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1. The structural stability analysis indicates that
the dam does not meet the minimum stapility criteria
found in the "Guidelines" developcd by the Corps of
anlneers.

2. The hydraulic capacity of the outlet channci'may be
inadequate to pass the % Probable Maximum Flood
(PMr') and requires investigation.

3. The condition of the foundation drains at the toe
of the non-overflow section is unknown and’requires

' ‘1anst1gatlou. e : Lo

y. Shéar keys in the non4overflow section are cracked
‘and require investigation to determine if remedial
action is necessary. | :

5. Seepage at the toe of the west embankment near the
west abutment is estimated to be 200 gpm. Additional
seepage was observed at the base of the old masonry
dam at the toe of the new dam, and near the west
abutment toe. These ‘areas require investigation and
possible remedial action.

The aforementioned problem areas require investigation which
should be initiated as soon as possible and completed within 1 year
from notification. Remedial measures necessary to insure the safety
of the dam should be completed within the following year. J

- =7 The discharge capacity of the spillway is inadequate for
all flows in excess of 80 percent of the PMF; spillway capacity =
10,300 cfs without flashboards. -, . :

lha~£olleuing*§£oblem areas were obscrved which require
remedial action, and this actjon should be completed w1thln the next

construction seaso%i:éé\\\K

1. Repair the cracked, spalled, and deteriorated
concréte and associated construction and
expansion joints of the spillway and non-
overfillow scections, reservoir drain, and concrete
drain cover at the toe of the spillway.

CoLavit

2. cCleah and Monitor-Hll foundatlon drains at the

base of the spillway and non-overflow sections. °

3. Remdve trees, brush, and debrls from the. trest,
.slopes, abutments, tde, and spillway, outlet
and downstream channels from the access bridge
to theﬂspillway.

(5

4, palr the masonry and wood plank box at toe
the west embankment (west abutment), install
a weir and monitor /the seepage collected therein.

S. Install weirs at the base of the old masonry dam

—_— where seepage is emanating. SRR S
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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 0ffice 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 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.

It is important to note that the condition of a dam depends on
numerous and constantly changing internal and external conditions,
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
frequent inspections can unsafe conditions be detected and only
through continued care and maintenance can these conditions be
prevented or corrected.

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 event, a finding that a spillway will not
pass the test flood should not be interpreted as necessarily posing
a highly inadequate condition. The test flood provides a measure
of relative spillway capacity and serves as an aide in determining
the need for more detailed hydrologic and hydraulic studies,
considering the size of the dam, its general condition and the
downstream damage potential.

Accession For
G




DELAWARE RIVER BASIN
CLIFF LAKE DAM
B NY 584
B PHASE I INSPECTION REPORT

TABLE OF CONTENTS

PAGE NO.

- ASSESSMENT -

- OVERVIEW PHOTOGRAPH -

h 2 PROJECT INFORMATION 1

i 20 2 GENERAL 1

a. Authority i

b. Purpose of Inspection 1

Te2 DESCRIPTION OF PROJECT 1

a. Description of the Dam and Appurtenant Structures 1

b. Location 3

c. Size Classification 3

da. Hazard Classification 3

e. Ownership 3

e Purpose of the Dam 3

g, Design and Construction History 3

h. Normal Operating Procedures 3

13 PERTINENT DATA 3

a. Drainage Area 3

b. Discharge at Dam Site 3

c. Elevation 4

ds Reservoir 4

e. Storage 4

£ Dam 4

g. Spillway Y

h. Regulating Outlets 4

Ee Reservoir Drain i

G ENGINEERING DATA 5

2+l DESIGN 5

a. Geology 5

: B Subsurface Investigation 5

Q 22 CONSTRUCTION RECORDS 5
2.3 OPERATION RECORD 5 !

2.4 EVALUATION OF DATA 5




PAGE NO.

VISUAL INSPECTION 6

FINDINGS
General
Spillway Section
Non-overflow Section
Earth Embankment Sections
Downstream Channel
Reservoir
Instrumentation
Reservoir Drain

Wow@oKNOTOOO

EVALUATION OF OBSERVATIONS
Spillway Section
Non-overflow Section
Earth Embankment Sections
Downstream Channel
Reservoir Drain

O WWWwowow

'—l
[

OPERATION AND MAINTENANCE PROCEDURE
PROCEDURE

=
'.-l

MAINTENANCE OF THE DAM

H
=

MAINTENANCE OF OPERATING FACILITIES

[
(-

WARNING SYSTEM IN EFFECT

-
=

EVALUATION

=
=

HYDROLOGIC/HYDRAULIC

=
n

DRAINAGE AREA CHARACTERISTICS

—
nN

ANALYSIS CRITERIA

[
n

SPILLWAY CAPACITY

[
n

RESERVOIR CAPACITY

(]
n

FLOOD OF RECORD

[
w

OVERTOPPING POTENTIAL

—
w

STRUCTURAL STABILITY

EVALUATION OF STRUCTURAL STABILITY
Visual Observations
Design and Construction Data
Operating Records
Post Construction Changes
Seismic Stability




E

.

b S A 5 o, bl e ik SRS i - : - p—

PAGE NO.
7 ASSESSMENT/RECOMMENDATIONS 16
73l ASSESSMENT 16
a. Safety 16
b. Adequacy of Information 16
(c Urgency 16
d. Need for Additional Investigations 16
7.2 RECOMMENDED MEASURES 16
APPENDIX
A. PHOTOGRAPHS
B. ENGINEERING DATA CHECKLIST
C. VISUAL INSPECTION CHECKLIST
D. HYDROLOGIC/HYDRAULIC ENGINEERING DATA AND COMPUTATIONS
E. LIST OF REFERENCES
F. STABILITY ANALYSES
G. DRAWINGS

D wFoe e




PHASE 1 REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: Cliff Lake Dam (I.D. No. NY 584)
State Located: New York
County Located: Sullivan
Stream: Black Lake Creek
(tributary of Mongaup and Delaware
Rivers)

Dates of Inspection: November 8, 1978 and April 20, 1979

ASSESSMENT

The examination of documents and visual inspection of Cliff
Lake Dam and appurtenant structures did not reveal conditions which
constitute an immediate hazard to life or property. The dam, however,
has a number of problem areas which if left uncorrected could lead to
the development of potentially hazardous conditions. These areas are:

1. The structural stability analysis indicates that
the dam does not meet the minimum stability criteria
found in the "Guidelines" developed by the Corps of
Engineers.

2. The hydraulic capacity of the outlet channel may be
inadequate to pass the % Probable Maximum Flood
(PMF) and requires investigation.

3. The condition of the foundation drains at the toe
of the non-overflow section is unknown and requires
investigation.

4. Shear keys in the non-overflow section are cracked
and require investigation to determine if remedial
action is necessary.

5. Seepage at the toe of the west embankment near the
west abutment is estimated to be 200 gpm. Additional
seepage was observed at the base of the old masonry
dam at the toe of the new dam, and near the west
abutment toe. These areas require investigation and
possible remedial action.

The aforementioned problem areas require investigation which
should be initiated as soon as possible and completed within 1 year
from notification. Remedial measures necessary to insure the safety
of the dam should be completed within the following year.
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The discharge capacity of the splllway is inadequate for
all flows in excess of 80 percent of the PMF; spillway capacity =
10,300 cfs without flashboards. :

The following problem areas were observed which require
remedial action, and this action should be completed within the next
construction season:

1.

.slopes, abutments, toe, and spillway, outlet

Repair the cracked, spalled, and deteriorated
concrete and associated construction and
expansion joints of the spillway and non-
overflow sections, reservoir drain, and concrete
drain cover at the toe of the spillway.

Clean and monitor all foundation drains at the
base of the spillway and non-overflow sections.

Remove trees, brush, and debris from the crest,

and downstream channels from the access bridge-
to the spillway.

Repair the masonry and wood plank box at toe
of the west embankment (west abutment), install
a weir and monitor the seepage ccllected therein.

Install weirs at the base of the old masonry dam
where seepage is emanating.

Initiate a program of periodic inspection and
maintenance of the dam and appurtenances.
Document this information and develop an

[~

George Koch
Chief, Dam Safety Section
New York State Department
of Environmental Conservation
icense No. 45837

i nds

Col. Clark H. Benn
New York District Engineer

Date: | // f/// (( i
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PHASE 1 INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
CLIFF LAKE DAM, I.D. NO. NY 584
DEC #148D-1133
DELAWARE RIVER BASIN
SULLIVAN COUNTY, NEW YORK

SECTION 1: PROJECT INFORMATION

TR

L.é

GENERAL

a. Authority

The Phase 1 Inspection reported herein was authorized by the
Department of the Army, New York District, Corps of Engineers,
to fulfill the requirements of the National Dam Inspection
Act, Public Law 92-367.

b. Purpose of Inspection

Evaluation of the existing conditions of the subject dam to
identify deficiencies and hazardous conditions, determine if
they constitute hazards to life and property and recommend
remedial measures where necessary.

DESCRIPTION OF PROJECT

a. Description of the Dam and Appurtenant Structures

Cliff Lake Dam consists of a 100-foot long unreinforced
concrete gravity spillway buttressed at both abutments, a 180-
foot long unreinforced concrete gravity non-overflow section
on the east side of the spillway, and 2 earth embankments,

one on the west side of the spillway approximately 270 feet
long, and one on the east side of the non-overflow section
approximately 95 feet long. The maximum height of the dam

is 50 feet.

(1) Spillway Section
The upstream face of the spillway is vertical and the
downstream face is sloped at 10 vertical on 6.5 horizontal.
The crest is rounded. The spillway is founded on bedrock
and keyed into bedrock at the upstream edge of the base.
The height of the spillway is approximately 40 feet. An
8" x 8" box drain located 8 feet from the upstream face
of the spillway serves to collect seepage and reduce
uplift forces beneath the spillway. A 4-foot square
concrete box drain located near the west side of the
spillway serves as a reservoir drain.




(2) Non-overflow Section

The upstream face of the non-overflow section is vertical,
the crest is horizontal and 5 feet wide, the downstream
face is vertical for the upper most 10 feet then slopes
at a rate of 10 vertical to 6 horizontal down to the base.
This section is founded on bedrock with foundation drains
and bedrock key identical to that of the spillway section.
The non-overflow section has a crest elevation 10 feet
higher than the spillway.

(3) Embankment Sections
The upstream face of the west earth embankment section is
riprapped (18" thick) and has a slope of 1 to 3. The crest
is 20 feet wide and composed of 2 feet of gravel. The
downstream face is also riprapped (8" thick) and has a
slope of 1 to 2.5. The maximum height is 50 feet. The
embankment is composed of a core of "Impervious Material",
and "Compacted Glacial Till" sections adjacent to the core.
The core is 12 feet wide at elevation 1078 (below the 2
feet of gravel for the crest) and slopes at a rate of 2
to 1 down to original grade. A cut-off trench of "Imper-
vious Material™ extends from original grade down to bedrock
or impervious material and varies from 20 to 50 feet in
width. An "Impervious Blanket", 3 feet thick, was placed
on original grade (after stripping) and extends tfrom the
core to the upstream cofferdam used to dewater the area.
The base of the embankment on the downstream side of the
core was also stripped and "Selected Gravel and Sand" was
placed from the core to the rock fill toe and behind the
existing "Dry Laid Masonry Dam”. The impervious material
behind the old dam was to be removed, the rock fill toe
placed, and the area behind the o0ld dam brought up to the
top of the old dam by placement of "Coarse Gravel and
Stones". The embankment was keyed into the existing grade
at the west abutment with "Impervious Material™ in the
core area. At the spillway abutment, a concrete key wall
S feet long and 3 feet wide extends into the impervirus
core of the embankment.

The east embankment is identical to the west embankment
with the following exceptions:

1. The upstream slope is 1 to 2.5;

2. No clay core was noted on the plans;

3. A concrete core wall extends a minimum
of 30 feet into the west end of the
embankment from the non-overflow section.

Flow from Cliff Lake is not generally permitted over the spillway.
Rather, the flow is drawn-off via a 4 x 5 foot rock tunnel on

the east side of the Lake to augment supply in the Swinging
Bridge reservoir. Flow from Lebanon Lake augments the flow of
Cliff Lake via a 4-foot diameter concrete pipe and an open
channel.
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b. Location
Cliff Lake is located on the Black Lake Creek, a tributary

of the Mongaup River, approximately 2.5 miles south of the
Village of White Lake, N.Y.

c. Size Classification

The dam is 50 feet high and is classified as an intermediate
dam (between 40 and 100 feet high).

d. Hazard Classification

The dam is classified as "high" hazard due to the potential
for a chain reaction failure situation of the dams within the
Mongaup River Basin which are above the Village Mongaup.

€. Ownership

The dam is owned and operated by the Orange and Rockland
Utility Company, 1 Bluehill Plaza, Pearl River, New York,
Tel.: (914) 627-2410.

f. Purpose of the Dam

The dam provides storage for power development at the Swinging
Bridge generation plant.

. Desi and Construction Histo
The dam was constructed in 1925 and reconstructed in 1938-9.
The dam was designed by Charles H. Tenny and Co., 200 Devonshire
Street, Boston, Massachusetts. The reconstruction was designed
by Charles T. Main, Inec., 201 Devonshire Street, Boston,
Massachusetts. No engineering information pertaining to
construction history was available.

h. Normal Operating Procedures

Water stored in the reservoir is used to augment the storage

capability of Swinging Bridge reservoir for the generation of
electricity below the Swinging Bridge Dam. Water from Cliff

Lake is transmitted to Swinging Bridge reservoir via a 4 x 5

foot rock tumnel located on the east side of the Lake.

PERTINENT DATA

a. Drainage Area (sg. mi) 295

Height of dam (feet) 50.0

b. Discharge at Dam Site (cfs)

Maximum known Flood N.A.
Spillway at Design Pool (El. 1076.8) 4,300
Spillway at Maximum Pool (El. 1080) 10,300

Maximum Capacity of Reservoir drains 400

Total Discharge, Max. Pool 10,700

Average Daily Discharge Variable

3




Elevation (ft. above MSL-Datum)

Top of Dam 1
Design Pool 1
Spillway Crest 15
Pool Level with Flashboards - if any 1
Tailrace Channel 1
Invert Reservoir Drain Outlet 1

Reservoir

Length of maximum Pool, miles
Length of Shoreline (Spillway Crest) miles 6.20
Surface area (Spillway Crest) acres

Storage, (Acre-feet)
Spillway Crest
Maximum Design Pool
Top of Dam

2,800
4,100
5,000

Dam
Type: Concrete Ogee Spillway and Abutments, Earth Embankments
Length (ft.) 610

Upstream slope 3l
Downstream slope 2.0zl
Impervious Core Materials: Fine Sand & Clay

Crest Elevation, ft. 1,080

Crest Width, ft. 20

Grout Curtain None
Spillway

Type:

Length, ft. 100
Crest Elevation MSL 1,070

Natural Fill
Concrete

Upstream Channel:
Downstream Channel:

Regulating Qutlets
4’ x 4' Sluice Gate, Operated Manually

at the Spillway.
4" x 5' Rock Tunnel to Swinging Bridge
Reservoir

Reservoir Drain

4* x 4' Drain at the Spillway




SECTION 2: ENGINEERING DATA

2.1

232

2.3

2.4

DESIGN

a. Geology

The Cliff Lake Dam is located in the "Appalachian Uplands”
physiographic province of New York State. This province (the
northern extreme of the Appalachian Plateau) was formed by the
dissection of the uplifted but flat lying sandstones and shales
of the Middle and Upper Devenian Catskill Delta. Relief is high
to moderate. Maximun dissection occures in the Catskill Mountain
area, where only the mountain peaks approximate the original
plateau surface. Drainage is generally south or southwest toward
the Delaware River system.

b. Subsurface Investigation

Subsurface investigation was conducted about 1938, and this
information has been included in Appendix G Drawing #1300-52. 1In
general, the borings indicate that the soils at this site are of
glacial till origin (sand, clay, and stone of varying mixtures)
over gray sandstone and shale bedrock.

The "General Soil Map of New York State" prepared by Cornell
University, Agriculture Experiment Station indicates that the
surficial soils are of the Lackawanna series. This soil series
has poor internal drainage chavacteristics. Boulders are common
and the depth to bedrock is variable.

Sandstone bedrock was observed to outerop in the channel below
the spillway, the downstream channel, and at the abutment of the
access bridge below the old dam.

CONSTRUCTION RECORDS

The only information regarding construction of the dam is the
year of construction 1925 and the year of reconstruction 1938-9.

OPERATION RECORD

All information concerning operation and maintenance of the dam
is on file at the Swinging Bridge power house.

EVALUATION OF DATA

Some of the data presented in this report has been made available
by representatives of Orange and Rockland Utilities, Inec. This
information has been invaluable in the preparation of this report.
All information gathered appears to be adequate and reliable for
Phase I Inspection purposes.
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SECTION 3: VISUAL INSPECTION

3.1 FINDINGS

a. General

Visual inspection of Cliff Lake Dam and the surrounding watershed
was conducted on November 8, 1978 and April 20, 1979. The weather
was clear and the temperature ranged in the fifties. The reservoir
level at the time of inspection was 1067.5 (USGS). Flashboards
1.2 feet in height were in place at the time of the inspections,
although the lake level was below the crest elevation.

b. Spillway Section

Surface spalling of concrete was evident particularly at the
construction joints. The wingwalls are cracked and deteriorated.
Hairline cracks were noted in the spillway concrete. A l-inch
opening was observed at the contact of the spillway toe and the
apron. No indication of recent movement and no seepage was observed.
(See Photo #3) A 2-inch diameter pipe was protruding from the
spillway; purpose unknown. Two rectangular drains were noted at

the base of the spillway. (See Photo #4) These drains provide
relief of seepage and uplift forces beneath the spillway and non-
overflow sections (See sketch Appendix C, Section 6, and Appendix

G, Drawings #1300-56 and 1300-57 for drain details). Seepage from
these drains was clear and estimated to be 5 gpm from the west drain
and 8 to 10 gpm from the east drain. Approximately 1 gpm was evident
seeping from the east wingwall drain. These drains are partially
blocked with debris and vegetation. The area behind this wingwall

is soft and wet with vegetation present having an affinity for water
(See Photo #3B).

Seepage from spillway area flows into a narrow outlet channel.
This channel is formed from the natural bedrock, and the west
spillway wingwall seepage was rusty, and deposits of rust were
evident in the spillway and outlet channels. (See Photos #14 & 16)

Considerable tree growth and debris was observed in the outlet
channel and spillway channel. An access bridge also constricts
the spillway flow below the dam. (See Photo #15) The outlet
channel is extremely narrow and overtopping of the channel walls
may result during high flow conditionms.

c. Non-overflow Section

Surface spalling, calcification, and deterioration was evident in
the non-overflow section of the dam particularly at the construction
joints,along the top of this section and at the east wingwall of the
spillway (See Photos #5,6,&7). Surface spalling on the eastern most
panel of the downstream face was 2 to 3 inches (Photo #7); on the
upstream face spalling was approximately 6 inches at the western
most construction joint. Numerous hairline cracks were evident,

and 2 of the vertical shear keys at the construction joints had
hairline cracks through the shear key, indicating reduced strength
of the key. A large depression at the base of the non-overflow
section was observed (See Photo #7). The size of the depression

was 28 feet long, 5 feet wide, and 3 feet deep. The origin of

the depression is unknown. No evidence of seepage or erosive




force was apparent, which would be needed to create this
depression. This area may have been the remnants of con-
struction excavation, or post construction excavation to clear
the foundation drain outlets.

The plans indicate that 3 foundation drain outlets were
installed at the toe of this section. Apparently, backfill at
the toe obscured these outlets. Seepage encountered in the
backfill of the east spillway abutment may result from these
outlets.

d. Earth Embankment Sections

(1) West Embankment Section

The horizontal and vertical alignment of the west embankment
section appears to be good. No. evidence of surface cracks
or movement of the slopes, crest, toe, or area beyond the
toe was observed. (See Photos #1 & 10) Small trees were
evident on the upstream and downstream slopes, and at both
abutments. The upstream and downstream slopes are riprapped
A large depression was observed in the original grade beyond
the west abutment, the origin of which is unknown. Trees
growing in the depression indicate that this depression is
not of recent origin. (See Photo #13) No erosion at the
abutments was apparent.

No seepage was encountered on the slopes, at the toe, or
beyond with the following exceptions: Seepage was observed
at the west abutment downstream slope near the toe of the
embankment. The seepage was collected by a deteriorating
masonry and wood plank box, 7 feet long, 1.4 feet wide, and
3 feet deep. (See Photo #12) Deteriorated stoplogs were

in place at the outlet end of the box to form a weir. At
the time of the second inspection, 0.2 feet of flow was
observed over the weir. Flow from this box was transmitted
toward the old dam via an 8" steel pipe. Thereafter, the
flow is dispersed through the porous backfill of the old dam
and was observed exiting through the joints of the old
masonry dam in an area approximately 25 feet wide. (See
Photo #11) The flow was observed to be clear. Flow over
the box weir is estimated to be 200 gpm. Weir measurements
are recommended at the box and at the toe of the old dam to
determine if the seepage at the old dam is completely from
the box. The old dam is approximately 100 feet below the
toe of the new dam, and the area behind the old dam has beer
filled to its top elevation. (See Photo #10). In addition,
to the seepage at the west abutment, a soft wet area near
the toe and approximately 15 feet east of the masonry and
wood plank box was noted; no flow was apparent.
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3.2

(2) East Embankment Section

The horizontal and vertical alignment of the east embankment
section appears to be good. No evidence of surface cracks or
movement of the slopes, crest, toe, or area beyond the toe was
noted (See Photo #5). Small trees were evident on the upstream
and downstream slopes, at the east abutment, and on the crest

of the embankment. The upstream and downstream slopes are
riprapped. No evidence of seepage was encountered on the slopes,
at the toe or abutments, or beyond the toe of the east embankment
section.

e. Downstream Channel
The downstream channel is partially bedrock formed. Numerous small
trees, debris, and rock outcrops were observed. The side slopes
appear to be stable with no unusual erosion problems observed. A
narrow access bridge crosses the downstream channel approximately
50 feet below the old masonry dam. A sketch of this bridge is
included in Appendix C. The bridge is used solely for maintenance
and operation purposes by Orange and Rockland Utilities. (See
Photos #14,15 & 16)

f. Reservoir
There are no visable signs of instability or sedimentation problems
in the reservoir area.

g. Instrumentation
No instrumentation was in use at the dam, other than a staff
reservoir gage located at the west abutment of the spillway.

h. Reservoir Drain
A U-foot square concrete box drain located at the west edge of the
spillway, with valve controls at the west spillway abutment serves
as a reservoir drain.

The concrete at the drain is deteriorated at the outlet with
reinforcing bars exposed. Slight seepage and calcification was
evident in the walls of the drain initiating from the joint between
the top and walls of the box drain. (See Photos #8 & 9) the
concrete slab at the west end of the spillway channel which covers
the reservoir drain is deteriorated and some reinforcing is exposed.
Surface spalling was noted particularly at the construction joints.

The drain was reported to be opefative.

EVALUATION OF OBSERVATIONS

No observations were noted which would indicate that the dam is in
imminent danger. However, a number of problem areas may have the
potential for the development of hazardous conditions if not monitored
or left uncorrected. The significant problem areas and remedial action
requirements are as follows:

a. Spillway Section

1. Significant deterioration of concrete particularly at the construction
joints require repair.




2. The foundations drains should be cleaned of debris and ]
vegetation, and monitored periodically to determine the ' 3
influence of seepage and uplift.

3. Remove tree, vegetative growth and other debris in the
spillway channel, at the abutments and along the tailrace
? channel.

£
.

Investigate the condition of the narrow outlet channel to
determine if sufficient capacity exists within the channel
to pass the ¥ PMF, without overtopping of the channel or
damage to the earth embankment portions of the dam.

b. Non-overflow Section

1. Significant deterioration of concrete of the non-overflow
section should be repaired.

2. Investigate the condition of the shear keys to determine if
the necessary strength is available to resist the shear
forces.

3. Investigate the area at the toe of this section to determine
the condition of the foundation drain outlets and the large
depression. Drains should be kept free of debris and an
outlet of sufficient capacity installed and maintained to
assess the conditions of seepage and uplift beneath the dam.

4. Seepage observed exiting from behind the east spillway abutment
should be investigated. This may be related to the adjacent
foundation drain system.

c. Earth Embankment Sections

1. Repair the masonry and wood plank box at the toe of the
west embankment near the west abutment. Install a new sharp
crested weir and monitor the seepage therein.

2. Monitor the seepage by the use of weirs at the base of the
old masonry dam and compare with the seepage from the box at
the abutment. Monitor the seepage at the toe of the west
embankment near the box at the abutment. Additional seepage
investigations may be required after analysis of the weir
flow information.

:
;
:
q

3. Remove the trees encountered on both embankment sections of i
the crest, slopes, abutments, and area beyond the toe of the i g
dam. :

d. Downstream Channel :

Remove all trees and debris found within the downstream channel : 4

immediatel above the access bridge to maintain a clear channel

between th. dam and the bridge.

e. Reservoir Drain

J 1. Repair the deteriorated concrete of the reservoir drain.
Repair the construction joints within the drain.




2. Repair the deteriorated concrete slab which was poured
above the reservoir drain.
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SECTION 4: OPERATION AND MAINTENANCE PROCEDURE

4.1

4.2

4.3

T

4.5

Procedure

Cliff Lake provides additional storage to augment the supply of
Swinging Bridge reservoir from which power is generated. Lebanon
Lake, which lies to the west of Cliff Lake also augments the flow.
The flow from this lake is controlled with a W4-foot by 5-foot
rock tunmnel on the east side of the lake. Flow from Lebanon

Lake is controlled by a Y4-foot diameter concrete pipe. All valves
and control systems are remotely operated by the system operators
located on Dolson Avenue, Middletown, New York.

Maintenance of the Dam

The dam has not been maintained in proper condition. Deterioration
of concrete and vegetative growth were observed.

Maintenance of Operating Facilities

The reservoir drain and valve, and the tunnel system connecting
Cliff Lake to Swinging 3ridge reservoir is reported to be
operational. No operations manual is on file. A record of
maintenance operations is on file with the maintenance staff.

Warning System In Effect

A recently updated warning system and emergency action plan for all
Orange and Rockland Utility dams is on file with the appropriate
personnel. This plan was developed in accordance with the Federal
Energy Regulating Commission's standards and is included in
Appendix G.

Evaluation

The structure is in need of considerable maintenance. A program
of periodic inspection and maintenance should be initiated as soon

. as possible. This information should be documented for future

reference.

LL




SECTION 5: HYDROLOGIC/HYDRAULIC

5.1 Drainage Area Characteristics

The Cliff Lake Dam is located on the Black Lake Creek, a
tributary of Mongaup River. The drainage area at the dam

site is 29.7 square miles. The topography is characterized
by steep slopes interspersed with swamps and lakes. Toronto
Reservoir lies within the drainage area about 4 miles upstream
of Cliff Lake Dam.

5.2 Analysis Criteria

Cliff Lake is augmented by Lebanon Lake (drainage area 7.8
square miles) through a 4-foot diameter concrete pipe and is
drained by Swinging Bridge Reservoir (drainage area 118 square
miles) via a 4" x 5" rock tunnel. The Cliff Lake drainage area
is exclusive of Lebanon Lake and Swinging Bridge Reservoir
drainage areas. Both the inflow from Lebanon Lake and outflow
to Swinging Bridge Dam were excluded from the analysis.

Lake Superior, Black Lake, Toronto Lake, and Toronto Reservoir,
which lie in the Cliff Lake drainage area upstream of the dam,
were not analyzed individually in respect of their flood retarding
capacities.

Information on the standard project flood (SPF) for the Cliff
Lake Dam and its watershed was obtained from the "Upper Delaware
River Basin Hydrologic Flood Routing Model" prepared in 1976 by
Water Resources Engineers, Inc. for the New York District of the
U.S. Army Corps of Engineers. The rainfall-runoff mathematical
model HEC-1 developed by the U.S. Army Corps of Engineers was
used to reconstitute major floods and to simulate the SPF
considered in the study. The SPF is approximately one-half of :
the Probable Maximum Flood (PMF). i

The Cliff Lake Dam Watershed consists of sub-basin 49 and
northwestern part of sub-basin 51. The inflow was routed through ]
the reservoir and the peak outflow was 6,400 cfs due to SPF. 1

w
.
w

Spillway Capacity

The ungated ogee spillway is 98 feet long,. and the maximum head
possible between the crest of the spillway and the top of the dam
is 10 feet. However, the crest of the spillway is topped by 1l.2-
foot high flashboard reducing the maximum head to 8.8 feet. The
computed capacities of the spillway at maximum head (top of dam)
are 8,500 cfs with flashboards and 10,300 efs without.

5.4 Reservoir Capacity

The reservoir's capacity is given below:

EL. (feet) Capaci acre-feet

Crest of spillway 1070.0 2,800
Top of flashboards 1071.2 3,000
Top of dam 1080.0 5,000




The storage capacity curve is shown in Appendix D. The curve
indicates a surcharge storage of 2200 acre-feet above the crest
of spillway and is equivalent to a runoff depth of 1.39 inches
over the drainage area.

5.5 Flood of Record

No records of highest or lowest water levels on discharges were
available from Orange and Rockland Utilities, Inc.

5.6 OQvertopping Potential

The maximum capacity of the spillway is 10,300 cfs compared to

a PMF of 12,800 cfs, and a ¥ PMF of 6,400 cfs. Hence, the
spillway can pass the ¥ PMF and 80 percent of the PMF. There will
be no overtopping of the dam due to ¥ PMF. However, the dam will
be overtopped by 10 inches due to PMF.

EVALUATION

The spillway is adequate to pass % PMF, but inadequate to pass PMF.

The spillway can, however, pass 80 percent of PMF without overtopping.

The capacity of the narrow outlet channel may be inadequate to pass the

% PMF without damage to the toe of the earth embankment. An investigation
is required to determine if additional outlet channel capacity is
necessary.




SECTION 6: STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations

The following observations are indicative of problems in
connection with the stability of the earth embankment and
concrete portions of the dam:

1. Concrete Portions

(a) Significant deterioration of concrete surfaces,
including cracking particularly at construction
joints.

(b) Cracking of the shear keys within the non-overflow
section.

2. Earth Embankment Portions

(a) Significant seepage (approximately 200 zpm)
observed flowing through masonry and wood plank
collection box near west abutment toe.

(b) Soft wet area adjacent to west abutment toe.

(c) Significant seepage flowing from base of old
masonry dam which is at least in part due to
west abutment seepage.

b. Design and Construction Data
No design computations or construction information concerning

the structural stability of the dam was available. However,

a structural stability analysis of the non-overflow and spillway
sections of the dam was performed for the purposes of this report
and is as follows:

Case 1 - Normal water surface (Elevation 1070), no tailwater,
uplift.

Case 2 - Identical to "Case 1" with 5 kips/ft. ice load.

Case 3 - Probable Maximum Flood (Elevation 1080.9), no
tailwater, uplift.

Case 4 - One-half Probable Maximum Flood (Elevation 1077.5),
no tailwater, uplift.

Case 5 - Identical to "Case 3" with 5' tailwater.

Case 6 - Identical to "Case 4" with 3' tailwater.




Spillway Section (Middle 1/3 = 10.3 to 20.7)

Factor Safety Location of Resultant Factor of Safety
Case Overturning from toe Sliding
1 2.35 el 5.50
2 2.02 11.47 5.24%
3 1.u2 6.9 3.54
4 1.62 8.9 3.99
5 1.32 6.3 3.48
6 1.54 8.6 3.95
Non-overflow Section (Middle 1/3 = 6.3 - 12.7)
Factor Safety Location of Resultant Factor of Safety
Case Overturning from toe Sliding
1 2.33 8.6 14.0
2 I35 6.5 17107
3 1.20 257 6.58
4 1.46 5.0 8.09

These results indicate that the structure is stable for all. loading
conditions except cases 3 thru 6 for the spillway section, and
cases 3 and 4 for the non-overflow section. No seismic analysis
was conducted due to the small coefficient recommended for this
seismic zone. It is recommended that further investigation be
conducted to determine if remedial action is required to achieve
the minimum recommended factors of safety. Information concerning
the stability analyses performed is included in Appendix F.

c. Operating Records
No operational problems were reported which would influence the
stability of the structure.

d. Post Comstruction Changes
No post construction changes were reported.

e. Seismic Stability

The dam is located in Seismic Zone 1. No seismic analysis is
warranted.




SECTION 7: ASSESSMENT/RECOMMENDATIONS

7.1 Assessment

a. Safety

The Phase 1 Inspection of Cliff Lake Dam did not indicate

conditions which constitute an immediate hazard to human life
{ or property. The dam, however, has a number of problem areas :
if uncontrolled may have the potential to develop into hazardous
conditions.

b. Adequacy of Information
The information reviewed for the purposes of the Phase 1
Inspection Report is considered adequate.

e A AL

c. Urgency
The following investigations should be initiated as soon as
possible and completed within 1 year from notification:

1. Structural stability of the dam.

2. Capacity of outlet channel.

3. Adequacy of shear keys in non-overflow section.

4. Condition of foundation drains at base of concrete
sections.

S. Repair, installation, monitoring and analysis of weirs
at points of seepage within and below the west embankment
section.

Remedial action concerning these investigations should be completed
within 1 year from completion of the investigations.

d. MNeed for Additional Investigations

Investigation is required in the following areas: structural
stability of the dam, capacity of the outlet channel to pass
the % PMF without detrimental affects to the dam, adequacy of
non-overflow section shear keys, condition of foundation drains,
and seepage of the west embankment section.

7.2 Recommended Measures

a. Results of the required investigations will determine the : 1
type and extent of remedial measures necessary. :

b. Repair cracked, spalled, and deteriorated concrete portions {
of the spillway section, non-overflow section, reservoir
drain, and its cover slab. Repair all construction and
expansion joints.

sy

c. Clean and monitor all foundation drains at the base of the
spillway and non-overflow sections.

d. Remove tree, vegetative growth and debris from the crest.
slopes, abutments, toe, spillway channel, outlet channel,
and downstream channel above the access road bridge.




o s

Repair the masonry and wood plank box at the toe of the
west embankment near the west abutment. Install a new
sharp crested weir and monitor the seepage.

Install weirs and monitor the seepage which is exiting
from the base of tihe old masonry dam.

Initiate a program of periodic inspection and maintenance
of the dam and appurtenances. Document this information
for future reference. Also, develop an operations manual.
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APPENDIX A

PHOTOGRAPHS
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Spillway Foundation Drain
Photo #U

‘ Crest of Non-overflow Section and East Embankment
f Photo #5




Non-overflow Séction
Downstream Face
Photo #6

Deteriorated Panel Non-overflow Section
Note Depression at Toe
Photo #7
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Wood Plank Box
Collecting Seepage at West Toe of West Embankment
Photo #12

Depression in Original Grade
Near West Abutment of West Embankment
Photo #13




Outlet Channel Below Spillway
Photo #1u4

Downstream Bridge and Channel
Below Abandoned Masonry Dam
Photo #15




Outlet Channel
Note Narrow Channel Near Buttress
Photo #10
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Reservoir Drain Controls,
Crest ol Spillway and Non-Overflow Scction
Photo #17




APPENDIX B

ENGINEERING DATA CHECKLIST
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APPENDIX C

VISUAL INSPECTION CHECKLIST




a.

ik S den 1

VISUAL INSPECTION CHECKLIST

1) Basic Data

General

Name of Dam \/..‘L..F'F L AE DAM

1.D. # NY SR4G

Location: Town LcmneErcand County _ S uvivan

Stream Name B lLAck LAKE CREEK

Tributary of MonGaus River

Longitude (W), Latitude N} 24°-.47-40" , 41’35 00"

Hazard Category (&
Date(s) of Inspection Nov. S, 118, APl 20, (319
Weather Conditions 50 . CLEAR | Soiuny .

Inspection Personnel Roaysets McCapvry MudammMad ITsiam

KeEwv EwELs

Persons Contacted KEN FIELD

Roeers Svueer (Q14) 429 - 306l

History:

Date Constructed 1325  REcoveracersd  (93% -39

owner (eance And Recetany UTibiTigs Inc,

Designer C ; - TEWNY & Co, 200 DSvewSUIRE SF., Bosten , MASs,
REcen: CuAas T HMAIN, TG, 20] DSvoNSHIRE ST., Bos+on [ HASs.
Constructed by :

2) Technical Data

Type of Dam Convcrere ARUrMENT, EARTH EMPANKMENT.

Drainage Area 29SS _SQuAaes AliLES

—~

Height S50 Length 150 F'EET(QABUTMENT.)

Upstream Slope _x' S ;1 Downstream Slope _2°S | | (EMBANCNMEN T)

.57 o -.|

bl 5t — —_—




B —— T 0 e asi

3 yrmadti s SO

2) Technical Data (Cont'd.)

External Drains: on Downstream Face N Give @ Downstream Toe Nov e

Internal Components: £ ™M™aNkmswuT

Impervious Core Imeeeviovs  HATERIAL
Drains 2 Noyes

Cutoff Type Imeeeviccs MaTe@iaL
Grout Curtain Nones

TOP WiDru 20 FEET

L ENGT W 270 \a_d wisd  embankad

ss k&‘\ Q_;..s" QM&KXNA




3) Embankment

a.

b.

Eovlk ewbawkoment o oost and west <ide of qp"llw-a.ﬁ‘

Crest
(1) Vertical Alignment Jood  condihow
N
(2) Horizontal Alignment cord  condifien
(3) Surface Cracks Nowe  olsenved
(4) Miscellaneous =
Slopes
(1) Undesirable Growth or Debris, Animal Burrows Senoll Yvees ( Pine) sw ppshredan,

dowrmtieo , ek abudme (downsbean)  orcl abubment gud gn cvest -
(2) Sloughing, Subsidence or Depressions Sevety o U 2vesrian

ﬁ—m ‘C:‘Q'\M . NO QLN\A%Q:_ 0:2._ a6 Vet
(3) Slope Protection s o -

Sides &£ bg\g gﬁw

(4) Surface Cracks or Movement at Toe Nowe  obserwed -

(5) Seepage _Solt wek ovea S weak oabdet / wieall oo dnenk

Smppr tve a_wjmali.t\r (S feed sb S ASONY |
box  (see ~axb pamne ) o

(6) Condition Around Outlet Structure Debecioralid  conenekz .




Abutments

Lgv_‘qﬁ depression weavw wek abubment o downv@nm face

in__ovigomal orods - Tren cyf@vdvq x2n U.M'.A_Lm&& wndicade”
\N’ﬂ“ ﬂ" o “'m PN VO V‘“—‘"‘(i‘\“‘"‘ O 'x-\—v.vu.'

(1) Erosion at Embankment and Abutment Contact

N o sloserved -

(2) Seepage along Contact of Embankment and Abutment omd ok tve o downvieom {oc.

A M&Sonv% M_plcw\k \OO& 7;@ X \'4‘u1'd¢ L 4 —5‘ AQ.P
at W \—ce.__(_c\omm—\ ol WMs darn nenr WL o-’awhv\e»r/

W e ldanknent . A boox g ¥ w.‘d-\: S \\Fp
weoar WMI bl evd A vl af",sswm weqwx.?.,\,wi

- - : e
(o2l at W e o Saspechm) ol TG o 87 pive (Sheel) oo A~
roverses alovesy W west evd of obulbtmeant o d Luns doward
back U of old dawm . Phremcalde, Llbw disoppesars vt shune of old daw..
Downstream Area - below embankment (Flew (s clear)

(3)

(1) Subsidence, Depressions, etc. Neme  cbsernvesl -

(2) Seepage, unusual growth 3., (bw wewboud obrve Ma=

¥ sWwon e e \le old \A Cures

2S'wide .oy Sbw v cfear: weir weatsremenhs recommendad ok
ok avd e of old dawm.
(3) Evidence of surface movement beyond embankment toe

rvug o\cnenned
(4) Miscellaneous Moa. td . -1 .

below e "4; frews ) dane V\&A‘SJ&A;._—O:'ALA:\:\

Y

Drainage System

mczsm—ﬁ'/weoa box ouwd 8" <id pipe Ivai on

Tonkia k. oloove




§ ? (1) Condition of relief wells, drains, etc. Ry
wWised olawks of ILe woog_(_gmg_ box 15
ié‘&r{orw?l:

(2) Discharge from Drainage System




Bl oy Sl e

4) Instrumentation

(1) Monumentation/Surveys Noneg

/ (2) Observation Wells

(3) Weirs W uoooi' atonr B0k 1 lona x 1' 4’ wide x 3 dece .

Flow ot Lo ot J.spechom 0°2 over wair o V0o x -
T i

(4) Piezometers NonN &

(5) Other Now E

5) Reservoir

a. Slopes O,

b. Sedimentation NEnE  REPCURIED




6) Spillway(s) (including tail race channel)

_Covrcrell box resenweonr drain (4 x4 ") is d&"&riu((,\"\/\'ﬁg . 5l .'c},fv[—
: i , i
A2 and call on \S J(.b\fe_v\-{- at I ‘%(gw,\ od walle€ (loer

and Yo Lipecr (See pictvwre +

Conials  cover ab BT Tase ol e laiaw 16 debariovedd
—t i

s H N 3
Awnel Seme ye-Davs v 2¥Do%ed ¢ Come o o o\l \ u‘c\m.’

ot otz ':

>o~1§.«.' C \ on

b. Principle Spillway

Crshrchon oo bl 1o envidewnt, wx;wg,.,wll cvencicadd o d
J 7

c@h’.*.\uc@c\v e s a Y Opwv;fddLal e Conboret of +oe o ‘;P;’/u’a,
T Uﬁ

and epvon  in doe, .\c& Sasiam Celenk anl e sspeae coznved .
=k r

St bolky abt +oe ?ycba‘o‘»} Lo LPO‘%MZ} o fomsa A 27 pipeon

E c‘ﬁl“”““‘% ISuJ‘keMl,&rq, PuyPo  urnkndwa s D Cork R roecnads”

c. fmexgancyrarduailians Spitivay red'c\v\c_)v\hr deaing — 2 at bl base
ok ng“dan,L = | &b W bese 0{- LQ:WOG wall » ‘5% walen L
clow — 5G6om Lom aesbdvave cwd €710 GPm fom ensk dvas,

gnd Iﬁ»éﬂ \Q‘ . (\,u.,(:c-uz} ‘;éym wv:.&?‘ wedl dvada ‘e aven oniha”

o\@ s‘wii_'& e o L«ﬁ,&uc&( 15 sca@- ol we{' - N Emercency SPiLinwAYy

d. Condition of Tail race channel S,.?. sadad  sbaua !|g,g;

‘ % bl

'
s}

,4" A*LP "‘.’.é'

] e. Stability of Channel side/slopes

gﬂil‘ 5-2 c’SMG::é‘\ L3 g)\gaa‘ ! (X~ pc‘.lzhns

4“.\ P can v,a-sl AnOr/ 0 (g_..g #~‘/¢.‘5’)L
33
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7) Downstream Channel

a. Condition (debris, etc.) Dot debeie, ommcll dvews a0l
VO K m«,ibfc-%b

b. Slopes No \?w:!o\c_\ﬂ;L olbhcerwved |

c. Approximate number of homes PR PO T P e Lo

Laa V'QSQWP'\—(' \—chd's t[ mww%LL@jﬁll< v‘esa,wa-\'ar gc*Qv\\'\‘c\\

8) Miscellaneous

/ L
| \ | ‘ // B"U‘Aef f
i 71 ! BO\)UC( bk / a“a vocks % )
[ | awd vocks \ i l /
i ¥ L | ]
VSRR
K 24’ 3

Accese Erie\je N c\owhé\;&lm C rannel

wa‘/& d wnabrenre, ,




9)

Structural

a.

Concrete Surfaces Shuchuwal Cowenets non-cveflow Aschon caak of

gl Loy cpmnlinile pundocs dederisehin and colifakion.
A gﬁ%@@ ab Wy dop audl of Lz east \AM:\QG-

v b, Sendac S?M 2-3"dap at Ws easlemn waoghk bolon
Structural Cracking poval (downstream) anmd of western mosk
_Comaleue hon ’\uomk‘ (\«4‘)3% Y s Vis\de Puaa ame 2 vkl
hatr vt croelson wesk wund woll  vwmpanan Crecks o spillway owd

O Nw-overRpy Pethioa 2ok - Seilllwey -
Movement - Horizontal & Vertical Alignment (Settlement)

UMOA‘)‘M&*

Junctions with Abutments or Embankments

A’Vkﬁurs ?]oga[ :

L3R

Drains - Foundation, Joint, Face 2 dva—ws oL \l.2 s ﬂ »\! )
‘) . N,‘

ol | dvar. ol MMML—M
] ve,le_ k “A ’
Water passages, conduits, sluices ‘x4 de o veSernuvey deran,

mﬁﬁwmmqum

4 x5’ Tock -k-uv\qu 4o 5&@' 4 s&mgﬁ% \o\r:o\"?;l-

Seepage or Leakage Mo . ; i n.&('em.)
N
nechon (oo to > , \ ” QA 00
we &b,
—




.

Joints - Construction, etc. Croeks, Jdediriovehan and ;@ﬂ

S ewident e~ wk&&&w ol %jp-'\uvda«ua ad

Foundation . La.sge ASQW# W bose o concnlT
o -g—vu_/%e,‘) roch s . ﬁﬁya ﬂé “5@&24}“" 28 lo-g%l\ s’ wida_x
3 desp.

Abutments &ggfa,; 0\;;«0-»{

Control Gates 4'xa’ <\ide cial  cesenvoly dvmen and 4’25’
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Approach & Outlet Channels _ Apeoveach chouanal g Ay wc\ll:sa_o.&
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Energy Dissipators (plunge pool, etc.) N oo
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Stability
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g APPENDIX D

HYDROLOGIC/HYDRAULIC

ENGINEERING DATA AND COMPUTATIONS




AREA-CAPACITY DATA:

CHECK LIST FOR DAMS
HYDROLOGIC AND HYDRAULIC
ENGINEERING DATA

Elevation Surface Area Storage Capacity
(fr.) (acres) (acre-ft.)
1) Top of Dam 10300 zZ4o0 Sooo
2) Design High Water
(Max. Design Pool) 10N S = “4lce
3) Auxiliary Spillway
Crest = - T
4) Pool Level with
Flashboards 102 200 2900
1 5) Service Spillway
Crest © 10 190 2800
DISCHARGES
Volume
? (cfs)
1) Average Daily UKo
{
?‘_ 2) Spillway @ Maximum High Water 10,300
P 3) sSpillway @ Design High Water —
4) Spillway @ Auxiliary Spillway Crest Elevation ==
5) Low Level Outlet 400
6) Total (of all facilities) @ Maximum High Water 10700
7) Maximum Known Flood Umat«.bwn




CREST:

ELEVATION: 1OKO-C
Type: ConcRexe  Aa rmenT
Width: 5 Fger Length: L o peEr.
Spillover _Cowcaste Ociee
Location (SO Feey WwESST orF EAST EMBANKMENT

SPILLWAY:
PRINCIPAL EMERGENCY
10°10-0 Elevation NoweE
Qaec Type
i Width

UnCen TRCLLED

Type of Control

Uncontrolled

\

FLASdRCARDS

Controlled:

Type

(Flashboards; gate)

Number

Size/Length

Nove

Invert Material

Anticipated Length
of operating service

Chute Length

23 Feex

Height Between Spillway Crest
& Approach Chaanel Invert
(Weir Flow)




. almie b daan o A d b e i et e i e

OUTLET STRUCTURES/EMERGENCY DRAWDOWN FACILITIES:

Type: Gate Sluice Conduit v Penstock
Shaps ¢ A'xd CLosnidi  bar  digo

{ £ 4
Size: 4' x4 1 3

Elevations: Entrance Invert 10470

Exit lnvert —

Tailrace Channel: Elevation —_

HYDROMETEROLOG ICAL GAGES:

Type : NonE

Location:

Records:

Date -

Max. Reading -

FLOOD WATER CONTROL SYSTEM:

Vi
s}
Cé
m

Warning System:

Method of Controlled Releases (mechanisms):
el b cebend b swenains Boidey Resovvor
w Q 4,15’1 vock. dunwel .




DRAINAGE AREA: 29 's Sawvaes M. So

~

DRAINAGE BASIN RUNOFF CHARACTERISTICS:

Land Use - Type: /.

Terrain - Relief: /

Runoff Potential (existing or planned extensive alterations to existing
(surface or subsurface conditions)

Surface - Soil:

Nongs

Potential Sedimentation problem areas (natural or man-made; present or future)

NovE

Potential Backwater problem areas for levels at maximum storage capacity
including surcharge storage:

NonNE

Dikes - Floodwalls (overflow & non-overflow ) - Low reaches along the
Reservoir perimeter:

Location: Non e

Elevation:

Reservoir:

Length @ Maximum Pool o (Miles)

S ————

Length of Shoreline (@ Spillway Crest) 6°2 (Miles)




CLIFF LAKE DAM

D(a—&naﬁc area = 29'7 Sqaaw. M\M .

frown ”\)p'w Pedaware River Basia H—-‘J\'aloo&;c Flood

P‘ouh‘;% mModet ” nlw\zf , P~bbasin 49, p asyes
TS & F7

Avea o) subbasua 49 = 232 Syeeme -l

Dfa.:»o.s; owLa 01_ C.W\.F Cake m‘\'a-...',.; Sudolbas Lo
49 wa\"“d] PO S PM+ &-\- Swboasus S |.

Huukul Warcdar L ?r’:)‘d Floed = i P me

MSF > 324 cfs (Subocasvn 49)

PmF = 2x5324: 100as cfs

A.)V" . _PwuE
(ﬁ'z Pmiy
zs-;)%’ = 1064%
( 291 L\
Pme, = 1251§ = 12800 cfy

y;. PN E - 64 400 Ch.




CLLIFF LAKE

STOAGE CAPACITY <CURNE

Elevahon storage
(Seek) (one - Seck)
10629 le22
oS0 201\s
i l6bb* © 2071
1066 | 2093
i lobl's” ziss
e 2346
16695 2648
10691 2691
\e10:0 2760
10%0-2 21§
\0"0'4 28249
te1+o 2844
o2 2967
tego0 sooo

Cofuiq -Q:cr.vu ane band ow 3w s\vﬁ«— ol

At Wl oru-a.‘-w:a} bool levleniod3: 3 ,
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- CL\FF  LAKE

DAM

C =327 + o 40_2_\_ +or Oac.c. ":?'u“vdd\-\
whare C = Coefficient of Dischavrege
L=l _oiNH 4 = Head Over Spillway .
, - H¢.(skf' O.C Sv‘t“nldz
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STABILITY ANALYSES




CLIFF LAKE DAM
STABILITY ANALYSIS

A stability analysis was performed on the subject dam with the use
of a Texas Instruments Model #TI-59 Programmable calculator. A
listing of the program may be obtained upon request.

i Spillway Section .

The following cases apply for the spillway section:

Case Description of Loading
) 5 Normal loads, full uplift, no tailwater, reservoir at 1070.
2 Ice loading (5 K/ft.), full uplift, no tailwater, ice at
1069 ft.
3 Probable Maximum Flood (PMF), reservoir at 1080.9, 10.9
ft. over crest, full uplift, no tailwater.
Y % PMF, reservoir at 1077.5, 7.5 ft. over crest, full
uplift, no tailwater.
5 PMF, same as Case #3 with 5 feet of tailwater.
6 % PMF, same as Case #4 with 3 feet of tailwater.

Non-overflow Section

The following cases apply for the non-overflow section:

‘ Case Description of Loading

| X Normal loads, full uplift, no tailwater, reservoir at 1070.
2 Ice load (5 K/ft.), full uplift, no tailwater, ice at 1069.
3 PMF, reservoir at 1080.9, 0.9 feet over top of dam, full

uplift, no tailwater.

4 % PMF, reservoir at 1077.5, 2.5 feet below top of dam,
full uplift, no tailwater.

NOTE: A shear key located at the heel of the dam contributes to the
sliding resistance of the dam. The stability analysis does not
include this option. Therefore, the additional calculations
below the computed factors of safety are shown to account for
the benefit of the shear key.




T ——

INPUT FOR STABILITY ANALYSIS PROGRAM
LLWAY SECTION

Input Parameter

0

10
11

12

i3

14

15

16

17

Unit We§ght of Dam
(/e )

Area Sf Segment #
(ft.) -

Location of Center of
Gravity from toe (ft.)

Segment #1

Area of Segment #2
(ft.9)

Location of CG from
toe, Seg. #2 (ft.)

Area of Segment #3
(e, %

Location of CG from
toe, Seg. #3 (ft.)

Total Base Width of
Dam (ft.)

Height of Dam (ft.)
Ice Loading (K/L.F.)

Coefficient of Sliding

Unit Weight of Swuil
(K/ft.3)

Coefficient of Active

Soil Pressure - Ka

Coefficient of Passive

Soil Pressure - Kp

Height of Water over
Top of Dam (ft.)

Height of Soil for

Active Pressure (ft.)

Height of Soil for

Passive Pressure (ft.)

Height of Water in
Tailrace Channel (ft.)

Value
Case 1 Case 2 Case 3 Case 4 Case 5 éase 6
a5 0.15% 0,15 OIS 0,15 0.15
718.6 718.6 718.6 718.6 716.8 716.8
20.67 20.67 20.67 20.67 20.67 20.67
0 0 0 -0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
31.0 31.0 31.0 31.0 31.0 31.0
4o.o u0.0 40.0 40.0 0.0 40.0
0 5.0 0 0 0 0
(.6 0.6 0.6 0.6 0.6 0.6
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 10.9 7.5 10.9 75
0 0 0 0 0 0
0 0 0 0 0 0
0 0 5l 3.0 5.0 3.0
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INPUT FOR STABILITY ANALYSIS PROGRAM
T GEELIWRY BECTTONT

Ly

Input Parameter Value
Case 1 Case 2 Case 3 Case 4 Case 5 .Case 6

18 Unit Weight of Water 0.0624 0.0624 0.0624 O0.0624 0.0624 0.0624
(K/ft.3)

19 Area of Segment #u4 0 0 0 0 0 a
(ft.2)

20 Location of CG from 0 0 0 0 0 0
toe, Seg. #4 (ft.)

46 Height of Ice Load or 40 39 40 4o 40 40
Active Water

49 Location of Foundation 8.0 8.0 8.0 8.0 8.0 8.0

Drains from Heel (ft.)

NOTE: On the suceeding pages the following notation will be used:

(a) 1is the factor of safety for overturning;
(b) 1is the location of the resultant from the toe;

(c¢) 1is the factor of safety for sliding without the benefit <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>