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DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION. CORPS OF ENGINEERS

- #11424 TRAPELO ROAD
....... WALTHAM. MASSACHUSETTS 02154

?;AY 0 1 1980

inonoraI De £l.- 1. urassoLovernor ot the State of Connecticut
State Capitol
hartford, Connecticut OU115

Dear Governor Grasso:

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

A copy of this report has been forwarded to the Department of Environ-
mental Protection, the cooperating agency for the State of Connecticut.
In addition, a copy of the report has also been furnished the owner,
Dept. of Environmental Protection, Hartford, Connecticut,.

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

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

Sincerely,

Incl B. SCHEIDER
As stated Colonel, Corps of Engineers

Division Engineer



WINCHESTER LAKE DAM

CT 00105

LOWER HOUSATONIC RIVER BASIN 
..'

WINCHESTER, CONNECTICUT

Accession For
-iTIS GRA&I i

*DTIC TAB&

Unannounced C
Justirication

By

PHASEI INPECTON RPORTistribution/

PHAE IINSECIONREPRTAvailability Codes

NATIONAL DAM INSPECTION PROGRAM jAvail and/or

Dist Special



NATIONAL DAM INSPECTION PROGRAM
PHASE I INSPECTION REPORT

Identification No.: CT 00105
Name of Dam: Winchester Lake Dam

. Town: Winchester

County and State: Litchfield, Connecticut
Stream: East Branch Naugatuck River
Date of Inspection: 25 October, 1979

BRIEF ASSESSMENT

Winchester Lake Dam is a 675-foot long earth embankment dam
with a maximum height of 23 feet. The top width of the dam is
14 feet. The upstream embankment slope is 2.5:1 and is pro-
tected with riprap below the water surface. The downstream
slope is 2:1. The spillway is 25 feet wide, located at the
right side of the dam. A 24-inch diameter cast iron pipe
under the center of the dam provides a low level outlet.

The lake is open to the public and used for recreational pur-
poses. Winchester Lake has a storage volume of 3,120 acre-feet;
the size classification is thus intermediate. A breach of the
dam would affect about 5 single-family homes, located between
2 and 4 miles downstream of the dam. The first 2 miles of the
valley downstream of the dam is completely rural, with no struc-
tures, and 3 minor roads that cross the valley. About 4 miles
downstream of Winchester Lake, its discharge waters enter the
storage reservoir of the Corps of Engineers' flood control
dam, on the East Branch of the Naugatuck River (East Branch
Dam). The dam has been classified as having a significant
hazard potential.

The dam and its appurtenances were judged to be in generally
fair condition. The dam embankment is overgrown with exten-
sive vegetation on both the upstream and downstream faces.
Many large trees are in the vicinity of the toe of the slope.
General erosion and sloughing of the slopes were noted. A
3-inch pipe was discharging a significant quantity of clear
water at the toe of the slope adjacent to the blow-off loca-

iv. tion. The slope in this vicinity was wet and spongy. The
upstream face has riprap in good condition; however, the upper
7 feet of the slope is not protected. Erosion has occurred
on both sides of the spillway structure.

The capacity of the spillway is adequate to pass the 1/2 PMF
spillway test flood outflow with a freeboard of 0.7 feet..

Within one year of receipt of the Phase I Inspection Report,
the owner, the State of Connecticut, should engage a qualified
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registered engineer to: 1) investigate the seepage at the down-
stream toe and design appropriate remedial measures; 2) design

* procedure for repairing erosion at the downstream toe of the
dam in the vicinity of the spillway channel and measures for
diverting the flow away from the tue of the dam; 3) design pro-

N cedures for clearing trees and brush and their root systems
from the dam and the area immediately downstream of the toe of
the dam, and for properly backfilling the areas where the roots
were removed; 4) design repairs for displaced riprap on upstream

.slope and determine need to extend the riprap to the crest;
5) design method of repairing areas of sloughing on the upstream
slope and crest to restore these areas to original grade con-
sistent with the design drawings noted in Section 2; and 6) in-
vestigate feasibility of providing control for blow off pipe
upstream of core wall.

The owner should also carry out the following operational and
maintenance procedures: 1) maintain clear of trees and brush
the dam embankment, an area within 50 feet of the downstream
toe, and a zone 25 feet on either side of the spillway channel
for a distance of 100 feet downstream from the dam; 2) develop
method of preventing trespassing on the dam crest and slopes;
3) engage a qualified registered engineer to make a comprehen-
sive technical inspection once every year; and 4) establish a
surveillance program for use during and immediately after heavy
rainfall and also a warning program to follow in case of emer-
gency conditions.

S' Giavara, P.E.
President

0Registered, CT. 7634

IN4
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This Phase I Inspection Report on Winchester Lake Dam

has been reviewed by the undersigned Review Board members. In our
opinion, the reported findings, conclusions, and recommendations are
consistent with the Recommended Guidelines for Safety Inspection of
Dapm, and with good engineering Judgment and practice, and is hereby
submitted for approval.

ARAMAST HAHTESIAN, MEMBER
Geotechnical Engineering Branch
Engineering Division

. CARNEY M. TERZIAN, MEMBER
%. Design Branch

Engineering Division

RICHARD DBOOCARA
Water Control Branch

P9 Engineering Division

APPROVAL RUONMODED:

1 d t B . FRIYARt

Chief ftnsineerln8 DIvisiou
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, . PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for Phase I
Investigations. Copies of these guidelines may be obtained from
the Office of Chief of Engineers, Washington, D.C. 20314. The

Z4 purpose of a Phase I Investigation is to identify expeditiously
those dams which may pose hazards to human life or property. The
assessment of the general condition of the dam is based upon avail-

. ~able data and visual inspections. Detailed investigation, and
-i analyses involving topographic mapping, subsurface investigations,

testing, and detailed computational evaluations are beyond the
X' 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 re-
ported condition of the dam is based on observations of field con-
ditions 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 other-
wise be detectable if inspected under the normal operating environ-
ment of the-structure.

0It is important to note that the condition of a dam depends
on numerous and constantly changing internal and external condi-
tions, and is evolutionary in nature. It would be incorrect to
assume that the present condition of the dam will continue to
represent the condition of the dam at some point in the future.
Only through continued care and inspection can there be any chance
that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydro-
logic 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 pos-
sible storm runoff), or fractions thereof. Because of the magni-
tude and rarity of such a storm event, a finding that a spillway
will not pass the test flood should not be interpreted as neces-
sarily posing a highly inadequate condition. The test flood pro-
vides a measure of relative spillway capacity and serves as an aide
in determining the need for more detailed hydrologic and hydraulic
studies, considering the size of the dam, its general condition

p and the downstream damage potential.

The Phase I Investigation does not include an assessment of
the need for fences, gates, no-tresp-aing signs, repairs to exist-
ing 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 com-

*pliance with OSHA rules and regulations is also excluded.
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NATIONAL DAM INSPECTION PROGRAMd
.. PHASE I INSPECTION REPORT

WINCHESTER LAKE DAM - CT 00105

SECTION I - PROJECT INFORMATION

' :N 1.1 GENERAL:

a. Authority. Public Law 92-367, August 8, 1972, author-
ized the Secretary of the Army, through the Corps of Engineers,
to initiate a national program of dam inspection through the
United States. The New England Division of the Corps of Engin-
eers has been assigned the responsibility of supervising the
inspection of dams within the New England Region. Flaherty
Giavara Associates, P.C. has been retained by the New England
Division to inspect and report on selected dams in the State of
Connecticut. Authorization and notice to proceed was issued to
Flaherty Giavara Associates, P.C. under a letter of 19 October,

. 1979, from William E. Hodgson, Jr., Colonel, Corps of Engineers.
Contract No. DACW33-80-C-0001 has been assigned by the Corps of
Engineers for this work.

b. Purpose.

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

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

3) To update, verify and complete the National Inven-
tory of Dams.

1.2 DESCRIPTION OF THE PROJECT

a. Location. The Winchester Lake Dam is located in Win-
chester, Conecticut, on the East Branch of the Naugatuck River.The dam is located approximately one mile northwest of Winchester

Center. The dam is shown on the U.S.G.S. Topographic Map "Norfolk,
Connecticut" at a latitude of 41054125 '' and a longitude of 73*08'35".
The Location Map on page vi shows the location of the structure.

b. Description of Dam and Appurtenances. Winchester Lake Dam
is a 675 foot long earth embankment dam with a maximum height of 23
feet. The dam embankment elevation is 120.0 feet and the normal

. lake elevation is 116.0 feet. These elevi+ - 3 are based on con-
s utruction plan of the dam which used an i d datum. The top
width of the embankment is 14 feet. The .. .eam embankment slope
is 2.5 horizontal to 1 vertical and is faced with riprap below the
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water surface level. The downstream earth embankment slope is
2 horizontal to 1 vertical. The construction plans indicate aSconcrete core wall varying from 2.5 to 4.5 feet thick along the
entire length of the earth embankment. The maximum elevation of
this wall is shown as 118.5 feet.

The spillway consists of a concrete gravity section and training
walls with a 25 foot width. It is located near the right (west)
abutment. The spillway crest has provisions for flashboards.

U The outlet works consist of a 24-inch diameter cast iron pipe
-p. under the center of the dam serving as the low level outlet. The

control gate is located in a manhole at the crest of the dam which
extends down to the outlet pipe. The construction plans indicate
that the outlet pipe was placed on a concrete foundation.

c. Size Classification. Winchester Lake has a storage volume
?. of 3,120 acre-feet and a dam height of 23 feet. Storage of more
. than 1,000 acre-feet classifies this structure in the "intermediate"

category according to guidelines established by the Corps of Engi-
neers.

d. Hazard Classifications. The dam is classified as having
a "significant" hazard potential. The first two miles of the
valley downstream of the dam is completely rural, with no struc-
tures, and only three minor roads cross the valley. Below this
section to the East Branch Dam owned and operated by the Corps of

S Engineers less than ten residential homes would be subject to flood-
ing due to a dam failure. The dam has been classified as having a
significant hazard potential since there is possibility of some

* loss of life and appreciable economic loss would result from fail-
ure, including damage to isolated homes, rural roads, and notable
agricultural land.

e. Ownership. This dam and lake are owned by the Connecticut
Department of Environmental Protection, Division of Conservation

_and Preservation, 165 Capital Avenue, Hartford, Connecticut; Dennis
P. DeCarli, Deputy Commissioner; telephone: 566-4522. The dam
was previously owned by the Torrington Electric Light Company,
Torrington, Connecticut.

f. Operator. The dam is operated by the Connecticut Depart-
ment of Environmental Protection, Division of Conservation and

* ;' Preservation, Burr Pond State Park, Mr. Warren Whitney, telephone:
379-0771.

g. Purpose of Dam. The dam and lake are open to the public
N and used for recreational purposes. A state boat launching facil-

ity is located on the lake.

h. Design and Construction History. The dam was designed
and construction supervised by Mr. William G. Smith, Civil Engi-
neer, from Waterbury, Connecticut, in 1927. The construction plans

-2-
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for the dam were approved by Mr. A. B. Hill, Engineer for the
State Board of Dams. Construction drawings that include a plan
view, profile, and typical cross section are included in Appen-

* dix B. The drawings show information regarding the foundation
conditions at the site. In 1942 the State Board of Supervision
of Dams approved the installation of flashboards on the dam spill-
way. The flashboards were one foot high.

i. Normal Operation Procedures. The lake water level is
maintained at the dam spillway crest elevation. Annually the

.outlet works gates and conduit are opened for testing purposes

5to ensure proper operation.

1.3 PERTINENT DATA:

a. Drainage Area: The drainage area consists of 2.19
V7 square miles of rolling to hilly terrain, which is forested and

undeveloped. The watershed is 12,000 feet in length and 8,000
feet wide.

b. Discharge at Dam Site.

- 1) The outlet works consist of a 24-inch diameter cast
iron conduit under the center of the dam. The conduit is operated
by a gate mechanism located in a manhole at the embankment crest.B The outlet conduit's invert elevation at its inlet and outlet is
97t feet. The capacity of the outlet conduit with the lake water
level at 116.0 is 68 CFS.

2) Available past flood records at the dam were ob-
tained from the files of the Connecticut Department of Environ-
mental Protection. Correspondence from the former State Board ofp Supervision of Dams, dated May 29, 1942, states that the maximum
observed depth of flow over the spillway was 8 inches. This is
computed to be a discharge of 48 CFS.

3) The ungated spillway capacity at the top of dam -
700 CFS at EL. 120.0.

4) The ungated spillway capacity at test flood eleva-
tion - 537 CFS at EL. 119.3.

.'5) The gated spillway capacity at normal pool elevation
is not applicable at this dam.

6) The gated spillway capacity at test flood elevationi is not applicable at this dam.

7) The total spillway capacity at test flood elevation -
537 CFS at EL. 119.3.

8) The total project discharge at the top of dam is
not applicable.

- -~ .. 3



9) The total project discharge at test flood elevation
, - 537 CFS at EL. 119.3.

c. Elevation. (Elevations from construction plans.)

. ) Streambed at toe of dam ................... 97±
2) Bottom of core wall ....................... 83±

3) Maximum tailwater ............ N/A

4) Recreational pool ........................ 116.0

* 5) Full flood control pool ................... N/A

6) Spillway crest ................. 116.0

7) Design surcharge (Original Design) ....... unknown

8) Top of dam ................... 120.0

9) Test flood design surcharge ...... 119.3

* '5 d. Reservoir. (Length in feet)

1) Normal pool .............................. 7,400±

2) Flood control pool ........................ N/A

3) Spillway crest pool ................. 7,400-

4) Top of dam ................................ . 7,450±

5) Test flood pool ....................... 7,445±

e. Storage. (Acre-feet)

1) Normal pool ....................... .. .... 2,280

": 2) Flood control pool ........................ N/A

3) Spillway crest pool ...................... 2,280
'.5

4) Top of dam ............. 3,120

""5) Test flood pool .......................... 2,840

f. Reservoir Surface. (Acres)
1) Normal pool ................................ 250

2) Flood control pool ......................... N/A

- 4 -



3) Spillway crest ............................. 250

4) Test flood pool ............. ............... 275

5) Top of dam ................................. 280

A g. Dam.

1) Type: Earth embankment with
concrete gravity spill-
way section.

> -2) Length: 675 feet.

3) Height: 23 feet.

4) Top Width: 14 feet.

5) Side Slopes Upstream:
2.5 horizontal to 1 vertical.
Downstream:
2.0 horizontal to 1 vertical.

N, 6) Zoning: Unknown.

7) Impervious Core: Concrete core wall.

8) Cutoff None.

9) Grout curtain: None.

h. Diversion and Regulating Tunnel.

1) Type .......... . . . . . . . . . ........ N/A

2) Lengtho .................... N/A

3) Closure .................... N/A

' 4) Access ...................... N/A

5) Regulating Facilities ...................... N/A

i. Spillway.

1) Type: Concrete gravity spillway
"ogee" crest.

2) Length of weir: 25 feet

3) Crest elevation: 116.0 feet

-5-
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4) Gates: No.

5) U/S Channel: Reservoir.

6) D/S Channel: Natural stream channel.,Iv
-. j. Regulating Outlets.

1) Invert: 97+ feet.

2) Size: 24 inch.

3) Description: Conduit through dam.

4) Control mechanism: Valve gate within manhole
"' ~ at crest of dam.

$0.

-. ~
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN:

" No data on the design of the dam and its appurtenances have been
recovered. An inspection report has been included in Appendix B.

2.2 CONSTRUCTION:

A drawing showing a plan view of the dam, a section through the
proposed dam and a profile developed to show bedrock depths
along the longitudinal axis at the dam (dated 1927) are the only
known construction information available. This plan is included
in Appendix B.

S 2.3 OPERATION:

Operation of the dar by the State DEP is on an informal basis
to satisfy the recreational interests of lake users.

2.4 EVALUATION:

a. Availability. The only engineering data available are
the construction plans described above.

b. Adequacy. The lack of in-depth engineering data did
not allow for a definitive review. Therefore, the adequacy of

-this dam could not be assessed from the standpoint of reviewing
4 design and construction data, but is based primarily on visual

inspection, past performance history and sound engineering judge-
ment.

Ac. Validity. The field investigation indicated that the

external features of Winchester Lake Dam agree with those shownFM on the available plans.

'-47
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SECTION 3 - VISUAL INSPECTION

i U3.1 FINDINGS:

a. General. Winchester Lake Dam is an earthen embankment

about 23 feetThigh, 675 feet long and 14 feet wide at the crest.
The dam and its appurtenances were judged to be in generally fair
condition. The dam embankment is overgrown with extensive vege-
tation on both the upstream and downstream faces. Many large

.. trees are in the vicinity of the toe of slope. General erosion
and sloughing of the slopes were noted. A 3-inch pipe was dis-
charging a significant quantity of clear water at the toe of
slope adjacent to the blow-off location. The slope in this vi-
cinity was wet and spongy. The upstream face has riprap in good
condition; however, the upper 7 feet of the slope is not protec-
ted. Erosion has occurred on both sides of the spillway structure.

b. Dam.

1) Upstream slope - Most of the upstream face of the
dam is covered with vegetation and small trees,as shown in Photo
No. 1. In the vicinity of Station 4+80, sloughing and erosion
of the slope adjacent to the crest have occurred, as shown in
Photo No. 9. Riprap has been displaced at many locations along
the upstream and generally only extends 2 feet above the water
surface. Erosion has occurred adjacent to the left spillway
wingwall as indicated in Photo No. 10.

2) Crest - The crest of the dam is covered with grass
and some brush, seen in Photos No. 2 and 3. Several small trees
are growing along the upstream edge of the crest as indicated in
Photo No. 4. There is a worn footpath-extending along the entire
crest, as shown in Photo No. 2. The design drawing, dated 1927,
indicated a central concrete core wall. However, the presence

:% of this core wall was not confirmed during the site visit.

3) Downstream slope - The downstream slope of the dam
was covered with extensive vegetation, brush and small trees, as

S shown in Photos No. 3, 4 and 5. There is a worn path along the
downstream slope which is adjacent to the right spillway wing-
wall. This path is approximately 3 feet wide and up to 12 inches
deep near the crest. There is another sizeable erosion path

_ along the downstream slope at Station 1+60. The path at this lo-
cation is 4 feet wide and up to 18 inches deep. Rock stairs ad-

.'~ i jacent to the left spillway wingwall are shown in Photo No. 14.

There is an existing tree growth along the downstream toe, seen
in Photos No. 3,4 and 5.

At Station 4+0, a large tree has fallen over about 20 feet down-
stream from the toe. The exposed tree root system can be seen

- -



: iin Photo No. 6. A 3-inch diameter pipe which was discharging
clear water was located adjacent to the 24-inch blowoff at the
toe of the slope near Station 4+70, shown in Photo No. 7. No
additional discharge pipes were observed during the site visit.
The design drawing does not indicate the existence of a toei drain system.

To the left of the blowoff valve, the ground at the toe of the
dam was wet and soggy, as shown in Photo No. 8.

The spillway channel flows adjacent to the downstream toe at
the contact with the left spillway training wall, as indicated

' .. in Photo No. 12. Erosion of the downstream toe at this location
I ? is evident.

c. Appurtenant Structures.

*1) Spillway - The concrete training walls are in ex-
cellent condition with only a few minor surface cracks noted.
The training walls are vertical with no indication of misalign-
ment or movement. (Photos No. 1 and 11)

The sloping downstream face of the concrete spillway is in good
condition. Some surface deterioration has occurred and exposed
coarse aggregate was noted on the surface.

The crest of the spillway is equipped with 2-inch diameter metal
pipe posts and 12-inch high metal channel brackets to accommodate
flashboards. Flashboards were not in place at the time of the
inspection.

A tree trunk was lodged across the spillway during the inspection.

The visible portion of the 21-foot long concrete apron at the
toe of the spillway is in good condition and is effectively pre-
venting scour at the toe of the spillway. The downstream end of
the apron rests on boulders or bedrock and is stable.

2) Outlet works - A 24-inch diameter cast iron pipe
under the center of the dam provides a low level outlet (blow-

" off). The pipe terminates at a concrete endwall, apron, and
wingwalls. All concrete is in excellent condition. The outlet
pipe was found to be in generally good condition. The control
gate is located in a manhole easily located at the crest of the
dam. The blow-off pipe was dry and clear of debris. The outlet
is operated on an annual basis.

3) Spillway discharge channel - The outflow from the
spillway follows a channel parallel to the toe of the dam to the
original river channel near Station 4+50. The constructed channel
has a natural bed and banks. Riprap is in place at the junction of
the spillway apron and the discharge channel. The bed of the

-9-



channel contains many cobbles and boulders and is generally sta-
ble and clear.

In the vicinity of Station 4+00 several large trees have blown
over and are obstructing flow in the channel (Photo No. 6). The

* flow has been deflected by the root system and is shifting the
stream's alignment closer to the toe of the dam.

d. Reservoir Area. The land around the perimeter of the
reservoir has moderate slopes and is completely wooded. There
is no evidence of slides or unstable slope conditions (Photo No.15).

- The reservoir did not have any visible sediment deposits. There

are no significant point sources of sediment in the watershed,
due to its rural forest condition.

e. Downstream Channel. The river channel downstream of
.* the dam (below its junction with the spillway discharge channel)

varies in width from 8 to 15 feet. It has a natural bed and banks,
and flows through a wooded area, as shown in Photo No. 13. It
appears to be stable, with no degradation or aggradation noted.

3.2 EVALUATION:

b Based on the visual inspection, Winchester Lake Dam is in fair
condition.

There is an area of seepage on both sides of the blow off outlet
structure. The seepage to the right of the blow off may be the
exit of a foundation drain. These seepages could result in piping
and erosion of the foundation and/or embankment of the dam.

Serious erosion is occurring at the downstream toe of the embankment,
' near the intersection with the left spillway training wall. If
' allowed to continue, it could lead to undercutting the embankment

at that location.

Sloughing of the upstream face of the embankment at several loca-

tions implies that the embankment may be susceptible to piping
or slope stability failure.

Small trees are now growing on parts of the upstream and downstream
slopes and larger trees in the area downstream of the toe of the
dam. If allowed to grow, they may blow over and pull out their
roots, or may die and thus lead to rotting of their roots. In
either case, serious erosion and seepage problems could result.

ji Brush growing in these areas make it difficult to inspect the dam
and downstream toe adequately.

Trespassing has led to the development of several bare paths from

-10-



the crest to the toe of the downstream slope. These conditions
lead to erosion problems and failure if not remedied.

No



SECTION 4 -OPERATIONAL AND MAINTENANCE PROCEDURES

4.1 OPERATIONAL PROCEDURES:

~tq

d~ S a. General. The Connecticut Department of Environmental
.,~ .. ~ Protection operates the dam. There appear to be no formal op-

erating procedures. The 24-inch blow-off f or the dam is oper-
ated annually to ensure proper operation if required in an emer-

* gency.

b. Description of any warning system in effect. No warning
A system is in effect at Winchester Lake Dam.

4.2 MAINTENANCE PROCEDURES:

a. General. Normal maintenance consists of annual grass
mowing alon-gthe crest of the earth embankment and brush cutting.

b. operating facilities. There are no formal maintenance
procedures followed for the oiperating facilities.

4.3 EVALUATION:

Regular operational maintenance procedures for this dam and its
appurtenances have not been developed or implemented.

An emergency action plan should be prepared to prevent or mini-
mize the impact of failure. This plan should list the expedient
action to be taken and authorities to be contacted.

-12-
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SECTION 5 - EVALUATION OF HYDRAULIC/HYDROLOGIC FEATURES

P5.1 GENERAL:

The Winchester Lake Dam is a 675-foot long earth embankment
,.. structure that impounds about 2,280 acre-feet to the crest of

the spillway and 3,120 acre-feet to the top of the dam. The
spillway is capable of discharging about 700 CFS with surcharge
to the top of the dam.

The watershed consists of 2.19 square miles of rolling to hilly
terrain. The watershed is almost totally forested, and is in
a rural area containing few structures of any kind. There are no
significant water impoundments upstream of the dam.

5.2 DESIGN DATA:

No data has been recovered on the hydraulic/hydrologic criteria
used in the design of the dam.

S 5.3 EXPERIENCE DATA:

No records are available in regard to past operation of the
reservoir or of outflow through the spillway. The maximum past
inflows are unknown. A letter report (dated May 29, 1942) indi-

cated that the maximum observed depth of flow over the spillway
was 8 inches (50 CFS). The period of record included the major
hurricanes of 1936 and 1938. Since 1974 the depth of flow has
not been enough to monitor (conversation with operator).

5.4 TEST FLOOD ANALYSIS:

The test flood for determining the spillway adequacy is based
upon OCE guidelines. The size classification of the dam is "in-
termediate", based on a storage volume of 3,120 acre-feet. The
hazard potential is "significant". The recommended spillway test
flood in the Corps of Engineers guidelines for this size dam and
hazard potential ranges from 1/2 PMF to the full PMF. The spill-
way test flood selected for evaluating the adequacy of the dam
is the 1/2 PMF. The 1/2 PMF was selected because of the low level
of development along the floodplain downstream of the dam.

S The magnitude of the PMF (and thence the 1/2 PMF spillway test
flood) is based upon "Preliminary Guidance for Estimating PMF

j Discharge" by the New England Division, Corps of Engineers,
dated December, 1977. The watershed is rolling, without signif-
icant upland floodwater storage areas. Therefore, the flood mag-
nitude is based on the "Rolling" watershed curve. The PMF is

- 13 -
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'4600 CFS. The spillway test flood is 2300 CFS.

The spillway test flood was formed into a triangular hydrograph
with a peak of 2300 CFS and a duration of 12 hours. The durationS was set so that the triangular hydrograph would contain the same
volume of water as the estimated storm runoff.

The hydrograph was routed through the reservoir using a computer
program based on stage-storage and stage-discharge data. The
reservoir was assumed to be full and level with the spillway
prior to the storm event.

The results of the flood routing procedure indicated that the
spillway test flood would have a flood stage at elevation 119.3
(0.7 feet below the top of the dam), with a peak discharge of
537 CFS. The reservoir storage would be about 881 acre-feet and
provide a major reduction in flow rates down stream. The spill-
way is capable of discharging the spillway test flood without
overtopping. (Compare 537 CFS to 700 CFS.)

5.5 DAM FAILURE ANALYSIS:

. ~The downstream impact of a dam failure was analyzed using the. Corps of Engineers' "Rule of Thumb Guidance for Estimating
Downstream Dam Failure Hydrographs", dated April, 1978. Based
upon an assumed breach width equal to 40% of the dam's widthat mid-height, the peak flood flow leaving the dam would be
44,420 CFS, with an initial depth of 11.6 feet downstream of
the dam. The flood flow rate and flow depth decreases slowlyas it passes downstream. This is due to a narrow valley and the

high storage volume in the reservoir.

The height of the downstream flood wave is typically 10 to 15
'. feet, and the width of the flooded portion of the valley is about

500 feet. The first 2 miles of the valley downstream of the dam
"I is completely rural, with no structures, and only 3 minor roads. cross the valley. About 5 single-family homes, located between

2 and 4 miles downstream of the dam, would be subject to flooding
due to the dam failure. At two houses the depth of flooding wouldbabu5fetadteremaining houses would be subjected tobe about 5 feet and the rmiighue ol esbetdt
water depths of 2 feet or less.

At approximately 4 miles downstream of Winchester Lake, its dis-
charge waters enter the storage reservoir of a Corps of Engineers
flood control dam on the East Branch of the Naugatuck River (East

. Branch Dam). The peak flow of the assumed Winchester Lake Dam
p failure was determined to be 21,900 CFS at the East Branch Dam,

which is greater than the 15,500 CFS probable maximum flood inflow
calculated for this dam. However, the PMF design flood for the
East Branch Project had an inflow volume of 11,000 acre-feet.
Therefore, the Winchester dam failure inflow volume of about 3,000

.,N acre-feet should not exceed the surcharge storage-spillway capacity
4 of the East Branch Project.

-14-



. SECTION 6 - EVALUATION OF STRUCTURAL STABILITY

. 6.1 VISUAL OBSERVATIONS:

The visual inspection did not disclose any evidence of present
structural instability. However, the following potential struc-
tural stability problems were indicated:

a. The areas of seepage noted in the vicinity of the blow-
off structure could result in piping and erosion of the foundation
and/or embankment of the dam.

... b. Erosion is occurring at the downstream toe of the embank-
S ment near the intersection with the left spillway training wall,

and could lead to undercutting of the embankment at that location.

4 6.2 DESIGN AND CONSTRUCTION DATA:

No design and construction data are available; therefore a formal
evaluation of stability could not be performed.

| -" 6.3 POST-CONSTRUCTION CHANGES:

No information is available relative to post-construction changes
insofar as they are pertinent to the embankment or foundations.

6.4 SEISMIC STABILITY:

The dam is located in Seismic Zone 2 and, in accordance with
recommended guidelines of the Corps of Engineers, does not war-
rant seismic analysis.

"4

is .



. .q- • .-.. . •.

7.1DA ASESMNT

." a. Condition. On the basis of the visual inspection and a

- .' review of available data, the dam is judged to be in fair condi-
tion. The long-term performance of the dam could possibly be af-

pfected by seepage in the vicinity of the blowoff valve and by
continued erosion of the toe of the dam to the left of the spill-
way structure.

.7 ;The capacity of the spillway is adequate to pass the 1/2 PMF test
flood outflow of 537 CFS with a free board of 0.7 feet.

• b. Adequacy of Information. The information available is
such that the assessment of this dam must be based primarily on
the results of the visual inspection, past performance history

.. and sound engineering judgement.

ac. Urgency. The recommendations presented in Sections 7.2

and 7.3 should be carried out within one year after receipt of
this Phase I report.

7.2 RECOMMENDATIONS:

TLe owner should engage a qualified registered engineer to:

• .' 1) Investigate the seepage at the downstream toe and
design appropriate remedial measures.

2) Design procedure for repairing erosion at the down-
stream toe of the dam in the vicinity of the spillway channel
and measures for diverting the flow away from the toe of the dam.

3) Design procedures for clearing trees and brush and
their root systems from the dam and the area immediately downstream

7 of the toe of the dam, and for properly backfilling the areas where
.*-.: the roots were removed.

. . 4) Design repairs for the erosion of the banks of the
ii channel downstream from the spillway structure.

5) Design re irs for displaced riprap on upstream slope
and determine need to extend to crest.

6) Design method of repairing areas of sloughing on the
-a upstream slope and crest to restore these areas to original grade

consistent with the design drawings noted in Section 2.

7) Investigate feasibility of providing control for blow
off pipe upstream of core wall.

-16-



.i -"" 7.3 REMEDIAL MEASURES:

a. Operating and maintenance Procedures. The owner should:

1) Maintain clear of trees and brush the dam embank-
ment, an area with 50 feet of the downstream toe and a zone 25
feet on either side of the spillway channel for a distance of
100 feet downstream from the dam.

2) Develop method to prevent trespassing on the dam
crest and slopes.

3) Engage a qualified registered engineer to make a
comprehensive technical inspection once every year after the
recommendations made in 7.2 have been carried out.

4) Establish a surveillance program for use during and
immediately after heavy rainfall and also a warning program to
follow in case of emergency conditions.

7.4 ALTERNATIVES:

There are no practical alternatives to the recommendations pre-
sented in Sections 7.2 and 7.3.

N
r "
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INSPECTION CHECK LIST

PARTY ORGANIZATION

PROJECT Winchester Lake Dam DATE Oct. 25, 1979

TIME 0930

WEATHER Overcast, 50°F

W.S. ELEV. U.S. DN.S.

- PARTY:

1. R. Smith, FGA, Project Manager

'2. J. MacBroom, FGA, Hydraulics/Hydrology

3. R. Murdock, GEI, Geotechnical

4.

I 5.
PROJECT FEATURE INSPECTED BY REMARKS

~ 2.

3.

6.

8.

g9.

rn 10.

U
I

A-I



pr -r -"v "- 'r "- "'' "r:-' r -' -- '- -]' -; . - *"-' -, '. ' ;-, '' %,. S:' -' '' '- ' " ",PERIODIC INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM: Winchester Lake Dam DATE:Oct. 25, 1979

AREA EVALUATED CONDITIONS

DIKE EMBANKMENT Not applicable.

Crest Elevation

Current Pool Elevation

Maximum Impoundment to
Date

o - Surface Cracks

Pavement Condition

Movement or Settlement
of Crest

Lateral Movement

. 'Vertical Alignment

* Horizontal Alignment

Condition at Abutment and
at Concrete Structures

': Indications of Movement
of Structural Items on

S Slopes

Trespassing on Slopes

' Sloughing or Erosion of
Slopes or Abutments

Rock Slope Protection -

, .Riprap Failures

Unusual Movement or
Cracking at or near Toes

Unusual Embankment or
Downstream Seepage

Piping or Boils

Foundation Drainage
Features

Toe Drains

Instrumentation System

16 Vegetation , A-



PERIODIC INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM: Winchester Lake Dam DATE: Oct. 25, 1979

-AREA EVALUATED CONDITIONS

OUTLET WORKS - INTAKE Not applicable.

• . CHANNEL AND INTAKE
STRUCTURE

a. Approach Channel

Slope Conditions

Bottom Conditions

Rock Slides or Falls

Log Boom

Debris

Condition of Concrete
Lining

Drains or Weep Holes

b. Intake Structure Not visible, underwater.

Condition of Concrete

Stop Logs and Slots

A.

!A-
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PERIODIC INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM: Winchester Lake Dam DATE-OCt. 25, 1979

- AREA EVALUATED CONDITIONS

- OUTLET WORKS - CONTROL TOWER Not applicable.

a. Concrete and Structural

General Condition

-Condition of Joints

Spalling

Visible Reinforcing

Rusting or Staining of
Concrete

Any Seepage oraJ Efflorescence

.'. ,'. Joint Alignment

Unusual Seepage or Leaks
' in Gate Chamber

Cracks

• :, Rusting or Corrosion of
•. Steel

b. Mechanical and Electrical

Air Vents

Float Wells

?.•. -Crane Hoist

Elevator

"Hydraulic System

Service Gates

Emergency Gates

Lightning Protection
System

l .. , Emergency Power System

Wiring and Lighting
System in Gate Chamber

-.-.



K 71
PERIODIC INSPECTION CHECK LIST

NATIONAL DAM INSPECTION PROGRAM

_ <: DAM' Winchester Lake Dam DATE: Oct. 25, 1979

AREA EVALUATED CONDITIONS

OUTLET WORKS - TRANSITION Not applicable.
* AND CONDUIT

General Condition of
Concrete

Rust or Staining on
Concrete

'- --* Spalling

: .'' Erosion or Cavitation

. .Cracking

Alignment of Monoliths

" Alignment of Joints

Numbering of Monoliths

%*. - %.o

.. :4
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PERIODIC INSPECTION CHECK LIST
-NATIONAL DAM INSPECTION PROGRAM

. DAM: Winchester Lake Dam DATE-Oct. 25, 1979

AREA EVALUATED CONDITIONS

OUTLET WORKS - OUTLET
, .. STRUCTURE AND OUTLET

CHANNEL

General Condition of
Concrete Good.

Rust or Staining None observed.

Spalling No.

Erosion or Cavitation No.
I:'.-. .0
.1: Visible Reinforcing No.

SAny Seepage or

Efflorescence No.

Condition at Joints Good.

Drain Holes None.

Channel

Loose Rock or Trees Natural channel bottom, some trees on both
sides.':N Overhanging Channel

.U Condition of Discharge G
Channel Good.

* A-?
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PERIODIC INSPECTION CHECK LIST
9 'J NATIONAL DAM INSPECTION PROGRAM

<: DAM: Winchester Lake Dam DATE:Oct. 25, 1979

AREA EVALUATED CONDITIONS

OUTLET WORKS - SPILLWAY WEIR,
APPROACH AND DISCHARGE
CHANNELS

a. Approach Channel Underwater upstream face of dam.

General Condition

Loose Rock Overhanging
Channel

?. -" Trees Overhanging
* .u Channel

" nFloor of Approach
Channel

b. Weir and Training Walls%%

General Condition of
Concrete Generally good condition.

Rust or Staining None.

Spalling Some minor spalling and erosion.

Any Visible Reinforcing None observed.

Any Seepage or-
Efflorescence None.

Drain Holes None.

c. Discharge Channel

y ' -General Condition Fair.

.4 Loose Rock Overhanging
Channel None.

Trees Overhanging

I.' ; Channel Trees on both sides of channel.

Floor of Channel Natural bottom, boulders and bedrock.

Other Obstructions Trees fallen into channel, vegetative
growth, uprooted stumps.

rag
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PERIODIC INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM: Winchester Lake Dam Oct. 25, 1979
,DAM: DATE: c.2,17

AREA EVALUATED CONDITIONS

OUTLET WORKS - SERVICE Not applicable.

BRIDGE

a. Superstructure

Bearings

Anchor Bolts

Bridge Seat

Longitudinal Members

Under Side of Deck

Secondary Bracing

'Deck

Drainage System

Railings

Expansion Joints

'-I Paint

b. Abutment & Piers

General Condition of

%Z Concrete

Alignment of Abutment

Approach to Bridge

"v Condition of Seat and
Backwall

A,..-9

____.______ ______ _____ _____A-9
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e JA,. M A C C H I ENGINEERS
• OR. GIULIO PIZZETTI ASSOCIATE CONSULTANT

.44 GILLET STREET HARTrORO, CONN. PHONE 525-6B31

7 CORSO OUCA ABRUZZI TORINO, ITALY PHONE 519-473

NJ. .gr, A*S.C.,L ACI.

%'STATE WATER RESOURCES
COMMISSION

June 18, 1962 RECEIVED

JUN 19 19o2
", ANSW-:R-D ........

Water Resources Commission REFERRED ....................
State of Connecticut FLED ..........................................
State Office Buildirg
165 Capitol Avenue
Hartford, Connecticut

Re Winchester Lake & Park Pond
Winchester, Conn.

Gentlemen:

Reference is made to your letter of June 13, 1962
regarding dams at the above locations. Mr. H. R. Hoffman
of this office and myself inspected these sites 'on
June 16, 1962 and our findings are as follows:

1) Winchester Lake

Dam and spillway are both in good condition and
should be free of major repairs in the immediate
future. It is suggested that if this property
is acquired that small brush growth on the dam
be cut down to facilitate future inspection.

2) Park Pond

Dam and spillway are both in good condition and
' should also be free of major repairs in the

imediate future. At present spillway is partially
obstructed with several tree trunks and driftwood
which should be cleared out.

Very truly yours,

A. J. MACCHIO ENGINERS

XACC2
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ST &TE BOARD OF SUPERVISION OF DAMS,...Room 317 Ste ofic lde RECEIVED
,- Hartford, Conn. JUN 2 1912

STATIL WATUJ GQMstom

MY 29# 1942 To8 B#Clarke

b.e Clarence Nro Blair
Consult ing Engineer
200 Crown Strert,
mew Baven'p CoTIZI*

Dear 3., Mlain

At you.r request I examined Witla yu tao il,..1oater

Use of tig Tarr Io-.,ton Alectrie Li h-t Coonenyp on May l!th, 1942,

an acount of the request to install flash boards or., this dos

Aeoording to t'e reeores that t.o-e been .inisbed

me tie damiwas built I- 12927& being designed and supervised

.. * by the late Mw.o ,i1i1aim 0. SIthl, of -aterburz, and the plans

approved at that time by ire A. Be Hill# Engineer for the State

Board*

Prom observations made on the date of our visit

and from the statement of the caretaker the watershed for thin

pmd appears to have an e-eetlcnaI1ly slow run off. The day

previous to ouw visit there had been about 31 Inches of rsin-fall

within 24 homm and tore was only about 4 inches of water going

ever the dame I understood Lhe caretaker to asy that B Inches

was tt* MAXIa Le a **en

1leralssion La therefore granted to Install flash

boards not ove. 1 foot high and su.'gest that you have t ,em



bzata In s1uoh a 3*flmw c-t If OW=a -on ould arl"

tabW oculC be remved diarInS a period of exceptin-ja1ly

~ beavy flow.

Very tlt2y yours$,

TWINuM Tte State iuerd of~ Suova~ of Lanea

Copy tat Gnu.O S* He. fad; moo

.6
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PHOTO #3: Crest and downstream slope of dam looking
toward left abutment.

PHOTO #4: Crest and downstream slope of dam looking
toward right abutment.
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PHOTO #5: Looking downstream from crest of dam.

PHOTO #6: Looking along downstream slope toward
toe, large tree uprooted approx. 20 ft.
downstream of toe.



Ij..

PHT #:Grudwe ndsgg ttoe of slope.



- -.-. ~-.-1.---- ~-~ -

PHT 9: Ae.o..ugigan..sino.usraK1 e prxmaey5f.wie pt

PHOTO #9: Araio saouhin adan erosinwa onipstea

in.l deep (Rulrea extede (Rl ft.) de
2 ft.



, W- %

.

PHOTO #11: Looking at downstream toe, near inter-
section of left spillway training wall.

PHOTO #12: Downstream from spillway channel looking
upstream. Note erosion and undermining

*of the toe.
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. '-PHOTO #13: Looking downstream along spiliway channel.
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PHOTO #15: Reservoir Area.
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FLAHERTY-GIAVARA ASSOCIATES SHEET NO.__ OF 

jj VyV0L c EMTEIg LAKF_ ID*iv ENVIRONMENTAL DESIGN CONSULTANTS BY DATE_ __
NI/ EST- "ONE COLUMNS PLAZAM NEW MAVEN, CONN. 0661020317W-120 CHK'D.BY ' DATE

DETERMINATION OF SPILLWAY TEST FLOOD*

A. SIZE CLASSIFICATION

Storage Volume (Ac.-Ft.) 

Height of Dam (Ft.) a3
- Size Classification INTER/PED/ATFE

B. HAZARD POTENTIAL CLASSIFICATION

, Category Loss of Life Economic Loss

Low None expected Minimal

Significant

High More than few Excessive

Hazard Classification - IMFtCN'A-

C. HYDROLOGIC EVALUATION GUIDELINES

Hazard Size Spillway Design Flood

Low Small 50 to 100-Year Frequency
" Intermediate 100-Year Frequency to 1/2 PMF
" Large 1/2 PMF to PMF

(inifican Small 100-Year Frequency to 1/2 PMF

Large PMF

High Small 1/2 PMF to PMF
Intermediate PMFLarge PMF

Spillway Test Flood y?. PMIV

*Based upon "Recommended Guidelines for Safety Inspection of
Dams" Department of the Army, Office of the Chief of Engineers,
Novwmber 1976.



* r------. FLAHERTY-GIAVARA ASSOCIATES $MEET NO. .. ~......OPP2Z

CH!*- LAWI.C ENVIRONMENTAL DESIGN CONSULTANTS By -T-' DATE I.72esr ijCCt E r OE COUBSXQ E h"Nuses~~o CO 0U1203(7WIt20 CHK0.UYS& .DATE 2104

DETERMINATION OF THE

MAXIMUM PROBABLE FLOOD (MPF)

A. Drainage Area in Square Miles' 2. 19

B. Watershed Characteristic: Flat & Coastal

*~ ~.*Moutainous

C. M.P.F. in CFS/Square Mile,* 7-1OO

M.P.F. =(CFS/Square Mile) x (Area in Square Miles)

N -

*Dam"d upon the figure "Maximum Probable Flood Peak Flow RatesO
U.S. Army Corps of Engineers, December 1977.



PROJECT-______ FLAHERTY-GIAVARA ASSOCIATES SHEET N.O

WcjeSe ENVIRONMENTAL DESIGN CONSULTANTS BY ,7Srl DATE. T77
_______________ONE COLUMBUS PLAZA, NEW HAVEN. CONN. 06510/2031789-12WO CHKD.Y ..P9 DATEA~~Z

\J0_ry\F OF RQNOFF 'The e-ST FLOay_,

S ASE~i Q POrA AN ASSQME6b -- C..N " 'JALWEr OF

75 (.FOR GLACJAqL TIL-L SOILS ) ThE PM 1P
p ~ RUNOFF IS 19,0 ,NCHe.S (FIG A-q, PESIjM OF

SMVALL DAS

ASSOML RA3NorF FoZ YZ. Pi~r- Rk~m~or- F-oI Yz PMiP

- So SPILLWAV - TESr FLOoIP fZUNOFF z /z Pi1P R'uI'joirr

V/OLME- OF RUJNOFF z 2.19 SQ rAIeS Y (60 AC.X -

- 1109 AC-Fr

TES~X FLOC~bt4 YDPOEr-APti

* REsFi-'JOIR The. IA~: EcGAPH PEAK IS X

2300 CYFS. TKE 'P~lzANrnON OF TAE HYiDFROGRPAPfl
I S SE.T SO ^AS TO COVATAJN TllF ABV
( 11 ,0 1 AC-F:T) \)aJtAU F_ ai RNOPF. Thz
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=Z3oQ c..FS

-
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LPROJECT . FLAHERTY-GIAVARA ASSOCIATES SHEETNO. OF

. - " ENVIRONMENTAL DESIGN CONSULTANTS BY_____ DATE

____________l___ONE COLUMBUS PLAZA, NEW HAVEN. CONN. 0851012031789-1200 CHKD. BY P6.&.DATE 1.J1o79

*..;. ° '/ t'

5 IYt'ROGR*PtH VLUME = '.(0p) C D) 1 0C 4CFT

D Io9 Ac-FT-

D I/O A -FT xq3S(6O FT CAr-FT .j. jU

2 3 o CF, .S x , 5Go s/M, xo m,/Nr

°.

Tp' +.0 HRS

12 - KFS5'

I so

z: ilo
2 300

Ce2 12

7 1V57

10 675
I I 298

_ . * ***. - -4



''PROJECT____- . ____ HE
%214E WNCHASTER FLAHERTY-GIAVARA ASSOCIATES SHE NO.ES'1OF L?2

______________ENVIRONMENTAL DESIGN CONSULTANTS BY 16MDAT Z1

ndONE COLUMBUS PLAZA, NEW HAVEN. CONN 00510120317WI-260 CHK'D. BYDATE__________

T. S.

N SLOPE 
T7SSf

:ZSGMF-Nr 4 4

____ ITEM c. Lr=NGT g~

*/ GRAS CRCST OF 2.5 575 ia 53
EAKTH DAM

'-4'L CIZ-S a 1

S PILLWAY

3 GR~ASS c7-ST 2.s 40 1253
OP FA=V+ PAM

-~ S/z IA 32

: C013 (Le.L 3 )H,/ .-,CLL-,_#2&

12'1' 0
r2O so 17. q7.s
'251 2 z'j7iZ L'7

2. 3 9S 45 5
17-5-3 0 Y~ 700 700
M2sy 1537 S 418 -I5
1255 q 34~7 4. 1286 5(033

77844 3 71do0
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%WINCHESTER LAKE DAM " 79-90-1 DKS 12/12/79

MFG FLO00 W VE ROUJT I I'N

APPROXIMATE FLOOD WAVE ROUTING BASED UPON U.S. ARMY CORPS
OF ENGINEERS' "RULE OF' THUMB GUIDANCE FOR ESTIMATING
DOWNSTREAM DAM FAILURE HYDROGRAPHS" DATED APRIL. 1978.

INITIAL STATION = 0 +0
- INITIAL WAVE HEIGTH = 23.0 FT

-- ,ASSUMED BREACH WIDTH = 240.0 FT
'' INITIAL RESERVOIR STORAGE = 3,061 ACRE-FT

COMPUTED FLOOD WAVE PEAK FLOW = 44,482 CFS

. . .. x cFICON 1 C3

OFFSET ELEV. OFFSET ELEV. OFFSET ELEV.

N = 0.100
j, -800.0 FT 290.0 FT -750.0 FT 280.0 FT -400.0 FT 270.0 FT
" -2 60.0 FT 260.0 FT -130.0 FT 250.0 FT -80.0 FT 240.0 FT

-10.0 FT 239.0 FT

S "N = 0.080
-10.0 FT 239.0 FT -5.0 FT 237.0 FT 5.0 FT 237.0 FT
10.0 FT 239.0 FT

N = 0.100
10.0 FT 239.0 FT 410.0 FT 240.0 FT 500.0 FT 250.0 FT

-$70.0 FT 260.0 FT 870.0 FT 270.0 FT 1210.0 FT 290.0 FT

PERIMETER N VELOCITY FLOW

834.0 SF 114.4 FT 0.100 7.9 FPS 6,S9CFS
P224.1 SF 20.7 FT 0.080 12.8 FPS 2,87SCFS

4,024.0 SF 478.8 FT 0.100 8.6 FPS 3419S4CFS

INVERT DEPTH W. SURFACE AREA VELOCITY FLOW SLOPE

237.0 FT .1.7 FT-... 248.7 FT 5,082 SF 8.7 FPS 44p419 CFS 0.0200



pp,..,

S..

OFFSET ELEV.. OFFSET ELEV. OFFSET ELEV.

N = 0.100o.
-500.0 FT 270.0 FT -3so.0 FT 260.0 FT -230.0 FT 250.0 FT
-50.0 F" 220.0 FT -10.0 FT 219.0 FT

N = 0.080
- -10.0 FT 219.0 FT" -S.0 FT 217.0 FT S.0 FT 217.0 FT
. 10.0 FT 219.0 FT

N = 0.100
. 10.0 FT 219.0 FT 80.0 FT 220.0 FT 300.0 FT 220.0 FT
i 390.0 FT 230.0 FT 630.0 FT 230.0 FT 850.0 FT 240.0 FT

1020.0 FT 250.0 FT 1440.0 FT 250.0 FT 1800.0 FT 260.0 FT

AREA WETTED PER IMETR N VELOC I TY FLOW

851.6 SF 108.5 FT 0.100 8.5 FPS 71240CFS
275.3 SF 20.7 FT 0.080 1S.0 FPS 4,1S1CFS
4,187SF 648.4 FT 0.100 7.4 FPS 31,285CFS

INVERT DEPTH W4. SURFACE AREA VELOCITY FLOW SLOPE

.-'. 217.0 FT 14.2 FT 231.2 FT S,315 SF 8.0 FPS 42,6"7 CFS 0.0210

i10l

4-_--....



N 7 .* - ; .

SnTA"I" I 1 6 +E O

OFFSET ELEV. OFFSET ELEV. OFFSET ELEV.

-80T2 0N = 0.100
-880.0 FT 240.0 F' -310.0 FT 240.0 FT -70.0 FT 210.0 FT

10......0-0. FT 209.0 FT

N = 0.080
-- -10.0 FT 209.0 FT -5.0 FT 207.0 FT 5.0 FT 207.0 FT

" 10.0 FT 209.0 FT

N = 0.100
'. 10.0 FT 209.0 FT 220.0 FT 210.0 FT 300.0 FT 220.0 FT
.' - 7S0.0 FT 230.0 FT 990.0 FT 250.0 FT

AREA WETTED PER IMETER N VELOC ITY FLOW

V . 1,370.1 SF 159.0 FT 0.100 7.8 FPS 10,823CFS
295.6 SF 20.7 FT 0.080 13.7 FPS 4,079CFS

3,383.4 SF 393.2 FT 0.100 7.8 FPS 26,701CFS

INVERT DEPTH W. SURFACE AREA VELOCITY FLOW SLOPE

207.0 FT 15.2 FT 222.2 FT S049 SF 8.2 FPS 41,604 CFS 0.0160

.-- /
i *., A' " Z.f -~.



I. .I

.!s-r-^- x cud C-0 3-c

-FFSET ELEV. OFFSET ELEV. OFFSET ELEV.

N = 0.100
-870.0 FT 230.0 FT -620.0 FT 210.0 FT -470.0 FT 190.0 FT
-10.0 FT 186.0 FT

.' ' N = 0.080
-10.0 FFT 186.0 FT -S.0 FT 184.0 FT 5.0 FT 184.0 F'rA ~. 10.0 FT 186.0 FT

N = 0.100
10.0 FT 186.0 FT 200.0 FT 190.0 FT 250.0 FT 200.0 FT

___ 470.0 FT 210.0 FT 710.0 FT 220.0 FT 980.0 FT 230.0 FT
- 1120.0 FT 240.0 FT

. AREA .ETTED PER IMETER N_ VELOCITY FLOW

,__ 3,5S3.3 SF 501.4 FT 0.100 7.3 FPS 26, 134CFS
219.5 SF 20.7 FT 0.080 12.0 FPS 2,636CFS

1s496.2 SF 217.9 FT 0.100 7.2 FPS 10,T73CFS

INVERT DEPTH W. SURFACE AREA VELOCITY FLOW SLOPE

184.0 FT 11.4 FT 195.4 FT 5x269 SF 7.5 FPS 39,544 CFS 0.0180

-44

L0 4

.. ....-- - -- -- --... . . . . . . .. . . .-



--- OFFSE __.ELEV. -OFFSET ELEV. OFFSET ELEV.

* "*'. N = 0. 100
-620'.0 FT 230.0 FT -410.0 FT 200.0 FT -200.0 FT 170.0 FT
-50.0 FT 160.0 FT -10.0 FT 160.0 FT

N = 0.080
-10.0 FT 160.0 FT -5.0 FT 1S8.0 FT 5.0 FT 158.0 FT
10.0 FT 160.0 FT

N = 0.100
10.0 FT 160.0 FT 200.0 FT 160.0 FT 400.0 FT 170.0 FT

-- SO0.0 FT-180.0 FT 710.0 FT 190.0 FT 900.0 FT 230.0 FT

... .AREA . WETTED PERIMETER N VELOC ITY FLOW

1,2S8.9 SF 194.3 FT 0.100 7.1 FPS g,960CFS
241.3 SF 20.7 FT 0.080 13.1 FPS 3,17OCFS

3,122.8 SF 39S.9 FT 0.100 8.1 FPS 25,344CFS

INVERT DEPTH W. SURFACE AREA VELOCITY FLOW SLOPE

", 1S8.0 FT 12.5 FT 170.5 FT 4,623 SF 8.1 FPS 37p475 CFS 0.0190

Az

. -..

--- --.--... .. ... ........ . . . . . ".. .. .. .. ... .... . .



OFSTEE.OFFSET' ELEV. OFFSET ELEV.

N = 0. 100
-800.0 FT 150.0 FT -600.0 FT 130.0 FT -10.0 FT 124.0 Fl'

N = 0.080
-10.0 FT* 124.0 FT -5.0 FT -122.0 FT 5.0 FT 122.0 FT

10.0 FT 124.0 FT

N =0.100

10.0 FT 124.0 FT 400.0 FT 130.0 FT 510.0 FT 150.0 FT

- AREA WETTED PER IMEI*ER N VELOCITY FLOW

3,216. '9 SF 614.1 FT 0. 100 6.0 FPS 19,343CFS
198.0 SF 20.7 FT 0.080 11.2 FPS 25219CFS

2,123.2 SF 403.4 FT 0.100 6.0 FPS 121,8O6CFS

INVERT DEPTH W. SURFACE AREA VELOCITY FLOW SLOPE

122.0 FT 10.4 FT' 132.4 FT 5,538 SF 6.2 FPS 34,3694 CFS 0.0180



.

I-7

!.SrAr I N f. ---- SK)

-FST EEV. .. OFFSET ELEV. OFFSET ELEV.

S -220.0 FT E.,0 FT -70.0 FT 110:0 FT -10.0 FT 10"70 FT

-10,.0 FT 107.0 T -.0o FT 105.0 T S.0 T 105.0 FT
1 0.0 FT 107.0 FT N = 0.100

10.0 FT 107.0 FT 130.0 FT 110.0 FT 210.0 FT 120.0 FT
300.0 FT 150.0 FT

AREA WETTED PER IMETER N VELOCITY FLOW

I,167.1 SF . 109.8 FT 0.100 7.8 FPS 9,184CFS
. 346.3 SF 20.7 FT 0.080 13.2 FPS 4,600CFS
- 23SS.S SF 209.S FT 0.100 8.1 FPS 19,240CFS

INVERT DEPTH W. SURFACE AREA VELOCITY FLOW SLOPE

10S.0 FT 17.8 FT 122.8 FT 3,869 SF B.S FPS 33,024 CFS 0.0120

3 ....... .... . . . . . .... ..... .

g .......... . .. ... .... .. . . r .,N%



___ m ^-r X Ur-

___OFFSE ELEV. -- OFFSET ELEV. OFFSET ELEV.

N = 0. 100
-750. 0 FT 100.0 FT -210.0 FT 100.0 FT -100.0 FT 90.0 FT

1'-10.0 FT 82.0 FT

N = 0.080
-10.0 FT 82. 0 FT -5.0 FT 80.0 FT 5.0 FT 80.0 FT* ~ 10.0 FT 82.0 FT

N =0.100
~' V 10.0 FT 82.0 FT 100.0 FT 90.0 FT 170.0 FT 100.0 FT

AREA WETTED PER IM'ETER N VELOCITY FLOW

2338. 6 SF 740.8 FT 0.100 3.9 FPS 9,159CFS
404.2 SF 20.7 FT 0.080 16.4 FPS 6,655CFS

S19,724.3 SF 161.0 FT 0.100 8.8 FPS 15,243CFS

S INVERT -DEPTH W. SURFACE AREA' VELOCITY FLOW SLOPE

80.0 FT 20.7 FT 100.7 FT 4v467 SF 6.9 FPS 31,058 CFS 0.0150

4..A x k~



• '!STAT- I loN 1 1.0 +S

* OFFSET - ELEV. OFFSET ELEV. OFF-SET ELEV.

- N = 0. 100
-320.0 FT 70.0 Fr -100.0 FT 50.0 FT -30.0 FT 40.0 FT
-10.0 FT 37.0 FT

_.*
N = 0.080

-10.0 FT 37.0 FT -S.0 FT 35.0 FT 5.0 FT 35.0 FT
10.0 FT 37.0 FT

N = 0.100
10.0 FT 37.0 FT 40.0 FT SO.0 FT 270.0 FT 100.0 FT

'. AREA WETTED PER IMETER N VELOC ITY FLOW

-1,471.8 SF 167.7 FT 0.100 10.3 FPS 15,28CFS
429.0 SF 20.7 FT 0.080 22.9 FPS 9,859CFS
514.8 SF 65.4 FT 0.100 9.6 FPS 49973CFS

INVERT DEPTH W. SURFACE AREA VELOCITY FLOW SLOPE

35.0 FT 21.9 FT 56.9 FT 2,415 SF 12.4 FPS 300121 CFS 0.0270

sD-/
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t , .. . , . . . ,. . -. . -,. ; , - . , . ,. , , . .. , :,

-
FFSET ELEV.. -OFFSET ELEV. OFFSET ELEV.,'q , _.._--. .. .. . ..

• .. ,.,

- N = 0.100
-200.0 FT -50.0 FT -150.0 FT -60.0 FT -30.0 FT -70.0 FT

)f---10.0 FT -70.0FT

N = 0.080
-10.0 FT -70.0 FT -5.0 FT -72.0 FT S.0 FT -72.0 FT

10.0 FT -70.0 FT

N -= 0.100
10.0 FT -70.0 FT 380.0 FT -50.0 FT

.... AREA WETTED PERIMETER N VELOCITY FLOW

-2294 SF 155.2 FT 0.100 B.S FPS 10,S17CFS
28.3 SF 20.7 FT 0.080 15.5 FPS 4,482CFS

__.:,_1,543.0 SF 239.2 FT 0.100 7.4 FPS IISl2CFS

INVERT DEPTH W. SURFACE AREA VELOCITY FLOW SLOPE

* -72.0 FT 14.9 FT -57.0 FT 3,060 SF 8.6 FPS 26,S12 CFS 0.0210

U - . .. ... .. ..... ... ....... . .. -- --- 18--.

"" "i T r ,r ', .',- ,,' , '.;;.a" ' :" "", * '''.v;a" ,;'',. t,, ,.. ' ' e -P-.18 !- , n



-- m-a-r 3:3 ON 1 S31 -4-0

OFSE _ LE.OFFSET ELEV. OFFSET ELEV.

N = 0. 100
-600.0 FT 50.0 FT -370.0 FT -50.0 FT -170.0 Ff" -100.0 FT

S-70.0 FT -110.0 FT -10.0 FT -114.0 FT

-10.0 FT 114.0 FTN = 0. 080 50F 160F
-10.0 T -11.0 FT-5.0 FT -116.0 FT S0F 160F

10.0 FT -114.0 FT

N =0.100
10.0 FT -114.0 FT 410.0 FT -100.0 FT 600.0 FT -50.0 FT

S AREA WETTED PER IMETER N VELOCITY FLOW

1, 144.28 SF 155 . 8 FT 0.100 5.7 FPS 65583CFS
.. 300.3 SF 20.7 FT 0.080 11.2 FPS 3,393CF6

~25611.1 SF - 386.5 FT 0.100 S.4 FPS 14,2O8CFS

.- INVERT DEPTH W4. SURFACE AREA VELOC ITY FLOW SLOPE

*-116.0 FT 15.5 FT -100.4 FT 4,055S SF 5.9 FPS 24,185 CFS 0.0105

VA1



!ad"*- ., -o m, --

OFFSET ELEV. OFFSET ELEV. OFFSET ELEV.

....-- ,000 T -0.0FT -600.0 FT -100.0 FT -400.0 F 100F
.*~ -250.0 FT -129.0 FT

N = 0.080

-250.0 FT-12. FT 35.0 FT -129.0 FT

N z 0.100
3W500 FT -129. 0 FT 500.0 FT -110.0 FT

AAllK WETTED PER IMETER N EOIYFLOW

_414.0 SF 117.6 FT 0.100 2.4 F'PS 1900E6CFS
4,229.1 BF 600.0 FT 0.080 4.8 FPS 20,42OCFS

196.1 SF S6.0 FT 0.100 2.4 FPS 474CFS

INVIERT DEPTH W. SURFACE AREA VELOCITY FLOW SLOPE

*Vi29.O FT 7. 0 FT -121. 9 FT 4,839 SF 4.S FPS 21,901 CFS 0.0050
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APPENDIX E
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