton Brook Reservoir has not been used as a water
supply for the City of Vergennes since 1972. Since that time,
the City has drawn water from Lake Champlain. Since 1972 the
City has essentially abandoned the operation and maintenance
of the dam and reservoir. Consequently, there are no current
operation procedures for the dam and reservoir.

The drop inlet spillway is uncontrolled and wide open,
and is left that way. The high level, middle level and low level
water main intakes appear to be partially open. This allows the
17 families who live along the route of the transmission main,
and who are still tapped into the main, to use raw water from
the reservoir. The City would like to shut the water main
intake valves entirely, but the 17 families still using the
water presently have a suit against the City trying to force
the City to continue to provide them with water.

The 15-inch diameter pipe feeding the reservoir from
Rivers Brook Diversion Dam appears to be valved off inside the
outlet works at the Diversion Dam. However, the exact status
of this pipe and valve are not known. The valve could not be
inspected because the valve pit at the diversion dam was flooded
with water. The ogee spillway at the diversion dam is uncon-
trolled and wide open and discharges water to Rivers Brook, thus
bypassing water completely around Norton Brook Reservoir.

b. Warning System

There is no warning system in effect for Norton Brook
Dam.

4.2 Maintenance Procedures

a. General

Since the City of Vergennes stopped using water from
ji Norton Brook Reservoir in 1972, they have done no maintenance

work on the dam or reservoir. Consequently, there are no current
maintenance procedures for the dam and reservoir and their oper-

p [ ating facilities.
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expansion joint if that is its function as is now sus-
pected.

f. The crack in the spillway conduit about 26 feet from
its downstream end should be repaired. Continue to
watch the existing cracks and displacements in the
conduit for signs of change.

g. The cracked and tipped training walls of the outlet
channel should be repaired.

h. The beaver dam in the downstream channel should be
removed to eliminate ponding back to the downstream
toe.
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FLOOD. In accordance with Corps of Engineers' criteria, this is
a static, sunny-day failure, modeled with no inflow flood or base
flow, and with both routing and breaching starting at the spillway
crest at time zero. All other conditions, including breach geo-
metry, breach time, and downstream routing parameters are the
same as for the test flood dam breach. Downstream conditions
prior to failure are assumed to be zero flow, zero depth. There-
fore, the no-flood dam breach indicates the severity of a dam
breach flood unaffected by stream flood or base flow conditions.

Results for DAM BREACH - NO FLOOD are summarized in
Table 5.2 for selected stations, with the computer input and out-
put for all stations starting on Appendix D-39. At Sta 70+00,
where the two inhabited structures are located downstream of
the data, note that the no-flood breach causes a depth of flow,
i.e., an increase in depth over zero prior flow, of 3.2 feet.
This is more than the 2.2-foot increase (1.2 to 3.4 feet) due
to the test flood breach over prior no-breach, test flood dis-
charge conditions without overtopping. Most of the increase in
depth due to both breaches would probably be above the normal
channel banks. However, the test flood breach causes a higher
absolute maximum water surface elevation than the no-flood breach
(EL 281.4 versus EL 281.2) and a greater increase in flow (170
cfs to 7,300 cfs =about 7,100 cfs increase versus 6,100 cfs
increase for the no-flood breach). Therefore, the test flood
breach causes more severe flooding and poses a greater hazard
than the no-flood, sunny-day breach.
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SECTION 6

EVALUATION OF STRUCTURAL STABILITY

6.1 Visual Observations

The settlement of the crest relative to the core wall for
both the dam and the dike indicates either that the foundation
and embankment have compressed and/or that the embankment may
have settled after construction when it became saturated. The
fact that both shells have settled indicates that compression
is the more likely cause of the observed displacements. How-
ever, the sinkhole-like feature just upstream of the core wall
of the dike and the depression just upstream of the core wall
of the dam both indicate that erosion under the core wall may
be occurring intermittently.

6.2 Design and Construction Data

The design and construction data indicate that the core wall
could crack due to differential settlement. Within the dam, about
one-half of the length of the core wall is founded on piles and the
other half is founded on foundation soil. The discontinuity of
support leads to potential crac1 4->g.

For the dike the entire core is founded on soils of unknown
thickness and type. Thus, longitudinal differential settlement
of the core wall may be possible.

Also, the design data indicate that the left abutment of the
dam and the right abutment of the dike (i.e., at the rock outcrop)
are both quite steep. Such steep abutments lead to low stresses
within the dam in adjacent zones, which in turn could become the
focus of piping. There was no evidence seen that would indicate
that such piping is now occurring.

6.3 Post-Construction Changes

In June 1942 a washout of the dike occurred. The washout
was repaired by extending the core wall downward and replacing
the downstream shell. It is not known what happened to the up-
stream shell or what repairs were made. Nor is the present depth
of the core wall or the character of the downstream shell known.
A sinkhole-like feature now exists upstream of the core wall in
the dike, and the downstream crest has settled relative to the
core wall. Thus, it appears that some changes have occurred
since the washout was repaired. It is not known whether these

6-1
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changes took place quickly and stopped, or whether they are
occurring slowly. For these reasons, these observed features
must be investigated if this dam is to remain in operation.

6.4 Seismic Stability

This dam is in Seismic Zone 2 and, in accordance with
recommended guidelines, does not warrant seismic analysis.
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SECTION 7

ASSESSMENT, RECOMMENDATIONS, AND REMEDIAL MEASURES

7.1 Dam Assessment

a. Condition

From a geotechnical standpoint, Norton Brook Dam is in
POOR condition, primarily because of the presence of sinkhole-
like features upstream from the core wall of both the dam and
dike. Also, numerous large trees and brush cover all surfaces,
a beaver pond obscures observation of any potential seeps down-
stream of the central part of the dam, and substantial settlement
of the crest relative to the core wall has occurred.

From a hydraulic and hydrologic standpoint, the dam
has adequate spillway capacity, because the test flood does not
overtop the dam. In accordance with recommended guidelines es-
tablished by the Corps of Engineers, the dam is classified as
SMALL in size and as having a SIGNIFICANT hazard potential.
Accordingly, a test flood equal to ONE-HALF PMF (probable maxi-
mum flood) was judged as appropriate within the recommended range
of the 100-year flood to one-half PMF. The test flood does not
overtop the dam, but results in a minimum freeboard of about 2.2
feet. Peak inflow for the test flood is 330 cfs. Peak outflow
is reduced substantially by reservoir routing to 170 cfs. Total
project discharge capacity at the top of the dam is due only to
the drop inlet spillway (outlet works assumed closed) and is equal
to 540 cfs, or 318% of the test-flood peak outflow.

b. Adequacy of Information

This Phase I Inspection was based primarily on the
visual inspection and the hydraulic and hydrologic computations
performed, coupled with sound engineering judgement. Available
data consisted of USGS maps, the design/construction drawings,
the record drawings of construction, and several inspection
reports. The design calculations, construction specifications,
data on the foundation and embankment soils, and operation and
performance data were not available. The lack of such in-depth
engineering data does not permit a comprehensive review. There-
fore, the adequacy of this dam could not be assessed with respect
to reviewing design, construction, and operation data.

*[7
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c. Urgency

WITHIN ONE YEAR after their receipt of this Phase I
Inspection Report, the Owner should implement the recommendations
given in Section 7.2 and the remedial measures given in Section
7.3.

7.2 Recommendations

WITHIN ONE YEAR after their receipt of this Phase I Inspection
Report, the Owner should engage a registered engineer qualified
in the design of earth dams to do the following work:

a. Investigate the cause of the sinkhole-like feature
upstream from the core wall of the dike and the de-
pression just upstream of the core wall of the dam,
and make any necessary recommendations for repair.

b. Select proper material and procedures for backfilling
the surfaces of the dam and dike after removal of the
trees as recommended in Section 7.3.

c. Inspect the downstream face during and after the slopes
have been cleared of trees and brush and the beaver pond
has been removed, and make recommendations for monitoring
the seeps or making other necessary repairs.

d. Make recommendations for repair of:

1) the training walls of the outlet structure.
2) the cracks in the sides of the spillway outlet

conduit.
3) the repair of the concrete damage on the inter-

mediate pier legs of the service bridge.

e. Investigate the crack across the end of the service
bridge at its abutment on the dam crest. Make recommen-
dations for its modification as a true expansion joint
if that is in fact its function as suspected.

7.3 Remedial Measures

a. Operation and Maintenance Procedures

WITHIN ONE YEAR after their receipt of this Phase I
Inspection Report, the Owner should implement the following

operation and maintenance procedures:
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1) Cut all trees and brush from all surfaces of the dam
and dike to a distance of about 20 feet downstream
from the toeline. Remove roots of trees and place
a properly selected and compacted soil material
in the holes. Reseed with grass.

2) Keep surfaces of dam and dike mowed.

3) Remove beaver dam downstream from dam so that the
pond behind it will be drained away from the toe
of the dam.

4) Engage a qualified registered engineer to inspect
the dam annually and report his findings to the
Owner in writing.

5) Repair vandalism to outlet control tower.

6) Verify operating condition of all water intake
valves and low level drain valve.

7) Remove rust and paint steel supports and railings
on service bridge and piping in valve chamber.

8) Develop effective routine operation and mainten-
ance procedures.

9) Develop a monitoring and warning system with an
emergency action plan to insure proper and timely
action during critical periods.

7.4 Alternatives

The water level in the reservoir may be lowered sufficiently
so that the flood wave subsequent to any potential failure will
not cause loss of downstream life or property.
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VISUAL INSPECTION CHECKLIST
DAM INSPECTION

DAM Norton Brook Dam DATE October 24, 1979

ID NO. VT 102 TIME 0800-1200

TOWN Bristol WEATHER Drizzle, overcast, 550 F

COUNTY Addison W.S. ELEV. 381.2 UPSTREAM

STATE Vermont 355 DOWNSTREAM

INSPECTION PARTY RECORDER (X)

1. Kenneth Male, Gordon E. Ainsworch & Associates, Inc.

2. Thomas Bennedum, Gordon E. Ainsworth & Associates, Inc. 
X

3. John Kenworthy, Gordon E. Ainsworth & Associates, Inc.

Steve Poulos, Geotechnical Engineers, Inc. X

Kenneth Thiess, City Manager, City of Vergennes

6. Carroll O'Connor, Supervisor of Public Works

7. City of Vergennes

8.

9.

10.

PROJECT FEATURE/DISCIPLINE INSPECTOR REMARKS

H & H T. Bennedum

2. Geotechnical S. Poulos Dam & Dike

3. Structural T. Bennedum

4. Mechanical T. Bennedum-

5 Electrical None Not Applicable! 5.

1 6.
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2 VISUAL INSPECTION CHECKLIST

PROJECT Norton Brook Dam DATE Oct. 24, 1979

PROJECT FEATURE - NAME -

DISCIPLINE Geotechnical NAME S. J. Poulos

AREA EVALUATED CONDITION

DAM EMBANKMENT - MAIN DAM TO RIGHT OF ROCK OUTCROP. SEE "DIKE EMBANKMENT" FOR
PORTION TO THE LEFT OF RC K OUTCROP.

Crest Elevation M 385

Current Pool Elevation EL 381.2

Maximum Impoundment to Date

EI Surface Cracks Not observable.

GEI Pavement Condition None.

EI Movement or Settlement of Crest O+50L to 1+30L downstream and upstream
shells have settled 1 ft relative to

corewall. Crest narrow - forms peak
over corewall. At 1+50R there is a
depression upstream of core l to 1.5
ft deep and 4 ft dia.

El Lateral Movement Not observable.

GEI Vertical Alignment Not observable.

EI Horizontal Alignment Not observable.

'EI Condition at Abutment and at Concrete About 30 ft downstream from toe at
Structures right abutment is a wet, soft zone

from about Sta 2+50R to 1+15R.
GEI Indications of Movement of Structural Wing walls of outlet channel are tip-

Items on Slopes ped and cracked, probably due to frost

action.
GEI Trespassing on Slopes Free access. Grassed path on crest.

3 or 4 beaver paths transverse to
centerline from reservoir to pond down
stream from toe. Beaver paths are
eroded to dirt. One 6-in. animal hole

SS g o r n Son downstream slope.
Sloughing or Erosion of Slopes or See "Movement or Settlement of Crest."

Abutments

,E1 Rock Slope Protection - Riprap Failures Riprap appears to be present but so
overgrown that it is difficult to see.

El Unusual Movement or Cracking at or Near None observed.
Toe

Unusual Embankment or Downstream Seepage Wet and soft along toe between right
abutment and outlet structure. Sta
1+I'L, seop running clear at. ., CIm

I A-2
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VISUAL INSPECTION CHECKLIST

PROJECT Norton Brook Dam DATE Oct. 24, 1979

PROJECT FEATURE -_NAME -

DISCIPLINE Geotechnical NAME s. J. Poulos

AREA EVALUATED CONDITION

E- Unusual Embankment or Downstream at left abutment contact about 3 ft
Seepage (continued) elevation above toe. Seep runningclear at approximately 2 gpm, 8 ft

right of above seep. Rusty stains be-

low both. Sta I+OOL at downstream toe
up to 3 ft high there is a mushy zone
about 15 ft by 15 ft.

1EI Piping or Boils None observed.

EI Foundation Drainage Features None.

GEI Toe Drains None.

EI Instrumentation System None.

ArEI Vegetation Grass and planted white pines. Gen-
erally 10-in.-dia. on downstream slope
and 6-in.-dia. on crest and upstream

slope.

__ _A-3
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VISUAL INSPECTION CHECKLIST

3 PROJECT Norton Brook Dam DATE Oct. 24, 1979

PROJECT FEATURE -_NAME -

DISCIPLINE Geotechnical NAME S. J. Poulos

AREA EVALUATED CONDITION

DIKE EMBANKMENT - DIKE IS-TO LEFT OR ROCK UTCROP THAT FORMS LEFT ABUTMENT OF DAM.

Crest Elevation EL 385

Current Pool Elevation EL 381.2

Maximum Impoundment to Date Unknown

MEI Surface Cracks None observable.

GEI Pavement Condition None.

ZEI Movement or Settlement of Crest Sta 2+80L: 15 ft wide subsidence, up
to 3 ft deep at center, upstream of
corewall. Looks like sinkhole. Sta
1+60L to 2+65L downstream she.l has
subsided 1 to 2 ft below top of core-
wall. Cover over corewall is about 6".

-EI Lateral Movement Not observable.

GEI Vertical Alignment Not observable.

;EI Horizontal Alignment Not observable.

Condition at Abutment and at Concrete Abutments appear satisfactory.

Structures

GEI Indications of Movement of Structural No structural items.
Items on Slopes

-I Trespassing on Slopes Free access. No animal holes found.

GEI Sloughing or Erosion of Slopes or See "Movement or Settlement of Crest."
Abutments

II Rock Slope Protection - Riprap Failures Riprap not visible at Sta 2+80L to
2+10L. Remainder is overgrown but ap-
pears in satisfactory condition.

21 Unusual Movement or Cracking at or Near Not observable. Overgrown.
Toes

ZI Unusual Embankment or Downstream Seepage Not observable. Overgrown.

GEI Piping or Boils Not observable. Overgrown.

;EI Foundation Drainage Features None.

CI Toe Drains None.

TEI Instrumentation System None.

..EI Vegetation White pine up to ?-ft-dia.

A-4
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VISUAL INSPECTION CHECKLIST

1PROJECT Norton Brook Dam 0ATE Oct. 24, 1979 -,

I'NOJ[CT FEATURE Structural/H & 11 NAME T. Bennedum

DISCIPLIrW1 Geotechnical NAIE S. J. Poulos

AREA EVALATFD COD I T I OI

OUTLET WOPKS - IrlFAKE CHANEL AND
INiTAKE S TR-UCTURE

a. Ap)roach Channel

G I Slope Conditions N.A. f

GEl Bottomi Conditions Not observable. In reservoir.

dAI Rock Slides or Falls None.

Loq Boom None.

Debris None.

Condition of Concrete Lining Not observable. In reservoir.". '4

GEl )rains or Weep Holes N.A.

b. Intake Structure

Condition of Concrete Good

Stop Loqs and Slots No stop log;. Visible portion of bar
screen above water in fair condition.
Slots are rusted.

L!
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VISUAL INSPECTION CHECKLIST

I'ROJ[CT Norton Brook Dam DATE Oct. 24, 1979

IROJECT FEATU E Structural/Mechanical IAM1[ T. Bennedum

DISCIPLI[NE Geotechnical f1Af1E S- J. Poulos

APIA EVALUATED CON DI T I Otl

OW[LET WORKS - COITROL TOWER
1

a. Concrete and Structural Good. Brick work sound. Doors and
windows broken. Vandalism evident.

General Condition

Condition of Joints Good.

SI)al 1 i nq None observed.

Visible Reinforcinq None observed.

,ustinq or Staining of Concrete None observed.

Any Seepage or Efflorescence Efflorescence at const. joint 12' +

above valve chamber floor. Worst on
Joint Aliqnment lake side. No actual seeps. Good.

Unusual Seepaqe or Leaks in Gate None observed.
Chamber

Cracks None observed.

Rustinq or Corrosion of Steel Some on ladder, piping & valves.

h. flechariical and Electrical

Air Vents None

Float Wells None

Crane lfoist None

Elevator None

hlydraulic System None

Service Gates 3-8" valves w/valve stands &HW's. Low-
5/8 open, middle -2/8 open, high-stand

rnierqency Gates removed. Rusted. Fair.
One 14" gear valve w/HW. Operable conditia

Li qhtninq Protection System unknown. Rusted. Fair.
None

Eirr(lency Power System None

Si riflq and I i oh t i nq SyshInni None

A-6
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VISUAL INSPECTION CHECKLIST

PROJCT Norton Brook Dam DATE Oct. 24, 1979

PROJECT FEATURE Structural/H & H NAHE T. Bennedum

DISCIPLINE Geotechnical NIAME S. J. Poulos

AREA EVALUATED COND I T 104

OUTLET WOUIS - TRArJSITI()Il ArD CONDUIT -I
General Condition of Concrete Fair to good. Flowing water made

inspection difficult. Only could
Rust or Staininq on Concrete get to within 10' + of transition.

Spallinq None observed.
None observed.

Erosion or Cavitation None observed.

Cracki n About 26' upstream from end of
conduit, conduit is cracked along

Ali(nen t of fonol i ths-See A& B below. bottom and up sides. Apparent.
settlement. Minor seepage at crac .

AlIinment of Joints -See A & B below. Some evidence of repair w/grout at
at this crack and other joints.

NuJi)erinrl of lionoli ths- None. -

A. At 4.5' + long section through corewall,
conduit Has settled on either side, about
2.5" upstream and 1.5" downstream. Joints
have been grouted all around, and are tig it.
At downstream joint, appear to be 2 grout
pipes w/plugs set in invert, 1' + either
side of centerline.

B. At next two joints downstream (11.5' +)
sections) there appears to be minor
seepage and evidence of grout repair.

A-7
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APPENDIX B

Section B2

PLANS, SECTIONS, AND DETAILS

TABLE OF CONTENTS

Page

DESIGN/CONSTRUCTION DRAWINGS (1) - August 1934
General Layout - Sheet I of 17 B2-1
Plan - Sheet 8 of 17 B2-2
Profile and Sections - Sheet 9 of 17 B2-3
Details of Spillway - Sheet 10 of 17 B2-4
Miscellaneous Plans and Sections - Sheet 11 of 17 B2-5
Miscellaneous Details - Sheet 12 of 17 B2-6
General Layout, Profile and Sections -

Sheet 13 of 17 B2-7
Rivers Brook Diversion Dam, Plans and Sections
Sheet 14 of 17 B2-8

REVISED DESIGN/CONSTRUCTION DETAILS - February 1935
Spillway Foundation - Sheet A B2-9
Foundation for Corewall - Sheet B B2-10
Foundation for Corewall - Sheet B -

revised May 6, 1935 B2-11
Spillway and Conduit Construction - Sheet C -
May 1935, revised 5/6/59 B2-12

RECORD DRAWINGS OF CONSTRUCTION - Sheet 3 of 3 -

January 1936 B2-13

DRAWING OF DAM SEEPAGE LOCATION - July 1936 B2-14

(1) Original set consists of 17 drawings covering
the entire water supply system. Only those
drawings pertinent to the dam are included
herein.
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APPENDIX B

SECTION B1

LISTING OF LOCATIONS FOR AVAILABLE RECORDS AND DATA

a) Owner: City of Vergennes
P.O. Box 169
Vergennes, Vermont 05491

Attention: Kenneth C. Thiess
City Manager
(802) 877-3637

1) plans, sections, and details
2) construction bid summary sheet
3) record drawings
4) correspondence

b) Designer: Barker & Wheeler Engineers
36 State StreetAlbany, New York

(This firm is no longer in business)

c) Construction Contractor: W. G. Fritz Co.
69 Main Street
West Orange, New Jersey
(201) 731-0572
(per Tel. Co. information)
(Unable to confirm business status
and phone number).

d) Agency of Environmental Conservation
Department of Water Resources
Water Quality Division
Montpelier, Vermont 05602

Attention: A. Peter Barranco, Jr., P.E.,
Dam Safety Engineer
(802) 828-2761

1) correspondence

2) inspection reports
[3) some plans

iii
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APPENDIX B

ENGINEERING DATA

Section Description

B1 Listing of Locations for Available Records
and Data

IB2 Plans, Sections, and Details

B3 Copies of Past Inspection Reports and Data



VISUAL INSPECTION CHECKLIST

IPROJI.CI Norton Brook Dam DATE Oct. 24, 1979

PROJECT 1EArTIRE Structural NAME T. Bennedum

DISCIPLINE Geotechnical 14Ar4E S.J. Poulos

APFA FVAIATEI) COrID] io

OUTILET_ WI.K:S SERVICE. _IG_ Bridge appears bolted to spillway

a. Super Structure structure and cast into or on corewall.

Bearinqs Not observable on pier. Suspect none.

Anchor Bolts Bolts to spillway structure good
condition.

Bridoe Seat Not observable at pier. N.A. at abutmen

Lonqitudinal I1emijiers Good. Some rust on steel.

Underside of Deck Good.

Secondary Bracing Fair. Steel rusted.

Deck Concrete deck good condition.

Drainaqe System None. Drains over sides.

Rai 1 i nqs Sound steel pipe railings.
Paint flaked.

Expansion Joints None.

Paint All steel needs new paint.

b. Abutment & Piers

General Condition of Concrete Ice damage to pier concrete at waterline.
Concrete in abutments good.

Aliqnment of Abutment Good.

Approach to Bridgje Level from dam crest.

Condition of Seat & Backwall Crack at abutment on dam crest. Spill-
way structure abutment good condition.

A-10
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W VISUAL INSPECTION CHECKLIST

8 PR)ICT Norton Brook Dam DATE Oct. 24, 1979

PROJECT FEATRE Structural/ 11 & H NAMEL T. Bennedum

DISCIPLINE Geotechnical NA14E S. J. Poulos

AREA EVALUATED COtlDI T IOl
OUTI.ET WORKS - SPiLLWAY WEIR; APPROACH

ARID DISCHARGE -CHAUELS

a. Approach Channel N.A. Drop inlet spillway.

G General Condition N.A.

GEl Loose Rock Overhanginq Channel None

G Trees Overhanqinq Channel N.A.

Gr, Floor of Approach Channel Not observable

b. Weir and Training Walls Hard to inspect due to configuration and
flowing water.

General Condition of Concrete Good

Rust or Staining None observed.

Spalliing Minor spalling at inside corners of corner
posts.

Any Visible Reinforcing None observed.

Any Seepaqe or Efflorescence None observed.

I I Drain Holes

c. Discharqe Channel
Same as outlet channel. See

GLI General Condition page A-8

C- I Loose Rock Overhanging Channel

GEl Trees Overhanqinq Channel

G I Floor of Channel

Other Obstructions

fl A-9
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VISUAL INSPECTION CHECKLIST

I'POJLCT Norton Brook Dam DATE Oct. 24, 1979

PROJECT FEAlURE Structural/ H & H MJAMIE T. Bennedum

DISCIPLINE Geotechnical NAME S. J. Poulos

AREA EVALUATED CO) I T ION

OUTLET WORIS - OUTLET STRUCTURE ANI) Remains of old wooden door over end of

OUTLET CArUJL conduit evident.

General Condition of Concrete Fair.

Rust or Staining Some rust or staining w/mss growth.

Spalling Spalling and cracking at angle point
joints w/training walls. Minor erosion

Erosion or Cavitatioi in invert.

Visihle Reinforcinq Rebar visible at angle point joint w/righ
training wall.

Any Seepage or Efflorescence None observed.

Condition at Joints Good except at angle point joints w/train
ing walls.

GEl Drain holes N ne.

C I Channel

GFI Loose Rock or Trees Overhanging No rock. Trees abundant.
Channel

GEl Condition of Discharge Channel Fair condition. Wing walls are cracked

and tilted inward probably due to frost

action. Channel is fully vegetated.

Outlet runs into beaver pond downstream.

A-8
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30 OTA'IE T. ,AL1BA Z, N.Y.

September 24, 1957.

Mr. R.W. Thieme,
Commissioner of Water Resources,
Montpelier, Vt.

Dear Mr. Thieme -

I am sending you copy of a letter written to Vergennes.
I am going to St. Albans and will stop at Vergennes on the way,

to inspect the work which has been done in clearing the dovn-
stream face of the dam preliminary to making an investigaticn
of the saturation. j

I called Carroll Blair, Commissioner of Public Works, [
yesterday, and he told me that he already had a good start on'
the clearing - perhaps two-thirds done, so I will stop and see
it, and will let you know how soon it will be in condition to
have Mr. Cerutti meet me there for an inspection and discussic ..
as to the best method of continuing the investigation.

I am sending you _T--t~p of the Rutland report.

I will probably be in Brandon and "Rutland Wednesday or Thursday.
I expect to meet with the Selectmen in Brandon, and go over the
sewage disposal situation with Mr. Frank L. Rice, Commissioner of
Public Works at Rutland. Sincere ly,

Robert C.Wheeler

~ [RCW iwc

SE P 5 1957

;: .r'.;, '
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September 20, 1957

Hon. Alan W. 1'right, Mayor and
Board of Aldermen,

Vergennes, Vt.
i Gentlemen:

In accordance with your reouest as conveyed to me by City
Clerk, Eldon Griffith, on September 10th in the company of Public
Works Commissioner, Carroll .. Blair, I made an inspection of the
Norton Brook Dam ard Reservoir, having special reference to the
settlement of the dam and the seepage at the toe of the earth em-
bankment.

I found the situation serious, but apparently not of a nature

to demand emergency measures, but certainly one which vou].d not
permit of delay. V

I asked Commissioner Blair to clear all brush and undergrowth
from the dam so that comnlete inspection and investigation could be
made, clearing the entire site above the fence at the toe of the dam
and outside the fence to the corrugated culvert.

I suggested that the trees be left on the dam for the time
being, not because they should not be removed, but because they
would not interfere with the investigation, and because they should
be removed in such a manner as to cause as little damage to the
earth embankment as nossible.

In the construction of the dam, the earth embankment was
carefully placed in layers and compacted and rolled, and there
should not be any growth allowed on it, except a sod cover to prevent
washing by rain.

B83-3
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Hon. Alan W. Vright, #2 9/20/57

Undergrowth on the slopes of the dam prevents proper
inspection of the condition of the earthwork. This is particular-
ly troublesome now when it is necessary but impossible to ascertain
the exact condition of the embankment. Larger trees tend to
loosen the embankment through the extension of their roots and

* make it more porous, and less able to hord water and resist the
pressures against the dam.

The larger the trees grow, the more of a hazard they are,
particularly at times of high wind vhxen the roots must react and
move in conformity with the action and movement of' the tops, and
thus do further damage to the embankment. An extreme example vould
be a hurricane in which the trees were laid 'lat .,ith their roots
in the air and part of the embankment clinging to them.

It was understood from the beginning that this dam was dif-
ficult of construction and would require careul maintcr:ance, and
these matters have received a great deal of consideration over
since. However, it is some 22-years since the dam was built and
many of the people who were intimately connected with its con-
struction are no longer available for consultation.

I am sending under separate cover a set of five nians vhich
depict the salient noints of the structure, and include in this
memorandum a brief historical resume outlining the con :.ruction and
some of the investigations carried out as the reservoir went into
service.

The plans are as follows. Sheets 8 and 9 of the contract
drawings simply give the layout of the dam and reservoir as a unit,
with 9 indicating the sections through the dam.

Sheet C gives certain revised details of the spillway and
the conduit through the embankment and corewall which carries the
runoff, and serves as a housing for the pipe lines through the dam.

Sheet 3 is one of the sheets of record drawings which shows
in part the rock encountered and the piling driven. It will be
noted that the corewall detail under the high Dart of the dam, was
changed so as to locate the steel sheet piling under the center of
the corewall, while the coreall vas further supnorted by wooden
foundation piles driven to rock and on both sides of the steel
piling.

There is also a sheet dated July 1936 which indicates the
work done in investigating the source of water which anueared on
the surface just southeast of the white birch trees shortly after
the dam was completed. Two test pits were dug to the bottom of the

B3-4
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Hon. Alan W. Vright, #3 9/20/57

corewall at nolnts ooposite where the water vas observed on theslope downstream from the dam, and Derhaps 10-ft. south and east
of the white birches indicated on the plan.

Mfistory of the Dam

The dam was built in 1935 unrler P''A grant. At the doze of
this vor'k, before the final nayi!ierts were ultimcitely ar'oroved. a
thorough check was made, beginning in the Spring of 1936, to
asceitain vhether or not triere was any vater coming through ;ie daz.
Certain cnotations will be given from corresnondence, rangin"
throni-h th' y,-ar-, vich intlcate that thi - as unter conidcrt<
prior to the time wien the southeasterly end of the dam was vasced
out, and again after that break had been repaired.

The dam was built on a foundation that was not altoget,-r
satisfactory. This will be evidenced by the oresence of the steel
sheet Diling cutoff diaphragm, and the fact that the czrewall was
supported on wooden niles extending to rock.

During construction the foundation was observed to yield
slightly under the load, so wooden foundation piles w'ere installed
on both sides of the center line of the concrete cutoff 1:als, the
base of 6which was spread, where they were used, from a width ,_ abcut
36", to 6U/11

There were also a few places where slight seepage of water
was observed before the cam was built, but this was not serious and
did not at any time during our observation, armear serious, since
the water was not carrying any sediment with it which Iight tnd to
weaken the foundation or indicate any erosion of the earthvork after
the dam was built.

From le ter July 1, 1936 written by 'ir. 1heeler to i'r.

Harrington, Chairman of the Vergenres Walter Cozmmittee:

"As a result of this inspection, I feel that the
conditions do not give any grounds for uneasiness.
The seepage at the west end of the dam back of the
cement shed is negligible. The seeoage which had
occurred below the west end of the ledge at the
middle of the dam has been traced to its source in
fissures near the bottom of the ledge. It is not
carrying any material and gives no grounds for con-
cern, except that it should be watched.

"So long as you do not need the water and the water
does not carry any silt, there is no need to take
any steps to correct the situation. In addition,

j B3-5
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lion. Alan W. ',Jright, #4 9/20/57

it is quite likely that the fissures will silt up
in the course of time and the flow diminish or al-
together cease.

J "The one remaining location wvich might deserve further
thought iz the bubblingr of ",c'r out of the .rournA
which occurs near the white birch trees at the ea-,ter-
ly edge of ,he iedge. It mivt be remembered that this
snrirf! 1. s flo,,,inr, in the ni.tlral grounal snme fifteen
or twenty feet aay from the toe of the slope of the
dam embankment."

Letter July 2, 1936 from our ;e.r. Hall to W. E. Boothby whvro
had been Resident Engineer:

"The Insnection Division at Concord are inclined to
think that the water east of the i-,ite birches and
the ledge, may be coming uneer the coreeail. We
have examined the nit on the dry side of the corevall
and the water came in very slowly, to a deoth of
about 3-1/2 ft, and did not rise any further, al-
though there i'as a head of about 7-1/2 ft on the
reservoir side."

July 9, 1936, !.emo to 1.r. Wheeler from Mr. Hall:

In order to give opportunity to measure the fl, from this
source near the ,hite birches, a weir Dlate 1/8" thick and 12"1
long was set in concrete. The concrete sidevalls are 3" above the
top of the weir elate. It w-ras observed that at times the floI ove-_r
this plate was as much as 1/2", or about 20000 gpd. However, it
varied with the rainfall, rather than with the depth of water in the
reservoir.

July 1l), 1936, a letter from !'r. heeler to P'A inspect-ir
conveyed the information that no sediment was carried by any water
coming from this source, and it did not have any practical signifi-

cance. The communication said, however, that the condition should
be watched.

July 28, 1936, a letter from Mir. Harrington to this office
indicated that the flo. over the new weir which was installed on* July 8th, and by that time had been in operation some three weeks,
remained about 1/2", and after a rain increased to 3/A".

13
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C-4A Trees and brush on downstream slope of dam with left abutment
(rock outcrop )in the background -10/24/79

_I C-48 Trees on lower part of downstream slope of darn embankment
10/24/79
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C-3A Dam crest looking from sta 0 + 00 (angle point ) toward right
abutment. Note service bridge railing through trees - 10/24/79

b ,,

_ C-31 Upper part of downstream slope of dam embankment looking
from sta 0 + 50R toward left abutment - 10/424/79

C-3
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C-2A Control tower, crest and upstream slope of embankment
looking from upstream of right abutment - 10/24/79

C-211 Aerial view of dlownstream slope of embankment - 11l/30/79

C-2
_ C-2B Aerial view of dowmtr~aC -2p febnmet-1/07

____ ____ ___ ____ ____ ___ ____ ____ ___
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1 October 10, 1957

The undersigned and Donald Webster along with Robert Wheeler,

Mr. Frazier and Carroll Blair visited the Vergennes water supply

[dam and reservoir on October '10, 1957. The condition of the

dam is the same as reported by Robert Wheeler in reports we

I have received from him except that all the brush has been

cleared downstream of the dam. The downstream side of the dam

I has evidently dried out some since the brush has been cut off.

Mr. Wheeler asked Mr. Blair to have some holes bored on the

downstream side of the core wall about 50' apart to check the

I ground water level on the downstream side of the core wall.

S/ John E. Cerutti
Hydraulic Engineer
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Norton Brook Damr, Vergennes, Vermont - September 1957
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I Norton Brook Dams Vergerines, Vermont - September 1957
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Norton brook Darn, Vergennea, Vermont
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Ion. Alan W. .riht #7 9/20/57

In addition, the tce of the slove has become so saturated
that it has sluffed down for a considerable distance. 'towever,
the dam faces - both on Lhe unstream and the downstream side -

are so gro.n up to unrergrowth, shrubs, small trees, and even
sizable Dines, that it is iLLrosSible to form any judgicLrnt as to
the volume of water and where it comes from until these obstruc-
tions have been cleared away.

I have recommended to Mr. Blair that he Droceed at once to

clear out the smaller growth and mrw the grass and weeds, and I
.ill coiri' up and ir-pect it again.

A thorough investigation should be made as to the extent to
which the embankment material is saturated, so that steos can be
taken to have it 2ried out. At prescrt its rezintance to "'ny force
actin..- uon it . n '..een ar.reciab!y ... calrennd. "ae are investi-ating
similar conditions at present in connection w::ith a dam built of
concrete. The stability of the dam ohould be established before
any definite nressure is brought to bear on it. Test drillin!s
should be made, test pits dug, or both; and the zone and exten.
of saturation established.

I would app,'eciate it if the clearin, ,ere taken care of as
soon as r:)-ible, since I expect to be in Ver.ont next eek, and
would like to ;-e r. lair, and possibly met with the Board at
that tire. ;e co1 ' < e-l 'etermire the program to be followed.
I will let you know., i L: ." but it ,ill prob-bly be the r6i '6lc
of next vw ok.

It was expected that this letter would be accomnanied by a
considerable number cf pictures which illustrate thevariOUS points
raised. It has not been Dossible to secure these prints, and I will
try to bring them with me wen I come.

Sincerely,

RCWsmwc Robert C. Wheeler

Cc Mr. Blair

[I

B3-9

* A



Hon.. Alan W. ,right #6 9/20/57

July 8, 192 - Letter from Mr. Wheeler to !on. William E.
Larrow, Mayor:

"There is one point to which I wish to invite the
attention of yourself and the other officials, and
that is that an earth structure is of a perishable
nature and has to be maintained. .ith proper main-
tenance it should last indefinitely; hoever, your
dam has been allowed to grov, un to weeds, thistles,
berry bushes and even small trees. The effect of
tree roots in the dam is to tend to loosen the earth.

"The dam should be kept moved and inspected periodi-
cally for holes from settlement or erosion, or pos-
sible cracks that might form when the dam is drawn
down, or even holes ma6e by animals, and these should
be renaired promptly.
"When the dam is filled again, it should be carefully
inspected as the water level is raised.

"Weirs should be placed so that they will indicate the
flow of the sprinms imediately below the dam, as they
were before, and accurate readings should be made
periodically so as to detect any increase in flow. They
should also be so arranged that there vould be a pool
lined with concrete just behind the weir in which it
would be possible to detect immediately when any soil
or other material is being carried by the flov of the
water. These weirs should be placed as close as Dos-
sible to the noint of the outcropping of the water."

November 15. 194. - Letter from Mr. .heeler to George Stone, City
Clerk: "The dam should be properly maintained. It should not

be allowed to be overgrovwn with brush and observations
should be made at regular intervals of the amount of
water in the seepage below the dam."

From the foregoing, it will be seen that the amount of water
appearing at the toe of the slope on the dowmstream side of the dam
has been a matter of concern ever since the dam was constructed.

At the time of my recent inspection (September 10, 1957), I
found the embankment of the toe of the slope on the downstrean side
of the dam more saturated than I ever recall seoing it and the* 1flow at that noint seems to be greater. A corrugated Iron cuiv-rt
has been installed in the old stream bed below the dam.

B3-8



Hon. Alan W. Wright, #5 9/20/57

October 20, 1936, letter from Mr. Harrington to Mr.
Wheeler stated as follows:

"The water flow over the weir that Mr. "all ploced
on the snring at the outside of the dam, has not
been floiina ai fast as it did. I vould say thnt
the flo, is not over 1/3", perhaps 3/8". (This is
equivalent to about 13,000 gpd.)

On June 21st, 191+2 part of the southeasterly end of the au:;
to the south of the rock ledge washed out, exposing and undercutting
the corevail.

The exact cause of this washout has never been datermined,
but it seemed to be the result of a combination of factors which
included the nezlect of the condition of the dam slope!, and a
growth of vegetation on them, which prevented regular inspection
and maintenance. The renorted raising of the snilli-aY iztcreased
the pressures on the earthwork and subjected areas to flooding,
which had not been previously flooded.

If there had been holes made by rodents, these could well be
the source of the entrance of rater into. the earthwork. VegetationJon the bank would doubtless have prevented their being discovered.

In 1936 this particular location had been carefully investi-
gated and found to be sound and in excellent condition.

After the washout, the dam was repaired by the City which
hired Mr. Overacked of Burlington to carry out this vork.

June 27., 1912 - Extracts from memo of F. B. Hall to Mr. Vheeler,

"I inspected the dam very thoroughly. Of course

the downstream slope of the main dam is so over-
grown with grass and weeds that it is simply im-
possible to detect any seepage.

"The Mayor wanted to know if ve had received a
letter from Daniels stating that he wanted to

rraise the spillway 16-in. He said that Da,.iels
told him he had written us to that effect. I
told the Mayor I had not seen such a letter, and
if Daniels wrote it, we would like to see a copy."

- -B3-7
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---. C-5A Intake structure, control tower, and spillway - 10/24/79

12

I C-51 Control tower and swvice bridge - 10/24/79

I
I C-5

7-7-



C-ADmg ocnrt twtrioo nemdaepe nlf
sieo evc rig 0447

_ I C-611 Dramkaeto abutet terinbrde on ndia rest on 10e24t

sid ofsericebrige-644

I77



I

I
C-7A 8-inch diameter water intake

piping and valves ( high and inter-
mediate levels ) looking up inside[ valve chamber under control tower10/24/79

I

I

I

IC-7B Bottom of valve chamber under

I "control tower on side toward the
spillway. Note 14-inch spur gear

Iblow-off valve in center with the
valve chamber drain valves at

I .each side - 10/24/79

I
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C- A Outlet structure and channel with training walls - 10/'24/79
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point on right side - 10/24/A79
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I

_ [ C-9A Discharge channel (beaver pond) looking downstream from
outlet structure - 10/24/79I

[
I

I C-96 Seepage at sta I + 15L at left abutment contact about 3 feet
above toe - 10/24/79

i C-9
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I C-10A Sinkhole-type subsidence in
dike at sta 2 + 80L on upstream
side of corowall - 10/24/79

Ik

I C-1011 Settlement of dike crest on J

downstream side of corewall from
J sea I + 60L to 2 + 65L. Person is i

standing on corewall -10/24/79
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- I C-I 11 Intake structure and spilhway of Rivers Brook diversion dam
looking from opposite shore - 10/24/79
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I
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C-125 Aerial overview of reservoir and d@i~ looking downstream
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- IC-13A Aerial view of downstream area looking upstream at reservoir

in left background. In right foreground, note outlet stream
crossing Plank Road before road bend and access road to the
reservoir starting at road bend - 11/30/79

I
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I C-130 Aerial view of dowstream hazard at Intersection of Plank Road
and New Haven/Monkton Road looking upstream. Note channel
of Little Otter Creek and adjacent house and trailer - 11/30/79
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U.S. Army Corps of Engineers, September 26, 1979.

19. "Water Resources Data For New Hampshire and Vermont - Water
Year 1977", USGS Water-Data Report NH-VT-77-l, U.S. Geologi-
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I National Climatic Center, Asheville, North Carolina.

F-2



DATE

ILMED


