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OEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT, CORPS OF ENGINEERS
CUSTOM HOUSE—2D & CHESTNUT STREETS
PHILADELPHIA. PENNSYLVANIA 19106

N REPLY REFER TO

NAPEN-N

g4 JuL 1980

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

Dear Governor Byrne:

Inclosed is the Phase 1 Inspection Report for Indian Lake Dam in Monmouth
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, available records, calculations and past
operational performance, Indian Lake Dam, a high hazard potential structure, .
is judged to be in fair overall condition. The dam's spillway is considered -
inadequate because a flow equivalent to sixty percent of the Spillway Design ]
Flood--SDF - would cause the dam to be overtopped. (The SDF, in this ‘
instance, is one half of the Probable Maximum Flood.) The decision to
consider the spillway "inadequate" instead of "seriously inadequate" is
based on the determination that dam failure from overtopping would not
significantly increase the hazard to loss of life downstream from that which
would exist just before overtopping failure. 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 ;
professional consultant engaged by the owner using more sophisticated P
methods, procedures, and studies within six months from the date of approval ‘
of this report. Within three months of the consultant's findings, remedial
measures to ensure spillway adequacy should be initiated.

b. The owner should, within six months from the date of approval of
this report, develop an emergency action plan together with an effective
warning system outlining actions to be taken by the operator to minimize
downstream effects of an emergency at the dam.

c. Within six months from the date of approval of this report the 1
following remedial actions should be initiated:

(1) The gaps adjacent to the bridge wingwalls should be suitably
repaired and the embankment slope stability in that area investigated and
repaired as required.

o
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Honorable Brendan T. Byrne

(2) The spillway structure and outlet works should be thoroughly
inspected with the lake drawn down and then renovated as required.

(3) All trees and bushes on the embankment should be removed.
(4) Animal holes in the embankment should be filled.
(5) The deteriorated guide rail should be repaired or replaced.

d. The owner develop written operating procedures and a periodic
maintenance plan to ensure the safety of the dam within one year from the
date of approval of this report.

A copy of the report is being furnished to Mr. Dirk C. Hofman, New Jersey
Department of Environmental 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 Thompson of the Fourth 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
u 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 available.

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,
v’.ﬁ -~y - —
/ / ;((/. é// d/k-
1 Incl /// AMES G. TO

As stated “/ Colonel, Corps of Engineers
/4a,District Engineer

Accession For 7

Copies furnished:
Mr. Dirk C. Hofman, P.E., Deputy Director NTIS GRA&I g
Division of Water Resources DDC TAB

N.J. Dept. of Environmental Protection Unangounced E]
P.0. Box CNO29 Justification
Trenton, NJ 08625

By

e el

! Mr. John O'Dowd, Acting Chief Distritution/
Bureau of Flood Plain Regulation -
Division of Water Resources

N.J. Dept. of Environmental Protection
P.0. Box CN029 Dist
Trenton, NJ 08625

_Avoirenitdry Cedns,
Avatlerd/or
spcc%al
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INDIAN LAKE DAM (NJOO188)

1 CORPS OF ENGINEERS ASSESSMENT OF GENERAL CONDITIONS

This dam was inspected on 20 November 1979 by Storch Engineers 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.

Indian Lake Dam, a high hazard potential structure, is judged to be in fair
overall condition. The dam's spillway is considered inadequate because a
flow equivalent to sixty percent of the Spillway Design Flood--SDF - would
cause the dam to be overtopped. (The SDF, in this instance, is one half of
the Probable Maximum Flood.) The decision to consider the spillway
"inadequate" instead of "seriously inadequate" is based on the determination
that dam failure from overtopping would not significantly increase the
hazard to loss of life downstream from that which would exist just before
overtopping failure. 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
professional consultant engaged by the owner using more sophisticated
methods, procedures and studies within six months from the date of approval
of this report. Within three months of the consultant's findings, remedial
measures to ensure spillway adequacy should be initiated.

b. The owner should, within six months from the date of approval of
this report, develop an emergency action plan together with an effective
warning system outlining actions to be taken by the operator to minimize
downstream effects of an emergency at the dam.

¢. Within six months from the date of approval of this report the
following remedial actions should be initiated:

(1) The gaps adjacent to the bridge wingwalls should be suitably
repaired and the embankment slope stability in that area investigated and
repaired as required.

(2) The spillway structure and outlet works should be thoroughly
inspected with the lake drawn down and then renovated as required.

(3) All trees and bushes on the embankment should be removed.
(4) Animal holes in the embankment should be filled.
(5) The deteriorated guide rail should be repaired or replaced,

d. The owner should develop written operating procedures and a periodic
maintenance plan to ensure the safety of the dam within one year from the
date of approval of this report.

g APPROVED: /L/ /h(/‘(é/l(«, {7

/JAMES G. TON

;7{ Colonel, Corps of Engineers
“ District Engineer

» )

DATE.: 7___/ (.(; S e 5
{
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PHASE | REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: Indian Lake Dam, 1.D. NJ00188

State Located: New Jersey

County Located: Monmouth

Drainage Basin: Delaware River

Stream: Indian Run

Date of Inspection: November 20, 1979 :

Assessment of General Condition of Dam

Based on visual inspection, past operational performance and Phase |

engineering analyses, the dam is assessed as being in fair overall
condition,

Hydraulic and hydrologic analyses indicate that the spillway is not
sufficient to pass the designated spillway design flood (SDF) without an
overtopping of the dam. (The SDF for Indian Lake Dam is equal to
one-half the probable maximum flood.) The spillway is capable of passing
approximately 30 percent of the probable maximum flood or 60 percent

of the SDF. Therefore the owner should engage a professional engineer
experienced in the design and construction of dams in the near future
to perform more accurate hydraulic and hydrologic analyses. Based on
the findings of the analyses, the need for and type of remedial measures

~ should be determined and then implemented.

The owner should, in the near future, develop an emergency action

plan together with an effective warning system outlining actions to be

taken by the operator to minimize downstream effects of an emergency
at the dam.
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It is further recommended that the following remedial measures be

undertaken by the owner in the near future:

1) The gaps adjacent to the bridge wingwalls should be suitably
repaired and the embankment filled and stabilized.

2) The spillway structure and outlet works should be thoroughly
inspected with the lake drawn down and then renovated as
required.

3) All trees and bushes on the embankment should be removed.

4) Animal holes in the embankment should be filled,

5) The deteriorated guide rail should be repaired or replaced,

In the near future, the owner of the dam should develop written operating

procedures and a periodic maintenance plan to insure the safety of the
dam,

2, .
A;/'//M/ s T

Richard J.McDermott, P.E.

Lt

John E. Gribbin, P.E.
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be lowered at least once every five years at which time the normally
submerged portions of the dam and outlet works should be inspected

and repaired.

/ﬁ%ﬁw atf

Richard- ¥.McDermott, P.E.

E4 Il

John E. Gribbin, P.E.
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PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase | Investigations.
Copies of these guidelines may be obtained from the Office of Chief of

Engineers, Washington, D.C. 20314, The purpose of a Phase | Investi-
gation 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 | 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. It is important
to note that the condition of 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 the unsafe conditions be detected.

Phase | inspections are not intended to provide iJetailed 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. The test flood provides a measure of relative spillway capacity
and serves as an aid in determining the need for more detailed hydrologic
and hydraulic ‘studies, considering the size of the dam, its general
condition and the downstream damage potential.
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1.1

PHASE | INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

INDIAN LAKE DAM, I.D. NJ00188

SECTION 1: PROJECT INFORMATION

General

Authority

Public Law 92-367, August 8, 1972 authorized the Secretary

of the Army, through the Corps of Engineers, to initiate a
National Program of Dam Inspection throughout the United
States. The Division of Water Resources of the New Jersey
Department of Environmental Protection (NJDEP) in cooperation
with the Philadelphia District of the Corps of Engineers has
been assigned the responsibility of supervising the inspection
of dams within the State of New Jersey. Storch Engineers
has been retained by the NJDEP to inspect and report on a
selected group of these dams. The NJDEP is under agreement
with the Philadelphia District of the Corps of Engineers.

Purpose of Inspection

The visual inspection of Indian Lake Dam was made on
November 20, 1979. The purpose of the inspection was to
make a general assessment of the structural integrity and
operational adequacy of the dam structure and its appurten-

ances.

I 7 i e oA 20T




1.2 Description of Project

a. Description

Indian Lake Dam is an earthfill embankment with a concrete

free overflow spillway. The spillway is located at the upstream
end of a concrete bridge, the abutments of which form the
spillway discharge channel.

The northern half of the upstream side of the dam consists of
a timber wall while the southern half, including the upstream
side of the spillway, consists of steel sheet piles with a
concrete cap. Part of this concrete cap forms a pedestal for
the outlet works control stem.

A building housing waterworks facil_ities is located on the
downstream face of dam at its approximate center. Steel
sheet piling forms the downstream face for approximatély 10
feet on each side of the bridge wingwalls. Steel sheet piling
also forms a cut-off along the downstream end of the bridge.

The spillway crest appears to be a modified ogee shape with a
two-staged crest having an overall length of 33.8 feet and
primary crest elevation of 76.8 (N.G.V.D.). The elevation of
the crest of dam is 82.1 while that of the downstream channel
bottom is 65.0. The height of dam is 17.1 feet. The overall
length of the dam is 270 feet. The top width is 42 feet and
the upstream and downstream slopes are vertical and 1.5
horizontal to 1 vertical, respectively.




b. Location

Indian Lake Dam is located in the Borough of Allentown,
Monmouth County, New Jersey. Constructed across Indian
Run, the dam impounds Indian Lake. The dam is readily
accessible by Route 526 which traverses its crest.

Aok,




Size and Hazard Classification

Size and Hazard Classification criteria presented in "Recommended

Guidelines for Safety Inspection of Dams," published by the

U.S. Army Corps of Engineers are as follows:

Small
Intermediate
Larye

SIZE CLASSIFICATION

lmgoundment

Storage (Ac-ft)

Height (Ft.)

<1000 and 250
21000 and < 50,000
250,000

< 40 and 2 25
240 and <100

100

HAZARD POTENTIAL CLASSIFICATION

Categorx

Low

Significant

High

Loss of Life

(Extent of. Development)
None expected (no per-
manent- structures for
human habitation

Few (No urban develop-
ments and no more than
a small number of
inhabitable structures

" More than a

small number

Economic Loss

(Extent of Development)
Minimal (Undeveloped to
to occasional structures
or agriculture)

Appreciable .(Notable
agriculture, industry
or structures)

Excessive (Extensive
community, industry or

agriculture)
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The following data relating to size and downstream hazard for
Indian Lake Dam have been obtained for this Phase | assessment:

Storage: 118 Acre-~feet
Height: 17.1 feet
Potential Loss of Life:
Waterworks building and facilities are located immediately
downstream of dam. The building is normally
occupied for eight hours per day by one operator.
Failure of the dam could possibly cause loss of life,
Potential Economic Loss:
Damage could be sustained by the waterworks
building and facilities as a result of dam failure,

resulting in disruption of public water supply.

Therefore, Indian Lake Dam is classified as "Small" size and
"High" hazard potential.

d. Ownership
Indian Lake Dam is owned by the County of Monmouth, Hall
of Records, Main Street, Freehold, New Jersey 07728.

e. Purpose of Dam

The purpose of the dam is the impoundment of a lake used

for water supply.

S ek s g,
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Design and Construction History

According to records in the NJDEP file, Indian Lake Dam was
designed by John E. Hogan of Red Bank, N.J. in 1937. It
was constructed jointly by Monmouth County and Allentown
Borough in the same year to replace an old timber dam.
Inspections by the State of New Jersey recorded in the NJDEP
file indicated.that construction conformed to the plans and
final inspection was made on October 29, 1937,

Normal Operational Procedures

The dam, spillway and outlet works are operated and maintained
by the Borough of Alientown. Repairs are reportedly made
on an "as needed" basis. The bridge and road are maintained

by the County of Monmouth.

It is reported by the Department of Public Works of Allentown
that the dam has never been overtopped and, therefore, the
outlet gate is not opened at times of intense rain to attenuate

flooding conditions.

1.3 Pertinent Data

Drainage Area 1.7 square miles

Discharge at Damsite

Maximum flood at damsite Not known
Outlet works at normal pool
elevation 40 c.f.s.

Spillway capacity (pool
elevation at top of dam) 1472 c.f.s.




st e s

N

o SARENE s B 0

A 3 i SN i I

~

Efevation (N.G.V.D.)

Top of dam
Maximum pool-design surcharge
Normal pool
Spillway crest - Primary

- Secondary
Stream bed at centerline of dam

Maximum tailwater

Reservoir

Length of maximum pool
Length of normal pool

Storage (Acre-feet)

Normal pool
Design surcharge
Top of dam

Reservoir Surface {Acres)

Top of dam
Maximum pool
Normal pool
Spillway crest

Dam

Type
Length
Height

R A S, A " s, et L 1A A -0 1

82.1
83.2
77.3
76.8
77.0
65.0
70 (Estimated)

3000 feet
1050 feet (scaled)

10 Acre-feet
170 acre-feet
118 acre-feet

50.2 acres (Estimated)
62.8 acres (Estimated)
4.6 acres
4.6 acres

Earthfill
270 feet
17.1 feet




Side slopes - Upstream

- Downstream
Zoning
Impervious core
Cutoff

Grout curtain
Foundation

Division and Regulating Tunnel

Spillway

Type

Length of weir - Primary crest

Secondary crest

Crest elevation - Primary
- Secondary
Gates
Approach channel
Discharge channel

Vertical (upper portion)

1.5 horiz. to 1 vert. (lower portion)

1.5 horiz, to 1 vert.

Unknown

Unknown

Sheet piles on upstream and
downstream sides of dam

N.A.

Strata of sand, gravel and clay
of fair to good bearing capacity
overlying hard stratum of clay

and gravel approximately 20 feet

below grade of roadway.

(Description in permit application,

1937.)

N.A.

Uncontrolled weir (modified
ogee shape)

10 feet

23.8 feet

76.8

77.0

N.A.

N.A.

Spillway discharges through
bridge opening and then

into downstream channel.
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j. Regulating Outlets

24-inch CIP with gate valve on downstream side of spillway
weir,
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2.1

2.2

SECTION 2: ENGINEERING DATA

Design

Plans of reconstruction of the dam are available in NJDEP files,
Construction drawings titled: “Bridge No. U-18 and Dam on Indian
Run, Allentown, New Jersey" (3 sheets) prepared by John E. Hogan

and approved by State Water Policy Commission - 1937 include the
following:

1) Location Map
2) Sections
3) Details

In addition, brief hydraulic analyses are available in the NJDEP
files.

Construction
Inspection reports during and after construction by State of New

Jersey indicated that construction was acceptable and in conformance
with the approved drawings.

2,3 Operation

According to correspondence in the NJDEP file, on one occassion

during a major rainstorm, tailwater at Indian Lake Dam rose over

the retaining wall adjacent to the waterworks. The cause of

the high tailwater was attributed to the alteration of a downstream

dam. No information on overtopping of Indian Lake Dam can be
found.

10
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2.4 Evaluation

a.

Availablity

Available engineering information is limited to that which is on
file at the New Jersey Department of Environmental Protection
(NJDEP), Division of Water Resources, P.0O. Box CN-029,
Trenton, N.J. 08625.

Adequacy

Available engineering data pertaining to Indian Lake Dam is of
limited assistance to the performance of a Phase | evaluation.
A list of absent information is included in paragraph 7.1.b.

Validity

Most engineering data that could be verified was found to be
accurate within a reasonable allowance for error.

Hydraulic and hydrologic computations indicate that the spillway

was designed to pass 570 c.f.s. with water level 3.0 feet over
the spillway crest. The design flow was based on the Central
Jersey curve, This design criterion is inadequate in relation

to criteria currently used for Phase | evaluations,

v—~
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SECTION 3: VISUAL INSPECTION

3.1 Findings

General

The inspection of Indian Lake Dam was performed on November 20,
1979 by staff members of Storch Engineers. A copy of the
visual inspection check list is contained in Appendix I.

The following procedures were employed for the inspection:

1) The embankment of the dam, appurtenant structures
and adjacent areas were examined.

2) The embankment and accessible appurtenant structures
were measured and key elevations determined by
surveyor's level.

3) The embankment, appurtenant structures and adjacent
areas were photographed.

4) Depths of water were measured at various locations
in the lake.

Dam

The crest of dam appeared to be level and uniform in width
and the paved road was in good condition. The downstream
face, north of the waterworks, was uniformly graded and
covered with a uniform stand of grass. The downstream
face, south of the waterworks, was covered with ground
cover, weeds and small trees.

Gaps were noted between the downstream wingwalls of the
bridge and the steel sheet piling on the downstream side of
the dam. The gap in the right, or north, junction was the

12
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more severe of the two and had a maximum width of approxi-
mately 1 foot. Considerable material had eroded through the
gap and a void was noted in the embankment above the gap.
The void appeared to have been caused by loss of soil.

The timber wall on the upstream side of the dam appeared to
be in satisfactory condition. The steel sheet piling was also
in satisfactory condition. The concrete cap north of the

spillway was severely spalled.

The guide rail located on the upstream side of the roadway
was in a generally collapsed and deteriorated condition,
Animal holes were noted on the upstream side of the embank-

ment.
Appurtenant Structures

The spillway structure appeared to be structurally sound.
Concrete surfaces were eroded with some spalling and exposed
aggregate observed. The spalling was most pronounced near

the crest.

Concrete surfaces of the bridge were generally good. However,
one vertical crack was noted in the south abutment and two
in the north abutment. The cracks were near the center and

were 2oproximately 1/8 inch wide.

Three weep holes were noted in each abutment. Two weep
holes, as well as the vertical crack, in the south abutment
exhibited orange deposits and the upstream weep hole was
discharging a trickle of clear water. The downstream weep
hole in the north abutment exhibited heavy orange deposits
and was discharging a trickle of clear water. The center
weep hole in the north abutment exhibited rust colored
deposits and was not discharging water.

13
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Most of the low level outlet was submerged and not observed.
However, the lift gate on the downstream side of the spillway
appeared to be in satisfactory condition. The operating stem
appeared to be severely rusted near the gate. The outlet
works was not operated at the time of inspection.

Reservoir Area

Indian Lake is 1050 feet long and the width varies from 100 to
300 feet. The north bank of the lake is adjacent to open
meadows while the south bank is generally wooded and adjacent
to a residential area.

Soundings in the lake in the vicinity of the spillway indicated
sediment accumulation of as much as 4 feet.

Downstream Channel

The spillway discharges into Indian Run which enters Doctor's
Creek about 4000 feet downstream. A road bridge is located
about 2800 feet downstream from the dam.

A retaining wall at the bank of the wat~.works was severely
cracked and was tilted in the direction of the stream. Other
banks of the stream were generally wooded and steep with an

average slope of approximately 2 horizontal to 1 vertical.
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SECTION 4: OPERATIONAL PROCEDURES

Procedures

The level of water in Indian Lake is regulated naturally by discharge
over the spillway.

According to Allentown Public Works personnel, the gate is not
opened during heavy storms. Reportedly, the gate was last opened
about 6 to 8 years ago.

Maintenance of the Dam

Reportedly, no maintenance of the dam has been performed in the
recent past by the Borough of Allentown. Usual maintenance
consists of road and bridge maintenance performed by Monmouth
County.

Maintenance of Operatirg Facilities

No maintenance is performed on the operating facilities.

Description of Warning System

No warning system for the dam is currently in use.

Evaluation of Operational Adequacy

The operation of the dam has been successful to the extent that
the dam reportedly has never been overtopped.

15
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Maintenance is inadequate and maintenance documentation is poor.
Areas of maintenance that have not been adequately performed are:

1) Spalls and deterioration on the spillway not repaired.

2) Loss of soil on the downstream embankment slope not

properly filled.
3) Trees and bushes on the embankment not removed.

4) Anima! holes on the embankment not filled.

5) Guide rail not repaired or replaced.
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5.1

SECTION 5: HYDRAULIC/HYDROLOGIC

Evaluation of Features

a.

Design Data

The intensity of storm water runoff that the spillway should
be able to handle is based on the size and hazard classification
of the dam. This runoff intensity, called the spillway design
flood (SDF} is described in terms of return frequency or
probable maximum flood (PMF) depending on the extent of the
dam's size and potential hazard classification. According to
the "Recommended Guidelines for Safety Inspection of Dams"
published by the U.S. Army Corps of Engineers, the SDF for
Indian Lake Dam falls in a range of 1/2 PMF to PMF. In this
case the low end of the range 1/2 PMF is chosen since the
factors used to select size and hazard classification are on the
low side of their respective ranges.

The SDF peak inflow computed for Indian Lake Dam is 3053
c.f.s. This value is derived from the 1/2 PMF flood hydro-
graph computed by the use of the HEC-1-DB Flood Hydrograph
Computer Program using the SCS triangular hydrograph with
the curvelinear transformation. Hydrologic computations and
computer output are contained in Appendix 4.

The spillway dis'charg'e rates were computed by the use of a
weir formula appropriate for the configuration of the structure,
The combined primary and secondary spillway discharge with
lake level equal to the top of dam was computed to be 1472
c.f.s. The SDF was routed through the dam by use of ine
HEC-1~DB computer program using the modified Puls Method.
In routing the SDF, it was found that the dam crest would be

17




overtopped by a depth of 1.1 feet. A dam breach would nut
significantly increase the hazard potential for loss of life
downstream due to dam failure from overtopping over that
which exists without failure. The high hazard classification

is based on the presence of a public utility and not on loss of
life. Accordingly, the subject spillway is assessed as being
inadequate in accordance with criteria developed by the U.S.
Army Corps of Engineers,

b. Experience Data
According to the Allentown Department of Public Works the

dam has never been overtopped. The NJDEP files indicate
that on one occasion backwater in the downstream channel [

rose to a height over the retaining wall adjacent to water-
works property. The high backwater was apparently caused

by a dam located on the downstream channel,

C. Visual Observation ‘ !

No indication of overtopping of the dam was evident at the
time of inspection.

d. Overtopping Potential

As indicated in paragraph 5.1.a, a storm of magnitude equal
to the SDF would cause overtopping of the dam to a height of
1.1 feet over the crest of dam. The spillway is capable of
passing approximately 60 percent of the SDF with lake level
equal to the top of dam,
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SECTION 6: STRUCTURAL STABILITY

Evaluation of Structural Stability

Visua!l Observations

The dam appeared, at the time of inspection to be outwardly
structurally sound. However, some evidence of possible distress
was noted. Orange deposits from weep holes may indicate trans-
port of embankment material by seepage. Three vertical cracks of
approximately 1/8 inch width were observed at the abutment walls.
Significant loss of soil was noted on the downstream side of the
embankment adjacent to the north wingwall of the bridge.

Generalized Soils Description

The generalized soils description of the dam site consists of recent
alluvium, composed of stratified materials deposited by streams,
overlying a discontinuous mantle of stratified, alluvial material
deposited during the Quaternary period, known as the Pensauken
Formation. The Quaternary deposits consist of sand, silty sand
and sandy silt. The underlying formations are consolidated Cre-
taceous sediments known as Magothy and Raritan Formations.

Design and Construction Data

The analyses of structural stability and construction data for the
embankment are not available.

Operating Records

No operating records are available for the dam. The water level
of Indian Lake is not monitored.
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Post-Construction Changes
No records of post-construction changes are available.
Seismic Stability

Indian Lake Dam is located in Seismic Zone 1 as defined in "Recom-
mended Guidelines for Safety Inspection of Dams" which is a zone
of very low seismic activity. Experience indicates that dams in
Seismic Zone 1 will have adequate stability under seismic loading
conditions if they have adequate stability under static loading
conditions. Indian Lake Dam appeared to be outwardly stable
under static loading conditions at the time of inspection.

20
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SECTION 7: ASSESSMENT AND RECOMMENDATIONS

Assessment

Safety

Based on hydraulic and hydrologic analyses outlined in Section 5
and Appendix 4, the spillway of Indian Lake Dam is assessed

as being inadequate. The spillway is not able to pass the

SDF without an overtopping of the dam.

The embankment appeared, at the time of inspection to be
outwardly stable. The structura!l integrity of the dam is
considered adequate based on visual inspection. The observed
evidence of possible distress is not considered to be an

indication of immediate instability.
Adequacy of Information

Information sources for this report include 1) field inspection,
2) USGS quadrangle, 3) aerial photograph from Monmouth
County, 4) consultation with Borough of Allentown maintenance
personnel, 5) NJDEP file. The information obtained is sufficient
to allow a Phase | assessment as outlined in "Recommended
Guidelines for Safety Inspection of Dams."

Some of the absent data are as follows:

1) Description of fill material for embankment.
2) Structural design computations and reports.

3) Maintenance documentation,




c. Necessity for Additional Data/Evaluation

Although some data pertaining to Indian Lake Dam are not
available, additional data are not considered imperative for
this Phase | evaluation.

7.2 Recommendations

a. Remedial Measures

Based on hydraulic and hydrologic analyses outlined in para-
graph 5.1.a, the spiliway is considered to be inadequate. It
is therefore recommended that a professional engineer exper-
ienced in the design and construction of dams be engaged in

the near future to perform more accurate hydraulic and
hydrologic analyses. Based on the findings of these analyses,
the need for and type of remedial measures should be deter-
mined and then implemented.

5 The owner should, in the near future, develop an emergency
: action plan together with an effective warning system outlining

T

actions to be taken by the operator to minimize downstream

effects of an emergency at the dam.

| It is further recommended that the following remedial measures

be undertaken by the owner in the near future:

1} The gaps adjacent to the bridge wingwalls should
be suitably repaired and the embankment filled and
stabilized. 5

4 2) The spillway structure and outlet works should be
thoroughly inspected with the lake drawn down and
then renovated as required.

22
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3) All trees and bushes on the embankment should be
removed.

4) Animal holes in the embankment should be filled.

replaced.

5S) The deteriorated guide rail should be repaired or )
Maintenance !
{
1
!

In the near future, the owner of the dam should develop
written operating procedures and a periodic maintenance plan
to insure the safety of the dam.
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AR Recent alluvium composed of stratified materials
deposited by streams.

AM-24 Sand, silty sand and sandy silt deposited during
the Quaternary period. (Pensauken Formation).

NOTE Information taken from Rutgers University Soil
Survey of New Jersey, Report No. 19 Monmouth

County, and Geological Map of New Jersey prepared
by Lewis and Kummel.

PLATE 3

STORCH ENGINEERS
FLORHAM PARK, NEW JERSEY

DIVISION OF WATER RESOURCES

N.J.DEPT. OF ENVIR. PROTECTION
TRENTON, NEW JERSEY

INSPECTION AND EVALUATION OF DAMS

SOIL MAP

INDIAN LAKE DAM

1.0. NJOOI8S8 SCALE:

NONE

DATE:

NOV., 1979

gl

)




s

JNO/AN LAKE

Qrero// Lengtth of Dam -

(2B 77 77=r =S

S %2’ Jrrrrboer e &
/5 LI/ Ao ———————5/66 VG
i A \‘rl 1'—rll;T lTj 1 LI l Ll 1 l T 1 . 1 -1 [ 1" T T1 IOIJQ_TIQLiﬁj Iol Il __:
L~y tre=ver 4
f CFrcorr7 Lrrrk
/ e =
T T =Tl == —
S ) -
/< '
L\/_\——‘ —— — \ |
X -—’< e
lx
x v
w
2= =)
o krricy Arec Ve
NO7E .
SIS TIE SO Aok X
K77 Nor2r7row /7 Courity
frer15 Ericrcge NO LS
o Lcor7r7 orr /a7 [
A2sy? “erra? Ay
1778 ey Or7 Nover776e,~ /”4 /979




v L axe

o’ Dasm Lr0

Coric A=ro/r/ 7c
V=24 -

S/ S veT o

COerrfe=f Works

C o7 Cezl2 o7

) —

F’um,o Srotror?
Eesrlrricy

Sree/ Srfeers flias Y
~
SN LT
lff T
| |
‘ l
|
! |
| l
oovees Ao | Corrc fLor/rrreg
Lo/ e 526 | | /
| ;
) T g
A X R 7 ;l \}7 Y ’T/ e
/ ~t =7
N T
L Corre | :
I Apror <f
S| S, 1emef 7/, 77
] Coric / -
S =lallal=4 |
B a— PLATE 4

DIVISION OF WATER RESOURCE
N.J.OEPT. OF ENVIR. PROTECTIC
TRENTON, NEW JERSEY

INSPECTION AND EVALUATION OF DAMS
GENERAL PLAN
INDIAN LAKE DAM

SCALE: NOT TO SCALE
pate: DEC., 1979

STORCH ENGINEERS
FLORHAM PARK, NEW JERSEY

1.D.N.J. 00188




St G s )
o Atz//

N
VAN
B
g
(oo betwear; Sheer? /
[Tl Oy Corre. Woragmen//

o >~ AV, // B N
Jo gl /ﬂgxfr/é qk—“ L\ ‘/

Coric. AL ory /

Corrzeref=
S e /K

r
e
l
—1
]
|
{
|
|
|
f
I
|
]
|
|
I
]
|
I
g
f
|
I
]
i

w -

—

S o) fiver s
< /7 ST,

Gopr beltvweer Shre=/ J/
(lrg orie Cona

M//r/"an/ /

Corre //V/ngwa//

NOTE -
PO Or7 Aokemrr A7 Aor e At
Cowrty plarrs \Ericscpes MI LIS o
L7727 0r? /ricHveor7 Av/rr “correr £ AT
pr7SLe Fror) Noverrber F0, /979




A=) S, eV =S

Spo1/iver s Dowrrsrtranzrrr
foc=

TTTTTTT 1 B
________ N SRR S § B
\P\\} L7707 7 \‘\585‘0/70/0/_j/
M‘\< Cress . Cre—s S
R\ N
N v
S
Uy 1 .
fH---==1-F10
|| al, 4.8 Il
““““ n———--————--—--—————L—Tr—__«[_L.__:: L= == = =R :ILJL
_____ I L _
' e Aol /P Dertt=r (o=
S fover oo 0/;5:/70/*5/'8 Y
Crrc/ 77 7=/ p
PLATE |
STORCH ENGINEERS  [OVISION OF WATER RESOUR
FLORHAM PARK, NEW JERSEY TRENTON, NEW JERSEY

INSPECTION AND EVALUATION OF DAMS

SPILLWAY PLAN
INDIAN LAKE DAM

1.0.N.J. 00188 SCALE: NOT TO SCALE
" | DATE: DEC. 1979

—




COrrcre=r/=

AL r /v 77

[ )

JC27 /NE S = Elers /O \
E/=r G55

Bottorr of 5

Chornrne! Cornc.

v ' '
Llev 650 7

W/ 1

S/ Srfhreef
P/'//'ng

NOTE S

L /2O, r7reorrOr7 Aoker7 Ao 7
NTOr72r770L7F7 COLir ity folors
Ericge MO LIS oricd O 7z
Or7 Srrctrer7? rir? ‘i A/

1S fror7? Noverrrber PO, /979
2. flevations Losed o N.G YD faker
From Monmouvth Cownty plars.




o2 oFf Dcarrr
L=y &2/

SP///WaII Crr=si
Elepy S5 L/ 775

ot E ey 27 707 77= oF

[ 1 / IS pEc 107 7
| 2

Leoke Bor’orr?
El=y 710 o 7302

ANNT=

\ Shee! Stieat /e

7 | pLATE &

DIVISION OF WATER
STORCH ENGINEERS
FLORMAM PARK, NEW JERSEY [“’J' DEPT. OF ENVIR.

TRENTON, NEW JERSEY
INSPECTION AND EVALUATION OF DAMS
SPILLWAY SECTION
INDIAN LAKE DAM

I.D.N.J. 00188 SCALE: NOT TO SCALE

L I DATE: -




Lake Water Leve/
Lev 773

Cre st of Dasmm
/ £/ey. 82./
42’

/

Corrc. Srdewar®

Stee/ Sheet
P///'f/y

"

No tes:
L Informa€sorn takerr frorm treld

inspectrors November 260 /1973

2. Elevations fosed on NG VLD
Taker From Mormoutth Couvnr by plass.
{

PLATE 7
STORCH ENGINEERS INSPECTION AND EVALUATION OF DAMS
FLORHAM PARK, NEW JERSEY DAM SECTION
DIVISION OF WATER RESOURCES INDIAN LAKE DAM
N.J.DEPT.OF ENVIR.PROTECTION | 1.D.N.J.00I88 SCALE: NOT TO SCALE
TRENTON, NEW JERSEY DATE: DEC., 1979 S




s L i i RN Y i i) AN - L IR W 1t ol 5o B AR B o Aot 2 ' — . PR B W

1 ‘ NOGNY L AKE

/
)

Lo

@ ona i e s
[ S w L’ Trrriocr o a/ e -
;- ///’ l L—r l 7] L ﬁT 1 1 lQI % 1 ‘Il i { ?_‘T OL 1 1 lﬁt 1 Ql IQ_I Tol IQLﬁgJW 3
O~y pre=erer

L7 Lok

X {

i o
@/ 1 i
! X ( ‘ 1
L A2 e s L———q 2
Ao k/f?g P, ﬁ"{ A
NOTE R~

LIS TS0 Ak x | L

Arr77 Nor7r7706s 747 C Orrfe i \

775 ' Ericge N LIS ? |

o Ceor7z o /rarrors

: Rty 7 "crras A Gt ¢ |
1778 2=y o7 Nover776er~ ._74 /P79




e L ——— N —— - ..

atippmeyaneniii . . SRR ALV

LAKE

Rt

/\ Ove RVIEW ..'\.

2
Coric A& /c)/ =,

=74

L e

Courrs=r oorks

Ik C T2 o7

\, i:P//_ve

: S/ G A= —
Ll—ﬁ—ﬂ I D D S
S G —

I |
‘ l '
t | }
ﬁ | |
y7 Lok Pored oo | R D,
=3 SR | — ST

|
- *_. X - — A~ e Y T
: Voo ) L
! k — S /
| : . <‘7
r""‘ {
| ! St Shesr 7717
? | <omnc —
1 ”’ K&ronr7/r7g
| : We// o~ [PLATE 8
———] T Sl or7 | ! <T

3

| LESesr/Trricy

I

STORCH

(9

ENGINEERS

DIVISION OF WATER RESOURCH
N.J.DEPT. OF ENVIR. PROTECT'G

FLORHAM PARK, NEW JERSEY

TRENTON, NEW JERSEY

INSPECTION AND EVALUATION OF DAMS

PHOTO LOCATION PLAN

INDIAN LAKE DAM

k 1.0.NJ. 00188 SCALE: NOT TO SCALE
] | oare  DEC., 1979 .
E RIS e = - " ) - : ;&.“ R .




APPENDIX 1

Check List - Visual Inspection

Check List - Engineering Data
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ﬁ APPENDIX 2

Photographs
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PHOTO 1
SPILLWAY

PHOTO 2
DOWNSTREAM FACE OF SPILLWAY AND DISCHARGE CHANNEL

INDIAN LAKE DAM
20 NOVEMBER 1979




PHOTO 3
OUTLET WORKS GATE AND STEM

PHOTO 4
DOWNSTREAM FACE OF DAM

INDIAN LAKE DAM
20 NOVEMBER 1979
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PHOTO 5
UPSTREAM FACE OF DAM - LOOKING EAST

PHOTO 6
UPSTREAM FACE OF DAM = LOOKING WEST

INDIAN LAKE DAM
20 NOVEMBER 1979
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PHOTO 7

STEEL SHEET PILING ON DOWNSTREAM SIDE OF DAM
SEPARATED FROM WEST WINGWALL

PHOTO 8

STEEL SHEET PILING ON DOWNSTREAM SIDE OF DAM j
ADJACENT TO EAST WINGWALL '

INDIAN LAKE DAM
20 NOVEMBER 1979
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PHOTO 9

ORANGE DEPOSITS IN FLOW THROUGH CRACK AND WEEP HOLE IN
SPILLWAY DISCHARGE CHANNEL

PHOTO 10
DOWNSTREAM CHANNEL

INDIAN LAKE DAM
20 NOVEMBER 1979
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Engineering Data
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CHECK LIST
HYDROLOGIC AND HYDRAULIC DATA

ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS: _Fields and woods

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): 77.3 (10 acre-feet)

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY):_ " N.A,

ELEVATION MAXIMUM DESIGN POOL: 83.2

ELEVATION TOP DAM: 82.1

SPILLWAY CREST: Uncontrolled concrete weir

Elevation 76.8 (primary), 77.0 (secondary)

Type Modified Ogee

Width 1.0 ft

Length 10 ft. (primary), 23.8 ft. (secondary)

Location Spillover Upstream side of dam

Number and Type of Gates N.A.

OUTLET WORKS: " 24-inch CIP

Type Sluice with 1ift gate

..a‘
b. Location Left side of spillway Structure

c. Entrance inverts 68.0

d. Exit inverts 68.0

e. Emergency draindown facilities:

HYDROMETEOROLOGICAL GAGES: None

a. Type N.A.

b. Location N.A.

¢.  Records N.A.

MAXIMUM NON-DAMAGING DISCHARGE:
(Lake stage equal to top of dam) 1472 c.f.s.




APPENDIX 4

Hydraulic/Hydrologic Computations




STORCH ENGINEERS | Sheet_! __ of _9
Project _[NDIAN (AYE DAAM Made By_STO__Date _{/2Y/32
ChkdBy__KL Date 2/% /80

HYDeoroay

Eamn ) o BN I hon oA W P by A S-hre i
)

HYDROLOGIC  ANALYSIS - RUNOFF  HYDROGRAPH  witL

BE DEVELOPED BY THE HEC-1-DR ombUER
PROGRAM USING THE S¢S TRIAGULAR U IT |

HWYDROGRALP H WITH  CURUILIVEAR  TRANSFEORMANON,

DRAINAGE AREA = L1 SQUARE MILES

WEICTEATION DATA

INTIAL INFILTRATION = LS INHES

CONSTANT  WFRILTRATION = ONS \NCHES /HouR

TIME OF (ONCEN TRATIOAN)

BY SCS; TR-sS CHAET 0N OUeAND  Frow

OVERAND FLOW = 1$00° @ 2% SOPE

" CHANNEL FOW = 9400 0.5% SLOPE

| 1500\, [ Hoo! ! -
TC- -[ 1.0 )+( 125 ] oo = o. qz + 2-09

Te: 2.5 HoupS



STORCH ENGINEERS | Sheet_2 _of _9

Proigc{ l'\)b tAN) LAKE DA—M Made By SO Date \/7—2/80
ChkdBy___EL_ Date_2/E/ &0

OveRAND TIME 0F (ONCENTRATION - BY KER®Y
Re{ : " HAMTROOKE OF APPLIED HYDRoLOG (™
ISy cHdw

TE?,-N - 2/3 L’}L/f?
Tc = ovecland awe of conentvotion (min)
L = Llength of overland flow (L&
n- Mannings coefficont of rovghmess (n-0.4)
S= Stopf (A /f‘f‘)

-1-‘2-"‘3 2/3 (1s00) (0.4) - overland. Te = Yi  mingtes

vV 0.02 2
clannel T¢ = 125 Mmwmutes
_ (2 P9 1)
Total T, = Yl + V25 = V66 mNuTES
. T 2.8 HouRs
E Time OF ORNERNTRATION - BY CAUFOBNIA (LWERTS PRACTIE
4 ' Ref" " DESIGN OF SMALL DAMS” 9.1
1 T - (n,c) 1})‘9-585 Te =twme of conentration (hours)
H

L7 (ength of watercouvse  (wmiles)
H= elevation difference ( feet)

L= 2..06 MALES
- 75 feer

Tes (n.q(z.oe?)'?’“
Y Te~ 113 Houes
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STORCH ENGINEERS
Project __INDIAN  (AXE  TSAAA

Sheet__3 _ of 9
Made By ST Date !/24/82
ChkdBy__RL _Date_2/2/80

TME OF (OAXEMNTRATION - By SNYDER  pg I35
el INTEODUCTION T HYROWGY”

. VIESSMAN  ET. AL,
b= O ( L) where !
€, = (og bme (hours)

Ce = coeffuomt rpresembing varabons of
walorshed Yopes § sorfoces (ave Cp = 2.0)

L = length of man chawnel fonm oulbt

o dvde

Lo~ lemgthh olong
opposite the watbwrshed comtvord (102 mees))!

t,- 20 (2.06x 102)* LAG TME

BeCAUSE SNYDEPS METHOD 1S GENERAWY VOT  APPLIABLE
O DRAWAGE RASNS (ESS THAN 10 SQUARE AMILES,
LyTTLe WEeEIGHT wilwe E  auen T s  AG T™ME

CALCLULATION) FOR  (OMPuTtE® ANPUT.

LAq TMIME UseE T¢= 2.1 Houeg LAG= ©9% T
WA TIME = .26 HOURS %
peec® TATON  ( reforene - geﬁ.su of Swmalt Douws”, usDI 1927 £1g.15)

PPOBABLE MAXWUA  PRECIL 1 TATION
o8 6 wouRk DuRATion ¢

DURATION) C/o _PMP
¢ hs \00 4
72 109 }

(2.06 mues)
Wt chavinel & o point

'et' 2.5 HOLELS

: 26.4 WeHES
10 SQUARE MUE DA.
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STORCH ENGINEERS | | Sheet_ 4 of G-
Project [NDAN (Ace  Dam Made Byio Date \/2!/80

Chikd By_K& _ Date 4/€/ 0

LAKE STORAGE  VOLUME

WATEE. <uRFAce €eLeEVATION

RN
7.3
80
Q0

100 | 38

ReC-1v- DR COMPUTER PROGRAM w:u,A
DEVEWP STORAGE (APACITY FROM  SURFACC l

AREAS & ELEVATIONS.

INFORMATION  TAKEAN) FEOM us @S QUADLANGLE

deciiacsd
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- STORCH ENGINEERS | Sheet__ 5 of _9
: Project__/NDIAN _LAkE  DAM Made By STO  Date 1[2//ED

Chkd By CL Dpate 2/8/ 20

HYDRAULICS

THE SPILWWAY AT  THE IDIAN CLAEE DAM 1S

A TWO -STAGQE,; FREE OVERFOW , (ONCRETE wWEIR,

wm™ A MODIFIED OGEE (ROSS SEeCTION.,

w‘S- T’.S -Y_ ——_e‘, 77-0

el 16,15

el (80

THE  PRWMARY CREST IS AT ELEUATON 16.7S WwITH

AN) EFFECTWE (ENG™M OF 10 FEET. THE SECONMDARY

CResT 19 AT E@LEVATIOAN) 10 WM AN EFFermnuE

LeNe™  oF 23.8 feet. DISCHARGE W'« BE

CALUCATED USING THE  FoRMuug | @ - ceH’®

d.scharse . i
¢  coelaceat of discharge =
:  efecbve (ength of spllway bewg over topped 1
H- {olol head on Sp‘(,twqxs.

”5751- ¢: 31 £ RO "DESIGN OF SMALL DAMS”® usbl




STORCH ENGINEERS

Sheet__G_

of 9

Project_INDIAN _ (Ave  DAm Made By STO__ Date _1/22/85
Chkd By Re Date 2/ & ) &0
!
StAGe DiscHARGE TATRULATIOA)
w;\'ree i1 PewAey CREST  [|SeroDARY CREST || mTAL ’ |
ELEVATION éc 7.5 :, L= 10’ s €L 1.0 | =23 R-% DS‘M&L—,E‘
H t Q@ [ H 2 Qz Ql "'Qz.
|
16.71S o o o o o
k :
77 : 0.25 5 o o S !
18 .28 52 [.0 88 [5%0)
79 | 225 125 20 299 | 37y
80 3.25 217 30 458 675
8\ 4.25 32«4 4o Joyt 1028
82.1 5.35 4S8 S.\ 101y w72

83

84

6.25

125

3528

722

6.0

7.0

8.0

1294

1631

1872

2353 | i




STORCH ENGINEERS Sheet_ 7 _of_9_

Project____INDIAN _(Are THAM Made By STO__ Date _1/22/80
Chkd By__KL_ Date _2/2/ %0

STAGE - DISCHARGE CURVE

8*
€37 0P OF DAM ol 82.1 "
Q=12 CFS
82.
% wit, | Qlcks)
——
3 @i %75 | © .
§ 27 S i
278 140
179 24
S’ 80 8o 6715
< &l | o028 i
u' H
S 82.1 | 1472 |
2 83 | 1812 |
B 84 | 2353 ;
T ‘
<
=
18.
E,
n
t h v Y v —y S
! o_ 1000 00
i DISCHARGE  (CFS) '
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~ STORCH ENGINEERS Sheet__ B8 of _9
Project INDAN LAk DAMm Made By STD__Date _!/22/80_

W D o Lo

Chkd By rL Date_2/2/ 20

-

OUTLET WORKS (APACITY

‘lHe OUTLET WVWORYKS COMNSIST OF A

T e LR W A P 1+ A R WM 0 g e Ay o e

24" ODIAMETER OB AppeOX MATECLY 1O

FEET LONG . INLET INVERT IS 69.2

- AT TN 2o 1 o o

OLET  (OTROLS Feom " HYDRAULIC CHARTS

FOR THE SELECTON OF HIGHWAY CULVERTS" (LsdoT)

MAYIMUM  DISCHARGE = U5 CEs Hu~ 2.1
AV eERAGE ‘bascw%eeae > 28 cfs Huy= 4.0
DRAWDOWN

 DRAWTOWA = _STORAGE AT _SPiLlwAy
AVE TDISCHARGE =~ NFWW

. B . B [ i . .
.
ey R R Y. m T IY En————— =

SF/
= 1 AC-FT 43560 A<
28<FS - (1CFS/SQmi * LASQ M) 3600 e
= 3.2 HoukS
!
s
i
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STORCH ENGINEERS Sheet_ 9 of _Q
Project___INDIALD  LAKE  DAM Made BySTO _Date_!/28/80 |
Chkd By RL _Date_2/2/ &0
OQVERTPPING ROTENTAL
50- ’
40-
o — ———
l 3
a |
S 20 -
n [
I
S |
10+ l q
| {
1
0 N L A _—l‘l’ T T == |
S00 1000 1So0 2000 2500 3000 |
ODUTFLOW  (CFS) 'i]
OVeERTOPPING OF THE DAM  OCcURS AT
ELEJATION 82.1 wiTh @= W12 ¢cFS .. DAM

| CAM PAss APPROYIMATELY 30 " PAME

OR 60 % SDE




HEC-1-DB COMPUTATIONS




Ty

[.£]
g
g
0 -
O
c D
x Q
a¥x
=g
>0t
[
[ IWTe W
(Vo 4
<X
[Ze s 1) —
— .
ra<g o]
< AL
Q-
1]
P < ]
<) r~_J
<D o
[ou .
(] 2
[
b S
<
[ L]
— .
be
€U
*
QN
- .
N 2

—0N) 4

LT IMMIDICY T Qb= TXY VI oA P 044 C T o T T L

i~
[- )
o~
- M
<y
3
o~
'y ~no
—t 1~
L] o
o -
-
e} -t [ 22 e T8N
[ ] LY o
— ~oe
~aCe4
'
. —on
) [-44']
! o
—
~0 OO
*~4 AP T
-l )
x
X
x
- O XTe= Qemoe @
-4 <« Q eSS M~
-t = i N
o (@]
- X
x
= [
a.
< P~ L= PY ] = eTow RV R~ B T3 |
ez ® <N NN L]
Lot N —t -
D X
1.4 T
[ (S}
b o [7¢]
T —t
NI LuaE gl SR LR TN o ]
' o N =g ~~ * 0 L
o D ® oD .
N 4D - ~
(" [ -}
=4 (=]
- <
- (D OIS 2t DD
. ~ Lt S To
-t [ o
] D [N
[ r~
- RY) - AT NI RD




{

e it

*g °1 *e °s *g °h *S °9 °L *6
-1t °LT *91 .~ .%61 U 1 J R /Y- SN 4 *} P °f | g )1 °s9 __
*08 *d6 *021 iyl *9LT 314 *592 i1l 1Ad ‘v6e
*18% 665 *119 ‘966 *18S A *y8¢ °691 *Hg *62
00°T =170A 9¢°*1 =0V SSHuNOH J0°0 =J1 *S31VNIQYO QOIN3d 40 ON3 Cv HAVYOONJIAH LINN
o T 7777 T 00%2 zwoliw ga*~ " =n32¥H_ 0 60vt-  =viwis -
viva NOISS3J3¥
- R - . 9¢Z°*1. _=9¥1 ~Q¢*6 =24 . . .
Yiv3 HdVY904GAH LIND
'R 00°0 1° st 051 yCes oooo go°t °0 00°¢
—_— - dslld  __X«SY LSNI JLy¥ls kbnhzr-mwwmmwm.oq ya3 __0I4H griwkka Luoxu
>
068° SI WY woxm uzh A8 Q31NdA0I JdSHL
. — g0°*0.. - 00°0 0°d . .. 0G*LIT GOD*&dT_. n 001 _g%°92. _ _£2°Y -
96% ety vd ¥y cly SHd 34aS
vivQa d41234d
O ' U ¢ - .‘Iaomm.p,,l.no.o .oobLcl ___gop*g.Qg°T g .1
RLR R JWvsl :ozw~ 0llvy JdSyl vasyl dVNS viyvli 9HN1 9UAHI
Yiv3 HAV Y9040 AH
G g 1 " v d o oG LAY i
oinvi 39V1SI  3WAVNI 1y¥4dr 14 davil NOJ31  4dWddl ovist
3NV 0L HAVYYOCNQAH :oquz~
oo T T NOILVANGWOO uu:z:z v3yv-ans T T T TTT -
sS850 80s S383588%0 0 $888388398 IZ XX R R XSS 280080800808
- . - e e e e e e e [ U S . J— — —— -
gre jze jg? (1 0G* =S014Y
e e e i e oo D SOQLANT S SQILUN I SNYIAN e e e
G3W¥0343d 34 0L S3SATIVHY NVId-11TNW
0 U ¢ SR | B L . &_ . e e e e —
3oVl 14017 1AN ¥3dor
0 < 0 y 0 v Q g1 0 032
NViSN lydl 141 Jdlid NTwWI Yyl Aval NIuWN dHN BN
- _..-NDILlV¥J14133ds_sgor -
ONILNOY dWd O1ivYH I13NW
WYQ 3¥v1 NVIONI
- - WyH90¥d ALI4VS AvQ JUNQILUN  ——————

BIXALTAL IS L) ¢ W
*42/710208 831 <~7 NAE

BB HBB LIV LIBBIBOIBIVOBNES

e e e e et e e e e ———— - . B . QILVII4IT0x {SYV
- acdt $34,%¢ MLLATIE v ove
B4el T Gevnavy HavaaoNGAN Q00T

QOO U9, BB 233983889305 0%000500880




_ _ I R [
| ! | | |

' |
® " 0 0o OO e b o o ® 5 9 26 00 5 08P 0D PSR D GO PN ISP OSSO QRPN P SRS eSS
£ICIOCI OO, POOOMODODLAYNNOMINNEOMUOMENLOL TG T NMO LW WU S DO iU NG N O D X et
NP TN Nt F DU AP T I P et O 0N DAL (VAL DN T P 01 0 omild 1 - D WD sV OV

111111111-1112.(1.Q6?(1357ﬂ.n SO GO Xl TN O
NE 2222-‘2333‘ 27217

i _
| i . _ :
! i
w “ | _ |
|
! | ! ' | ; !
OV O OV OOV OV OV OOV 0N EJ OO OV N VOV N O (WD IO NN WD DO DD AN @ 15 1D 1987 B0 0010 0010 103 0 s 00 1040 100 00 00 10195 172 193 IO 10 0 000D 0 0 105 [ (0 00 i) () () 90 (43 93 003 o3 ) o)

COUOC LD DU COLCOOOC-IOCODOOOLVIAOLL OOOLOMOCCOUOC OO IGICIEHINNIONORIIOCIILUOOOO.INWLODIN VOO INIOCODMNOOIID
....l....IQ.I......I....Cl..l..l4I..l...l!.l...l...‘..I........l.'......l_'.......'Q.‘,..

1 i .

! .

_ | . ! |
DRIV IDIDNTIQ AW IOIH IO IO IIIO ILIOIILIC OO CIMIDN I DD et PN e e 41)331.7vl..331.33!.3\,333533-4393..,hv.b.J.J.J)O.rbﬂ.?qzzwl-I?.l
QOINOC AVGONOMMOIOGD 3R I IIUIDAIMANDOOIG I NIODOOOO ABCOOL IO I AOCCCOCININIIMMF 3T DINIPGNNTc DO e @

.'...I...'..l...'.I..I.....l..'.l..’l.....I'...C.l..l....lll..l'....'....l...'......-.........l.....
0.0.0004.000300093005000{.00.!U_Un.o.u.u.uCr..O IOMIOEMOOOICAGD ! _ . | : _ _ T T _

_ ] — ] ” ¥
_ | b | I I B L
2222A¢222222222223&222»‘%229..22222222225,3—355r)—355555 DN DD NANAN DN DN N DOV O W I INITN OGN MMM NI (. S e SO0 OO

|
CrIODOMNOOCOCNIONMNOODIC IO MIDCOOAMEIODCINIOCNIOVC LOOOLINC GBI LULANIC ORI OC T MIOUMMMOMME TS IITONINCVNG S s LT @
o e 0 s .l...l...........'.'...l.l....‘......l....l......l....Q.I..Il‘.l..‘....C.Q.Q.Q......‘.........

} { 4 ] i \ . : i
. _ ] | i _ _ _ _ :
. : . : . | : ' : i
4 ' . ; !
OIS N DB DD Lt N F U DL DA OWIF DO L DA FNIU DR O AOM P DO T C N T DI LO IO @ WO X O OrmiC I T DM QN DO F W) B DN S U IO - oth O
_ et A A S NN VN VNN WNOIM MMM S SIS T 2 S UANNOOWIOLE D B0 0D UWY 00 0 IO 0L LA TRORAND
N i | . -

. ' i ) ] 4 ! ' ' : H

_ | _ ‘ . i h : ' i i

'

) ' t | !

! ' i ﬂ ! ! ' : I ! : ! i
OO DI IDTIONIODDVOODNI POV CINNNINTIOWUCNINOITIOMICOLOO DU OGO MTIIOCIOE IO D.2.3:3CHINII DI BT DNID IO INIDIMAM DO 1D
=AM T NN TN Ot NN G DM S DO et UM F DDAt NI PO et (MM T N Ot VM P U Ot Yy @ W) Vet N T 30 NI 10 D et R T 0D ot MV 1D vd D) FIND NV @ NI F N O NN @

S0 S0P EOEPNPELOON0 000000 BRSO L00CEN0 T 000 G005 0000000000000 eS0ERPE0000C0E0C0RLEPCEOOEIGCEOIOEONEOOGES
111111222222533333‘“6..9‘Q5555=4246666667777778885859999990.“:-:. VY et et et YO N 422333333“‘““555&.55:.566666

_ ¢ \ _ ) \ _ L IR T E PR A P e e s T T T T

| ! ! i ;, ‘ : . i . i
ol el v gt oo vl v =l o ] o] et o ol = ol 7o Y o ) = Pl g g e v v v e =] g O ] P o o v 7 b ot 0 Ot vl = gl el = et oot o) = o o o f g Gl el ] -t
OOMIORDIINIOOICIIIIODININ IO IDOTIOIIDICHDIODIODICLI I IMTIIDINANIOD DI 3:.00.300: D . LA CPADOODIVIIIL DD IO IDDODOCOINID
® S 0 0 09090 00850 OP OO SOE P RSO OO PO P ED O eSO PES PP ® 0 0 08 6 0 OO OO P PSSO e NS AP o090 08 80
, i —
4 - vt qJ

NN




covep

ExCs LOSS

HRMN PERIOD RAIN

MO.DA

” f
| | | ‘ ' .
I

— m _ .

© 000 000060 0000 0066600000008 000004000600 5 0000 00080600000 0680000060 000s 0006060690608 060000°0e0e0000600600000c0c0sgosnetbdoeces
VIR MWL A G H T I DI ACPIL 0 NN L ML O 1@ BN R OVA F et il LAt Q@ Ciri0 A WL @ MVl T AU PR OO € @S @ MNEY N o 0NN
Cat iU T e WINP- QUGB T ONO m D Q@UIC LM FWirmit U Wl Fr N T O F O S P WU T T IF M Ry OOV OUL (N 7 104 0 g o=t 4 4 ot g ¢

P T IO P GO0 JF 0 @ U W MR OV OV I OO et o ettt et ot ot ot

DU @ T EIM RO OO ot et vttt

! _ _ _ )
| _ ! ' ! : E :
) , . ,

gl AL o ol A oV ol oV oV oV 2V L1 ¥ LT BN AYRY oV Y RTIY 0¥ 0 o ¥ AV BY ot o7 o ¥ 91 S oV BN oV RV SY 27 57 57 oV T i o ¥ BT SN IPPUUR U DI TIN TS XS TIYS. PR TS TRTS L ST~ TG T RO G- 15 ) < YT 4 1 TG FET I & T o N S Ve Ta T » FE TRT JYRY T STE T 10 )
LIEMDIOVUII IO ORI I I LD O O o CND e I0s F P s F AYUITE 408 00D h a0 € o308 50 100 4 € L0 820 Coka€0at> 0 a0 38 Cre Y020 1L DI 36 & V0" s 36, € 20D IEICHe 400D
L I N R I A A A I N R I A I A I N N I A N R A A A A R R R N R N T T E R R R R R R N T T T T Y YT Y Y Y Y Y
m | . ' COOUGLLOLDOOULIYOOCDACENONOQLOLDOISOL QO LICT OO ODNOOO MO OGOOR
|

i t i .
PO VODVOOUVOCOLCONDIOOOEOODONOOOOCIDVLIGI NIIOGLEOOINCONLUOCOLOLVLLUILOCKINOCAACOOALLDOVGCMNVLOCLVNCBOVVLECCOD OE0O
SIFOM RN PIOOC OO O O I "I (I VDO O I CEIOIDEDIC 1o 1200 D0 (T DICHTIDC O U YO LMD TN C LI I 1O CY F, ™ 0~ D 147 D O
..............I....'.........'....‘.'.’...I...'.....'I..O....‘-Q.I.....'.......'.............'......
1 | _ . OoOVOoOCQCCOUOC OO T CEHIMINODOUEERC CONICONROCOMNDOCOC OOCOOONODNMNO

* . , 4

| _ w

COCT T OGN DR PN IR ¥ IFON RN EINMN NI MO OCL OC O QUG OO IO OB OO WO NIIOOROCOOINILIC.COIOC. . OLOLUGDMNOCDEC OO OOVD O
@IV NP IO IOCHIBOC OO OIIIOODMIOUNCIIICODINDI O C ODQICHIND IS ™ 1, 2 QN0 TICOOOMEODACOOCNUODIIONE NNCALUVORLDSCOO
0000000000000 0000005.000000000000000060s0ss000s00c0000r00e 0 000000600000 00 0000000000 PGB0 RRRRECDS

« _ ' COCLOOORUOO.COLCVCODCVOOOCMNGCOOONOCOCOO0DOLOCLEOONOLONDE . ONOO

— | i . i .
! . . ' ' { i
. H i ! ! ; !

SN T OO QNN ORI OISO 0 CHEAUMNSIDD AT O UM IDNDM CE C NI TR0 =AM NI X OO mOANS INOM T IO NG AL T Ot N & ND I N O
OOCHIODIDC Ot it vt sttt et et NV AN NN A QIO MM MM S IT T T TSI DN NG VDN OV NWUDO I CONL A A e L AR XX XTC G OO RT ©
P ey sy -t

|
|

- r N
! f

, , h . ,
_ _ _ . ' , _ _ _ _ _ _ _ , w _ h _ w _ _
. . . , h ,
. _ _ “ , _ _ ! : : ’ ' d _
COONMOCCOO QOO CQUOODCE OCIDOOORC OCOINGAOOCOMOOOIMLIOOMCT ¢ € OMNOMOOOC OO OCoOO0OC OO0 CC COOOC CHROVDUCOROOC EOCOrnD
NN TY CrNE U OANNMSUO™NMNE UGN T ONM T INUWON N S NS RMNME DM EU CleUM S N O wmitNM @ U St M T U0 (NN G D Qe NN T WD O vt FUIO =N N @ N O et

AR AL XS AR A A EE AR X EE A E R R N R R R I N I N N N R N N N A A I N e Y T T Y Y O
O, LA L OLCT RO T OO OO ettt et N NN NI D IO Al Lo Lo Lo Lo TaVEaNO IS T TE G ol ol ol p Foa Lo X 0 2 0 0 7o Vol o Vo TTRITR IV RV/IN. IV IV RV 0 o Y - - of - T - T X .

- SOOI N LN VIO VAN N VNN VN ’ !
' H

' i | ! : ; i i i | i ; . . .

-t vt vttt -{2,&(22ﬂ<??n’13¢ﬁ(222222—.(-).22?2?22222222?222222222?2222’22?9;?22
OWIINIONOADIONIVOVIDAODIVDAICOIVODNAVC:DDIVIVODOCDIITOVONWIOILINIITICICIIDIIODIOOIQCHID ICIDVOIOTILLUIIVOIIOMNOECOOORSIINO
AR N A N N N N N N N N N N N T T N T Y T YT YT Y Y Y Y

et

S
(1]
o




. *eEll *ey Ll 69l . __*9%G1 . _ ._._.___._ W NI SNOHL . . .
*49¢ ’ *49p * 43y, *q69 1 4=%
624042 we* L2 geenLe £9°(52 Wel
%9°01 s 0t 9951 9¢*6 SIHINY
e %2860 oSG Rl . *de *qy ______.SWY .. . .. . _
*¥uGUL *0GE *yne oL SCoLE 53)
JLNI0A IVL0L  &Nf0HA=22  NAOH=wZ  ¥A0H=9 #¥ 34
e L QLAY¥ *L NYTd d04 INYY._VAS 1Y _HAYHIOMOAH. S
. %6LE2 . SELSZ o *WLGT o V632 e . W 02 SOOML. . __
6261 ‘6ul *weG1 29591 13-3y
15%095 L& ans 9750 4G 525l Ve
Heeve e ie deele 141 S AHONT
e . *G96S . G2 _._ '8 . °le ._._._°sil ___ 5.3 _ .. L
*51cCet sgfL *2l6 *61he *G0ty §43
J.N0A IVL0L  ¥NUH=2L  YNOH=-#Z  UNQH=9 Wig
I e o . *oLe w1 9e2 _ . 128 . .
CIKWYQ  0dX3 quoo 14401
¥1Y0 wvo
x.n 0°¢ *g m.o i 0°0 neg m.o 849
d4x3 ¥3uyd ned A3 AdX3 1903 fAdS  13¥]
N ALY D¢ ‘06 *ng “IL
T oo TTUTTTTTT UG T e90g T YT T ) S
gl 1ol *92 *s
A TE T 00°¢sse 002281 7 T00%2a®Y T e0%820t T 00*gly T @0cels LR T2 SR T S
00°s8 0G°e8 30°¢8 ureze 00°18 000y 00°6L fpe8L 0a°s2
- ;a T T e T ey 000°0 T000°0° " Qpdce o T o YT o
1V¥dS1l  VBO1S  »S1 x WHSWY 9V AGLSN  SdISN
8 R | B 1 L p0°0____BnC°0. .. G°0 __
¥1s7 aHdl 1401 Iw¥ST  SINT AV $S01Y T S»C6
YiVO0 ONILNON
m m 1 0 0 0 0 1 Wvg
— . OAnYT ___39VAST . JwyND___dbdC__ A3dh 3dViI_ NODAL  dWOJL._ ONVISL |

SesssSarey

2838888088

L. ONILNOY HdYHIOY

(X RS S AT XS

WVQ HONON¥H1 3DWVHISIGC 51108
GAH .

(S X ENE R XS

P Iy

Y

i ¥4 SX01LYA3YY
- =h110vdv3
] SY3INYy Jdviens
LA *Cy
€L°92 Jovis

Sasesasases




o i

AL T 0 23

DAMy PLAN 149 RATIO 1
PERTOD HYDROGRAPH ORDINATES™ "

SYATION

<0F=

EN

OUTFLOM

! I i ! |
. l |
. ] ) t
! H
0000000000000 000000
AN ANONROG NN NEM
“TOOCTT M
N NOoOOoON
NN =

‘ |
i
| |
€066 000600 00000 000060 00
N O I TONO ST
PO MO NG e
N TN
1 N

'

i
§
1 .

9 0 4850 0085880 0080080
CEMAAOIE S TNITRPL TR OIS
[ T gV IV B g alplo )
Lalan "ale D Log]
N

1

eP BRSO LLISISESIOBLBROESIOEOLNS
U Nt OO RN A NO O S ™
D2 elol ) T<T ok Jul £y 1)
-
Laly L)

!
i ! )
00 0800000000000 000 0
M N ettt TOO0N T DX DN NSV
WO KN, ettt F Ot
L DN N
i ONee |
. | i
\ | ) I
‘ 3
es 00 s 000 0es 000
LNt AP (T L O NIV DT
WRCOMNIC F TN

Wemths FiNwt
[ aiiiad

) .

"
e ovsesevascsns
C O et ot e P P, O\ ot T
DDOMNIT r=-F
el int 3h 1ol ¢
recure ‘
I

cevsve
FoONWT™
DN

t
o
t

13

.occono-J-aooo-n.o-o
MIPIN O F D P IINC NO NP P D
- | T AL Dt D~ O e

Dt adanl ]

[ada Lo 1 B

! i | i
S 0c0vaesssses 000000
O N D WA MI D e PN N T D
o~ M TP DT LI

1O XN

N~y

® O & 0 00 000 0T 00t o s
Nt i O LM PPN UNND S L
NP L D LI o)
LG .0 oY)

e

33.
..

STORAGE

|

i !
LR B BN I B BN B BE IR B BN BY BE N N BN N B N ]
Bl o o ol oo P T AT IS JoPOT. X ¥ . &- oF - o
N DN T PN
"U‘;
]

6860000900000 000000s0
AATANT AT X D
Lalad <l al'ol- & V2 )

Lol N

i i
| !
' i
@ 8 00 00000 8200000000
A& P NN T AIONOC O e X0

U NI O et
ey

2000000060000 0

OFOmmNONCOC T O

Lalal ko V=1 s PP
| it

. i

i

Re
Be
Be
B.
Te
B

S 000000000 s00000000 0
TXT XLV OO

T O S et
' ~ ety

s0 e 0000 s000 000000
M OINAM T OC T TR
e T PO L et
tod

[
e
Lo

® s 00000000 s0ntrese
X TAM~ONENo~god o Ta e
Lalalpl-d ot VT Xt ) |
. —

® 9000000 o009 000
CRILAMONC L~ OO DL

C T P P ) U et
-

.

1
® 060800000000 000008
L LD et L L I et OO O X OO

O L YOty
' ——t

H i
| [ }
! t |

0000000t 00000000
TITLERTAFNINIL~NC O
HONND D Pt
——

| l

|

OO T X U DD o DUV N ¢ O
e 060 0060808 060800 a0

NOAD AL AL AE e P O CD 00 CN =8 P 1 P Pt D D
[ o o S N Y S o o T Y o e alad

!
Lo

|

i
! !
OO0 DO @ NN M DO N OO PO
® 5 0 00 00" s 0" P00 oe e b
P AR P NO NNt TP e P D O
L T A A Y Y Y

L
.

CRTTXCNArANRNNON N OC OO
L] ® & 0 08 0 000008000t
OO OO T ONN e P e PP LD
[l o - - Yl o ]

CCODLTLNCHNOODNT M- OO
® @ ® 66 000 00 0 0 09 000t
I OO AC D I Ot W™ ot N e P e P P
PP e e P P P QO O QO P P e P PP

; i :
: |
: . |
OO VDT RT DO DHAC LSOO
® & 0 P 0 0 50080 PSP e e eSS
C QL CE IS RN DS PP~ O
P P P P P P P P 0T G GO P e P PP P
1

7.

Wi |

(L) 1

a . '

O CXLRS T NN OO0
V) e 0 e s s o0 o vaosgav oo
PO DL P Ao I O W s PP D
[ e i LA At S S

.
O TP DHENNMIOT NSO
® 8 @ 0 0 0 0 08 0 00 e a0 0
[CIN-RVENIN Tt i Vel T VT PR W Y Y ]
N s o T Nt

171

VT MDMrN TO—T O HOCT
® 9 00 600 9 00 s 08 0o
OALAD P T vt (N D PP i D
PP e P GC 0 00 R P e i

i i
RO LA EO Dt OO N i O
® 0 6 6% 000 0% PO 0SS e RS S

D D DD P D N i P e e &)
N e T T et o

I T

O DTN WD IO DT UIN DD
® O 060 00 00800008 e e
I D AL e e D W (N X P ™ Pt P D
Ll L S S e e T i

17,1
143

27834 AT TIWF

PEAK OUTFLOS IS

B ettt i T e 5

Lt e oM e e
b o RNPRVY i)
AN ¢ -
D O e
OO mtetP= =

i
[}

§ e o~
Y-} o~
1]
Xees
g '
[ 1
ar-
~

(RS

e




TR N e i B 5 S A SN M IS SIS MAINGIGE 5 .- st s i i

7 i B e N S T Mt Y 1 e

R

w
-t
(2]
>
-4
<
2
<
>
-
-
w
<L
s

SUMMARY OF DAM

oI
-3
e s e
- (200

[ R~ g Vg l-oy oy
(&L T ei YT iy
e o000
SICNNO N
Xt~

DCN I
Ut SN~
o 00 00




~ AL A B OBl b 3 it T g SRR S L 2 B N SR AR 2 U b R e A i € D o, S o AT A e B Sl

APPENDIX 5

Bibliography




T

e e Ty

1. "Recommended Guidelines for Safety Inspection of Dams," Department
of the Army, Office of the Chief of Engineers, Washington, D.C. 20314,

e o ey WA R G G AR i T

Design of Small Dams, Second Edition, United States Department of

the Interior, Bureau of Reclamation, United States Government
Printing Office, Washington, D.C., 1973.

s il A P L
]
[

3. Holman, William W. and Jumikis, Alfreds R., Engineering Soil
Survey of New Jersey, Report No. 19, Monmouth County, Rutgers

University, New Brunswick, N.J., 1953.

4, "Geologic Map of New Jersey," prepared by J. Volney lLewis and
Henry B. Kummel, dated 1910 - 1912,

5. Chow, Ven Te., Ed., Handbook of Applied Hydrology, McGraw-Hill
Book Company, 1964.

6. Herr, Lester A., Hydraulic Charts for the Selection of Highway Culverts,

U.S. Department of Transportation, Federal Highway Administration, 1965.

7. Safety of Small Dams, Proceedings of the Engineering Foundation

Conference, American Society of Civil Engineers, 1974,

8. King, Horace Williams and Brater, Ernest F., Handbook of Hydraulics,
Fifth Edition, McGraw-Hill Book Company, 1963.

9. Urban Hydrology for Small Watersheds, Technical Release No. 55,

Engineering Division', Soil Conservation Service, U.S. Department
of Agriculture, January 1975.

10. Viessman, Warren Jr., et al, Introduction to Hydrology, Second
Edition, IEP, 1977,







