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DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION. CORPS OF ENGINEERS

, E REPY.T 424 TRAPELO ROAD
WALTHAM. MASSACHUSETTS 02254

~REPLY TO

ATTENTION OF: SEP

* NEDED

. Honorable William A. O'Neill
* Governor of the State of Connecticut

.- State Capitol
Hartford, Connecticut 06115

Dear Governor O'Neill:

Inclosed is a copy of the Lake Housatonic Dam & Dike (CT-00026 &
CT-01714) Phase I Inspection Report, prepared under the National

* IProgram for Inspection of Non-Federal Dams. This report is based upon a
visual inspection, a review of the past performance and a brief
hydrological study of the dam. I approve the report and support the
findings and recommendations described in Section 7 and ask that you

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

Copies of this report have been forwarded to the Department of Environ-
mental Protection, and to the owner, Connecticut Light & Power Co..
Copies will be available to the public in thirty days.

I wish to thank you and the Department of Environmental Protection for
your cooperation in this program.

Sncerely,

S-- Inl C. E. EDGAR, III
% As stated Colonel, Corps of Engineers

"Division Engineer
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NATIONAL DAM INSPECTION PROGRAM

PHASE I INSPECTION REPORT

Identification No.: CT 00026, CT 01714

N *~ Name of Dam: Lake Housatonic Dam and Dike

" Town: Derby-Shelton

County and State: New Haven-Fairfield, Connecticut

Stream: Housatonic River "

Date of Inspection: July 7 and 15, 1981

BRIEF ASSESSMENT

The Lake Housatonic Dam, formerly known as the Derby Dam, was

' completed in October, 1870 to facilitate river traffic on the Housatonic

River and supply water to nearby factories. The entire facility consists

of a 400-foot-long earthfill dike along the left bank (average crest El.

39.4 NGVD); a gatehouse at the left abutment that regulates flow into an

industrial water supply canal; a 675-foot-long by 23-foot-high spillway

section spanning the river; and a second gatehouse and boat lock at the

right abutment. The earthfill dike has a maximum height of approximately

10 feet and is 15 feet wide at the crest. The total height of the dam

from the downstream toe of the spillway section to the top of the

earthfill dike is approximately 40 feet.

5 ,' The left gatehouse contains three 8-foot by 8-foot gates that may be

operated manually or with a portable device that is driven by an electric

motor. Discharge from the gatehouse flows through a canal, paralleling

. .the river, before it is returned to the Housatonic River approximately

2,230 feet downstream. The spillway section is curved in plan and has an

average crest elevation of approximately 23.7 (top of flashboards El.

25.2). The downstream face of the spillway is concave and terminates at

5, "an apron. The gatehouse and boat lock, located at the right abutment,

a regulate flow into a canal which is approximately 80 feet wide and 3,200

S feet long. An emergency spillway, located adjacent to the spillway

-6 %



section and extending 145 feet downstream from the gatehouse, discharges

excess flow from the canal into the river. Approximately 1,680 feet

downstream of the gatehouse, in the left bank of the canal, is a lock

system consisting of three gates which leads back to the Housatonic

'" River. The canal is formed by an earthfill embankment on the left side

and a vertical concrete wall, which retains a railroad embankment, along

the right side.

- [The visual inspection of the Lake Housatonic Dam indicated that the

* .. structure is in fair condition. Deterioration of the right abutment, as

evidenced by seepage through the masonry joints and the missing stone

blocks near the spillway dam flashboards, may adversely effect the

integrity of the abutment and the spillway section by permitting water to

enter the interior of the structures. In addition, erosion; the growth

of trees and brush; the lack of riprap slope protection; and the absence

of protective ground cover on the dike adjacent to the left gatehouse

.' ' will promote the deterioration of the embankment and ultimately diminish

.* the stability of the structure if allowed to continue. The site also

U lacks the means to drawdown the impoundment.

The Lake Housatonic Dam has a top of the dam storage capacity of 10,900

-* Jacre-feet (ac-ft), is approximately 40 feet in height, and is considered

to be INTERMEDIATE in size. The failure of the dam could cause the loss

4of more than a few lives; therefore, the dam has been classified as

having a HIGH hazard potential. The test flood for the Lake Housatonic

. .Dam is the Probable Maximum Flood (PMF). The peak inflow is 252 cubic

feet per second per square mile (cfs/sg. mi.) or 396,000 cubic feet per

% second (cfs) and the peak outflow is 394,000 cfs. The capacity of the
spillway dam, with the water surface at the top of the dam, is 155,500

cfs or 39 percent of the routed test flood outflow. During the test

flood the dam will be overtopped by 7.5 feet.

It is recommended that the owner retain the services of a qualified

registered professional engineer to investigate those areas where

deterioration of masonry was found and institute corrective measures;

-T
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investigate the downstream toe of the spillway section; restore the dike

" "along the left side of the impoundment; ascertain the need for and the

means to provide drawdown of the pool; perform a detailed hydrologic

IL hydraulic investigation to assess the potential of overtopping the

spillway, dike, and abutments; determine the effect of the silt layer

covering the upstream face of the spillway section on the stability of

the structure; and develop a program for the possible utilization of the

- existing canal systems as low level outlets.

The recommendations and remedial measures outlined above and discussed in

Section 7 should be instituted within one (1) year of the owner's receipt

of this report.

.REYNOLD

VReynid A. Hokenson, P.E.

.S.

" "Project Manager

,.. .. , International Engineering Company, Inc.
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PREFACE

This report is prepared under guidance contained in the Recommended

q IGuidelines for Safety Inspection of Dams, for Phase I Investigations.

Copies of these guidelines may be obtained from the Office of Chief of

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

Investigation is to identify expeditiously those dams which may pose

* .hazards to human life or property. The assessment of the general

condition of the dam is based upon available data and visual

S-inspections. Detailed investigation, and analyses involving topographic

mapping, subsurface investigations, testing, and detailed computational

evaluations are beyond the scope of a Phase I investigation; however, the

" .. investigation is intended to identify any need for such studies.

In reviewing this report, it should be realized that the reported

condition of the dam is based on observations of field conditions at the

-. time of inspection along with data available to the inspection team. In

cases where the reservoir was lowered or drained prior to inspection,

such action, while improving the stability and safety of the dam, removes

", the normal load on the structure and may obscure certain conditions which

-. might otherwise be detectable if inspected under the normal operating

environment of the structure.

4. It is important to note that the condition of a dam depends on

numerous and constantly changing internal and external conditions, and is

4. . 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 be detected.

-I Phase I inspections are not intended to provide detailed hydrologic

and hydraulic analyses. In accordance with the established Guidelines,

. the Spillway Test flood is based on the estimated "Probable Maximum

Flood" for the region (greatest reasonably possible storm runoff), or

fractions thereof. Because of the magnitude and rarity of such a storm

%I
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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 aid in determining the need for more detailed hydrologic and hydraulic

studies, considering the size of the dam, its general condition, and the

downstream damage potential.

The Phase I Investigation does not include an assessment of the need

for fences, gates, no-trespassing signs, repairs to existing fences and

railings and other items which may be needed to minimize trespass and

provide greater security for the facility and safety to the public. An

:evaluation of the project for compliance with OSHA rules and regulations
is also excluded.
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NATIONAL DAM INSPECTION PROGRAM

PHASE I INSPECTION REPORT

LAKE HOUSATONIC DAM AND DIKE

SECTION 1: PROJECT INFORMATION

1.1 GENERAL

a. Authority - Public Law 92-367, August 8, 1972, authorized the

Secretary of the Army, through the Corps of Engineers, to initiate a

National Program of Dam Inspection. The New England Division of the

Corps of Engineers has been assigned the responsibility of supervising

the inspection of dams within the New England region. International
. *.. Engineering Company, Inc., has been retained by the Corps' New England

Division to inspect and report on selected dams in the State of

Connecticut. Authorization and notice to proceed were issued to

International Engineering Company in a letter dated June 18, 1981, from

William E. Hodgson, Jr., Colonel, Corps of Engineers. Contract No.

DACW33-81-C-0015 has been designated by the Corps for this work.

b. Purpose of Inspection Program - The purpose of the program are

to:
S.1

(1) Perform technical inspections and evaluations of

non-Federal dams to identify conditions requiring

correction in a timely manner by non-Federal interests.

(2) Encourage and prepare the States to quickly initiate

. -effective dam inspection programs for non-Federal dams.

>; l %-
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(3) Update, verify, and complete the National Inventory of

Dams.

c. Scope of Inspection Program - The scope of this Phase I

Inspection Report includes:

(1) Gathering, reviewing, and presenting all available data as

can be obtained from the owners, previous owners, the

state, and other associated parties.

(2) A field inspection of the facility detailing the visual

condition of the dam, embankments, and appurtenant

structures.

(3) Computations concerning the hydraulics and hydrology of the

facility and its relationship to the calculated flood

. through the existing spillway.

(4) An assessment of the condition of the facility and

" . corrective measures required.

It should be noted that this report does not pass judgment

on the safety or stability of the dam other than on a visual basis. The

purpose of the inspection is to identify those features of the dam which

need corrective action and/or further study.

1.2 DESCRIPTION OF PROJECT

-" a. Location - The dam is located on the Housatonic River on the

border of Shelton and Derby, Fairfield-New Haven Counties, Connecticut.

The Lake Housatonic Dam is the last dam on the Housatonic River before

the confluence of the Housatonic and Naugatuck Rivers. The location of

the dam is defined by the coordinates latitude N 41019.51 and longitude

4 IW7306.2' on the Ansonia, Connecticut, USGS Quandrangle Map.

t1-2
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b. Description of the Dam and Appurtenances - The Lake Housatonic

' Dam consists of a 675-foot-long spillway section which is curved in plan;

a 400-foot-long earthfill dike along the left bank of the impoundment

. U extending upstream from the spillway section; and two canals located

along both banks of the Housatonic River projecting downstream of the

"[ '" dam. Flow into the canals is regulated by the impoundment's outlet works

located in the gatehouses at the abutments of the spillway section. The

total height of the dam from the downstream toe of the spillway section

to the top of the earthfill dike is approximately 40 feet.

The main spillway section (Average Crest El.23.7 NGVD) is a

675-foot-long and 23-foot-high cut stone and concrete structure that is

arched in plan. (Note: All elevations are referenced to the National

Geodetic Vertical Datum). The spillway crest is a 8-foot-wide slab with

1.5-foot-high flashboards. The upstream slope of the dam was measured to

be approximately lV:4H. The concrete downstream face of the spillway
section is concave and terminates at an apron. Both spillway abutments

are composed of vertical stone masonry walls, which also form part of the

gatehouse substructure. The top of the left abutment is at El. 35.87 and

the elevation of the right abutment is 33.91.

The earthfill dike along the left bank of the impoundment is

approximately 400 feet long and has a maximum height of 10 feet.

Measurements of the upstream and downstream slope yielded slopes of

1.5H:lV and 1.2H:lV, respectively. The crest width of the dike is

-" I: approximately 15 feet (crest elevation varies from El. 38.9 to

El. 39.8).

The masonry gatehouses located at the abutments of the main

,y spillway regulate flow into the canals. The canal along the left bank of
-i the Housatonic River serves primarily as a source of industrial water.

Flow into the left canal is controlled by three 8-foot by 8-foot gates.

S.' The gate hoist mechanisms, contained in the gatehouse superstructure, may

be operated manually or by an electrically driven portable gate

operator. The canal is approximately 40 feet wide by 2,230 feet long and

__ 1-3
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is formed by vertical masonry side walls (Canal Invert at the gatehouse

is El. 13.87). Flow in the canal passes through four 8-foot diameter by

300-foot-long corrugated metal conduits approximately 1,450 feet from the

U. gatehouse where the canal intersects Roosevelt Drive. At the end of

these conduits the canal is again an open channel which is parallel to

Roosevelt Drive. An overflow weir, approximately 400 feet downstream

from the 8-foot diameter conduits defines the end of the canal.

-mDischarge from the canal can occur over the weir; through the gated

outlet at the weir; or through one of the three industrial water intakes

. *.*. adjacent to Roosevelt Drive. Flow over the weir passes through a

6-foot-high by 9-foot-wide masonry culvert under Roosevelt Drive before

the confluence of the canal and the Housatonic River is reached, 80 feet

from the overflow weir.

The canal parallel and adjacent to the right bank of the Housatonic

River originally served to divert boat traffic through a series of locks

around the Lake Housatonic Dam. The canal is formed by a concrete wall

which retains a railroad embankment on the right side and an earthfill

dike on the left side. The earthfill dike is approximately 1,700 feet

long; 20 to 25 feet high; and is 15 feet wide at the top. The upstream

V face of the dike is faced with stone and sloped at about IV:lH. Flow

into the canal is reguated by five gates located in the gatehouse

adjacent to the spillway section (Canal Invert at the gatehouse is El.

10.71). These gates may be operated manually or with an electric motor

which may be engaged through a series of belts and friction clutches with

* o' the gate hoist stems. The water level within the canal is maintained at

a constant level by a 145-foot-long spillway (crest El. 21.79) that

extends parallel to the river and is located downstream of the

gatehouse. The canal spillway crest has been raised to El. 22.59 through

the addition of an 0.8-foot-high flashboard. Flow over the canal

spillway crest plunges vertically approximately 20 feet to the floor of

the Housatonic River. The canal level may be lowered by opening the

gated outlet located within the right abutment wall between the canal

spillway and the spillway section (see Appendix B pg. B-37). The control

h* i mechanism for this outlet is located on the canal side of the right

abutment. A boat lock between the right bank and the gatehouse provides

access to the canal from Housatonic Lake. The lift from the canal to

1-4
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lake level is approximately 2.6 feet measured from the top of the canal

spillway flashboard to the top of the spillway section flashboards. The

downstream entrance to the canal consists of two boat locks located in

.the left bank of the canal, 1,680 feet from the gatehouse. The canal

continues downstream of the second set of locks as an open channel for

approximately 350 feet to a bridge crossing. The bridge is constructed

over two 72-inch diameter corrugated metal pipes (CMP) which convey flow

. -downstream to the remainder of the canal. The canal continues 185 feet

-. beyond the bridge as an open channel at which point it is routed through

'*. '.*- two 72-inch diameter by 565-foot-long CMPs. The remainder of the canal

consists of a 420-foot-long open channel; two 72-inch diameter by

600-foot-long CMPs; a 48-inch diameter by 965-foot-long CMP; and a

* -} 90-foot-long by 24-inch diameter drain pipe. From the available plans of

the area, fifteen industrial water supply intakes were identified between

ri the downstream locks and the end of the 24-inch CMP.

c. Size Classification - The size classification is based on the

height of the dam above the natural streambed or the maximum storage

potential of the reservoir, which is defined by a pool at the level of

the dam crest. The size classification of the dam is determined by the

"• criteria that yields the larger size category. Lake Housatonic has a

maximum potential storage capacity of 10,900 ac-ft and a height of 40

feet, which are within the established limits for the Intermediate size

category, for storage (1,000 to 50,000 ac-ft) and height (40 to 100 feet).

d. Hazard Classification - HIGH - The hazard classification is

based on the estimated loss of life and the anticipated property damage

due to a dam breach when the water surface within the impoundment is at

the top of the dam. The prefailure outflow over the spillway section is

155,500 cfs with 7,500 cfs of additional flow passing at the abutments.

As a result, a substation and at least 6 factory complexes will be

S..flooded to the depth of 2 feet within the initial impact area. The

failure of the spillway section will cause the water surface elevation to

rise 2.2 feet; thus inundating 3 additional commercial structures along

the left river bank to a depth of 1 to 2 feet. The severity of the

I1-5
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prefailure flooding would result in the evacuation of the downstream

area. Consequently, any additional flooding caused by the failure of the

spillway section would increase the economic losses in the impact area

.•and could potentially cause the loss of a few lives.

! .. If failure of the earthfill dike on the left side of the impoundment

occurs, with the water surface at the top of the dam, a 4 to 5-foot-high

surge will cross Roosevelt Drive and impact with approximately 9

* - commercial buildings 150 to 200 feet from the dike, thus contributing to

the hazard potential (see Appendix D, sheet D-30). Failure of this

structure could potentially cause the loss of more than a few lives.

Since, no prefailure flooding is anticipated in the structures

downstream of the dike, these structures would be occupied during flood

periods. As a result, the failure of the dike could potentially cause

-, the loss of more than a few lives. Therefore, the Lake Housatonic Dam

- has been classified as having a HIGH hazard potential.

V

e. Ownership -

The Connecticut Light and Power Company

Susbsidiary of Northeast Utilities Service Company

* P.O. Box 270

Hartford, Connecticut 06101

(203) 666-6911

f. Operator -

Fossil/Hydro Production Department

Northeast Utilities Service Company

R.A. Reckert

(203) 666-6911

David Goddard

Hydroelectric Supervisor Housatonic River

(203) 355-1153

j(203) 666-6911 Ext. 363

"
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g. Purpose - Lake Housatonic is currently used for recreation and

S.. "as an industrial water supply.

h. Design and Construction History - Funds for the construction of

the dam currently known as the Lake Housatonic Dam (formerly The Derby

Dam) were obtained in 1866. The dam was designed by Wm. E. Worthen of

New York and constructed under the supervision of Henry J. Potter

(Superintendent of Construction). The masonry and timber crib structure

*? ,- was completed in October, 1870. In the spring of 1891, a 210-foot-wide

Sbreach formed at the eastern side of the dam. The dam was repaired under

the direction of Engineer D.S. Brimsmade during the summer of 1891. The

reparations included: lengthening the dam, reconstructing the breached

area with a dam of a "substantially wider" cross-section, and increasing

the width of the apron over the remainder of the dam. Repairs were again

made on the dam in 1948 after extensive wear and erosion were found on

the wooden apron of the dam. That same year portions of the apron were

,1 ' renovated and the wooden planking replaced with concrete under the

direction of D.M. MacWilliam, Hydraulic Engineer, The Connecticut Light

and Power Company. The remainder of the wooden apron planking was

replaced in a similar manner in 1952 by C.W. Blakeslee and Sons. See "A

Short History of The Derby Dam", by Raul de Brigard, 7/81; and "Derby

- .Dam" dated 12/24/80 in Appendix B for more detailed historical accounts.

i. Normal Operational Procedures - The water level in Lake

Housatonic is maintained at the top of the flashboards (El. 25.2) for

recreational purposes in the summer months. Flow through the canals is

continuous, according to a representative of the owner, so as to provide

A > an industrial water supply for the remaining users.

1.3 PERTINENT DATA

a. Drainage Area - The drainage area tributory to Lake

Housatonic Dam is 1,574 square miles. Headwaters lie in the Taconic

Range reaching as far north in latitude as Albany, New York. The source

Srises to an elevation (maximum) of slightly over 3,000 feet on Brodie

1-7



Mountain, Massachusetts. The drainage basin is approximately 91 miles

from the source to the Lake Housatonic Dam, thereby indicating part of

Massachusetts (Pittsfield), portions of New York, and most of Western

Connecticut, except the coastal draining area of the Southwestern

portions of the state.

b. Discharge at Dam Site - Discharge normally occurs over the

main spillway section and through the gate openings in the gatehouses.

(1) The outlet works from the site consist of the gate openings

and associated canals at the left and right abutments of

the main spillway. An estimation of the discharge capacity

.. *. of these waterways was not performed due to a lack of data

concerning the downstream canal outlets, and their

unreliability to perform as effective outlets.

(2) The maximum known discharge (75,800 cfs) was recorded on

October 16, 1955 at USGS gage No. 01205500 at Stevenson,

Connecticut. According to available records for the dam
site this flood caused the lake water surface to rise to

- *: El. 32.0 NGVD and a tailwater elevation of 23.2 NGVD (See

Appendix B; pg. B-ll).

-,(3) Ungated capacity of the spillway is 155,500 cfs at

elevation 40.0..!!

(4) Ungated spillway capacity at test flood elevation (47.5) is

274,400 cfs.

(5) Gated spillway capacity at normal pool elevation - N/A.

(6) Gated spillway capacity at test flood elevation N/A.

(7) Total spillway capacity at test flood (elevation 47.5) is

274,400 cfs.

1-.
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(8) Total project discharge at top of dam (elevation 40.0) is

163,000 cfs.

(9) Total project discharge at test flood (elevation 47.5) is

394,000 cfs.

, "C. Elevations (feet above NGVD)

(1) Streambed at toe of dam (approximate) 0.0

(2) Botton of cutoff Unknown

(3) Maximum tailwater 24.9

August 19, 1955

(4) Normal pool 25.2

(5) Flood-control pool N/A

(6) Spillway crest 23.7

Top of Flashboards (temporary) 25.2

(7) Design surcharge (original design) Unknown

(8) Top of dam 40

(9) Test flood surcharge 47.5

d. Reservoir (length)

(1) Normal pool 4 miles

- *(2) Flood-control pool N/A

41.



(3) Spillway crest pool 4 miles

Top of Flashboards (temporary) 4.1 miles

U (4) Top of dam 5 miles

* (5) Test flood pool 6 miles

e. Storage (acre-feet)

(1) Normal pool 4,000

(2) Flood-control pool N/A

(3) Spillway crest pool 4,000
Top of Flashboards (temporary) 4,020

(4) Top of dam 10,900

(5) Test flood pool 15,000

* -f. Reservoir Surface (acres)

(1) Normal pool 350

(2) Flood-control pool N/A

(3) Spillway crest 350

Top of Flashboards (temporary) 360

(4) Top of dam 470

(5) Test flood pool 630

4
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g. Dike

(1) Type Earthfill dike

(2) Length 400 ft.

-(3) Height 10 ft.

V(4) Top Width 15 ft.

* -,(5) Side Slopes l.5H:lV upstream and l.2H:lV downstream

(6) ZningUnknown

(7) Impervious CoreUnow

* .*(8) Cutoff Unknown

p(9) Grout Curtain Unknown

(10) other None

h. Diversion and Regulating Tunnel N/A

i. Spillway

(1) Type Broad-crested weir

(2) Length of Weir 675 ft.

(3) Crest elevation 23.7

Top of Flashboards (temporary) 25.2

(4) Gates None



7n

." (5) U/S Channel Lake Housatonic

-q (6) D/S Channel Housatonic River

j. Regulating Outlets - Gatehouses

.o

(1) Invert Elevation (at gatehouse) Right: 10.71; Left: 13.87

(2) Size (Gate Openings) Right: Unknown, Left: 3 @ 8 feet by 8 feet

(3) Description Sluice gates

. .. -(4) Control Mechanism Hand or electrically operated

(5) Other Boat locks in right canal and low

level canal outlet at right

* .abutment (Note: invert elevations

and condition of these outlets are

unknown).

--
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SECTION 2: ENGINEERING DATA

2.2 DESIGN DATA

No design data were available for the Lake Housatonic Dam.

2.2 CONSTRUCTION DATA

,. A historical account describing the period of construction and the

.- quantities of material used in the construction of the dam were

available. Historical records indicate that major discrepencies were

found in the location of ledge indicated during preliminary exploration

and what was discovered to actually exist during the excavation of the

foundation. Consequently, a gravel foundation was placed for the masonry

4 dam. Construction was interrupted by cofferdam failures in 1867, 1868,

and 1869. During the 1869 mishap, a 160-foot portion of the dam was

Sswept away. See Appendix B for full history of dam.

2.3 OPERATION DATA

The lock system in the right canal is no longer used and the gates

are in the closed position. The intake gates in the right and left

V gatehouses are currently used to maintain water in the canals since these

canals are still used for industrial water supply. There are no

- regularly scheduled operations performed at the dam.

2.4 EVALUATION OF DATA

a. Availability - The bulk of the existing information concerning

the Lake Housatonic Dam was made available by Northeast Utilities Service

Mrs Company. This information included historical data, site topography, a

stability analysis, tailwater curve, photographs, past operation records,

cross-sections of the spillway section, and a Preliminary Permit

evi Application to the Federal Energy Regulatory Commission for the

_ hydroelectric development of the site. The State of Connecticut Water
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Resources Department provided a data inventory sheet. Access to the site

for the inspection was granted by the owner, and a representative was

provided for consultation.

b. Adequacy - The available data supplemented by the inspection

performed by International Engineering Company engineers was more than

sufficient to complete the Phase I Inspection of Lake Housatonic Dam.

c. Validity - The field inspection indicated that the visible

external features of the Lake Housatonic Dam are similar to those

described in the available information. A check of the available

tailwater curve, provided by Northeast Utilities Service Company in the

Protrans Reconnaissance Study, was performed by International Engineering

Company engineers using the Standard Step Method. The tailwater

elevation at the Lake Housatonic Dam was calculated to be approximately 5

feet greater than what was stated in the available study (see Appendix D;

pgs D-17, D-18, D-19 and D-20).

d %
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SECTION 3: VISUAL INSPECTION

% 3.1 FINDINGS

a. General - Field inspections of the Lake Housatonic Dam were

conducted on July 7 and 15, 1981, and areas requiring repair and

4. maintenance were identified. As a result, the general condition of the

- facility has been determined to be fair. During the first inspection,

the reservoir level varied from 0.35 to 1.35 feet above the flashboards

(El. 26.22 to El. 27.57); consequently, the downstream apron was not

" iinspected until the second visit at which time the upstream hydroelectric

power station was shut down and there was no flow over the spillway

section. Flow was observed through both gatehouses and over the right

canal spillway during both inspections.

b. Dam - The downstream face of the spillway section is covered

[i with a concrete slab (Photos 13 and 14). Several construction joints

were visible, but only one seemed wider and, therefore, more pronounced.

This joint is located approximately 30 feet from the left abutment and is

visible in the foreground of Photo 14. The crest slab of the spillway

section appears intact with the exception of some minor spalling (Photo

j;, )13). Variations in the crest elevation of 0.32 feet were indicated on

the photogrammetric survey map (2-foot contours, scale 1:50) provided by

the owner. The only observable seepage on the downstream face originates

from the flashboards. However, an inspection report, dated July 11,

.1975, listed two small jets of water emanating from the crest slab (see

Appendix B, pg B-32).

During both inspections, the downstream toe of the spillway apron was

i: ~inaccessible; therefore, this portion of the dam was not inspected.

tAccording to historical accounts and conversations with a representative

from the owner, the river bottom consists of gravel. Boulders were

noted, however, on the left side approximately 50 feet beyond the apron.

The last inspection of this area was performed in November, 1979 and no

Sscouring of the toe was found (see Appendix B pg B-29).

3 .
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The only observable deterioration of the spillway section was found

" .' at the right masonry abutment where some stone blocks were missing and

flow was being diverted between the abutment and the end of the

3 flashboards. The left abutment appeared to be sound and no deterioration

q" of the masonry was observed. The upstream slope of the spillway dam is

. reportedly covered by a 6 to 8-foot thick layer of silt and clay which

forms a natural seepage barrier. Two piezometers were driven through the

silt and clay layer and into the upstream slope of the spillway section

. to measure uplift pressures at the base of the spillway and determine the

effectiveness of the seepage barrier. The available piezometer readings

-. indicate that the uplift pressures on the upstream portion of the

spillway are considerably less than the full hydrostatic pressure created

by the current pond elevation (see Appendix B; pg B-4).

c. Appurtenant Structures - The right gatehouse (Photos 8 and 9)

appeared to be sound and no deterioration of the masonry in the

superstructure was observed. Access to the interior of the gatehouse is

J '. limited and can be gained only through the door on the east side of the

structure. This door is normally locked and the key is held by theWPS owner. The gate hoist mechanisms have been greased recently and are

reportedly operable. The electrically driven gate hoist system is

reported to be operable (Photo 11). The gates were completely submerged

and, as a result, an evaluation of their condition was impossible. At

the time of the inspection, there was flow through the gate openings.

The mortar joints in the gatehouse foundation showed signs of
deterioration, and calcite deposits were evident on the downstream face

of the foundation. A seepage "jet" emanating between the masonry

.. foundation blocks was observed adjacent to the spillway section.

Discharge through this joint was estimated to be 20 to 25 gallons per

minute (gpm); clarity of the seepage flow was indeterminable.

The boat lock gates between the right gatehouse and the railroad

embankment (Photos 9 and 10) were closed and no significant deterioration

or leakage was observed. In addition, the masonry side walls bordering

the lock were intact.
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The canal spillway was discharging during both site visits. The

0.8-foot-high flashboard on the spillway crest was firmly anchored and

showed no signs of decay. The spillway appeared to be constructed of

stone masonry, however, the crest section is concrete. A small foot

bridge founded on the spillway crest provided access from the canal dike

i'.i ,, to the gatehouse. At the canal spillway right abutment, several masonry

blocks were missing near the crest. In addition, seepage on the

downstream side of this abutment was noted flowing down the masonry to

S ""the stone facing on the canal dike (Photo 12). The seepage flow was

estimated to be 15 to 20 gpm; no particles were found in the clear

discharge. The low level canal outlet gate operators did not appear to

be operational. During the inspections, the outlet gate was closed and

there was no flow through the opening.

The right canal (Photo 10) appeared to be silted and vegetation was

noted growing on the bottom. According to available records, the canal

. ~was last used for boat traffic in 1972. The concrete retaining wall,

bordering the canal on the right side, was intact, and only scattered

areas of efforescence were noted. Several trees ranging from 6 to 12

V inches in diameter, growing along the top of the wall, were noted

overhanging the canal. The earthfill dike, along the left bank of the

canal, is overgrown with trees, ranging from 2 to more than 20 inches in

diameter, and a dense layer of brush. The stone facing, on the river

side, has been displaced by root systems and is missing in several

areas. However, no sloughing or erosion was observed on the dike. The

paved road surface on top of the dike is uneven and cracked. Spot

elevations from the photogrammetric survey of the site along the crest of

the dike revealed a variation in elevation of 1.2 feet along the length

of the structure. The canal side of the dike appears stable, but several
V. small trees (2 to 5 inches diameter) and a dense layer of brush were

found growing on the slope. No riprap slope protection was found on the

dike's canal slope.

The left gatehouse (Photo 1) superstructure and substructure appeared

V to be sound, and no signs of cracking or differential settlement were

noted. However, efflorescence was noted on the foundation and the
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spillway section abutment walls. The gatehouse entrance, located on the

southern side of the structure, is normally locked and the key is held by

the owner. The gate hoist mechanisms, within the left gatehouse, are

reportedly operable and have been greased and maintained recently; one of

the gate stems has also been replaced (Photo 2). The condition of the

portable, electrically operated gate hoist is unknown. During the

inspection, flow through the gate openings into the canal was observed.

The condition of the gates was impossible to determine given the flow

through the gate openings and the water level in the gate chamber. The

left gatehouse is also used to store replacement flashboards and pins.

The flashboards remain in place during the summer to maintain a

recreational pool.

The left canal was flowing freely during both site visits. A

20-foot-wide breach in the left masonry canal wall, approximately 100

feet from the gatehouse where the canal turns south, was noted. Several

:1 large trees growing along the right bank of the canal were found in the

reach before the Roosevelt Drive culverts (Photo 5). The four 8-foot

diameter culverts under Roosevelt Drive were apparently free of

S obstructions. Silt has accumulated to a depth of approximately 1-foot in

the culvert adjacent to the right canal bank. The remainder of the canal

is bordered by a densely wooded slope on the left side and Roosevelt

Drive on the right side. The canal terminates at an overflow weir which

discharges into a masonry road culvert under Roosevelt Drive. The four

gated outlets at the end of the canal have been abandoned and no longer

appear to be operable (Photo 6). The short discharge channel leading to

the culvert contains several trees growing on a small island. In

addition, the earth slopes bordering the discharge channel are overgrown

with trees and brush. At the time of the inspection, flow in the road

culvert was unobstructed (Photo 7).

The earthfill dike extending upstream of the left gatehouse has been

overgrown with vegetation (Photo 3) and shows signs of localized erosion

and sloughing. Trees ranging from 2 to 24 inches in diameter were

* ~ growing on the upstream and downstream slopes, and localized erosion at

exposed tree roots was observed on the upstream slope. The slopes were
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also overgrown with a dense layer of brush. At the left abutment of the

dike an area approximately 10 feet by 15 feet has been eroded 4 to 5 feet

into the embankment material. The ground cover in this area and

5 especially in the vicinity of the transmission tower, which is founded on

the dike, is sparce, and in some places nonexistent. Footpaths have been

worn into the downstream slope and along the top of the dike. The paths

on the downstream slope have been deepened by rain runoff from the top of

- the dike. The vertical concrete wall, located, on the upstream slope and

approximately 70 feet from the gatehouse, was inspected. This structure

is about 3 feet wide at the top by 30 feet long and shows signs of

deterioration. The concrete surface is cracking and spalling and

evidence of efflorescence was observed. In addition, a 2-inch wide crack

' .2 * extending the height of the wall was found at the center of the

structure. Erosion of the dike's upstream slope was evident between this

concrete wall and the gatehouse. The eroded area extends 40 feet

downstream from the concrete wall and is entirely overgrown by small

trees (2 to 6-inches diameter). The depth of erosion into the slope was

. impossible to determine due to the dense layer of vegetation. However,

'" this area does appear on the topography provided by the owner (see

IAppendix C Photo location Plan). According to the available topography

and field measurments, the crest elevation of the dike varies as much as

* one foot.
. ".

P d. Reservoir Area - The area immediately surrounding the

impoundment is moderately developed and is primarily residential and

4 . recreational. The banks of the reservoir appear to be stable despite the
Vvariation in water surface elevation due to the operation of the upstream

hydroelectric power plant.

e. Downstream Channel - The downstream channel follows the natural

V -. path of the Housatonic River and originates at the toe of the spillway

section. An island located within the channel and approximately 450 feet

downstream from the dam, divides the river for about 1,000 feet (Photo

15). The confluence of the Housatonic and Naugatuck Rivers is located
_C about 1.5 miles downstream of the Lake Housatonic Dam. The banks of the

channel are bordered by industrial areas.
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3.2 EVALUATION

Based on the visual inspection of the Lake Housatonic Dam, it has

U been determined that the facility is in fair condition. The following

may influence the future condition and/or stability of the structures

comprising the Lake Housatonic facility. The magnitude of repairs and

efforts to restore the canals and associated structures (ie side walls;

canal dike; intake and outlet works; etc.) will be contingent upon the

investigation of a qualified registered engineer as to the potential of

the gatehouses and canals to provide pool drawdown capabilities.

(1) Scouring of the gravel river bottom adjacent to the
"..

:% .downstream toe of the spillway apron could undermine the

apron and induce settlement and cracking of the structure.

(2) Flow between the spillway section flashboards and right

masonry abutment may deteriorate the abutment and spillway

by permitting water to enter the interior of the structures.

S.(3) The seepage "jet" on the right masonry spillway section

abutment may originate from the gate chamber. This seepage

may indicate the deterioration of the gatehouse

substructure adjacent to the spillway.

(4) Seepage through the right canal spillway abutment and

missing stone blocks may indicate the deterioration of the

masonry joints. Extensive deterioration could adversely

effect the stability of the canal spillway and the adjacent

main spillway section abutment.

(5) The trees growing on the earthfill dike along the left side

of the impoundment may be uprooted and severely damage the
-.p.. embankment. In addition, the growth of trees and brush may

deteriorate the structure and induce seepage along the root

14 networks.
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(6) The lack of riprap on the dike's upstream slope and the

absence of proper protective ground cover over the rest of

the dike will result in further erosion of the embankment.

(7) Variations in the crest elevation of the dike may indicate

-. "undesirable foundation and embankment material settlements

or surface erosion. This has reduced the freeboard and

makes the dike susceptable to overtopping during periods of

% high project discharge.

(8) The absence of an operable canal drain or low level outlet

* in both canals will hinder repairs at the gatehouse and

along the canal side walls.

(9) The breached section of the left canal training wall could

progress under higher flow conditions and effect the

capacity of this outlet from the lake.

(10) The trees growing on the earthfill dike bordering the right

canal may be uprooted and severly damage the embankment.

In addition, the growth of trees and brush may deteriorate

the structure by allowing seepage to occur along the root

networks.

(11) The trees overhanging the right and left canals will add to

the accumulation of debris within the canals.

N-' (12) The current condition of the downstream canal outlets will

obstruct discharge from the canals.

-.°. •"

.
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. "SECTION 4: OPERATIONAL AND MAINTENANCE PROCEDURES

4.1 OPERATIONAL PROCEDURES

a. General - Lake Housatonic is currently used for recreation and

as an industrial water supply. The 1.5-foot-high flashboards on the

-mspillway crest are used to add to the recreational pool. The flashboards

remain in place during the summer and are restored as needed in spring.

Discharge from the site normally occurs over the spillway section and

through the canals.

b. Description of any Warning System in Effect - There is no

formal downstream system currently in effect at the site.

4.*2 MAINTENANCE PROCEDURES

a. General - Currently, no regularly scheduled maintenance

Sprocedures are performed at the site.

b. Operational Facilities - The gate hoist mechanisms in the left

* and right gatehouses have been lubricated and maintained recently. In

addition, a gate stem in the left gatehouse has been replaced. The boat

lock system in the right canal according to available information has

been abandoned. Despite the current use of the outlet works in the

gatehouses, there is no regular maintenance of these mechanisms.

c. Other - The owner is in the process of filing a Licensing

"* Application before the Federal Energy Regulatory Commission with the

. intention of developing the hydroelectric potential of the site. As a

result, significant modifications and alterations of the site are

anticipated in the near future.

4.3 EVALUATION

The maintenance procedures currently employed at the site are
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inadequate. Records documenting the operation and maintenance of the

facility and providing a detailed account of the work and/or operations

performei should be kept for future reference. In addition, a formal

downstream warning system, emergency operations guidelines, and a program

of annual technical inspection performed by a qualified registered

professional engineer should be established. Remedial measures and

maintenance recommendations are presented in Section 7.

.- - . .

% .
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SECTION 5: EVALUATION OF HYDRAULIC/HYDROLOGIC FEATURESp....

5.1 GENERAL

The drainage area tributary to Lake Housatonic Dam is 1,574 square

.* ... miles. Headwaters lie in the Taconic Range reaching as far north in

latitude as Albany, New York. The source rises to an elevation (maximum)

of slightly over 3,000 feet on Brodie Mountain, Massachusetts. The

drainage basin is approximately 91 miles long, thereby the basin has an

average width of only slightly more than 17 miles. The basin includes

part of Massachusetts (Pittsfield), portions of New York, and most of

Western Connecticut, except the coastal drainage area of the Southwestern

portions of the state The tailwater of Lake Housatonic Dam is tidal.

The dam is approximately 11 miles from Long Island Sound and 1.3 miles

upstream of the Housatonic-Naugatuck River confluence. Flow is regulated

by Northeast Utilities at the Stevenson Hydropower Plant, 5.5 miles

upstream of Lake Housatonic Dam. The Stevenson Dam impounds Lake Zoar.

The facility at Lake Housatonic consists of a spillway section across

the Housatonic River; an earthfill dike extending upstream of the

spillway section along the left bank of the impoundment; and two

gatehouses located at the spillway section abutments. The gatehouses

regulate flow into the canals which parallel the river downstream of the

site. The structures comprising the Lake Housatonic Dam are in fair

condition. The earthfill dike is overgrown with mature trees and lacks

. ". adequate slope protection on the upstream face. The masonry spillway

section abutments and the canal spillway show signs of deterioration. In

addition, obstructions and potential problem areas in the left and right

canals were noted.

N<.
5.2 DESIGN DATA

No hydraulic or hydrologic design data could be found for the

-. original dam.
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5.3 EXPERIENCE DATA

The original dam, constructed in 1870, was partially breached in the

U spring of 1891. Restoration of the structure commenced during the summer

of 1891. The maximum known discharge (75,800 cfs) was recorded on

October 16, 1955, at the United States Geological Survey (USGS) Gage No.

0120550 at Stevenson, Connecticut. The headwater and tailwater

elevations at the Lake Housatonic Dam were 32.0 and 23.2 respectively.

5.4 TEST FLOOD ANALYSIS

The maximum potential storage capacity (10,900 ac-ft) and the height

(40 feet) of the Lake Housatonic Dam are within the limits established by

the Corps in the "Recommended Guidelines for Safety Inspection of Dams",

dated September, 1979, for the INTERMEDIATE size category. The hazard

classification for the dam is HIGH, since there is the potential for the

loss of more than a few lives due to the breach of the dam. Based on the

size and hazard classifications, the recommended test flood for this dam

is the Probable Maximum Flood (PMF). Due to the reservoir surcharge

storage during the test flood, the PMF inflow will not be significantly

attenuated. The PMF was obtained by doubling the Standard Project Flood

" . (SPF) of 198,000 cfs. The peak inflow to the lake due to this flood in a

U. 1,574 sq. mi. watershed is approximately 252 cfs/sq. mi. The test flood

inflow (396,000 cfs) and resulting outflow (394,00 cfs) will cause the

water surface elevation within the impoundment to rise to El. 47.5 or 7.5

feet above the top of the dam. The capacity of the spillway is 155,000

cfs with the water surface at the top of the dam (El. 40.0) or 39 percent

of the routed test flood outflow.

.°d

%J 5.5 DAM FAILURE ANALYSIS

Utilizing a conservation of momentum analysis because high tailwater

conditions were suspected of limiting the maximum failure discharge and

comparing the results with the "Rule of Thumb Guidance for Estimating
A.. . Downstream Dam Failure Hydrographs", dated April, 1978, without tailwater
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effects, as a check, the maximum failure discharge was determined (see
. .. Appendix D; pg. D-21). The prefailure outflow over the spillway section

when the water surface is at the top of the dam is 155,500 cfs assuming

1 the flashboards are not in place. An additional 7,500 cfs passes over

the abutments and portions of the dike near the left gatehouse; thus

making the total outflow from the site, prior to the breach, 163,000

.- "cfs. The subsequent breach of the spillway section, encompasses 250 feet

of the structure and results in a total outflow of 209,000 cfs.

.- *~The failure of the spillway section at the Lake Housatonic Dam will

cause the water surface within the impact area to rise from El 25.8 feet

at a total prefailure discharge of 163,000 cfs to El 27.95 after the

failure. The prefailure stage within the initial impact area would

inundate 6 factory complexes to a depth of approximately 2 feet.

Following the dam failure, 3 additional commercial buildings would be

flooded to a depth of 1 to 2 feet. Prefailure flooding due to discharge

'.' - .over the spillway section would result in the evacuation of those areas

downstream of the dam. As a result, any additional flooding due to the

failure of the spillway section would increae the economic losses in the

downstream area and could potentially cause the loss of a few lives.

Assuming the top of the dam is at elevation 40, flow will also occur

over a portion of the dike upstream of the left abutment and gatehouse.
_ .If failure occurs, a surge will cross Roosevelt Drive approximately 4 to

5 feet in height above street level. The surge will travel at a rate of

10-15 feet/second and impact with approximately 9 commercial buildings

(first floor elevations approximately 1-foot above street level) 150 to

... *200 feet from the dike. No prefailure flooding is anticipated in these

structures. As a result, the failure of the dike could potentially cause

the loss of more than a few lives (see Appendix D; D-31). Therefore, the

Lake Housatonic Dam has been classified as having a HIGH hazard

classification.
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SECTION 6: EVALUATION OF STRUCTURAL STABILITY

6.1 VISUAL OBSERVATION

The visual inspection of the dam did not reveal any indications of

immediate stability problems. Deterioration of the right abutment, as

evidenced by seepage through the masonry joints and the missing stone

blocks near the spillway section flashboards, may adversely effect the

: [integrity of the abutment and the spillway section by permitting water to

enter the interior of the structures. In addition, erosion; the growth

of trees and brush; the lack of riprap slope protection; and the absence

of protective ground cover on the dike adjacent to the left gatehouse

will promote the deterioration of the embankment. This deterioration

will ultimately adversely effect the stability of the structure if

allowed to continue.

6.2 DESIGN AND CONSTRUCTION DATA

Design calculations and detailed construction data were not availablea to assess the structural stability of all of the important water

retaining structures. Historical accounts included in Appendix B

describe the period of construction. A preliminary stability analysis of

the spillway section, performed as a part of a hydroelectric

reconnaissance study, is included in Appendix B. The criteria used in

this study are not those commonly used by the U.S. Army Corps of

SEngineers.

6.3 POST-CONSTRUCTION CHANGES

The dam was breached in the spring of 1891 and reconstruction

commenced during the summer under the direction of Engineer D.S.

Brimsmade. Renovation of the spillway apron, which consisted of

. '. replacing the timber planking with a 9-inch layer of concrete was

performed, on part of the dam, under the direction of D.M. MacWilliam,

Hydraulic Engineer, of the Connecticut Light and Power Company in 1948.

The remainder of the planking was replaced with concrete by C.W.

6-1
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Blakeslee & Sons in 1952. Future modifications planned include the

.- installation of a hydroelectric powerplant at the site.

6.4 SEISMIC STABILITY

- The dam is in Seismic Zone 1, and according to the Recommended

Guidelines, need not be evaluated for seismic stability.
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SECTION 7: ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

-- - 7.1 DAM ASSESSMENT

a. Condition - Based on the visual inspection of the site and past

performance, the Lake Housatonic Dam is in fair condition. No evidence

of structural instability was observed in the spillway dam, dike,

gatehouses, or abutments. However, deterioration of masonry and seepage

were noted at the right abutment of the spillway section and at the canal

spillway abutment. In addition, several areas requiring maintenance and

further investigation were identified.

Based on the "Rule of Thumb Guidance for Estimating Downstream Dam

Failure Hydrographs", dated April 1978, and the hydraulic/hydrologic

% computations, the peak inflow and outflow for the test flood are 396,000

cfs and 394,000 cfs, respectively. The spillway capacity with the water

. :surface at the top of the dam (El. 40.0 NGVD) is 155,500 cfs or 39

percent of the routed test flood outflow.

• b. Adequacy of Information - The information available is such

that an assessment of the condition and stability of the dam must be

based largely on the visual inspection, past performance, a

reconnaissance-type stability analysis, and sound engineering judgement.

The owner of Lake Housatonic Dam currently has plans to develop the

hydroelectric potential of the site and intends to submit a FERC license

application in the Fall of 1981. Consequently, exploration of the site

and a detailed evaluation of the condition and stability of the dam are

currently in progress.

Si. - c. Urgency - It is recommended that measures presented in Sections

7.2 and 7.3 be implemented within one (1) year of t' wner's receipt of

. this report.
,.:.

:-:.

7.2 RECOMMENDATIONS

It is recommended that the following items be undertaken by a

qlw 7-1
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registered professional engineer qualified in dam design and inspection:

I - (1) Investigate the condition of the canal spillway and develop

a program which should include, but not be limited to

repairing the masonry and eliminating the seepage through

the right abutment.

(2) Investigate the downstream toe of the spillway section to

determine if scour and possibly undermining of the

structure have occurred since the last inspection in 1979.

1% (3) Determine the source of the seepage jet at the right

abutment of the spillway section and develop a program to

correct the seepage.
.

(4) Repair the damaged portions of the spillway dam at the
right abutment interface.

i (5) Develop a program for the restoration of the dike bordering

the left side of the lake. The trees, stumps, and roots on

the dike should be removed and the resulting voids

backfilled with a suitable compacted material. The crest

of the dike should be leveled and reshaped by backfilling

low points with a suitable compacted material. Grass

" should be planted over those areas of the embankment

requiring backfilling to prevent future erosion. In

.addition, the eroded areas on the upstream face of the dike

should be backfilled with a suitable compacted material.

V Those areas subject to wave action should be protected with

riprap.

(6) Ascertain the need for and the means to provide drawdown of

the pool. This investigation should assess the potential

of the existing gates and canals for providing such an

outlet.

J. d
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(7) Perform a detailed hydrologic-hydraulic investigation to

"* assess further the potential of overtopping the spillway,

the dike, and the abutments, and the need for and the means

3 to increase project discharge capacity. A verification of

the tailwater rating curve should be a part of the

• .hydrologic - hydraulic investigation.

(8) Develop an operations and maintenance manual for the

facility.
.4

(9) Investigate the silt layer on the upstream slope of the

spillway dam and its effect on the stability of the

structure.

(10) Perform an investigation to determine the operability of

the canal outlets. Specifically, investigate the lower

boat lock and low level outlet in the right canal and the

gated outlet at the overflow weir in the left canal.

Repair of the outlets should be considered so as to

3. facilitate repairs at the gatehouses and the canal side

walls.

4. "4.

(11) Repair the breached section of the left canal wall.

* "'(12) Develop a program for the restoration of the earthfill dike

bordering the right canal. The trees, stumps, and root

systems should be removed and the resulting voids

backfilled with a suitable compacted material. The

displaced stone facing on the river side should be replaced

• and riprap provided on those areas susceptable to erosion

. .on the canal side.

• 4' (13) A downstream outlet from the right canal should be provided

if this waterway is to be considered for future use as a

low level outlet from the lake.

7-3
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The owner should implement the recommendations of the Engineer.

. .7.3 REMEDIAL MEASURES

a. Operation and Maintenance Procedures - The following measures

%' '" should be undertaken within one (1) year of the owner's receipt of this

report and continued on a regular basis.

(1) A formal program of operation and maintenance procedures

should be instituted and documented to provide accurate

A records for future reference.

(2) An "Emergency Action Plan" should be developed that will

include: monitoring the site during flood periods; an

effective preplanned downstream warning system; locations

of emergency equipment, materials, and manpower; and

authorities to contact.

(3) Institute a program of annual technical inspection by a

Cqualified registered engineer.

(4) Insure unobstructed flow in both canals by removing

overhanging trees and debris within the channel boundaries

(ie excavate silt and clear trees growing in left canal

discharge channel adjacent to Roosevelt Drive).

"" 7.4 ALTERNATIVES

This study has identified no practical alternatives to the above

recommendations.
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VISUAL INSPECTION CHECK LIST
PARTY ORGANIZATION

PROJECT Lake Housatonic Dam DATE 07/07.& 07/15/81

TIME 10:00 a.m.

WEATHER Sunny, 90'

" W.S. ELEV. 25.5

PARTY: INITIALS:

1. Reynold A. Hokenson RAH

2. Miron B. Petrovsky MBP

- 3. Richard R. Zavesky RRZ

4. Jerry R. Waugh JRW

5. Ernst H. Buggisch EHB
A.

PROJECT FEATURE: INSPECTED BY:

31. Earthfill Dike RAH, MBP, EHE

2. Canal Dike RAH, MBP, RRZ, JRW

3. Left Gatehouse RAH, MBP, RRZ, JRW

4. Right Gatehouse RAH, MBP, RRZ,

" 5. Left Gatehouse RAH, MBP, RRZ, JRW

6. Right Gatehouse RAH, MBP, RRZ

7. Left Canal RAH, MBP, JRW

S. Right Canal RAH, MBP, RRZ

9. Upper Boat Lock RAH, EHB, RRZ, JRW

10. Right Canal Spillway RAH, RRZ, JRW, EHB

11. Spillway Dam RAH, EHB

A-i



PERIODIC INSPECTION CHECK LIST

PROJECT: Lake Housatonic Dam DATE: 07/07 & 07/15/81

PROJECT FEATURE: Earthfill Dike NAME: RAH, MBP, EHB

.. .AREA EVALUATED CONDITION

DIKE EMBANKMENT

Crest Elevation 39.4 (Average)

Current Pool Elevation 25.50

Maximum Impoundment to Date 32.0

" Surface Cracks None

Pavement Condition N/A

Movement or Settlement of Crest Crest varies approximately

III 1 foot along entire length.

Lateral Movement None

Vertical Alignment Good

5 Horizontal Alignment Good

Condition at Abutment and No seepage or evidence of

. at Concrete Structures separation.

Indications of Movement of Concrete wall on upstream

. Structural Items on Slopes slope has a 2 inch wide
crack extending the entire
height of the btructure.

- * Trespassing on Slopes Footpath worn through ground
,. -cover. Trees ranging from

3 to 10 inches in diameter.
Slopes overgrown by brush.

- Sloughing or Erosion Localized erosion along exposed
root system near water surface.

• Rock Slope Protection No riprap observed on dike
slopes.

Unusual Movement or Cracking at or None
near Toes

Unusual Embankment or Downstream None
Seepage

A Piping or Boils None

A-2
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PERIODIC INSPECTION CHECK LIST

PROJECT: Lake Housatonic Dam DATE: 07/07 & 07/15/8i

PROJECT FEATURE: Earthf ill Dike (continued) NAME: RAH, MBP, EHB

AREA EVALUATED CONDITION

Foundation Drainage Features Unknown

Toe Drains Unknown

Instrumentation System Unknown

7
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PERIODIC INSPECTION CHECK LIST

PROJECT: Lake Housatonic Dam DATE: 07/07 & 07/15/81

- PROJECT FEATURE: Right Canal Dike NAME: RAH, MBP, RRZ, JRW

S." AREA EVALUATED CONDITION

CANAL DIKE EMBANKMENT
Crest Elevation 27.3 (Average)

- Current Pool Elevation 22.71

Maximum Impoundment to Date 31.80 (Lake Housatonic)

Surface Cracks See pavement condition.

Pavement Condition Road surface along crest

has cracked and heaved.

SMovement or Settlement Variations in the road

surface due to freeze and thaw
action.

,. - Lateral Movement None

Vertical Alignment Good

Horizontal Alignment Good

Condition at Abutment and No seepage or unusual
.- 2- at Concrete Structures movement.

Indications of Movement of N/A
Structural Items on Slopes

Trespassing on Slopes Trees ranging from 3 to 14
inches in diameter, and

S.,-,' heavily overgrown with

brush.

Sloughing or Erosion None

Rock Slope Protection River side is completely
faced with handplaced stone.

Canal side has no protection.

Unusual Movement or Cracking at or None
near Toes

Unusual Embankment or Downstream Unknown

Seepage

Piping or Boils None
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. PERIODIC INSPECTION CHECK LIST

PROJECT: Lake Housatonic Dam DATE: 07/07 & 07/15/81

PROJECT FEATURE: Right Canal Dike (continued) NAME: RAH, MBP, RRZ, JRW

S-AREA EVALUATED CONDITION

CANAL DIKE EMBANKMENT

Foundation Drainage Features Unknown

Toe Drains Unknown

Instrumentation System Unknown

-4
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S, PERIODIC INSPECTION CHECK LIST

PROJECT: Lake Housatonic Dam DATE: 07/07 & 07/15/81

' -. * PROJECT FEATURE: Left Gatehouse NAME: RAH, RRZ, MBP, JRW

-. AREA EVALUATED CONDITION

4' OUTLET WORKS - INTAKE CHANNEL
INTAKE STRUCTURE

a. Approach Channel Housatonic River

Slope Conditions

Bottom Conditions

,. .Rock Slides or Falls

Log Boom

b. Intake Structure

Condition of Concrete Unknown

Stop Logs and Slots Unknown
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PERIODIC INSPECTION CHECK LIST

PROJECT: Lake Housatonic Dam DATE: 07/07 & 07/15/81

PROJECT FEATURE: Right Gatehouse NAME: RAH, RRZ, MBP, JRW

AREA EVALUATED CONDITION

OUTLET WORKS - INTAKE CHANNEL
INTAKE STRUCTURE

a. Approach Channel

Slope Conditions Wooded and overgrown trees
ranging from 2 to 14 inches

in diameter.

Bottom Conditions Unknown

Rock Slides or Falls None

Log Boom Concrete on log boom/ice

barrier is spalling.

b. Intake Structure
4- . -

Condition of Concrete Unknown5 Stop Logs and Slots Unknown

o-A
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,-. *. PERIODIC INSPECTION CHECK LIST

* PROJECT: Lake Housatonic Dam DATE: 07/07 & 07/15/81

,. :. PROJECT FEATURE: Left Gatehouse NAME: RAH, MBP, RRZ, JRW

-. AREA EVALUATED CONDITION
.*.,%. .%*

OUTLET WORKS - CONTROL TOWER

a. Structural

General Condition Good

* "'Condition of Joints Bricks appear to be

solidly intact.

Spalling N/A

Visible Reinforcing N/A

Rusting or Staining of Concrete None

Any Seepage or Efflorescence Efflorescence of masonry

joints.

Joint Alignment Good

- Unusual Seepage or Leaks in Gate Flow through gates, however,
Chamber unable to determine if this

was leakage or if a gate was

partially open.

Cracks None

- . Rusting or Corrosion of Steel Unknown

b. Mechanical and Electrical

Air Vents Windows and openings are
boarded up.

Float Wells

Crane Hoist N/A

Elevator N/A

5. .Gate Operating System Gates are operated manually
or operation assisted by a
portable electric motor.

A-8
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PERIODIC INSPECTION CHECK LIST

"0 .1

PROJECT: Lake Housatonic Dam DATE: 07/07 & 07/15/81

PROJECT FEATURE: Left Gatehouse (continued) NAME: RAH, MBP, RRZ, JRW

AREA EVALUATED CONDITION

OUTLET WORKS - CONTROL TOWER

Sdm

Service Gates Condition unknown

Emergency Gates Unknown

Lightning Protection System Unknown

Emergency Power System Unknown

i- Wiring and Lighting System Unknown

in gate chamber

S-.. -
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PERIODIC INSPECTION CHECK LIST

PROJECT: Lake Housatonic Dam DATE: 07/07 & 07/15/81

PROJECT FEATURE: Right Gatehouse NAME: RAH, MBP, RRZ,

AREA EVALUATED CONDITION

OUTLET WORKS - CONTROL TOWER

a. Structural

General Condition Good

Condition of Joints Bricks appear to be

solidly intact.

Spalling N/A

Visible Reinforcing N/A

Rusting or Staining of Concrete None

Any Seepage or Efflorescence Efflorescence of masonry

joints.

Joint Alignment Good

Unusual Seepage or Leaks in Gate Flow through gates, however,
Chamber unable to determine if this

was leakage or if a gate was

partially open. Seepage
through substructure adjacent
to river at 20 to 25 gpm

*(under head ie, "jet").

Cracks None

Rusting or Corrosion of Steel Unknown

b. Mechanical and Electrical

Air Vents Windows and openings are

boarded up.

Float Wells

Crane Hoist N/A

Elevator N/A

Gate Operating System Gates are operated manually

k1 or operation assisted by a

portable electric motor.

A-10
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PERIODIC INSPECTION CHECK LIST

PROJECT: Lake Housatonic Dam DATE: 07/07 & 07/15/81

PROJECT FEATURE: Right Gatehouse (continued) NAME: RAH, MBP, RRZ,

AREA EVALUATED CONDITION

OUTLET WORKS - CONTROL TOWER

Service Gates Condition unknown

Emergency Gates Unknown

* ." Lightning Protection System Unknown

Emergency Power System Unknown

* Wiring and Lighting System Unknown

in gate chamber

A-1
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PERIODIC INSPECTION ChECK LIST

PROJECT: Lake Housatonic Dam DATE: 07/07 & 07/15/81

",*- • PROJECT FEATURE: Right Gatehouse NAME:

AREA EVALUATED CONDITION

OUTLET WORKS - TRANSITION AND CONDUIT

General Condition of Conduit N/A

Rust or Staining on Conduit

Spalling

Erosion or Cavitation

Cracking

Alignment of Monoliths

Alignment of Joints

Numbering of Monoliths

. I
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-. PERIODIC INSPECTION CHECK LIST

PRO6JECT: Lake Housatonic Dam DATE: 07/07 &07/15/81

- ~PRO)JECT FEATURE: Left Gatehouse NAME:__________

* ~..AREA EVALUATED CONDI TION

OUTLET WORKS - TRANSITION AND CONDUIT

General Condition of Conduit N/A

Rust or Staining on Conduit

Spalling

- Erosion or Cavitation

Cracking

* * Alignment of Monoliths

Alignment of Joints

Numbering of Monoliths

A-1
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PERIODIC INSPECTION CHECK LIST

PROJECT: Lake Housatonic Dam DATE: 07/07 & 07/15/81

% PROJECT FEATURE: Upper Boat Lock NAME: RAH, EHB, RRZ, JRW

AREA EVALUATED CONDITION

-' OUTLET WORKS - OUTLET STRUCTURE AND

OUTLET CHANNEL

General Condition of Concrete Good
-1.

Rust or Staining N/A

Spalling N/A

Erosion or Cavitation None Visible

Visible Reinforcing N/A

Any Seepage or Efflorescence None

Condition at Joints Good

Drain holes None visible

Channel

Loose Rock or Trees Overhanging None
Channel

Condition of Discharge Channel Vertical masonry wall

appears sound; no bulging,
leaning, or missing blocks.

Note: The manually operated
steel gates were in the closed
position. Both gates appear
operable provided they have
not been frozen in place by
silt. Some leakage was noted
at the gate seals.

1-4

.A-14
4A



L--

PERIODIC INSPECTION CHECK LIST

PROJECT: Lake Housatonic Dam DATE: 07/07 & 07/15/81

PROJECT FEATURE: Right Canal NAME: RAH, RRZ,

AREA EVALUATED CONDITION

OUTLET WORKS - OUTLET STRUCTURE AND
OUTLET CHANNEL

General Condition of Concrete Note: Canal outlet works
consist of two abandoned

Rust or Staining boat locks. The two wooden
gates are in the open position

Spalling while the third gate, located
at the canal, is closed.

Erosion or Cavitation The third gate is steel and
only slight leakage was noted

* through the gate joints.

Visible Reinforcing

-" * Any Seepage or Efflorescence

S""Condition at Joints

Drain holes

Channel

-'. Loose Rock or Trees Overhanging Overhanging trees were observed
Channel on both canal banks ranging

from 2 to 10 inches in
diameter.

Condition of Discharge Channel Canal appears to be silted in.
Two parking lots have been
constructed in the canal, but
culverts were installed to

convey water the entire
length of the canal. Flow

in the canal could not be
determined.
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PERIODIC INSPECTION CHECK LIST

PROJECT: Lake Housatonic Dam DATE: 07/07 & 07/15/81

PROJECT FEATURE: Right Canal Spillway NAME: RAH, RRZ, JRW, EHB

AREA EVALUATED CONDITION

OUTLET WORKS - SPILLWAY WEIR, APPROACH
AND DISCHARGE CHANNELS

a. Approach Channel West gatehouse and boat
lock discharge bay.

.

General Condition Good

Loose Rock Overhanging Channel None

Trees Overhanging Channel None

Floor of Approach Channel Condition unknown

b. Weir and Training Walls

General Condition of Masonry Good

Rust or Staining N/A

SSpalling N/A

Any Visible Reinforcing N/A

Any Seepage or Efflorescence Seepage noted on vertical
downstream face of

*1 spillway (nonoverflow
section) near canal dike;
15 to 20 gpm (clear).

Drain Holes

c. Discharge Channel Housatonic River

- "1 General Condition

" .Loose Rock Overhanging Channel

Trees Overhanging Channel

" Floor of Channel Toe of spillway strewn
with loose rock (dissipation).

Other Obstructions
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PERIODIC INSPLCTION CHECK LIST

PROJECT: Lake Housatonic Dam DATE: 07/07 & 07/15/81

- - " PROJECT FEATURE: Spillway Dam NAME: RAH, EHB

AREA EVALUATED CONDITION

OUTLET WORKS - SPILLWAY WEIR, APPROACH

- AND DISCHARGE CHANNELS

V a. Approach Channel Housatonic River

General Condition

Loose Rock Overhanging Channel

Trees Overhanging Channel

Floor of Approach Channel

b. Weir and Training Walls

General Condition of Masonry

S..Rust or Staining

E Spalling

Any Visible Reinforcing

Any Seepage or Efflorescence

Drain Holes

"" c. Discharge Channel Housatonic River

. . General Condition Good

Loose Rock Overhanging Channel

Trees Overhanging Channel

.- Floor of Channel Small island (1,000 ft long

and 50 ft wide) located 400 ft
I : from the dam. Boulders were

located approximately 50 feet
beyond the spillway apron near

" .the left abutment.

Other Obstructions

A-17
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PERIODIC INSPECTION CHECK LIST

PROJECT: Lake Housatonic Dam DATE: 07/07 & 07/15/81

- . PROJECT FEATURE: Left Canal NAME: RAH, MBP, JRW

AREA EVALUATED CONDITION

OUTLET WORKS - OUTLET STRUCTURE AND
OUTLET CHANNEL

General Condition of Concrete Note: Canal outlet works

(ie. process water intake)
Rust or Staining near outlet dam have been

abandoned. All gate hoist
- Spalling mechanisms (3 are located along

the side of the canal near outlet
% "'" Erosion or Cavitation dam, and one operator is

%I located at the outlet dam)
*.Visible Reinforcing appear inoperable. Overall

condition of these outlets is
unknown.

.y Any Seepage or Efflorescence

Condition at Joints

.. Drain holes

Channel

Loose Rock or Trees Overhanging Note: Small trees along parts
Channel the channel. Overhanging trees

near outlet dam adjacent to

Roosevelt Drive culvert.

. . Condition of Discharge Channel Generally clear; however, trees

' >:are growing in the channel
between the outlet dam and the
Roosevelt Drive culvert.

.. *~A'1.
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-."| No. WATER RESOURCES UNIT
-"- netSUPERVISIONi OF DAMS

Inventoried INVENTORY DATA Lat- 410 19' 19"
"-,By0

Long: 730 04' 25"
Date

Name of Dam or Pond LAKE HOUSATONIC DAM

Code No.

Nearest Street Location

Town Derby

U.S.G.S. Quad. Ansonia

Name of Stream Howatonic RiveA

Owner SheLton Canat Company

Address 750 Bridgeport Avenue

Shetton, CT (s6ub.idiary of Conn. Light 9 Power)

' Pond Used For Unused Drainage Area 1574 sq.mi.

. Dimensions of Pond: Width Length Area 328 ac.

Total Length of Dam 350' Length of Spillway 675'

Location of Spillway

Height of Pond Above Stream Bed 23' - 35'

-,'- .1 Height of Embankment Above Spillway 4'

;. Type of Spillway Construction Stone concrete and timbeA

Type of Dike Construction

.-'j i.Z  Downstream Conditions
..' '900

-J Summary of File Data

Remarks Thi. i6 a zttucture o6 major importance.

Would Failure Cause Damage? _________________Class____
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SHELTON CANAL AND DERBY DAM

1867 - Construction begins

1875 - Upstream masonry section of dam constructed

-: .1883 - Flashboards first installed

1890 - Dam length increased and rubble fill plated
on the downstream side of the masonry to

r' '-improve structural integrity

1938- Canal repairs

1939 - Apron repairs

1948 - Reinforcement and concreting of Derby Dam

1952 - Downstream dam face capped with (12) inches
of concrete

1952 - Shelton rip rap placement at toe of spillway

1952 - Replacement of highway bridge - Shelton Derby
1956 t*l

1956 - Installation of 240' of 72" conduit - Shelton

w : 1956 - Installation of 80' of 72" conduit - Shelton

" 41958 - Replacement of timber bridge over upper
* navigation locks of the Shelton Canal

1961 - Installation of 310' of 72" conduit - Shelton Canal

1964 - Roof repairs - Shelton Gatehouse

1964 - Enlarge trashrack

1964-65 - Replacement of Shelton headgate

1965 - Metal stairway to Shelton gatehouse from the
spillway overflow

1968 - Replacement of timber bridge over upper navigation
locks of the Shelton Canal

1972 - Installation of 72" conduit - Shelton Canal

1979 - Derby Dam toe inspected for undermining (good condition)

1979 - Flashboard repair Derby Dam (done on an annual basis)-t

-p.* , '... ,;f..2'..¢2'''''' ,', ' '" k ' ,./ : :? T . .:.'.:.°
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SHELTON CANAL COMPANY

1. History and General Description

During the period 1867 to 1870 the Ousatonic Water Company

constructed the Derby Dam and two canals - one approximately 2100 ft.

long on the Derby side and the other approximately 5400 ft. long on

. .the Shelton side. The Shelton Canal included one upper lock and two

lower locks to permit passage of boats.

The objective of the construction was to sell the land between

_; .; the river and canal for construction of factories. The factories

would use the canal for water power and process purposes thus producing

P. income for the water company.

The original water leases covered a period of 90 years bringing the

expiration dates to about" 1985 to 1995 with the privilege of renewal

for a like period. Over the years, and for various reasons, including

bankruptcy, most of these old leases have been dropped.

Around 1920 to 1930 the Ousatonic Water Company was purchased by

the Shelton Canal Company, a subsidiary of CL&P Co. The purchase

-was made to secure water rights to ensure the continued operation of

the recently constructed Stevenson Station located about 6 miles

upstream.

: ~: In 1944 there were still a dozen mills using canal water (including

the Derby Gas and Electric Co. which ran a steam condenser and two

400KW water wheels).

"o. . I, . , , .. .
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During the period from purchase of the Ousatonic Water Co. to

1960 the Shelton Canal Co. and Stevenson Hydro were operated and

maintained by the CL&P Co. Waterbury District.

In 1960, CL&P Co. Durchased the gas properties owned and operated

¢ by the Derby Gas and Electric Co. (U! purchased the electric facilities).

CL&P Co., of course, manned the Derby/Shelton area to provide

0 & M capabilities for its newly purchased gas properties. Because the

Shelton Gas Division was a next door neighbor, they inherited the 0 & M

-. of the Shelton Canal Co. The Hydro Production office assumed

responsibility for the Shelton Canal Company in 1979.

II. Condition of Structures and Equipment

The 675 ft. long Derby Dam is in fair to good condition - no major

expenditure should be required for 5 years or more.

, Both the Shelton and Derby Canals are in poor to fair condition.

"Canal walls (masonry block construction) require maintenance, fencing

is required In many areas for security and safety, equipment is

antiquated, and head gates need replacement. Two Shelton lock gates

must be replaced If boat passage Is to be restored. (Shelton locks

have been out of service since 1974).

,1g
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A SHORT HISTORY OF THE DERBY DAM

The Housatonic River was the last of the major rivers of New England

to be dammed at its lower reaches. First came the Merrimac River, at

Lowell, in 1826; then the Connecticut River, at Enfield, in 1848; finally,

22 year- later, in 1870, the Derby Dam was constructed across the Housa-

tonic.

Compared to its predecessors, the Derby Dam did not include any innovation

in its design, other than its slight curve. Its original design was also

not especially suited to its location, which made it difficult to build.

* . However, through the preserverance particularly of H. T. Potter, the

Superintendent of Construction, and subsequent adaptationSand modifications,

-. "" a stable structure was ultimately achieved that has withstood the test

.! r* of time.

-' The notion of damming the lower Housatonic River dates back to 1820.

The completion of the first sections of the Erie Canal in that year created

a widespread wave of enthusiasm for canals as a superior means of

" transportation. The thriving commerce, raw materials, iron mines and

small manufacturing settlements along the Housatonic River made that river

a natural target for canal promoters. In May, 1822, a company by the name

' .. of "The Ousatonic Canal" was chartered by the General Assembly in New Haven,
4)

within days of similar action of "the Farmington Canal". The two companies

became the first chartered canal companies in Connecticut, and the promoters

of these companies in both instances used the same Benjamin Wright, Civil""
Engineer, Chief Engineer of the Erie Canal and leading American authority

~ .% on canal construction, to make a somewhat hasty but necessary "survey"

74".-.,-v :- ' v . 7.. . 72 ?.) :)
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*required to initially establish the feasibility of the venture. However,

while construction was started on the Farmington Canal only five years

later, on July 27, 1827, the charter of the Ousatonic Canal expired from

its own limitations and an attempt to revive it in 1838 failed again. As

aexplained by Dr. Shelton in 1870, "the requisite legislation was obtained,
7 but as the shad interest was so important, and science has not yet dis-

covered that fish like individuals could climb ladders and go over dams,

Vthe company were not permitted to build a high dam like the one (now

at Derby), but a low dam, with tumbling rapid over it for the shad. This

required the location of the dam near Zoar bridge and the water to be

brought down in a canal to the present location or below. The surveys made

at the time made the expense so great that it was abandoned".

• '. *Renewed interest in damming the river came in 1864. By this time there

was no interest in water transportation since the railroad, by 1848,U
had already made existing Connecticut canals obsolete. Rather, the site

of the proposed dam was looked upon as the last available source of in-

dustrial water power in close proximity to navigable tide water in all of

New England, and the industrial prosperity that resulted from the close

of the Civil War gave local promoters and investors the wherewithal. to

. -develop this resource to their own advantage. Purchase of the land for

the dam and canals began in 1863. An expert was brought from Maine to show a

committee of the legislature a model of a fish weir, by means of which fish

could go over a high dam. On the basis of this evidence, "the committee

were satisfied that they could grant a charter and preserve their respect

for the right of the shad and the shad eaters at the same time. Following

..

"
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iI
this favorable report the Legislature in 1864 granted a charter for the high

dam at Derby, notwithstanding the continuing objections of the New Milford

"a shad fishing industry. Funds were obtained in 1866 and the company was

organized in Nove-nber of that year. Plans and specifications were made by

7' Wm. E. Worthen of New York. Henry T. Potter, who had built several dams

in the Norwich area (e.g. Ponemah Mills on the Shetucket) was engaged

as Engineer and Superintendent. The first stone was laid July 17, 1867.

The construction of the dam was a laborious affair which tried the

patience of Henry Potter so much so that after its completion in October,

1870, he declined to have any further involvement with the project. From

the description of the construction of this dam given by James Leffel

in 1874 it would appear as if, at the time of construction the discovery

was made that rock at the site dipped too sharply to be used as a founda-

3 Ition for the dam, a fact that may not have been known earlier by Mr. Worthen

when he first made the original plans and specifications for the dam.

The laying of a foundation in gravel for a masonry dam, with current

from the river above the dam and a three-foot rise and fall of the tide

on the downstream side, proved to be a very difficult operation, requiring

coffer dams on either side and water pumps to keep the construction area

dry. On numerous occasions in 1867, 1868, and 1869 the work was interrupted

by freshets breaking through the project's cofferdams. The worst disaster

occurred on October 4, 1869, when the center portion of the dam, then

t-I under construction, was fully overturned, and 160 feet of the dam was swept

away. "The removal of the water from the immense coffer below the dam was

a work of such magnitude that the Engineer, Mr. Potter, devised a pump

expressly for thp purpose, 48 feet long, 4 feet wide, and 12 inches high,

*. with buckets and elevators attached to belts. . When the water had all
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been removed from the coffer, it was found the full extent of the damage

3 done by the October freshet has not been realized. It had not only

swept away the center portion of the dam but cut down the riverbed south

of the dam, making a hole more than half an acre in extent and 20 feet

deep below the apron. This immense cavity was filled with rock and stones,

- .-the foundations laid upon it, and on the fifth of October, 1870, the last

coping stone was laid." The final structure, estimated to contain 451,000

cubic feet of masonry, was 637 feet long, measure along the arc from

abutment to abutment, the arc having a mid-ordinate of 50 feet. The

abutments were 175 feet long. The dam was built of large blocks of

ashlamasonry. The height varied from 25 feet to 32 feet. Its width was

20 feet at the base, with an 8 foot wide cap of Maine granite blocks

each 8 feet long and 1 foot thick. On the downstream side was a horizontal

3apron, 24 feet wide, of southern pine logs, one foot squire, resting on
two feet of timber and masonry, with 10 inch sills anchored 8 feet de-p

- ". into the masonry of the dam. The dam's capability at the time was estimated

at 2500 horsepower 12 hours a day, assuming a head of 22 feet and 500

cubic feet per second minimum average flow. On account of the large amount

of industrial water power that could be derived from the dam, and the

perservance required for its construction, its completion was locally hailed

as one of the major achievements of that time. There were no flashboards

.. until 188Y.

Mr. Potter's success in completing the dam was not destined to last.

4. -'The dam failed in the spring of 1891, probably due to a large amount of

-* ice which h;'d become piled upon the dam during a freshet at the breaking

V up of the river. A large breach, estimated to be 210 feet wide, was

made at the easterly end of the dam. The repair, which took place that
4
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summer, was under the direction of Engineer D. S. Brimsmade, cost $130,000

and consisted of: (1) lengthening the dam by another 38 feet, to its present

675 feet; (2) reconstructing the breached and new section with a different,

substantially wider cross-section, such as to have a sloping back in place

* .of old horizontal apron, and (3) adding a triangular section above the old

apron of the remaining portions of the old dam, and increasing the width of

the aprcn from 24 feet to approximately 43 feet-6 inches. The downstream

portion of this apron was supported by a rock filled timber cribbing. The

toe was protected by 3" plank sheeting just upstream from the last foot-

square horizontal waters, which in turn, were laterally supported by

• piles driven 24" on centers. The entire surface of the apron was then

covered with timbers and 2 layers of planking well anchored to masonry,

starting just under the capstone and extending at a 1-1/3 to 1 slope,

approximately 23 feet and thence through an arc of about 38 feet radius

for another 31 feet, to the toe. The new portion apparently built

.= monolithically and of larger stone than the old one, had also vertical

upstream face. The chosen method of strengthening the old dam, i.e.,

by adding a sloping, planked triangular section which would serve at the

same time soften the fall of the water, was not original. A very similar

approach was used between 1868 and 1870 to strengthen the Holyoke dam. The

dam that existed there at the time was a timber crib dam, 1,017 feet long

and 30 feet high, that, like the Derby Dam, was built on an erodable base.

There do not appear to have been further modifications to the Derby

Dam until 1948. An inspection of the toe of the dam was made in 1943. By

1948, because of the daily operation of the Stevenson Hydroelectric plant

which had been constructed in 1920, about six miles upstream, and because

of local pond levels from Memorial Day to Labor Day each year, and the ex-

tensive worn condition of the subplanking due to erosion, it was found

onp
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very difficult and expensive to maintain the repairs on the wooden

I 3apron of this dam. That year, under the direction of Hydraulic Engineer

D. Z4. MacWilliam, the Connecticut Light and Power patched with concrete

3,183 square feet of the apron. In addition, on the Derby end of the apron,

a 2,290 square-foot experimental strip was laid down, removing both layers

of planking and replacing them with 9" of concrete. Additional concrete

patches were made in subsequent years. Then, in 1952, C. W. Blakeslee &

Sons was awarded the contract for removing all the remaining planking

replacing it with nine inches of concrete.

In 1929 the Connecticut legislature released the then Ousatonic

Water Power Company of the obligation to maintain a fish weir at the dam.

-. There had been no shad run in the Housatonic River since the turn of the

-:1 century. Inspectors for the State Fish Commissioners noted shrinking

UI shad runs in the early 1870s. The fish weir as built was not as success-

ful as had originally been anticipated. Samuel Orcutt, in his 1880 History

' of Derby, describes it as follows: " weir of fish through which an

occasional June shad with a sprinkling of youthful lamprey eels are allowed

to go up for the special benefit of the up country people".

z.
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DERBI DAN

.I -According to the old records, the Derby dam was under construction

frmn 1VP to 1870. Uhile under construction during the flood of October, 169,

- a 16O feet of the dam was destroyed and subsequently rebuilt. The grand opening

Swas Saturday, October 29,. 1870. Some of the pertinent dimensions of this original

dam are as follows: It was 657 feet long, measured along the arc from abutment

tbo abutment, the arc having a maid-ordinate of 50 feet. The abutments were 175

feet long. The dam was of1masonry varying in height from 25 feet to 32 feet and

capped with granite blocks from Maine. In width It was 20 feet at the bottom and

. 8 feet at the top. On the downstream aide and approximately 20 feet below the

crest was a more or less horizontal aprong 24 feet in width, made of southern

Spine timbers resting on 2 feet of timber and masonry. This construction can be

clearly "een in the accompanying photographs and section made by 1. S. Brinsmade.

No flabboards were installed until 1883. On January 22, 1891, approximately 210

feet, as scaled from a drawing made by Mr. Brinumade, was destroyed by flood waters.

- This was at the eastern or A end of the damn. The dam was reconstructed

during the same year and increased in length to its present 675 feet length, the

: '. easter portion being on a tangent to the existing 4C At this time

the cross-section of the dam was changed materially, the old portion as rebuilt

having a tr'iagular section of masonry added above the old apron and the apron

K- increased in width from 24 feet to approximately 43 feet,6 inches ) Inre downstreez

.- portion of this apron being supported by o rock filled timber cribbing. The toe

was protected by 5 plank s tream from the last 12 x 12 horizontal
W14 L rS

-wbaleres, which, in turn, were laterally supported by piles driven 24"

an centers. The entire surface of the spron was then covered with timbers and

plankig well anchored to the saacnz, starting Just lnder the capstone and extend-

Ing at a 1-1/5 to 1 slope, approximately 25 feet and tw-Varough an are of about

., .-. 58 feet radius for another 51 feet, to the toe. The new portion was similarly

-";2e* *.-. ' 4'-% 4' '2: ' '' ¢ , . % 4, 2 , £ € . . , , . , , . .. .. . .. . . . .
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rebuit, except that it had a vertical upstream face and the masonry was apparently

of larger atone and built monolithically. It is significant to note that both

of Umb ushom A .4cured prior to the installation of the new apron.

From the old drawings and sabsequent data, we believe that little
O .-
: if any of this dam rests on bedrock. The average elevation of the crest of the dam

as established by a msrvey made by Mr. Edward W. Richie in May, 1927, is 25.56

. feet above the Stevenson Datum of The Connecticut Light & Power Company, which '- 2

. datum is 1.82 feet hightt than the U.S.G.S. Datum. From drill holes made at this
time, Mr. Richie found that rock was present at elevation + 2.3 at the west end

of the dam and dipped sharply towards the east 60 that at the center of the dam A&
rock elevation was at about -51.7 while at the eastern end of the dam, s rock

was encountered .. .. Ot hole .*&d- - -64. feet.

In September 1945 we made an examination of the toe of the dam,

including the use of a diver, the report of which is attached hereto. No work

was done at that time.

Before estimating the cost of repairs if a break occurs, we believe

the following facts should be recognized and considered. The greatest depth of
4.. water over the dam on record was during the flood of 1869 when part of the con-

*q,.., struction was washed out. t this time 3 feet of water went over the dam.

The records for the elevation of the headwater during the flood of January 1891

:, .- do not seem to be available. Since the Stevenson Dam was built, however, the

greatest -ee$ on record -- in March, 1956 and September 1958, at which

time approximately 8.4 feet of water went over the dam, making the headwater

elevation about 3.9 feet. During these floods, thn tailwater elevations

were 21.2 feet and 24.7 feet, respectively.

- °e
0  
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This makes the hydraulic head on the dam only 12.7 feet for the former and 9.2 feet
hy4rA'4

fo rke ).atter, or characteristicapproathing a submerged weir. Any Incos.a. in

the elevation of the head waters, we believe would cause a correspooding increase

in the elevation of the tailwater so that the resulting overturning moment on the

dam would become less. Although under these conditions, the downstream slippage

might increase, we believe the construction is such that the dam could easily with-

* "stand this contingency.- -
. " From our experience witU dam failures at West Thompson# Mechanicsville,

Scotland, Dyer Dam and Leesville, we believe that the vulnerable point at Derby

dam is not the dam itself but rather failure around the end of the abutments. We

especially think a parallel case can be drawn between Scotland dam and the Derby

' 7"  da because each is a gravity type dam, built on gravel, with a protecting epron.

Both failures at Scotland dam occurred around the end of the east abutent, even

* .though in the 1956 flood, the apron was bkdly undermined. The railroad cut on

.. the east bank at Scotland, we believe, simulates the same condition as the two

4 canals present at Derby and leads us to conclude that any failure would be at these

Y. points. Extending the Derby canal northward several hundred feet, as suggested,

we believe would not help the situation but might eren aggravate it. A better

solution, we believe, would be to extend a wing wall of steel sheet piling or

other construction, northerly from the gate house to high ground and at such an

elevation that it would keep high flood waters confined to the river channel.

As can be clearly seen in the photograph, the masonry at the east

end of the dam is integrally connected to the masonry of the wing wall, running

north and south from this point, forming a monolithic structure of considerable

depth and adequate strength. Furthermore, we believe, that any vsa ag action

a, that ight take place at this point is at normal or low water elevations rather

than during flbod conditions and does not constitute a flood hazard. Any disturbance

* .4-*
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of the silt JIIANC5T that has formed at this point either by pouring c.

U or driving steel sheet piling, we believe, would be more harmful than be,

To fill the two holes just doustram from tp "S of the di

require approximately 4.056 cubic yards fbr the westerly hole and 12,753

yards for the easterly one, rmy a total of about 17,000 cubic yards. I

as evidenced by the 1936 and 1958 floods, we believe the shape of the ap.

- such that no serious scouring action takes place at these points during

ditions and, therefore, cannot see that filling them up materially i-pro-

,. .- stabilit y of the structure.

-4
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915) 532-2282"- PROTRANS CONSULTANTS P, Box 12608. EL PAso.TXAS 7,912

January 3, 1980

- Mr. Robert K. Frink, II
Northeast Utilities Service Company

I. P.O. Box 270

Hartford, Connecticut 06101

- "Subject: Hydroelectric-Power at Derby Dam
Your Purchase Order No. 5102320

Dear Mr. Frink:

We are pleased to present this letter-report of our brief reconnaissance
of a hydroelectric plant at Derby Dam, on the Housatonic River in Connecticut.
Results of our investigations and acknowledgements are given in this
initial summary. The studies and our reasoning are then documented in
more detail in the remainder of this letter and in the attached Exhibits.

These are our principal conclusions regarding the dam:

1. We expect that Derby Dam will not slide, it should not be
washed out, and it should not be overturned, even by the peak
flow during a probable maximum flood (PMF). This conclusion

%> *%. is based on stability analyses made by us, for flows up to
those causing headwater elevation 38.0 at the dam, and on the
report of inspection and on photographs furnished to us by you.

2. We have satisfied ourselves that the PMF developed by others
for the Stevenson site upstream is of the correct order of

-e . magnitude for use in analyzing the stability of Derby Dam.
Independent development of the PMF was beyond our scope of
services.

3. In the event our engineering judgement proved wrong and the
dam did fail, the potential additional hazard to life or
additional damage to property would be negligible or non-

A' . existent. If the dam failed, failure would likely be
gradual. The rubble fill and concrete debris would block
flow through a breach in the dam. The level of water which
might flood around the Shelton and Derby sides of the dam
would be lower than if the dam did not fail.

4. A minor repair of masonry at the right (Shelby side)
abutment should be made in the near future. We do not re-
commend any other repairs to the dam need be made at this time.
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November 19, 1979
Page 1 of 2

DERBY DAMY 7
INSPECTION OF THE TCE OF THE DAY, ON

.

SUNDAY, NOVEMBER 18, 1979

INSPECTORS: R WEATHER: Sunny and warm
. Ryan 55-60°F

CONDITIONS

No flow over the dam, Stevenson ponding, some leakage through and wave action

over the flash boards. Time of inspection 1045-1145. The tide was high and

-. ebbing. Face of dam generally visible.

* INSPECTION

S'The toe of the Derby Dam was inspected for undermining. The inspection was

carried out by probing with a 10 foot + wood pole from a row boat. The

entire length of the dam was probed. For the middle 475 feet +, the river

bottom at the toe was visible. The bottom consisted of tightly packed cobble

size stones. No silt or mud was found. No holes or voids under the toe were

found. The face of the dam was visually inspected and it appeared to be in

very good condition. The surface was uniformly covered with concrete.

NOV 2 9 197 '
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E. L. Johnson July 11, 197E

V. E. Poeppelmeler

Derby Dam Leakage

As reoueste , we have observed the leakage on the downstream face of Derby Dam.
In order to nore clearly understand the situation we include the following
brief description of Derby Dam construction:

The upstream masonry section of the dam was constructed about 1875. Around
-. , the dam length was increased and rubble fill was placed on the down-
stream side of the masonry to improve structural integrity. Finally, in
1952, the downstream face was capped with twelve (12) inches of concrete to
reduce maintenance expenses.

The two leeks visible at the time of inspection were located at the concrete
cap construction Joints. They were small jets of water, spouting one-half
to one inch above the cap, indicating a minimum of water pressure behind the
can. No concrete erosion of significance was visible in the area of the
leaks.

Eecause of the age of the structure it is doubtful the upstream face is
watertight. Some of the water seening through the upstream face accumulates
in the rubble fill between the masonry and concrete cap. Therefore, the
leas through the concrete cap are beneficial as they prevent the buildup of
hydraulic pressure behind the cap.

W!e feel there is no cause for concern at this time. We have scheduled
periodic insnections of the dam to accumulate data on the leakage.

RGC/ezb
copy: I.J.Petersen

A. Ferreira
R.G.Chevalier

R.S.Farnum
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":.- dL.'r7.,,rr 3
SERVICE COMPANY

July 11, 1975

T o R. G. Chevalier -W21OD

W A. Ferreira - W46

susjj Inspection of Leaks in Derby Dan

The following are comments on the inspection of the reported leaks at
-.the Derby Dam which you requested confirming the discuthW we had at

the site this morning following the inspection. The leaks were pointed
out to us by Bob Farnum, District Superintendent of Gas Operations,
Shelton District, who accompanied us to the dam site.

" . Each of the two leaks that were seen were about pencil size and were
". Kspouting approximately one-half 4nch above the roncrete face. The

Jets were three to four inches in length as they"'Apinged back down-
on the face of the dai. The jet n st o er y..a uftpent was
spouting about nine feet below the'crest and a he" other I et, was. at the '
next constructioniJin spoutng about eleventeetlieov the crest.
Each of the jets Vero at '6onstruction joints. Therevas no evidence
of extraordinary concrete spalling or surface wear in the immediate

" vicinity of the leaks. Therewas some eidence of concrete erosion
closer to the abutment and not at a construction joint. Mr. Farnum
was not sure but did think that at..an earlier inspection he did see a

*spouting leak in the vicinity of this eroded area.

The leaks are indicative of water buildup behind the concrete face and
.%.~ are evidence that water is seeping through the masonry dam and through

the downstream rubble underlying the concrete face. The spouting leaks
are actually relieving the hydraulic pressure buildup under the facing
and are, therefore, beneficial in this aspect. It would not be expected
that the construction joint would remain watertight and leakage of this
type is common.

* .The safety of this type of dam is not normally impaired by this form of

leakage inasmuch there is no impervious fine-grained material involved.
Masonry dams, especially of this age and construction, normally exhibit
evidence of leakage and seepage through the joints.

-" The spouting leaks should be continually inspected, however, as their
appearance does indicate a possible deterioration of the underlying
concrete in the vicinity of the construction joint. There should be no

- concern unless the leaks increase in jet size and in number.

N,*

I. o-



R. G. Chevalier 2 July 11, 1975

It is recommended that the leaks be monitored periodically and their size
and number recorded to build up a progress record.

.-. If there is any further work you want us to do in this regard, please let
us know. .

AF/mar

cc: R. S. Farnum
R. P. Wernerip
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F DERBY DAY

2 nscection Following Excavation Downstream of Dam

During t'.e last part of September and the first oart of
October a borrow pit operation was conducted on an island in the
Housatonic River downstream of the Derby Dam, a CL&P property.
The excavated material was placed on the easterly edge of the
Housatonic River. The contractor was the John J. Brennan Company
of Shelton who did the work for the Hull Dye and Print Company.

is understood the Connecticut Department of Environmental
Protection issued a stop work order, but not before a large part
of the top of the island was stripped.

The possibility the excavation on the island downstream of
the dam could adversely affect the stability of the dam has been
expressed. A. R. Gierasch and R. N. Smart of NUSCo. accompanied
by Elmer Richter of CL&P, made an inspection of the area on
Octoter 31, 1971.

(' SU::i'AI.

Approximately three to four feet of the top of the island,
gravel, was excavated. The upstream limit of this

excavation was approximately 270 feet downstream nf the toe of
the .-. Ownership of the island is unknown.

- ..Is excavation was not close to the dam and inasmuch as the
islana was not excavated below the adjacent riverbed elevation,
no change in the percolation of water under the dam should be
expected. It is our judgement the excavation of the top of the
island will not increase the tendency of the flows to scour down-
stream of the dam.

We conclude the recent excavation has no effect on the stability
or structural integrity of the Derby Dam.

SCOPE OF INVESTIGATION

..A purpose of the investigation was to inspect the excava-
tion, its proximity to the dam and to ascertain whether the excava-
tion could affect the stability of the dam. This investigation
was l'-ited to the effect of the excavation and did not include
an inspection and analysis of the dam itself.

IW
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The Derby Darr is a masonry structure 675 feet long varying
in height from 25 to 32 feet. Available records indicate the
foundation is gravel, the depth to rock varying from two or three
feet to 36 feet under the dam and as much as 65 feet just down-

. stream of the dam. The dam was partially destroyed and extensively
modified in 1891. Reconstruction included the installation of
wood plank sheet piles at the toe of the dam. Eighteen inch high
flashboards are attached to the crest of the dam and all of the
-75 foot long crest serves as an uncontrolled overflow spillway.

Since the reconstruction several large floods have been
passed with no recorded damage to the dam. The largest of these
floods was approximately 70,000 cfs on August 20, 1955.

Drawing_ 36J4, included in Appendix A, is a plan of the dam
and riverbed. Important points to note are the two deep holes
just downstream of the dam and the island further downstream.
It is reported these holes were scoured during the 1891 flood
when the dam was partially destroyed. Although we have no survey
records, it is reported by the operating staff that the island
was deposited, or at least greatly increased in size at this time.

, ." Also included in Appendix A are photos taken at 2:00 P.M. October31, 1972, the river being at a very low elevation with very little

flow past the flashboards and the Long Island Sound at low tide.

S .INSPECTI." A:2. , INTERPRETATION OF OBSERVATIONS

Phots one in Appendix A was taken from the Shelton side of
- - the river during the inspection of October 31, 1972, Photo two

from tht. Lerby side. The upstream limit of the island excavation
shows in photo one and is approximately 270 feet downstream of
the dam. Although no surveying was done, it was estimated
approximately four feet were excavated from the top of the island.
The excavation had been ordered stopped prior to the inspection
and a roadway that had been placed between the last bank of the
river and the island had been removed. During the period the
roadway was in place, the relatively low flows of the river were
restricted to the channel on the west side of the island. Now
at high ti.Ge water passes on both sides of the island.

The section drawings included in the appendix show the
/ ;relative elevations of the riverbed through the holes downstream

W of the dam, the elevation of the island and the bottom of the
sheet piles, elevation unknown. If one were to attempt to draw

-.. ~flow nets to study seepage under the dam before and after excava-
. tion of the top of the island, it would be quickly apparent

seepage under the dam will not be significantly changed by the
excavation.

The tendency of the riverbed to be scoured downstream of
the dam is much more pronounced during high flows. During the

V1955 flood the tailwater was approximately El. 24.9 feet, some
25 feet auove the general river bottom. The excavation of the
top of tne island and its subsequent placement at the river's east

-- 4
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bank have little, if any, effect on the cross section of the
river at the higher tailwater elevations. Therefore, the tail-

_ water elevations are expected to be unchanged for high flows. it
is our judgment that the recent excavation will not make the
riverbed more susceptible to scouring .han it has been. It

*" should be noted the 1955 flood as well as other large floods since
- the 1891 modifications have passed the dam without further scouring

- "of the riverbed downstream of the dam.

CONCLUSION

" It is concluded the recent excavation of the top of the island
*. can not adversely affect the stability of the dam. The excavation

was apparently not on CL&F property. It is our recommendation
" "-. that no action need be taken by CL&7 to restore the top of the

- island since the stability of the dam will not be affected by the
recent excavation.

Kobert N. Smart

- November 15, 1972
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APPENDIX C

~PHOTOGRAPHS
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* Photo 3 Earthf ill dike along left bank extending upstream
of dam.
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Photo 4 Breach in wall of left canal.
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Photo 7 Culivert ,it tw '<:j

Roosevelt Drive.

Photo~o th 1ih Gaehts and Canal Spillwa
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Photo 9 Right Gatehouse; boat lock; and canal spiliway.
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Photo 10 Right r'anal concrete training wall along right bank;

~d earthf ill dike with paved crest on left.
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Photo 11 Interior of right gatehouse and gate hoist iechanisrn. Note
-' belt driven alternate gate hoist system.

%I

.. I Photo 12 Seepage on down-

I stream~ wall of canal spill-
way structure. Note stone

-~ facing on earthfill dike
(left of seepage).
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Photo 13 Concrete downstream spillway apron and flashboards.
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' ' APPENDIX D

"" H-YDROLOGIC AND HYDRAULIC COM'PUTATIONS
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