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Honorable Brendan T. Byrne : 05 AUG 1980

Governor of New Jersey
Trenton, New Jersey 08621 : o

Dear Governor Byrne:

Inclosed is the Phase I Inspection Report for Upper Greenwood Lake Dam in
Pagsaic County, New Jersey which has been prepared under authorization of
the Dam Inspection Act, Public Law 92-367. A brief assessment of the dam's -
condition is given in the front of the report.

Based on visual inspection, availgble records, calculations and past

operational performance, Upper Greenwood Lake Dam, a high hazard potential

siruciure, is judged to be in good overall condition. However, tuc opiliway

is considered seriously inadequate because a flow equivalent to 39 percent

) of the Probable Maximum Flood (PMF) would cause the dam to be overtopped.

The seriously inadequate spillway is assessed as an UNSAFE, non-emergency

condition, until more detailed studies prove otherwise or corrective

measures are completed. The classification of UNSAFE applied to a dam

because of a seriously inadequate spillway is not meant to indicate the same

degree of emergency as would be associated with an UNSAFE classification

applied for a structural deficiency. It does mean, however, that based on

an initial screening, and preliminary computations, there appears to be a

serious deficiency in spillway capacity so that if a severe storm were to

. occur, overtopping and failure of the dam would take place, significantly

4 increasing the hazard of loss of life downstream from the dam. To ensure

adequacy of the structure, the following actions, as a minimum, are
recommended.

20—

o ——y

a. The spillway's adequacy should be determined by a qualified
professional consultant engaged by the owner using more sophisticated
methods, procedures, and studies within six months from the date of approval
of this report. The ability of the dam to withstand overtopping should also
be studied. Within three months of the c¢onsultant's findings, remedial

: — measures to ensure spillway adequacy should be initiated. In the interim, a

; detailed emergency operation plan and warning system should be promptly
: developed. Also, during periods of unusually heavy precipitation, around
‘ the clock surveillance should be provided.

for public re!:vaeo cad salc; i
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, NAPEN-N
Honorable Brendan T. Byrne-

b. The two steel I-beams that span the spillway and their pier supports
should be removed. These I-beams, during high flow, could entrap and
collect debris causing a reduced spillway capacity. A reduced capacity
could increase the frequency of overtopping.

¢. The following remedial actions should be completed within twelve
months from the date of approval of this report:

(1) Repair all cracked and spalled concrete.

(2) All brush and trees should be removed from the downstream and
upstream slopes to avoid problems which may develop from roots. The
embankment face should then be seeded to develop a growth of grass for
surface erosion protection.

(3) Investigate the embankment for animal burrows and fill in any
burrow holes with impervious material.

(4) Remove debris from the downstream channel.

(5) Consider providing additional low-level outlet facilities to
decrease draw down time.

(6) The owner should develop written operating procedures and a
perivdic maintenance plan to ensure the safety of the dam.

A copy of the report is being furnished to Mr. Dirk C. Hofman, New Jersey
Department of Envirommental Protection, the designated State Office contact
for this program. Within five days of the date of this letter, a copy will
also be sent to Congressman Roe of the Eighth District. Under the provision
of the Freedom of Information Act, the inspection report will be subject to

release by this office, upon request, five days after the date of this
letter.

Additional copies of this report may be obtained from the National Technical
Information Services (NTIS), Springfield, Virginia 22161 at a reasonable
cost. Please allow four to six weeks from the date of this letter for NTIS
to have copies of the report availabie.
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NAPEN-N .
Honorable Brendan T. Byrne

’ An important aspect of the Dam Inspection Program will be the implementation
of the recommendations made as a result of the inspection. We accordingly
request that we be advised of proposed actions taken by the State to
implement our recommendations.

Sincerely,
s
1 Incl JAMES G. TON
As stated Colonel, Corps of Engineers

District Engineer

Copies furnished: :
Mr. Dirk C. Hofman, P.E., Deputy Director |
Division of Water Resources |
N.J. Dept. of of Environmental Protection
P.0. Box CNO29

Trenton, NJ 08625

Mr. John O'Dowd, Acting Chief
Bureau of Flood Plain Regulation
nivizion of Water Resources

’ N.J. Dept. of Environmental Protection
P.0. Box CNO29
Trenton, NJ 08625
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UPPER GREENWOOD LAKE DAM (NJ0O0186)

CORPS OF ENGINEERS ASSESSMENT OF GENERAL CONDITIONS

This dam was inspected on 14 November and 4 December 1979 by Harris - ECI
Associates, Inc., under contract to the State of New Jersey. The State,
under agreement with the U.S. Army Engineer District, Philadelphia, had this
inspection performed in accordance with the National Dam Inspection Act,
Public Law 92-367.

Upper Greenwood Lake Dam, a high hazard potential structure, is judged to be
in good overall condition. However, the spillway is considered seriously
inadequate because a flow equivalent to 39 percent of the Probable Maximum
Flood (PMF) would cause the dam to be overtopped. The seriously inadequate
spillway is assessed as an UNSAFE, non-emergency condition, until more
detailed studies prove otherwise or corrective measures are completed. The
classification of UNSAFE applied to a dam because of a seriously inadequate
spillway is not meant to indicate the same degree of emergency as would be
associated with an UNSAFE classification applied for a structural
deficiency. It does mean, however, that based on an initial screening, and
preliminary computations, there appears to be a serious deficiency in
spillway capacity so that if a severe storm were to occur, overtopping and
failure of the dam would take place, significantly increasing the hazard of -
loss of life downstream from the dam. To ensure adequacy of the structure,
the following actions, as a minimum, are recommended.

a. The spillway's adequacy should be determined by a qualified
pivfecsional consultant engaged by the owner using more sophisticated
methods, procedures, and studies within six months from the date of approval
of this report. The ability of the dam to withstand overtopping should also
be studied. Within three months of the consultant’s findings, remedial
measures to ensure spillway adequacy should be initiated. In the interim, a
detailed emergency operation plan and warning system should be promptly
developed. Also, during periods of unusually heavy precipitation, around
the clock surveillance should be provided.

b. The two steel I-beams that span the spillway and their pier supports
should be removed. These I-beams, during high flow, could entrap and
collect debris causing a reduced spillway capacity. A reduced capacity
could increase the frequency of overtopping.

¢. The following remedial actions should be completed within twelve
months from the date of approval of this report:

(1) Repair all cracked and spalled concrete.

(2) All brush and trees should be removed from the downstream and
upstream slopes to avoid problems which may develop from roots. The
embankment face should then be seeded to develop a growth of grass for
surface erosion protection,
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(3) Investigate the cmbankment for animal burrows and fill in any
burrow holes with impervious material.

(4) Remove debris from the downstream channel.

(5) TConsider providing additional low-level outlet facilities to
decrease draw down time.

(6) The owner should develop written operating procedures and a
periodic maintenance plan to ensure the safety of the dam.

AP«PROVED:/%WL N};;\?l

\_/ JAMES G.“ToN
Colonel, Corps of Engineers
District Engineer

DATE: /?fz)w,&/, g0
/A
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DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT. CORPS OF ENGINEERS
CUSTOM HOUSE—2D & CHESTNUT STREETS
PHILADELPHIA, PENNSYLVANIA 19106

IN REPLY REIFER YO

NAPEN-N

Honorable Brendan T. Byrne ¢ JUN
Governor of New Jersey
Trenton, NJ 08621

Dear Governor Byrne:

This is in reference to our ongoing National Program for Inspection of
Non-Federal Dams within the State of New Jersey. Upper Greenwood Lake Dam
(Federal I.D. No. NJOO186), a high hazard potential structure has recently
been inspected. The dam is owned by the Upper Greenwood Lake Property
Owners Association, and is located on a branch of West Brook in West Milford
Township.

Using Corps of Engineers screening criteria, it has been determined that the
d2~'~ spillway 1is seriously inadcquate because a flow equivaieui iu 3°
percent of the Probable Maximum Flood would causc the dam to be overtopped.
The seriously inadequate spillway is assessed as an UNSAFE, non-emergency
condition, wuntil more detailed studies prove otherwise, or corrective
measures are completed. The classification of UNSAFE applied to a dam
because of a seriously inadcquate spillway is not meant to indicate the same
degree of emergency as would be associated with an UNSAFE classification
applied for a structural deficiency. It does mean, however, that based on
an initial screening and preliminary computations, there appears to be a
serious deficiency in spillway capacity so that if a severe storm were to
occur, overtopping and failure of the dam could take place, significantly
increasing the hazard potential to loss of life downstream from the dam. As
a result of this UNSAFE dotermination, it 1is recommcnded that the dam's
owner take the following measurcs within 30 days of the date of this letter:

a. Engage the services of a qualified professional consultant to more
accurately determine the spillway adequacy by wusing more detailed and
sophisticated hydrologic and hydraulic analyses, and to recommend any
remedial measures required to prevent overtopping of the dam.
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NAPEN-N
Honorable Brendan T. Byrne

b. In the interim, o detailed emergency operation plan and deownstream
warning system should be promptly developed, Also, around the clock
surveillance should be provided during periods of wunusually heavy
precipitation,

A final report on this Phase I Inspection will be forwarded to you within
two months.

Sincerely,

" JAMES G. TON
Colonel, Corps of Engineers
District Engineer

Copies Furnished:

Mr. Dirk C. Hofman, P.E., Deputy Director
Division of Water Resources

N.J. Dept. of Environmental Protection
P.O. Box CNO29

Trenton, NJ 08625

Mr. Jonn O'Dowd, Acting Chief

Bureau of Flood Plain Regulation
Division of Water Resources

N.J. Dept. of Environmental Protection
P.0. Box CNO29

Trenton, NJ 06625
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: Upper Greenwood Lake Dam, I.D. NJ 00186
State Located: New Jersey

County Located: Passaic County

Stream: Long House Creek

River Basin: Wallkill River

Date of Inspection: November 14 and December 4, 1979

Assessment of General Condition

Upper Greenwood Lake Dam is an earthfill dam containing a concrete ogee
spillway at the right side of the dam. The overall condition of the
dam is good. There is no major sign of distress or instability in the
embankment although there is vertical cracking in spillway abutment
walls. The low-level sluice gate is in operable condition. The hazard
potential is rated as "high",

The adequacy of Upper Greenwood Lake Dam is considered questionable in
view of its lack of spillway capacity to pass the SDF (PMF) without
overtopping the dam. The spillway is capable of passing a flood equal
to 38 percent of the PMF, and is assessed as "seriously inadequate".

At present, the engineering data available is not sufficient to make a
definite statement on the stability of the dam. The following actions
therefore, are recommended along with a timetable for their completion.
A11 recommended actions should be conducted under the supervision of an
Enggneer who is experienced in the design, construction and inspection
of dams. ,

1. Carry out a more precise hydrologic and hydraulic
analysis of the dam within twelve months, to
determine the need and type of mitigating measures
necessary. Based on the results of these studies,
remedial measures should be instituted. This
should include the installation of a tajlwater gage.

2. The two steel I-beams that span the spillway and
their pier supports should be removed. These 1-
beams, during high flow, could entrap and collect
debris causing a reduced spillway capacity. A
reduced capacity could increase the frequency of
overtopping.
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Repair all cracked and spalled concrete
within twelve months.

A1l brush and trees should be removed from
the downstream and upstream slopes to avoid
problems which may develop from roots. The
embankment face should then be seeded to
develop a growth of grass for surface erosion
protection. This program should be started
within 12 months,

Investigate embankment for animal burrows and
fill in any burrow holes with impervious
material.

Remove debris from downstream channel within
twelve months.

The owner should develop an emergency action
plan (if one is not already available)
outlining actions to be taken by the operator
to minimize downstream effects of an emergency
and establish a flood warning system for the
downstream communities within three months.

Furthermore, while of a less urgent nature, the following additional
action is recommended and should be carried out within a reasonable
period of time.

1.

Consider providing additional low-level outlet
facilities to decrease draw down time.

The owner should develop within one (1) year after
formal approval of the report, written operating
procedures and a periodic maintenance plan to insure
the safety of the dam.

S 2

ohn P, Talerico, P.E.
Harris ECI - Associates
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PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase I Investiga-
tions. Copies of these guidelines may be obtained from the officeof
theChief 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 1ife or property. The assessment
of the general condition of the dam js based upon available data
and visual inspections. Detailed investigation, and analyses in-
volving topographic mapping, subsurface investigations, testing,
and detailed computational evaluations are beyond the scope of a
Phase I investigation; however, the investigation 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 inspec-
tion team. 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 continued care and inspection can there be any chance
that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established Guide-
lines, the Spillway Test flood is based on the estimated "Probable
Maximum Flood" for the region (greatest reasonably possible storm
runoff), or fractions thereof. 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, con-
sidering the size of the dam, its general condition and the down-
stream damage potential.
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

UPPER GREENWOOD LAKE DAM, I.D. NJ00186

SECTION 1

1. PROJECT INFORMATION

1.1 General

a. Authority

The National Dam Inspection Act (Public Law 92-367, 1972) proyides for the
National Inventory and Inspection program by the U.S. Army Corps of Engi~
neers. This inspection was made in accordance with this authority under
Contract C-FPM No. 35 with the State of New Jersey who, in turn, is con-
tracted to the Philadelphia District of the Corps of Engineers, and was
carried out by the engineering firm of Harris-ECI Associates, Woodbridge,
New Jersey.

b. Purpose of Inspection

The visual inspection of Upper Greenwood Lake Dam was made on November 14,
1979. The purpose of the inspection was to make a general assessment as
to the structural integrity and operational adequacy of the dam embankment
and its appurtenant structures.

c. Scope of Report

The report summarizes available pertinent data relating to the project;
presents a summary of visual observations made during the field inspection;
presents an evaluation of hydrologic and hydraulic conditions at the site;
presents an evaluation as to the structural adequacy of the various project
features; and assesses the general condition of the dam with respect to
safety.

1.2 Description of Project

a. Description of Dam and Appurtenances

Upper Greenwood Lake Dam is an earthfill dam approximately 360 feet

long and 19.0 feet high with a concrete core wall, and steel sheet piling
cut-off. There is a 50-foot wide concrete ogee spillway at the right end
of ‘the embankment with concrete abutments. The crest of the spillway is
3.33 feet below the top of the dam embankment.

At one time, a wooden foot bridge spanned the spillway but all that remains
are two I-beams supported by two piers.
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The embankment has a top width of 11 feet with upstream slope of 2.5H:1V
and downstream of 2H:1V. Rip-rap protection has been placed on the yp-
stream side of the embankment. :

The low-level outlet consists of a 42-inch concrete pipe through the em-
bankment approximately 100 feet left of the spiliway. The flow through
the pipe is controlled by a manually operated sluice gate located in the

.center of the embankment. The inlet end of the pipe is located at the

upstream toe of the slope and has a trash rack according to the plans.
The outlet discharges into the stone‘lined spillway channel.

The downstream spillway channel runs parallel to the embankment 60 feet
from the top of the dike and discharges into the Long House Creek Channel
just before it crosses under Upper Greenwood Road through an 18-foot
opening.

Six shallow test pits were taken at the dam site. See Plate 4, The -
test pits show deposits of clay, sand and gravel, and occasional layers

of fine sand and clay. Also some of the deeper pits show boulders and
those at the old stream bed show vegetation and clay.

A generalized description of the soil conditions is contained in Report
No. 3, Passaic County, Engineering Soil Survey of New Jersey, by Rutgers
University. The report dated 1951, describes the lake area soils as shal-

Tow unconsolidated deposits over sandstone and shale bedrock, possible ground

moraine over gneiss (not mapped), stratified drift deposited by the
Wisconsin glacier and recent alluvium. The test pits show no shallow
rock so the first deposit is not present. Ground moraine is unstratified,
heterogenous material including clay, silt and sand sizes, with varying
amount of gravel, cobbles and boulders. And stratified drift is assorted,
relatively homogeneous material, predominantly of sand sizes, with various
amounts of silt and gravel. The clay, sand, gravel, mixed together, and
the boulder deposits are obvious ground moraine while the sand or sand and
clay deposits are stratified drift. The recent alluvium is the stream bed
deposit. Geologic Overlay Sheet 22, describes the underlying rock,

which appears deep, as Pyroxene Gneiss. This: appears to verify the ground
moraine.

b. Location
Upper Greenwood Lake Dam is located on Long House Creek in the Township

of West Milford, Passai¢ County, New Jersey. It is accessible by way
of Lake Shore Drive.
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¢. Size Classification

According to the "Recommended Guidelines for Safety Inspection of Dams"
by the U.S. Department of the Army, Office of the Chief Engineers,

the dam is classified in the dam size category as being "Intermediate”,
since its storage volume of 5,681 acre-feet is more than 1,000 acre-feet,
but less than 50,000 acre-feet. The dam is also classified as "small"
because its height of 19.0 feet is less than 40 feet. The overall size
classification is governed by the larger of these two determinations, and
agcording]y, Upper Greenwood Lake Dam is classifted as "Intermediate" in
size.

d. Hazard Classification

A hazard potential classification of "high" has been assigned to the dam
on the basis that a hypothetical failure would result in excessive damage
to the road immediately downstream of the dam. Because the road is
heavily traveled and there are two inhabitable buildings within the flood
path, the possibility exists of the loss of more than a few lives in the
event- of dam failure.

e. Ownership

Upper Greenwood Lake Dam is ovmed by:
Upper Greenwood lLake
Property Owners Association, Inc.
P.0. Box 457
Hewitt, NJ 07421

Attention: Mr. George Bizub
(201) 853-7852

f. Purpose

Upper Greenwood Lake Dam is presently used for recreational purposes only.

g. Design and Construction History

Upper Greenwood Lake Dam was constructed in 1932. Plans showing the
original design are available, but no design criteria computations or
inspection reports of the construction could be found. In 1947, the exist-
ing spillway was raised 8-inches in order to raise the lake surface for
esthetics. This was accomplished by grouting dowels into the existing
spillway and placing an 8-inch layer of concrete across the top and down-
stream face of the spillway.

No other modifications have taken place since 1947.
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h. Normal Operating Procedures

The discharge from the lake is unregulated and is allowed to naturally
balance the inflow into the lake. The low-level outlet is used to lower
the lake level to allow property owners to make repairs to their docks
and waterfront property.

i
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1.3 Pertinent Data

a. Drainage Area 6.2 sq.mi.

b. Discharge at Dam Site

Ungated spillway capacity at "1,139 cfs (1,104.0 NGVD)
elevation of top of dam:

Tdta] spillway capacity at 7,028 cfs (1,106.65 NGYD)
maximum pool elevation (SDF):
c. Elevation (Feet above NGYD)-
Top of dam: 1,104.0~
Maximum pool design surcharge (SDF): 1,106.65

Recreation pool: 1,101+
Spillway crest: 1,100.7
Streambed at centerline of dam: 1,085.0 (estimated)
Maximum tailwater: 1,090.5 (estimated)

d. Reseryoir
Length of maximum pool: _ 8,000+ ft. (estimated)

Length of recreation pool: 7,600+ ft. (estimated)

e. Storage (acre-feet)

Spillway Crest: 2,106
Top of dam: : 3,994
Maximum pool (SDF): 5,681

f. Reservoir Surface (acres)

Top of dam: 720 (estimated)

Maximum pool (SOF): ‘ 852 (estimated)

Spillway Crest: - 556 (1,100.7 NGYD)
5
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Type: Earth fill with concrete ogee
b spillway
!
Length: 410 ft, (effective)
Height: 19.0 ft.
!
Top width: 11.0 ft.
Side slopes - Upstream: 2.5H:1V
- Downstream: 7 2.0H:1V
Zoning: . Unknown

15 ft. sheet piling

Impervious core:
350 ft. concrete core

Cutoff: Sheet piling

! ' Grout curtain: None

h. Diversion and Regulating Tunnel

N/A
i. Spillway
Type: Ungated ogee overflow
) 3 Length of weir: 50 ft.

——————— - = —

Crest elevation:
Gates:

U.S. Channel:
D/S Channel:

j. Regulating Qutlets

Low level outlet:
Controls:
Emergency gate:

Qutlet:

1,100.7 NGVD

None

Upper Greenwood Lake

After the spillway, a 30-ft wide
channel (210-ft long) d1scharges
“into Long House Creek

42-inch RCP
Manually operated outlet gate
None

1086,5 NGVD

e




SECTION 2

2. ENGINEERING DATA

2.1 Design

Drawings for the original construction in 1932 and spillway modification
in 1947 are availab1e.at the Trenton offices of the K.J. ggbart%égtagfo
Environmental Protection(NJ-DEP). One drawing, from the 1332 set, shows
fogndat19n test pits along the dam base. No further embankment data from
soil borings, soil tests, design computations, or other geotechnical data -
are available to assess the stability properly. Data concerning the hy-
draulic capacity of the spillway is also unavailable.

2.2 Construction
Data is not available concerning the as-built construction of the dam. No

data exists of construction methods, borrow sources, or other data perti-
nent to the construction of the dam. -

2.3 Operation

Formal operation records are not kept for the dam and reservoir. The lake

is allowed to operate naturally without regulation.

2.4 Evaluation

a. Availability

The availability of engineering data is poor. The stated drawings and some
correspondence concerning the spiliway modification are available from the
NJ-DEP.

b. Adequacy

The engineering data available, together with that obtained in the field,
were adequate to perform hydrologic and hydraulic computations. The data
was insufficient to perform a stability analysis, but preliminary evalua-
tion could be made based on visual observations.

c. Validity

The dam and spillway appear to correspond to the drawings, but the provi-
sion for a foot bridge over the spillway is not shown.
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SECTION 3

3 VISUAL INSPECTION

3.1 Findings

a. General

The visual inspection of Upper Greenwood Lake Dam revealed the dam and
spillway to be in serviceable condition but that some repairs followed
by a regular program of inspection and maintenance are required, LThe
Lake level was above the spillway's crest at the time of inspection.

b. Dam

The earth embankment appears to be sound. No surface cracking on the em-
bankment or at the toe was noted. Sloughing or erosion of embankment and
abutment slopes was not visible. No misalignment of the embankment in

the horizontal or vertical plane was observed. No riprap failures were
noted. Numerous birch trees, 2-inches to one foot in diameter, and shrubs,
are growing on the downstream side of the embankment. No seepage or slough-
ing was found in any portion of the downstream face of the embankment. No
evidence of burrowing by animalc was observed; however at the time of the
inspection the embankment was covered with leaves, therefore the possibility
does exist that there may be burrow holes in the embankment.

¢c. Appurtenant Structures

1. Spillway

The concrete spiliway appears in good condition. Horizontal and vertical
alignment of the spillway crest appeared good. Vertical cracks were

visible on both abutment walls. The concrete sidewalk, adjacent to the right
abutment, has cracks and holes along its base. Wood planks, cobblestones,
and other debris were noted on top of the spillway and in its discharge
channel. Two cracks were noted in the concrete of the discharge channel
apron.

~—-

2. Bridge and Piers

Two steel I-beams, approximately 3 feet abart and supported by two piers,
span the spillway. The I-beams once had supported the bridge's deck which
had apparently consisted of the wood planks mentioned above as debris.

3. Qutlet Works

The surface of the stilling basin of the Tow level outlet was under water.
: The low level outlet structure, at the stilling basin, has a concrete
f headwall. The drain at the headwall was also under water. The visible
{ portion of the concrete headwall is in good condition. The low level out-
’ let gate, in good condition, operated satisfactorily.

S
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d. Reservoir Area

The reservoir side slopes are moderate to steep. There is no indication
of slope instability. Boat landings, houses and trees are on the right

bank. There is a private beach on the left bank adjacent to the embank-
ment. ’

e. Downstream Channel

The downstream channel is in good condition. Cobblestones and boulders
are on the bottom of the channel. There were wood planks, fallen trees,
and other debris in the channel. A roadway bridge crosses over the
channel approximately 200 feet from the spillway. The channel's slapes
are moderate. Two houses are on the right side of the channel, located

approximately 250 feet from the spillway or about 50 feet beyond the
roadway .bridge.
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SECTION 4

4. OPERATIONAL PROCEDURES

4.1 Procedures

Upper Greenwood Lake Dam is used to impound water for recreational activities.
The level of the lake is maintained through the unregulated flow over the

"spillway. The lake is not lowered on a regular basis, but is occasionally

lowered to allow property owners to make repairs to their properties.

4.2 Maintenance of the Dam

There is no regular inspection and maintenance program for the dam and
appurtenant structures. The Upper Greenwood Lake property Owners Association
is responsible for the maintenance of the dam.

4.3 Maintenance of Operating Facilities.

The Tow-level outlet operating facilities consist of one manually operated
42-inch sluice gate. At the time of inspectinn, operation of the valve was
satisfactorily demonstrated. ' )

4.4 Evaluation

The present operational and maintenance procedures are fair with the dam
and spillWway being maintained in a seryiceable cendition.

10
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SECTION S

5. HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. Design

The drainage area above Upper Greenwood Lake Dam is approximately 6.2
square miles. A drainage map of the watershed of the dam site is presented
on Plate 1, Appendix D.

The topography within the basin mildly sloped. Elevations range from approx-
mately 1,400 feet above NGVD at the east end of the watershed to about

1,100 feet at the dam site. Land use patterns within the watershed are
mostly woodlandwith concentrated residential development about the lake

area.

The evaluation of the hydraulic and hydrologic features of the dam and lake
was based on criteria set forth in the Corps Guidelines and additional
guidance provided by the Philadelphia District, Corps of Engineers. The
Spillway Design Flood for the dam is equal to the PMF,

The probable maximum flood (PMF) was calculated from the probable maximum
precipitation using Hydrometeorological Report No. 33 with standard reduc-
tion factors. Due to the small drainage area, the SCS triangular hydro-
graph transformed to a curvilinear hydrograph was adopted for developing
the unit hydrograph, with the aid of the HEC1-DB Flood Hydrograph Computer
Program,

Initial and infiltration loss rates, were applied to the Probable Maximum
Precipitation to obtain rainfall excesses. The rainfal] excesses were
applied to the unit hydrograph to obtain the PMF and various ratios of
PMF utilizing program HEC-1DB.

The SDF peak outflow calculated for the dam i§ 7028 cfs. This value is
derived from the PMF, and results in overtopping of the dqm, assuming
that the lake was originally at the spillway crest elevation.

The stage-outflow relation for the spi11wéy was determined from the geo-
metry of the spillway and dam, utilizing HEC1-DB program.

n




The reservoir stage-storage capacity relationship was_computed directly

by the conic method, utilizing the HEC1-DB program. The conic method
assumes that the reservoir capacity resembles a series of vertically
stacked cones. The reservoir surface areas at various elevations were
measured by planimeter from a U.S.G.S. Quadrangle topographic map.
Reservoir storage capacity included surcharge levels exceeding the_top

of the dam, and the spillway rating curve was based on the assumption that
the dam remains intact during routing.

A breach analysis indicates that the stage of the stream where it crosses
Upper Greenwood Road is 3.7 feet higher, due to dam failure from overtopping
at 50% PMF than it would be without failure at 50% PMF. This is 1ikely to
jeopardize the well traveled road and two houses downstream of the road
significantly more than without failure. The discharge facility is thus
rated “seriously inadequate”.

Drawdown calculations indicate that to empty the lake to an elevation of

1088.45 NGYD through the one low-level sluice would take 13 days, assuming
a 2 cfs/square mile inflow. This is considered to be an excessive draw-

down period, and provision of additional outlets should be considered.

b. Experience Data

No records of reservoir stage or spillway discharge are maintained for this
site.

c. Visual Observation

The downstream channel is well defined. Riprap is on its bottom and at
some places along the sides. The channel's slopes are moderate. A road-
way bridge crosses over the channel approximately 200 feet from the spill-
way. There are two houses on the right bank, located approximately 50 feet

beyond the roadway bridge or approximately 250 feet downstream of the spill-
way.

The slopes of the reservoir are moderate to steep and do not exhibit signs
of instability. The drainage area is wooded, moderately flat sloped and
developed for residential use around the lake.

d. Overtopping Potential

A storm of magnitude equivalent : to the SDF would cause overtopping of the
dam to a height of 2.98 feet. Computations indicate that the dam can pass
approximately 33 percent of the PMF without overtopping the dam crest.
Since the PMF is the Spillway Design Flood (SDF) for this dam, according

to the"Recommended Guidelines for Safety Inspection of Dams"by the Corps of

Engineers, the spillway capacity of the dam is assessed as “seriously
inadequate".

12
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SECTION 6

6. STRUCTURAL STABILITY

6.1 Evaluation of Stfuctura] Stability

a. Visual Observations

There are no major signs of distress in the embankment of the Upper Green-
wood Lake Dam. Birch tress growing on the embankments downstream slope could
pose a threat to stability. Burrow holes were not observed. However, it is

‘possible that some could exist and be obscured by -leaf cover. The spillway

is in good condition but shows vertical cracking at its abutment walls. The
piers and I-beams, that once supported a wooden walkway, are in good condition.

b. Design and Construction Data

No design computations relating to stability were uncovered during the re-
port preparation phase. No embankment or foundation soil parameters are
available for carrying out a conventional stability analysis on the em-
bankment. No construction data or specifications relating to the degree
of embankment compaction are available for use in the stability analysis.

c. Operating Records

No operating records are available relating to the stability of the dam.
The dam and spillway have served satisfactorily since the modification in
the Tate 1940°'s. .

d. Post-Construction Changes

The existing spillway was raised in 1947 as described in Section 1.29.

e. Static Stability

A static stability analysis was not performed for Upper Greenwood Lake Dam
because the lack of data on which to base assumptions of material properties
within embankment zones might produce misleading results, but based on the
findings of the visual inspection, the preliminary assessment of static
stability is that it is satisfactory.

f. Seismic Stability

The dam is located in Seismic Zone 1, as defined in Recommended Guidelines
for Safety Inspection of Dams, prepared by the Corps of Engineers. In
general, projects located in Seismic Zones 0, 1 and 2 may be assumed to pre-
sent no hazard from earthquake, provided the static stability conditions

are satisfactory and conventional safety margins exist. Since static stab-
ility factors have not been confirmed, it cannot be stated that seismic
stability is satisfactory.

13
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SECTION 7

7. ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment

a. Safety

The dam has been inspected visually and a review has been made of the avail-
able engineering data. This assessment is subject to the limitations in-
herent in the visual inspection procedures stipulated by the Corps of
Engineers for a Phase I report.

The safety of Upper Greenwood Lake is in question because the dam does not
have adequate spillway capacity to pass the SDF which is the PMF

without overtopping. Overtopping of the dam carries with it the danger of
possible progressive failure of the dam. The dam's present spillway capa-
city is about 33 percent of the PMF.

No definitive statement pertaining to the safety of the embankment can be
made without acquisition of embankment material engineering properties, but
based on the findings at the visual inspection, the preliminary assessment
of static stability is that it is satisfactory.

b. Adeguacy of Information

The information uncovered was adequate to perform hydrologic and hydraulic
computations. The data was. insufficient to perform even an approximate
computation of the dam's stability. A preliminary assessment of the dam
could be made by visual observation only. -

c. Urgency

Carry out a more precise hydrologic and hydraulic analysis of the dam within
twelve months, to determine the need and type of mitigating measures neces-
sary. If required, conduct a study of the means of increasing spillway
discharge capacity and develop alternative schemes for construction. This
should include the installation of headwater and tailwater gages. The
ability of the dam to withstand overtopping should also be studied.

The existing dam plans and drawings should be annotated and updated to
form a coherent as-built set within twelve months.

14
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7.2 Remedial Measures

a.

Alternatives for Increasing Spillway. Capacity

Alternatives for increasing spillway capacity are as follows:

1.

o & W N

Increase the embankment height, thus permitting a higher dis-
charge to pass over the spillway and reducing the possibility
of overtopping.

Lower the spillway crest elevation.

Increase the effective spillway crest length.

A combination of any of the above alternatives.

Recommendations

The two steel I-beams that span the spillway and their pier
supports should be removed. These I-beams, during high flow,
could entrap and collect debris causing a reduced spillway
capacity. A reduced capacity could increase the frequency of
overtopping.

Repair all cracked and spalled concrete with epoxy cement within

twelve months.

A1l brush and trees should be removed from the downstream and
upstream slopes to avoid problems which may develop from roots.
The embankment face should then be seeded to develop a growth
of grass for surface erosion protection. This program should
be started within 12 months. .

Investigate embankment for animal burrows and fill in any burrow

holes with impervious material.

Remove debris from downstream channel within twelve months.

15




The following additional actions are recommended:

1. The owner should develop an emergency action
plan (if one is not already available) out-
1ining actions to be taken by the operator
to minimize downstream effects of an
emergency and establish a flood warning
system for the downstream communities
within three months.

2. Consider providing additional Tow-level
outlet facilities, to decrease the drawdown
s time.

¢. 0 & M Procedures

The owner should develop, within one (1) year after formal approval of
the report, written operating procedures and a periodic maintenance plan
to insure the safety of the dam.

A~
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APPENDIX A
CHECK LIST - YISUAL OBSERVATIONS

CHECK LIST - ENGINEERING, CONSTRUCTION
MAINTENANCE DATA




N LuMO0)IY Sawep

t6l61 ‘b 49quads(

v“oo- uogydadsuy 40 aswe] 3je :owum>mpu |ood -

Z2LyL0 ON “33imaH

*JuJ ‘uoLle}oossy Saaumg Ajuaadoad
aje poomudadyg Jaaddn

gnzig 3baoay

6,61 ‘9 4aquadag
: : JALLYINISIUAIY/4INMO

(43p4023Y) yoLAoye] sewoyy
00y 3uabny

uiyd 3dny) uLyy yany)

16461 ‘vl 43QudAON
$3uUtoSudd uoLlnadsug

6/61 ‘b Jaquadag
AOUIEIN £/61 “p1 4aquenoy

Uot123dsuy (s)3leq

GAON G Geol MO13Dadsul jo dwp) e Jdjem|te) OAON
lnllwmmmml danjesdadua | Apnoy)
T430-0NS401eULPIcO) Kasaap maN 91e31§ Jtesseg
1 3ISVHd
NOIL1J3dSNI VNSIA

L1SIT AJ3H)

e e o e ——————— e s

B s an s o LT TURERIPSPP IR o

A3uno)  wya 3INy7 GOOMNITUD ¥3ddn  Wed dwen




[P U

——

YN
SNOJLYONNQS

v/N
S39YSSYd ¥3LVM

v/N
SNIVYa

SNOILINNC INIWNNYEW3/INIWLNGY OL IWNLINYLS

V/N

v/N
J9VAV3T 40 39Vd33S

SNOTLVANTWWGIIY ANY SXYVWIY

SNOILVAY3IS80

40 NOJLVNIWVXI TWNSIA

- — e e 4 -

SWYQ AUNOSWW / 3L3YINOD

m . mmewte  cem——— e . - L emmeas s Y e .




v/N
SINIOP NOILINYLSNOD

V/N
SINIOC HLITONOW

V/N
INFWNOITY TYINOZINOH B TWIILY3A

v/N
ONINIVYI TWV¥NLINYLS

v/N
SIIVAINS ILIYINOI--SHIVYD 3IVAUNS

SNOTLVANIWWOIIY ONY SHYVWIY

SNOTLVAY3S80

40 NOILVNIWVX3 TVASIA

SWYQ AYNOSYW/3L3IYINOD




3UON
SAYNTIYL didid

poog
15343 3HL 40 INIWNHIW IWINOZINOH B VIIL¥3A

3[qiSLA Sem udjsOud 40 Bupybno|s oy
nuaOJm INWLNAY ONY INIWINVEWI 40 NOISOYI HO HNIH9NO1S

PasLIou sem 203 puodaq 40 e BuidORUD U0 JUBWIAOW I(GLSLA ON
0L IHL aNOAIE YO LY HNINIVHI HO INIWIAOW TWNSANN

padLijou auoy
SAIVYI IQVNS

SNOTLYONIWWOIIY ANV SHYVWIY SNOTLVAYISE0 40 NOTIVNIWYX3 TWNSIA
IN3WINYEN3




auoN
SNIVYQ

auoN
43040034 ONY 39v9 34V1S

padliou auop
39¥d33S 318YIIILION ANY

"P330U SBM JUBW3[338S |PLIUBIISSLP ON
WYQ ONY AVMITIdS “INIWLNGY ONY INIWYINVESWI 40 NOILONNC

SQNUYS pue SI343 IAOWIY

JUNURQWS Y3.4e3 JO IPLS
We3AISUMOP UO bUIMOUD SQNUYS pue “udjaweip UL 34 | 03 ‘Ul 2 S33UT Ydua|q SNoaBUNN

SNOTLVANIWWOIIY ONY SHYVWIY

SNOI1VAYISEO 40 NOTLIVNIWYX3 TVASIA

IN3WINYER3




JuoN
31V9 AINIDYIWI

3uoy
SAILITIOVY 1371100

*AL 140330 S130S pajesado “uoiltpuod
poob up ‘ajeb 33|3N0 |9A3] MO ‘UOLILPUOD POOH Ul ||empeay 33342uU0d JO uoL3od
9LQLSLA  "3LQLSLA J0U--U3IBMUIPUN ULBAQ ° | |BMPRAY IJIUDOUOD SBY ULRUP [3A3[ MOT

NLINYLS 137100

"91qLSLA JON °9)B| UL J33BM J3PUN ULRJP |3A3| MOT
FUNLINYLS INVINI

*431BM 49PUN'32[3INO |DA3]| MO| JO uiseq Bul||13S 4O ddvIANS 33S JOU p|NO)
NISVE ONITTILS NI S33V4unS 3134INOD 40 ONITIVAS B ININIVYD

SNOTLVONIWWOI3IY ONY SAYYW3IY

SNOI1VYAY3SH0 40 _NOTLUNIWYX3 TVNSIA

SHYOM 137LN0




TR

.W
L
!

*K31oeded

Aemjtds ay3 buponpaus snyz
SLAQap 0 Judwdesjud juaAraud
0} s43Ld pue sweaq , ], dAowdy

e

-

*SL4qap se
aAoge pauolLjusw sjue|d poom 3yj JO PaISLSU0D YILlym 3I9p s,9bpLaq ay3 pajdoddns
pey 20u0 sweaq 3yl ‘Aemi|lds 3y} ueds ‘saald om3 Aq pajuoddns sweaq-] (333S OM]
S¥31d ONY 390144

*SL4qop
J49y30 pue sjyue(d poom 3aAouw
-9y *S$)JeJ4D 33840U00 Jieday

‘ugseq Bul[[13S Y3 Ul d43M Stuqap

42y30 pue syue(d pooM “‘juawinge ybia wousy ‘34 £ 9 ‘33 € Al3jewrxoadde pajedof
a4e syoed)  °apis ybLu uo ulseq Bui|(13S JO  uOJde 3334JUOD UL SHJRUD OM]
TINNVHD I94VHISIA

J10AJDSY
13INNVHD HIVOUddY

*jpemapLs ade|(dad pue
3A0WlY  cajedad § SHIeUD 4O
JUDIXD BuLwualaq “Aeml|ids

Wo4} S14qdp 49Y3lo § S3U0IS
31qqod ‘sjyue|d poom aAoudy

-aseq s3t buoje

$a|oy pue SyoeJD Sey ‘juawinge Jybi4 03 Juadelpe }|EMIPLS 33aLDU0Y  "Susdwinge
430Q UO 3|QLSLA 943M SYJRUD [BILJUBA fem| | 1ds 40 dO3 UQ P3JOU BUAM SLUQIP 43Y30
pue $3u03sa|qqod ‘sjue|d pooM "UOLILPUOD poob uy saeadde Aem||ids 33345u0d 3uyj
YI3IM I13IYINOD

SNOTLVANIWWOIIY ONY SAYVWIY

SNOILVAYISE0 40 NOILVNIWVX3 WASIA

AVMTT1dS Q3LVINN




V/N
INIWAINDI NOILVY3IdO B $3LV9

Y/N
SY3Id aNV 39019

Y/N
T3INNVHI J9UVHISIA

V/N
TINNVHD HOVOUddY

V/N
TIIS 31L3YINOD

SNOT1VANIWWOIIY ANV SAYYWIY SNOILVAYISE0 40 NOILVUNIWYX3 TVASIA
AVMTTIdS Q3Lv9

-




auoy
HIHLO

JuoN
S¥313W0731d

3UON
SYIIM

3UOoN
S$T73IM NOILVAY3SE0

JUON
SAIAUNS/NOT LY INIWANOW

SNOTLYANIWWOIIY ONY SHYVWIY

SNOILYAY3SE0

40 NOILYNIWVX3 1VASIA

NOILVLNIWNULSNI




padL10u 3uoN
NOILVINIWIQ3S

A1111qe3sut adols 4o uotjedipuy oy

*sado|s apLs daals 03 33eu3poy
$3401S

SNOILIVANIWWOIIY ONV SHYVWIY

SNOILYAY3SE0

40 NOILVNIWYX3 TVASIA

JI0AY3S Y

-




i
1
i
1

*AemiL1ds 3y3 woay 33 0GZ Al93ewlxoudde pajedo| ade Sasnoy OM|
NOILYINdOd GNV S3WOH J0 Y3IGWNN ILYWIXOYddY

91043pOY
$3d401S

*Aemp|1ds ay3 woay
34 002 A[d3ewixoadde [3UURYD JBAO SISSOUD ('pYy POOMUDILY uaddn) 3bpLaq Kempeny

: SLUQ3P 43Y30 § S33U} ‘L2uueyd ul SL4G3P 4dYJO pue SIAUJ ud| e ‘syueld poOM ‘uOLILPUOd POOY
ualies “syued poom aAoway (°213 °SI¥93Q °SNOILINYLSE0) NOILIGNOD
SNOTLVONIWWOIIY ONY SHYVWIY SNOILYAY3ISHO 40 NOILVYNIWVX3 TYNSIA

TINNVHD WY34LSNMOG

- ———— . C o mweem ——— e - B B - - . <. ,. ——




12

ajqe|LeAe 0N

alqe|LeAe JON

auoy

(d30-CN) WLL4049LW UG 3|qe[LRAy
(d30-CN) WLt04d1w UO d|qe|LeAy

d3ia-CcN 3e
WiL40401W UO BlqelLeAR BIep DLineJpAHy “ejep a160)04pAH oN

d3Q-CN 3@ W[LJ04DLW UO B|qe|LBAY

o sbuimeap pue sue|d
olge[leAe wouay padnpap 2q ued 3L 3nq ©s3SLX® AU03SLY |euno} ON

“LON-CATN €9ye] pooMusaun
40j 393ys abuedpend “S°9°S°N 1§ dey Auno) dLessed-alqellery

. G298( N ‘uojuddl ‘620
-N9 X0g ‘0'd ‘39343 393dsodd p/pl ‘(dAG-ON) UOIIBI0U4
[ejUaliuod) AUz jo juswidedag pN 3 WLL0ADLw UO 3|qElleAy

- SOY0I3Y YIOAY3SIY/ TTVANIVY

SONILYY INYVHISIA

SINIVYLSNGD

S1Ivi3a

NV1d - S1371N0

<h<o J1INVYAAH/I190104GAH

WY@ 40 SNOTLI3IS TWIIdAL

AYOLSTH NOILIMYLSNOD

dVW ALINIDIA TYNOION

WvYa 40 NY1d

SHYYWIY

W3LI

NOILYY3Id0 “NOTLINYLISNOD *N9IS3A
VYLiva ONIY3IINIONI

1SI7 AJ3HI




13

PR UUUPURTUUSE P

d30-0N 3 W[L404DLW UO B[qeiLRAY ( snvi3e -
( SNOILD3S - NV1Id AVMTTIdS

umouun S324N0S MOYY0d

3UON WYa 40 SAIAYNS NOILONYLSNOI-1S0d

alqelleAe auop ¢61314

A alqe| LeAe auoy ‘ AYOLYYO0aY

d30-CN 3@ WLL4oudlW uo dlqelleAe ‘zeel pajep ‘eiep 3id 3s9) Sa¥023Y wzmmum
aLqe|LeAe suoy SNOILYIILSIANI STVIYILVAW

( S310NLS 39vd33S
aLqe jeAe duoN ( ALITIGV1S WvG
M SITTNVYGAH 3 ADOTOUAAH
K3LsaaAtupn s43bany Aq *4A3uno) opessed--¢ °"ON
340day *Aasuap MaN 40 AdAUNS |10S Bupasaulbul pue K3uno)

apesseq 403 329Ys Ae|JaAo 21601099 *$°9°S N dlqe]ieAy S1¥04TU A907039
BLqeL}eAt SUON $140434 N9IS3Q
STTEY _ WILI
(panuijuod)

NOIIVY3IdO ‘NOILONYLSNOD “N91S3d
YL1VQ INIYIINIONI
1ST7 %I3H)




14

Sa¥023y
1SLX3 03 uMmouy 3uoN NOILvd3d0 3IINYNILNIVW
S1¥0d3Y -
NOILdIY¥IS30 - Wva 40
3SLXd 03 umouy JuoN FYNTIVL 40 SLINIAIIIVY ¥OIYd
d30-CN e wl}jo4diw S140434 ONY S3Ianis
uo alqelleAe “‘ggg| ‘gz sunp ‘juodsu uolyLpuod bulys)x3l ONIYIINIONI NOILINYLSNOD 1S0d
"aday 0N SaY0234 1004 HIIH
dia-rN 3e -
WiH30Ao(W U0 B1qelieAy  “/p6l U} pauaj|e Aemi|ids Builsixa SNOTLYIT4 100K
alqeLeAe auoy SWILSAS ONTYOLINOW
a[gelLeAR BuON STIVL3IA ONV SNY1d
INIWAINDI 9NILVYILO
SNYYW3IY W3Ll

(panutjuod)
NOILVYIdO ‘NOILINYLSNOD ‘NOIS3Q
V1VG ONIY3I3INIONI
1STT 233K

- ————




APPENDIX B

PHOTOGRAPHS
(Taken on November 14, 1979)




UPPER GREENWOOD LAKE DAM
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Photo 1 - View of spillway from downstream. Note remains
; of bridge's wood deck at left. Dam and lTow level
outlet is out of view on right.

Photo 2 - Detail showing cracks and holes in concrete side-

walk. View is from downstream.




UPPER GREENWOOD LAKE DAM

e o Y T ——n

Photo 3 - View of dam from right abutment. Note vertical
cracks in abutment and the birch trees growing on
dam's downstream side. The cover for the low
level gate is top center.

Photo 4 - View from left abutment. Note vertical cracks in
abutment.




UPPER GREENWOOD LAKE DAM
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Photo 5 - Detail showing vertical cracks in left abutment.

Photo 6 - Detaj! showing cracks in spillway's apron.

S

Y




UPPER GREENWOOD LAKE DAM

Photo 7 - View of reservoir area from spillway's right abut-
ment.

Photo 8 - View of reservoir area from spillway's left abuftment.
Private beach is at upper left




i UPPER GREENWOOD LAKE DAM

Photo 9 - View of roadway bridge (Upper Greenwcod Road)
crossing over channel approximately 200 feet
downstream from the spillway.

| Photo 10 - View of two houses approximately 50 feet downstream
of roadway bridge mentioned above or about 250 feet
' downstream from the spillway.




APPENDIX C

SUMMARY OF ENGINEERING DATA
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CHECK LIST

HYDROLOGIC AND HYDRAULIC DATA
’ ENGINEERING DATA

Name of Dam: UPPER GREENWQOOD LAKE DAM

Drainage Area Characteristics: _ 6.2 sq.mi., generally flat, forest &residential

Elevation Top Normal Pool (Storage Capacity): 1,100.7 NGVD (2,106 Acre-feet)

Elevation Top Flood Control Pool (Storage Capacity): N/A

Elevation Maximum Design Pool: _1,106.65 NGVD (5,681 Ac-Ft-SDF pool)

Elevation Tob Dam: ' 1,104.0 NGVD (3,994 acre-feet)

SPILLWAY CREST:
a. Elevation 1,100.7 NGVD
b. Type Ungated ogee overflow
c. Width 2 ft.

E ' d. Length 50 ft.
1 ! e. Location Spillover Full length

f. No. and Type of Gates None

OUTLET WORKS:

a. Type One 42-inch diameter low level outlet

b. Location _ 100 ft. left of spillway

! c. Entrance Inverts 1,088.4 NGVD.

‘s : d. Exit Inverts 1,086.5 NGVD

[ e. Emergency Draindown Facilities 42-inch with manual operated low
' ' Jevel outlet gate
HYDROMETEOROLOGICAL GAGES:

a. Type None
b. Location None
¢. Records None

MAXIMUM NON-DAMAGING DISCHARGE: 1,139 cfs at el. 1,104 NGVD




APPENDIX D

HYDROLOGIC COMPUTATIONS
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