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Honorable Brendan T. Byrne R s S
Governor of New Jersey BITRISUTION/AVAILBRITY 0008
Trenton, NJ 08621 L WAL ei/wr BPERL_

D ear Governmor Byrne:

Inclosed is the Phase I Inspection Report for Lake Nelson Dam in

Middlesex 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, Lake Nelson Dam, initially listed as a high
hazard potential structure but reduced to a low hazard potential structure
as a result of this inspection, is judged to be in poor overall condition.
Also, the spillway is considered inadequate, as 17 percent of the

100 year design flood would overtop the dam. The low hazard potential
classification meane that in the event of failure of the dam, no loss

of life and only minimal economic loss is expected. For the same

reasons no further studies or increase of spillway capacity are recommended.
However, in order to maintain the structural integrity of the dam,

the following remedial actions could be undertaken by the ownmer:

: a. The reservoir should be lowered below the spillway crest so that
a thorough inspection of the spillway can be performed.

b. The downstream edge of the spillway sill should be repaired at
areas showing erosion.

¢. The base of the two buttresses at the northern end of the down-
stream face of the spillway should be repaired.

d. The eroded portion of the spillway beneath the concrete cap should
be repaired, and the concrete cap should be reconstructed.

e. Any erosion of the apron at the toe of the spillway should be
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repaired and undermined areas filled with concrete and stome.

f. The cracks and spalls in the concrete wing walls should be repaired.

g. The gully on the downstream face of the south embankment should
be filled with suitable material and compacted.

h. Riprap should be placed at sections on the upstream face of the
embankment where the original riprap has been removed or dislodged. ]

i. A permanent extension should be added to the outlet pipe valve
80 that it can be operated from the top of the adjacent wing wall.

J. A program of annual inspection of the dam should be initiated.

A copy of the report is being furnished to Mr. Dirk C. Hofmen, 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 Edward Patton of

the Fifteenth 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.
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Additional copies of this report may be obtained from the National
Technical Information Services (NTIS), Springfield, Virginia 22161

at a reagsonable 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 Safety 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,
- 4/4'}11 ? ///\/‘ =
1 Inel " s c.vom
As stated Colonel, Corps of Engineers

District Engineer

Copies furnished:

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

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

Trenton, NJ 08625

John O'Dowd, Acting Chief

Buresu of Flood Plain Management
Division of Water Resources

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

Trenton, NJ 08625

i Nl el e i

i S L e i




S ——————.._ s _v____.,___k,‘m,,v;_r

LAKF. NELSON DAM (NJ00376)

CORPS OF ENGINEFRS ASSESSMENT OF GFNFRAL CONDITIONS

This dam was inspected on 5 and 21 December 1978 by Jenny-Leedshill
Engineers under contract to the State of New Jersey. The State,

under agreement with the U. S. Army Fngineer District, Philadelphia,

had this inspection performed in accordance with the National Dam Insnection
Act, Public lLaw 92-367.

L ake Nelson Dam, initially listed as a high hazard potential structure

but reduced to a low hazard potential structure as a result of this in-
spection, is judged to be in poor overall condition. Also, the spill-

way is considered inadequate, as 17 percent of the 100 year design flood
would overtop the dam. The low hazard potential classification means that
in the event of failure of the dam, no loss of life and only minimal eco-
nomic loss is expected. For the same reasons no further studies or increase
of spillway capacity are recommended. However, in order to maintain the
structural integrity of the dam, the following remedial actions could be
undertaken by the owmer:

a. The reservoir should be lowered below the spillway crest so that
a thorough inspection of the spillway can be performed.

b. The downstream edge of the spillway sill should be repaired at
areas showing erosion.

c. The base of the two buttresses at the northern end of the down-
stream face of the spillway should be repaired.

d. The eroded portion of the spillway beneath the concrete cap should
be repaired, and the concrete cap should be reconstructed.

e. Any erosion of the apron at the toe of the spillway should be
.repaired and undermined areas filled with concrete and stone.

f. The cracks and spalls in the concrete wing walls should be repaired.

g. The gully on the downstream face of the south embankment should
be filled with suitable material and comnacted.

h. Riprap should be placed at sections on the upstream face of the
embankment where the original riprap has been removed or dislodged.




G 1. A permanent extension should be added to the outlet pipe valve "
so that it can be operated from the top of the adjacent wing wall. ]

J. A program of annual inspection of the dam should be initiated.

District Engineer

DATE: J )7 y g5 75
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
Name of Dam: Lake Nelson Dam

Federal I.D. No. NJ 00376
New Jersey I.D. No. 97

State Located: New Jersey
County Located: Middlesex
Stream: Ambrose Brook, Branch of the
Raritan River
Dates of
Inspection: December 6 and 21, 1978

Brief Assessment of General Condition of Dam

Based on visual observations, the dam and spillway
are in poor overall condition and their structural
integrity is questionable. However, the potential
downstream hazards are low, so that it has been assessed
as a low hazard dam.

The hydrologic and hydraulic analysis indicates that
the spillway is inadequate and can only pass approximately
16% of the l100-year frequency flood.

Failure of the Lake Nelson Dam would not result in a
significant downstream hazard to loss of life or propety
damage. However, in order to maintain the integrity of
the structure, it is suggested that the owners initiate
the following remedial measures in the near future:

1. The reservoir should be lowered below the
spillway crest so that a thorough inspection
of the spillway can be performed.

2. The downstream edge of the spillway sill should
be repaired at areas showing erosion.
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The base of the two buttresses at the northern
end of the downstream face of the spillway
should be repaired.

The e¢.oded portion of the spillway beneath the
concrete cap should be repaired, and the concrete
cap should be reconstructed.

Any erosion of the apron at the toe of the spillway
should be repaired and undermined areas filled
with concrete and stone.

The cracks and spalls in the concrete wing walls
should be repaired.

The gully on the downstream face of the south
embankment should be filled with suitable earth
and compacted.

Riprap should be placed at sections at the upstream
face of the embankment where the original riprap
has been removed or dislodged.

A permanent extension should be added to the outlet
pipe valve so that it can be operated from the
top of the adjacent wing wall.

A long term solution would be to remove and replace

the spillway with a new structure and to restore the
embankment sections.

A program of annual inspection of the dam should be

initiated in the near fu;ure.

S EACI

Project Engineer
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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for
Phase I Investigations. Copies of these guidelines may be
obtained from the Office of Chief of Engineers, Washington,
D. C. 20314. The purpose of a Phase I Investigation is to
identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general con-
dition of the dam is based upon available data and visual
inspections. Detailed investigation, and analyses involving
topographic mapping, subsurface investigations, testing, and
detailed computational evaluations are beyond the scope of a
Phase I investigation; however, the investigation is intended
to identify any need for such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based.on observations of
field conditions at the time of inspection along with data
available to the inspection team. It is important to note
that the condition of a dam depends on numerous and constantly
changing internal and external conditions, and is evolution-
ary 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 Guidelines, the Spillway Test flood is based on
the estimated "Probable Maximum Flood" for the region (great-
est reasonably possible storm runoff), or fractions thereof.
The test flood provides a measure of relative spillway capa-
city and serves as an aide in determining the need for more
detailed hydrologic and hydraulic studies, considering the
size of the dam, its general condition and the downstream
damage potential.
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PHASE' I INSPECTION REPORT
( NATIONAL DAM SAFETY PROGRAM

LAKE NELSON DAM
Federal I.D. No. NJ 00376
New Jersey I.D. No. 97

SECTION 1: PROJECT INFORMATION

1.1 Gener al
i
a. » Jathority l
{ T ne National Dam Inspection Act, Public Law 92-367, '
l972,§ provides for the National Inventory and Inspection 1
Progr am by the U. S. Army Corps of Engineers. This
repor’ = has been prepared in accordance with this author-
ity, chrosgh contract between the State of New Jersey and
Jenny -Lesishill Engineers. The State of New Jersey has
also g antered into an agreement with the U. S. Army Engi-
% neer Jistrict, Philadelphia, to have this work performed.
' b. 1 irpose of Inspection
T e yxpose of this inspection was to evaluate the
genezr/ 11l structural integrity and hydraulic adequacy of
the ¢ «m, aad to determine if the dam constitutes a hazard ;
i to hu ‘an Yife or property. ’
1.2 pescy .ptism of Project
a. 1 :scrption of Dam and Appurtenances
L ke Belson Dam is an earthfill dam with a concrete
core 1, .all amd clay puddle backfill adjacent to the core
wall. Te dam is 487 feet long and has a maximum height

of agé ‘rodimately 10.5 feet. The slope of both the up-
. aull downstream face is 2 horizontal on 1 vertical.

strea

A mammxy spillway is located in the northern third
of th - dm. The length of the spillway weir is 83 feet
and { ‘@ mest is approximately 3 feet wide.

~.
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The emergency outlet consists of an 8-inch diameter
outlet pipe, which has been installed to supplement
a sluice gate to drain the reservoir. The outlet is
controlled by a gate valve on the right side of the
spillway. The presently unused wooden sluice gate is
located at the upstream end of a rectangular outlet
conduit, approximately 5 feet high and 2 feet wide,
discharging at the lower right side of the spillway.
The sluice gate control is located on the upstream
end of the right (north)wing wall.

b. Location

Lake Nelson Daq”is’IOcated across the Ambrose Brook,
a branch of the Raritan River, in north central New Jersey,
in the borough of Piscataway, in Middlesex County. The
regional vicinity map is presented on Plate 1.

c. Size Classification

The maximum storage capacity of Lake Nelson Dam is
85 acre-feet at the top of dam, "and the dam is 10.5 feet
high; therefore, the size classification of the dam is
small, based on the Corps of Engineers Guidelines.

The criteria for size classification of dams are set
forth in the Corps' Guidelines. A small size dam is one
in which the reservoir capacity is greater than or equal
to 50 acre-feet and less than 1,000 acre-feet, and/or the
maximum height is greater than or equal to 25 feet and
less than 40 feet.

d. Hazard Classification

Several houses on both sides of the downstream chan-
nel were visable from the dam. The closest residence
downstream is located on the north bank of the channel
approximately 100 yards downstream from the dam. How-
ever, these dwellings appear to be at an elevation greater
than the spillway crest.
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Investigation of the downstream channel and study of
the U. S. Geological Survey 7.5-minute topographic maps
indicate that there are no buildings or major roads which
would be significantly influenced by a flood resulting

from failure of the dam. Therefore, the dam is classified
as low hazard.

e. Ownership

The dam is owned by the Lake Nelson Improvement Asso-
ciation, Inc., 29 North Lakeside Drive, Piscataway, New
Jersey, 08854.

£f. Purpose of Dam

The reservoir is used only for recreation and its |
aesthetic value to neighboring residents. |

g. Design and Construction History

A small dam of unknown size and construction was re-
portedly built on the John Nelson Farm about 100 years
ago to make a 200~foot long pond. 1In 1913, an earthfill
dam was constructed in the location of the present Lake
Nelson dam. This dam was breached in 1926 and recon-
structed with a concrete core wall and raised 2 feet in
1927, as shown in Plate 2.

An eight-inch diameter outlet pipe was placed beneath
the wooden sluice gate in about the late 1960's. This
outlet pipe was installed to be used to drain the reser-
voir in lieu of the sluice gate.

The remains of an emergency spillway located adjacent
to the left (south) abutment of the main spillway was
observed; however there is no available information re-
garding its design and construction history.

h. Normal Operational Procedures

There is no normal regulation, nor is the reservoir | |

27 "F““ ;a»."
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drawn down in anticipation of heavy runoff. The reservoir
has been drained on occasions in order to repair the dam
and inspect the bottom of the reservoir.

1.3 Pertinent Data

a. Drainage Areas 5 sqg. miles
b. Discharge at Damsite

*‘Ungated spillway capacity at
maximum pool elevation 610 cfs

c. Elevation (ft. above MSL)*

‘Top dam 58.5 ft. (Approx.)
*Top spillway wing walls 60.0 ft. (Approx.)
*Spillway crest 56.5 ft. (Approx.)

*Streambed at centerline of dam 48.0 ft. (Approx.)

d. Reservoir

*Length of maximum pool 4000 ft.
*Length of recreation pool
(Spillway crest) 2600 ft.
e. Storage (acre-feet)
‘Top of dam 85
‘Recreation pool 40

(Spillway crest)

f. Reservoir Surface (acres)

*Top dam 30
*Spillway crest 14

g. Dam
*Type Earth f£fill

*Elevations on design plans (Plate 2) are based on a local
datum. MSL elevation has been estimated from U.S.G.S. maps.




i.

-Length
-Height
«Top width
-Side slopes - upstream
- downstream
- Impervious core

Spillway

- Type

+Length of weir
-Crest elevation
-U/S channel
+-D/S channel

Regulating Outlets

487 ft.

10.5 ft. (Approx.)

3 to 6 ft. (Approx.)
2H:1V

2H:1V

Concrete core wall
with clay puddle

backfill

Masonry, free overfall
83 ft.

56.5 ft.

None (reservoir)
Narrow masonry apron
at toe of spillway.
Stilling basin with
revetted embankments
immediately downstream
discharging to natural
channel.

Wooden sluice gate and
8-inch diameter pipe;

both discharge into a {
5 ft. high by 2 ft. |
wide conduit which |
exits at the toe of

the spillway.




2.1

SECTION 2: ENGINEERING DATA

Design
a. Geologic Conditions

Lake Nelson Dam is located in the Piedmont Lowlands
physiographic province south of the Wisconsin age glacier
terminal moraine. The regional geology of this province
is discussed in Appendix C to this report.

The dam is situated on a broad, flat, dissected plain
composed primarily of stratified material deposited by
glacial melt-waters during the most recent glacial period.
This glacial outwash is typically silt, sandy silt, silty
sand and gravelly sand with some cobbles, desposited in
well defined beds. Permeability of this material is fair
to good depending on the percent of fines.

Within the stream banks, and in the flat lowlands
adjacent to them, are soils and recent alluvial stream
deposits. This soil typically takes on the characteris-
tics of the soil or alluvium from which they originated.
At this project the alluvium appears to be mainly silt
and sand with some clay and a significant amount of or-
ganic matter near the surface.

Report Number 10, Middlesex County, of the Engineer-
ing Soil Survey of New Jersey series indicates that
relatively shallow bedrock could be expected on both
abutments of the dam. The classification presented by
the report assumes that shale bedrock could be expected
at depths from 2 to 6 feet below the surface. However,
due to extensive development adjacent to the dam and the
lakes, no bedrock exposures were observed during the in-
spection. Bedrock in the area is known to be the Bruns-
wick formation, a Triassic age red-brown soft shale with

—— T
a3 ..

"y ’“.‘Jk’ *
P

e e 4 X o i ‘\J AL V-
' e "«~‘f:‘,‘ do s ol B
i o *’ﬂn“.‘_ A bt > 98 ‘."’“" - 48
“ R T S :
o ‘

s




minor sandstone beds which dips gently to the northwest.
Construction reports indicate that the core wall is
founded on the Brunswick formation, which is described
as "red shale". From surface observations, it would
appear that the embankment of this dam is constructed of
soils and rock derived primarily from this formation.

Since the dam lies within Seismic Zone 1, only minor
damage from distant earthquakes should be expected. No
active faults are known to exist in the immediate vici-
nity nor surrounding area of the dam.

b. Design Data

There are no available data regarding the design of
the original dam. Details regarding construction of the
existing dam, repairing breaches through the embankment
and the construction of the concrete and clay core wall
are shown on a drawing dated October, 1926 (Plate 2).

The design called for a concrete core wall to be con-
structed to an elevation 2 feet below the top of the

dam. The designer of these modifications is not known.
This drawing indicates that the spillway wing walls were
to be raised to 3.5 feet above the spillway crest and the
embankment was to be raised to the top of the wing walls
and have upstream and downstream slopes of 2 horizontal to
1l vertical. Plate 2 has very limited details of the main
spillway and there is no information regarding the emer-
gency spillway nor the outlet works. The design drawing
indicates that earth fill was to be placed adjacent to the

upstream side of the spillway to within 6 inches of the
crest.

An engineering report titled "Lake Nelson Environ-
mental Protection and Improvement" dated August 1971 was
prepared by Robert J. Haefeli, P.E., Consulting Engineers.




2.3

2.4

This report discusses the physical condition of the reser-
voir at that time and alternative methods of improvement.
This report also contains contours and cross sections of

the lake depth and sediment thickness, and storage curves
for the original lake and surface of sediments in 1959

and 1971. Selected illustrations are included in Appendix D.

Construction

No information regarding the construction of the origi-
nal dam is available.

Inspection reports of the construction of the core
wall indicate that the section of the wall from approxi-
mately 150 feet from the left (south) abutment to the
spillway was extended approximately 4 feet deeper than
shown on the plans due to the presence of unsuitable founda-
tion material. These reports also indicate that the wall
was founded on red shale and clay.

Operation

The reservoir is essentially unregulated and the only
operation consists of occasional draining of the reservoir
for repair of the dam or inspection of the reservoir. No
engineering data regarding the operation or design of the
outlet works are available.

Evaluation
a. Availability

Available design data for the dam are limited to the
plans and sections shown in Plate 2. Engineering reports

related to more recent reservoir siltation problems prepared
by R. Haefeli, P.E., are available.

b. Adequacy

The available design and construction data are
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inadequate to evaluate the structural stability of the
dam. Calculations relating to the structural design of
the dam or the stability of the as-built structure are
not available. Nothing is known of construction methods
or as-built material properti s. Design plans are old
and do not reflect present conditions regarding details
of embankment configuration and locations of appur-
tenant structures.

c. Validity

Visual inspection indicates that the existing dam differs
somewhat from that shown in Plate 2. This drawing indi- |
cates that the top of the embankment was to be raised to %
the top of the spillway wing walls; however, the top of {
the dam is presently approximately 1.5 feet below the top
of the wing walls, possibly due to subsequent erosion.

The present configuration of the spillway discharge
channel is not as shown on Plate 2, and a concrete wall
has been added at the upstream side of the north embank-
ment. In addition, the spillway buttresses and apron and
the emergency spillway are not shown on Plate 2. A sketch
of the present configuration of the general spillway area

based on visual inspection is shown on Plate 3.
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3.1

SECTION 3: VISUAL INSPECTION

Findings

a. General

Visual inspections of Lake Nelson Dam were made on
December 6 and 21, 1978. The water surface at the time
of both inspections was less than one inch above the
spillway crest.

The visual inspection revealed that the masonry spill-~
way is severely eroded and there is significant cracking
and spalling of the concrete wing walls. Severe erosion
of the embankment and local riprap failures were also
noted.

Detailed inspection was made of the dam, appurtenant
structures, reservoir area and the downstream channel.
Descriptions of the findings of these inspections are
summarized in the paragraphs which follow. The checklist
of visual inspection items is included in Appendix A.
Geologic and foundation conditions observed at the time of
inspection are noted in greater detail in Section 2.1l-a.

b. Dam

The dam was inspected for signs of settlement, seep-
age, erosion, cracking, and other evidence of undesirable
behavior which might affect the stability of the structure.

The dam crest is, on the average, about l-% feet
below its design elevation apparently due to erosion
and/or settlement.

The embankment is covered with a relatively dense
growth of mature trees (Photos 1, 2 and 3). A gqully,

approximately 20 feet long by 3 to 5 feet wide and 1 to 2
feet deep, was noted on the downstream face of the dam




about 125 feet south of the spillway (Photo 1). Contours
shown on Plate 2 indicate that this gully is upstream of

a natural depression in the ground surface below the
embankment.

The visible portion of the upstream face of the dam
is covered with riprap, consisting of 6- to 9-inch stones.
The face is covered with grass and disrupted by tree roots.
Two sections of riprap about 20 feet wide have been dis-
lodged from the upstream face of the dam; one 30 feet and
another 175 feet south of the spillway (Photos 2 and 3).
The upstream face of the dam was submerged below the
spillway crest elevation and could not be inspected.

A concrete retaining wall protects the upstream side
of the embankment north of the spillway (Plate 3 and
Overview Photo). This section of the embankment is covered
with trees and grass and appears to be in satisfactory con-
dition. The embankment in this area is in the backyard
of a house, the owner of which (Mr. Komanski) reported
several instances of dam overtopping which flooded his
basement and endangered the foundation of his house.

The remains of the emergency spillway consisting of a
broken concrete slab approximately 20 feet long is located
on the crest of the dam just south of the left spillway
abutment (Photo 3). The top of this broken concrete slab
is several inches higher than the average elevation of
the embankment crest which is approximately 1.5 feet below
the top of the concrete wing walls. The emergency spill-
way thus serves no function.

c. Appurtenant Structures

Spillway

The spillway is a mortared stone masonry structure
located in the northern third of the dam. The downstream
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edge of the spillway crest is badly eroded and has a very
irregular outline as shown in Photo 4 and Photos A and B,
Plate 4. The width of the crest has been reduced up to
about one foot due to the erosion and plucking of stones
in this area.

A breach in the spillway crest adjacent to the left
(south) wing wall, about 10 feet long and 2 to 3 feet
deep, has been filled with concrete; the surface of which
is now approximately 3 inches higher than the rest of the
spillway crest. Rubble masonry beneath this concrete cap
has been partially undermined, and water was observed
leaking through this section of the spillway (Photo 5).

Water flowing over the spillway generally obscured |
the downstream face of the spillway, thus restricting in-
spection of the spillway (Photo 6). Three concrete and
stone buttresses are located along the downstream face of
the dam, one in the center and the others approximately |
30 feet on either side. The face of the spillway, buttresses
and stone apron at the toe of the spillway appear to be
significantly eroded and the bases of the two northernmost
buttresses have been removed. In addition, water appeared
to be flowing through the face of the spillway between

the masonry stones in an area approximately 30 feet north
of the left (south) abutment and 2 to 3 feet below the
crest of the spillway.

Cracking and spalling of the concrete wing walls at
each abutment of the spillway was noted. A vertical crack
1/8 to 1/4 inch wide, plus spalling of the concrete on the
surface adjacent to the crack were noted in the center of
the left (south) wing wall (Photo 7). Cracking and dis-
placement of about 1/2 inch were also noted in the left
wing wall just downstream of the downstream edge of the
spillway crest (Photo 8). Nearly vertical cracks were
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observed in the upstream section of the right wing wall;
however, there did not appear to be any significant
displacement along the cracks. Spalling of the upstream 1
section of the right wing wall near the spillway crest
elevation was also observed. Severe spalling along what

appear to be horizontal construction joints is present
on the downstream section of the right wing wall. A
concrete sill is present at the downstream base of the

right wing wall and part of the wooden form is still in
place (Photo 9). It was not possible to inspect the
apron because of the flow of water, but erosion is sus-

pected, a condition which could imperil the structural
stability of the spillway. Photographs taken in 1973

showing the spillway when the reservoir was empty are

shown on Plate 4.

f Outlet Works

The sluice gate and intake of the 8 inch diameter out-
let pipe, described in Section 1l.2-a were submerged during

i

the visual inspection and therefore could not be observed.
The outlet of the 5 feet by 2 feet rectangular conduit

on the downstream face of the spillway was partly ob-
scured by water flowing over the spillway (Photo 10). An
automobile tire, cobble size stones and minor wood debris
were observed in the outlet conduit. Water was flowing
through the outlet conduit at a rate of about 15 gallons
per minute. A photograph of the intake to the outlet

works taken in 1973 when the reservoir was empty, is shown
on Plate 5.

Reservoir Area

Single family residences surround the perimeter of

the reservoir. The adjacent slopes are gentle and covered
with lawns and a few trees. Ambrose Creek enters at the




east end of the reservoir and passes under a bridge at
Metlars Lane.

The water in the reservoir is extremely turbid and
brown in color. Considerable bottom sediment is visible
from the water surface. The lake is obviously very
4 ‘ shallow due to the heavy silt deposits. No noticeable

debris was seen on the reservoir surface.
Downstream Channel

The discharge over the spillway falls into a pool at
the base of the weir. The water depth in the pool was
0.5 to 1 foot during the inspection. A few of the cut
stones which line the south embankment of the pool have
been dislodged, but the sandbag lining of the southern
edge appears to be in good condition. The rubble masonry
wall which lines the north embankment of the pool appears
to be in satisfactory condition. A soil deposit is present

( at the toe of this wall (Plate 3 and Photo 9).

Water flows from the pool into a natural channel
generally along the north side of a 250-foot wide flood
plain. The flood plain is heavily wooded and has thick i
undergrowth. A steel foot bridge, parallel to the spill-
way, is located 35 feet downstream from the spillway. This
bridge crosses the downstream channel and appears to be

in good condition (Photo 11).
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SECTION 4: OPERATIONAL PROCEDURES

Procedures

The reservoir level is generally unregulated. The
sluice gates have not been operated in many years and
the 8 inch diameter outlet pipe installed beneath the
gates is now used in lieu of the gates to drain the
reservoir. The reservoir has been lowered occasionally
to repair the dam and inspect the lake bottom. The out-
let pipe valve control does not have a permanent exten-
sion, and is operated by a key. The outlet pipe was
reportedly last operated in 1973.

An engineering report to evaluate the problem of silta-
tion of Lake Nelson was prepared by Robert S. Haefeli,
P.E., dated August, 1971. This report concluded that the
accumulation of sediments threatens the existence of
the lake and recommended that the sediments should be
removed.

Maintenance of the Dam

There has been very little maintenance work over the
years. The dam is maintained by the Lake Nelson Improve-
ment Association, Inc. Maintenance and dam repairs, in-
cluding the repair of the dam crest and right (north) wing
wall of the spillway described in Section 3, have been
performed by volunteer members of the Association. The
inspection report, prepared by Frank and Haefeli Asso-
ciates, P.A., dated November 16, 1973, notes that the
foot bridge and discharge channel immediately downstream
from the spillway are maintained by the Township.

A breach of the spillway crest approximately 10 feet
long and 2 to 3 feet deep was replaced with concrete and

i o
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4.4

embankment repairs of unknown location and extent

were performed following overtopping of the dam in 1968.
In 1973 concrete was placed at the base of the right
(north) wing wall, just downstream of the outlet conduit,
where undercutting had been observed.

Maintenance of Operating Facilities

The owner has installed an alternative reservoir
drain in recent years, but there has apparently been
little other work done.

Description of Warning Systems

There are no warning systems or contingency procedures
at Lake Nelson Dam. ;

Evaluation of Operational Adequacy

The poor condition of the dam indicates that mainten-
ance of the structure has been inadequate. The present
arrangement of the outlet pipe valve control is inadequate.
A permanent extension should be attached to the valve and
extend up to the adjacent wing wall.
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5.1

SECTION 5: HYDRAULIC/HYDROLOGIC

Evaluation of features

a. Design Data

The capacity of Lake Nelson Dam Reservoir is 40
acre-feet at the spillway crest and 85 acre-feet at
the dam crest. The embankment height is 10.5 feet.
In accordance with Corps' guidelines, the dam is
classified as small in size. The small capacity of
the reservoir and absence of buildings or major
roads within the potential flood area downstream of
the dam indicates that failure of the dam should not
result in a significant downstream hazard to loss of
life or property damage. Thus, the dam is classified
as low hazard and the Spillway Design Flood (SDF) is
the 1l00-year frequency £flood.

Data obtained from State files indicate the drainage
basin area of the Dam is 5.0 square miles. Elevations
range from a maximum of about 100 feet mean sea level
along the perimeter of the drainage basin to a minimum
of about 60 feet mean sea level in the valley floor.
Over 50 percent of the land within the watershed is
occupied by commercial, industrial, and residential
developments. About 0.5 percent of the watershed area
is the reservoir of the dam. The drainage basin is
delineated on a U.S.G.S. topographic map and is presen-
ted on Plate D-1, Appendix D.

The hydraulic and hydrologic features of the dam
were evaluated using criteria set forth in the Corps of
Engineers' "Recommended Guidelines for Safety Inspec-
tion of Dams", and additional guidance and criteria




provided by the Philadelphia District, Corps of
Engineers. The 100-year frequency precipitation was
calculated using NOAA Technical Memorandum NWS HYDRO-35
for precipitation durations less than 60 minutes and
U.S. Weather Bureau Technical Paper No. 40 for
precipitation duration greater than 60 minutes.

The SDF was calculated using the Corps' computer
program HEC-1, Dam Break Version. In computing the SDF
the Corps requested that the Soil Conservation Service
triangular unit hydrograph with curvilinear trans-
formation be used. The computer program was used to
calculate this unit hydrograph from the basin lag.

A lag time of 2.0 hours was calculated for the basin
and used in the program.

An initial infiltration loss of 0.5 inch and a constant
infiltration loss rate of 0.05 inches per hour were
used in the HEC-1l program to give the rainfall excess.
These valuas were selected because a large percentage
of the basin area is developed. Using the excess rain-
fall and the unit hydrograph, the program computed the
peak discharges of the 10 percent, 25 percent, 50 percent
and 100 percent SDF. These discharges are approximately
435 cfs, 1090 cfs, 2180 cfs, and 4350 cfs, respectively.

The various percentages of the SDF inflow hydrograph
were routed through the reservoir using the Modified
Puls Method by the HEC-1 program. The peak outflow
discharges of the 10 percent, 25 percent, 50 percent and
100 percent SDF were calculated to be approximately
370 cfs, 1070 cfs, 2140 cfs and 4270 cfs, respectively.
The flood routings indicate that all floods greater than
about 16 percent of the SDF will overtop the dam.




A plot of percent SDF versus peak outflow jis
presented as Plate D-2 in Appendix D.

The spillway and overtop stage-discharge rating
curve used in the flood routings was calculated using
the weir equation and assuming free overflow across
the entire length of the dam and spillway. The spill-
way is a 3-feet wide weir with a reported discharge
coefficient of 2.6. The dam crest is a round-crested
weir with an estimated discharge coefficient of 2.6.
The reservoir stage-storage curve was determined
from U.S. Geological Survey 7.5~minute topographic
maps and data obtained from State files. This stage-~-

storage curve, adjusted for sediments, was extended above
the dam crest to include surcharge storage during peak flood
discharges. " In the reservoir routing computations possible
discharges through the outlet works were excluded because
their capacity is small compared to the SDF and because of
the possibility that the outlet valves may be inoperable.

The stage-storage and the spillway and overtop stage-
discharge curves are presented in Appendix D as Plates
D-3 and D-4, respectively.

The various percentages of the SDF were routed 2.8
miles downstream through three successive reaches to
the township of Possumtown, which has a population of
approximately 36,000. These routings were made to
determine downstream flooding characteristics without
dam failure. These flooding characteristics were
compared to those that would result assuming the dam
fails because of the inadequate capacity of its spill-

way. From this comparison the seriousness of the spill-

way's inadequacy was assessed.
The hydraulic parameters used in the HEC-1l program




(( for the downstream routing calculations were estimated
based on observations made in the field and information
obtained from U.S.G.S. topographic maps. The locations
of the channel cross-sections used in these routings are
shown on page D-8, Appendix D.

The breach parameters used in the HEC-1 analysis are:

h the breach is trapezoidal in shape with 45-degree side

slopes, 410 feet wide at the base, will extend to the

approximate original reservoir floor elevation (50.5'),

will begin breaching when the dam is first overtopped,

and will develop to its maximum size in 2.0 hours.
The flooding characteristic at the township of

Possumtown, (Pop. 36,000 approximately), for the various
percentages SDF are summarized in the following tabulation:

No Breaching 10% SDF 25% SDF 50% SDF 100% SDF

Peak Discharge, cfs 275 725 1580 3370
{ Peak Flw Depth’ ft’ 3-9 5.1 6.6 8-1 !

Peak Flow Width, ft. 125 255 420 560 f
Peak Flow Velocity, fps 1.9 2.0 1.8 2.1

Breaching
Peak Discharge, cfs 275 1080 1930 3570
Peak Flow Depth, ft. 3.9 5.9 6.9 8.3
Peak Flow Width, ft. '125 345 455 610
Peak Flow Velocity, fps 1.9 1.8 1.9 2.0 {

As shown in the above tabulation, there would be ,
little increase in downstream flooding should the dam i
fail, during any of the specified flood events.

Information obtained from the dam owners indicates
that the only operable drain for the reservoir is an
8-inch diameter pipe through the dam that discharges
into the downstream spillway channel. Using the orifice

(" flow equation, and assuming no inflow into the reservoir

or tailwater, the time required to drain the reservoir

20




from the spillway crest elevation was calculated to be
a little over 6 days.
b. Experience Data

Records of lake levels are not maintained for this
site. The reservoir is unregulated, used for recreation
and therefore is generally at or near its spillway level.
The dam owners report that the dam has been overtopped
several times.

c. Visual Observations

There is a well defined spillway channel downstream
of the embankment. Dwellings were observed on both sides
of the immediate downstream channel. However, those
dwellings appeared to be at an elevation equal to or
greater than the spillway crest. The flood plain below
the dam contains a fairly dense stand of medium and small
trees with significant undergrowth (Photo 11).

d. Overtopping Potential -

As indicated in Section 5.1-a, Lake Nelson Dam
spillway can pass only 16 percent of the SDF. During the
SDF the embankment would be overtopped for about 7.0
hours and would have a maximum overtopping stage about
1.8 feet above the dam crest. These overtopping heights
assume the dam remains in its current condition. It
is highly probable that the embankment would be breached
during overtopping at this duration and the core wall

is not expected to provide adequate protection against
breaching. However, failure is not expected to increase
the potential hazard to loss of life or property damage
nor is the dam classified as high hazard. Therefore,

in accordance with the Corps' Guidelines, the spillway
for Lake Nelson Dam should be classified as Inadequate.




6.1

SECTION 6: STRUCTURAL STABILITY

Evaluation of Structural Stability

a. Visual Observations

Visual inspection indicates that the dam, and the
spillway in particular, shows signs of distress. The
seepage and the severe erosion of the spillway crest,
downstream face and possible undercutting at the toe,
plus the cracking of the concrete wing walls jeopardize
the structural stability of the spillway. Local erosion
noted on the southern slope does not appear to presently |
be severe enough to affect the structural strength or sta- i
bility but could cause problems if left unchecked. There :
has apparently been general erosion and possibly settlement §
of this embankment which has lowered the crest elevation ’
approximately 1.5 feet.

The intake to the outlet works was submerged during
inspection and could not be observed; however, flow
through the outlet conduit indicates that there is leakage
around or through the outlet pipe.

b. Design and Construction Data

The available design and construction data are
inadequate to evaluate the structural stability of the
dam since little is known of design criteria, construc-
tion methods or as-built material properties.

c. Operating Records

The reservoir is essentially uncontrolled except
for occasional draining of the reservoir for repairs
to the dam and inspection of the reservoir bottom.
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Records of reservoir levels and water withdrawals are not
available, and there are few records of operation and
maintenance. There is no instrumentation of the dam.

d. Post-Construction Changes

The elevation of the crest of the embankment is
presently approximately 1.5 feet lower than shown on
the plan for dam modifications (Plate 2). Therefore,
it appears that the embankment crest has been significantly
eroded and possibly settled since its reconstruction in 1927.

The breach through the spillway crest adjacent to the
left (south) abutment was repaired by placing a concrete
cap in the eroded section. Water was observed seeping
through the face of the spillway beneath the concrete
cap and erosion causing partial undermining of the
concrete cap has occured. Therefore, the structural
stability of this section of the spillway is question-
able.

The concrete placed to repair the erosion at the
base of the right (north) wing wall appears to be in
satisfactory condition.

An 8-inch diameter pipe has been installed to be
used in place of the wooden sluice gates. The outlet
pipe and sluice gates were submerged during the in-
spection; therefore; their structural integrity cannot be
evaluated.

e. Seismic Stability

Since the area lies within Seismic Zone 1, only minor
damage may be expected from distant earthquakes. 1In
general, projects located within Seismic Zone 1 may be
assumed to present no hazard from earthquakes, provided
static stability conditions are satisfactory and

conventional safety margins exist. However, static
stability analyses are not presently available.




1.3

SECTION 7: ASSESSMENT, RECOMMENDATIONS,
PROPOSED REMEDIAL MEASURES

Dam Assessment

a. Safety

The safety of Lake Nelson Dam cannot be quantita-
tively analyzed due to lack of available data. However,
visual inspection indicates that the dam is in very

poor condition. The seepage and the severe erosion of

the spillway crest, downstream face and possible under-

cutting at the toe, plus the cracking of the concrete
wing walls jeopardize the structural stability of the
spillway. Local erosion noted on the southern slope

is not presently severe enough to affect the structural
strength or stability but could cause problems if

left unchecked.

Observation of the downstream channel from the dam

and U.S.G.S. maps indicate that there are no buildings
or major roads which would be significantly influenced
by a flood resulting from failure of the dam. Therefore,
the dam is classified as low hazard.

The hydrologic and hydraulic analyses discussed
in Section 5 indicates that the present spillway is
inadequate and can pass only approximately 16% of the
100-year frequency flood.

b. Adequacy of Information

The information and data obtained are not adequate

to perform a comprehensive, definitive evaluation of
the dam's structural stability.




c. Urgency

The visual inspection revealed critical deficiencies
that imperil the integrity of the structure. It is recom-
mended that the owners perform the remedial measures dis-
cussed below in the near future.

d. Necessity fo Additional Data/Evaluation

At the present time there is insufficient information
available to fully evaluate the structural stability of
the dam. However, due to the low hazard potential classi-
fication, no additional data or evaluations are considered
necessary at this time.

Remedial Measures

Failure of Lake Nelson Dam would not result in a
significant downstream hazard to loss of life or property
damage. However, in order to maintain the integrity of
the structure, it is suggested that the owners perform
the following remedial measures in the near future:

1. The reservoir should be lowered below the spillway
crest so that a thorough inspection of the spillway
can be performed to determine deficiencies.

The downstream edge of the spillway sill should

be repaired at areas showing erosion.

The base of the two buttresses at the northern
end of the downstream face of the spillway should
be reconstructed.

The eroded portion of the spillway beneath the
concrete cap should be repaired and the concrete
cap reconstructed.

The erosion of the apron at the toe of the spillway
should be repaired and any possible undermining
filled with concrete and stone.
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5. The cracks and spalls in the concrete wing
walls should be repaired.

6. The gully on the downstream face of the
south embankment should be filled with suit-
able earth and compacted.

7. Riprap should be placed at sections at the
upstream face of the embankment where the
original riprap has been removed or dislodged.

8. Apractical extention should be added to the
outlet pipe valve so that it can be operated
from the top of the adjacent wing wall.

A long term solution would be to remove the spillway
and replace it with a new structure or enclose the existing
structure in a new one and restore the embankment sections.

b. Operation and Maintenance Procedures

A program of annual inspections of the dam should
be initiated, utilizing the standard visual check-
list in this report. Inspection of the outlet works
should be performed when the reservoir is sufficiently
low to observe these facilities. In addition, the dam
should be carefully inspected should it be overtopped,
in order to detect additional erosion or other detri-
mental effects on the structure.

A permanent record should be kept of all maintenance
and operating events of the dam and reservoir.
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PLATE 4

Photo A View of southern half of spillway (Oct. 28, 1973)
(Photo courtesy of Haefeli Engineering, P.A.)

Photo B View of northern half of spillway (Oct. 28, 1973)
(Photo courtesy of Haefeli Engineering, P.A.)
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PLATE 5

Photo C View of intake to outlet works looking
downstream (Oct. 28, 1973)
(Photo courtesy of Haefeli Engineering, P.A.) 1
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APPENDIX A

CHECK LIST - VISUAL OBSERVATIONS

CHECK LIST - ENGINEERING, CONSTRUCTION
MAINTENANCE DATA
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(Note:

APPENDIX B

PHOTOGRAPHS

All photographs were taken on Dec. 6, 1978)
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Photo 1 View of downstream face of south embankment i
looking north 1
3 ]
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Photo 2 View of upstream face of dam from south
abutment looking north
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Photo 3 View of embankment crest looking south from ?
spillway i
L' '
|
4,
Photo 4 View of
spillway crest
looking north
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Photo 5
(south) abutment

Photo 6 View of downstream face of spillway looking
north
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View of downstream face of spillway at left
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Photo 10

View of downstream face of spillway showing
outlet conduit

(Board placed on spillway crest is not part
of the structure)

Photo 11

View looking downstream from spillway crest
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REGIONAL GEOLOGY - PIEDMONT LOWLAND-




REGIONAL GEOLOGY - PIEDMONT LOWLANDS

Physiography

The Piedmont Lowlands Province of New Jersey lies
northwest of a line approximately between Trenton and
Perth Amboy and southeasi of an approximate line between
Milford on the Delaware River and Mahwah near the New
York State border. Physiographically, the province
is situated between the predominantly Precambrian age 5
New Jersey Highlands Province to the northwest and the
typically unconsolidated Creataceous age and younger
sediments of the Coastal Plain Province to the south-
east. (See Figure C-1l}.

Bedrock

The Piedmont Lowlands, encompassing about one-
fifth of the state, is characterized by northwestward
dipping bedrock composed of interbedded red shales,
siltstones and sandstones of Triassic and Jurassic age
and igneous basalt extrusions (lava flows) and diabase
intrusions of Jurassic age. The sedimentary rocks have
been eroded to a broad southeastward sloping piedmont
plain. The northwest border of the province is a north-
east-southwest trending fault zone (Ramapo Fault)
which truncates the sedimentary beds. Total vertical
displacement on the fault may reach 10,000 feet.

The gently rolling lowland topography of the piedmont
lowlands is pierced by long asymetric ridges of hard
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'r".»

. S S S
— 730~ e r -vr-r, g R 5 L s

i AT By o g »




————

and resistant igneous rocks which were intruded into or
on top of the sedimentary sequences. With the subse-
quent erosion of the softer sedimentary rocks, these
igneous formations have been left standing, often in

bold relief, up to 400 ft. above the surrounding plains.
The igneous bodies composed of diabase and basalt form the
Palisades along the Hudson River and the three Watchung
Mountain ridges of the central Piedmont. The ridges

are all steeper on the southeast with gentle dip slopes

to the northwest.

Overburden

The Pleistocene Age Wisconsin continental glacier
has smoothed and filled approximately the northern half
of the province. The terminal moraine of the glacier
extends from Perth Amboy to Summit then northwest-
ward to Morris Plains. North of the morainal line the
soils characteristically consist of glacial tills over-
lying the bedrock with scattered overlying stratified
outwash deposits. At least three large glacial lakes °
occupied portions of the area north of the moraine at
different periods, resulting in a relatively flat
topography composed predominantly of silts and clays.

South of the terminal moraine, most of the over-
burden consists of alluvial deposits overlying a more
highly developed weathered transition zone on top of the
bedrock. Some highly weathered tills of pre-Wisconsin
glaciation can be found on the top of intervalley ridges.
Much of the alluvium is glacial outwash.

S— ‘“——W——-—v——f—.’--; —
e P Z‘; g & W0 L

bt
-

i Ry
Wt B aa
oF - i oot

w- -
e

+ N

. 3 ’

3 e e B -
8 - \gaa * ,3‘?.\' e T " S
I oy P i e
[ el A S e B W e s
3 PRy, Sy - -

A 2 00 St S B

0o e N TN Y 1372 SR e e




1-0 3¥N914

6161 ANVNNVP
TUHSA337 7 ANN3P
: 3INIAONJ JIHJIVHOOISAHd : :

SONVIMOT LNOWNQ3Id A3SY3r M3IN
40 NOILI3S-SSOYD JILVWIHIS

84150d3p PaIOP|IOSUOIUN

SIUOISI|IS § SIUOISPUDS [ SIUAWIPISOIAW PUD [TV 7
200 J9bunok ‘s3)oys dyssDINP \ sisiyos ‘sassjaud |~ 2
PUD SN0V} ‘...“." puUD JisSON) .& uoIQWDI-id > A

o

2
== 3
g 3
38 R
$3
NIVld V1SVO0D SANVIMO LNOWQ3Ild SANVIHOIH




|
b
E .
APPENDIX D |
HYDROLOGIC AND HYDRAULIC COMPUTATIONS
|

P | |

\ %




TS

e ——

CHECR LIST .
KYDROLOCIC AMD !IYDR.ULIC DATA
ENGINEERING DATA

DRAINACE AREA CIARACTERISTICS: 5. O <o nr .

ELEVATION TOP JORMAL POOL (STORAGE CAPACTIY):_S6 § ev C 40 A% )
ELEVATION TOP FLOOD CONTROL POOL (STORAGE caAcrr): N /A
ELEVATION MAXDMM DESIGN PooL: (0.3 €T
ELEVATION TOP DAM: __ S8.S €T .
exest:__Seriwny
@ . - -
a. Elevation 56 5 €T
b. Type _taguoy el
€o Width _:t 3 °
d. Llengsh _83° :
o Location Spillover Moo f{s-n Tdicd
£. Number and Type of Gates AJSLE
OUTLET WORKS:
PR R T SRR T RGERY VP oy 4
-y bo heﬂtioLJ:z i J'ja :L"\ s il at v e
14 ~ .

- .€e Entrance inverts _SD.S _°©T

‘de. Exit inverts__44.2 [/

e. Eseargency draindown facilities .fuwe . ac (a)

HYDROMETZOR0LOGICAL GAGES: _Neue

L T”C
b. location

€« Records

MAXDMUM NON-DAMAGING nxscumcz 10 _cFS

-




LEEDS, HILL AND JEWETT, INC.
oy.RRE .. paTe 2901\ crent. N T

SHEET NO, OF.....
CHKD........ ..DAT[.............._...JOl..._._.Lﬁ.k’.E.....NE&SOM ............................................................ JoB N0.392:Q3.......

QAINFRU. DOMTIOM CU(LVE

Rer. u'(:)ut?.ﬁn'rcw Z\ hr  H40g0-3C” Frve 1o 4O wmsnorr Pocoomm
: ; Feequency Fo Tue EasTern Anvo (ENTRAL
Unrren Smares’ Jume 1977 ROAA

 Tew Onpenr No. 40
"Razpea FREQuener AMiag oe THE Uu:m

Srarrs” U.§., Deprof (rpmerce My 1%l

Lar 40® 32’

Lows: 14° 25’

GDW—M‘:O» 21 hr

Centroso . Locarrom

\00Yvena

Donarzon Q.atprku. : N
‘s aGe D : -
Ve \.t.éd‘
Ve 2.33% &
\ 349 3.08 us€ 3\
z 3.89 : :
3 £4.25¢
A st
12 6.1?;
24 7.2

™ A% Eripa T G5 Evpane
: : o :
t&or\sﬁ-’ =2.33

-y oy

o PR R e PR o0 A A




g ™ AR T T
TT 1 & 2 v
2 i
il 1 g 21 i i I
)28 i 20 0 G I A A ™ + s | S U 2 O
! | 383 24 P r:A 1 T A Y T I 0
¥ 4 0 B Tl T (56553 i
: (BUNNSY I EEE R D e N R NR L IR
! e £k G T R EHEEREEE RN
t - 53 R X i T S T
157 ik i 1 t g
i
1 r !

PRINTED IN U .3 A. ON CLEARPRINT TECHNICAL PAPEA NO. 1018
4
111

4.4
-
A
4
=

' g L gz 2 v +
3 ™1 T
88 ' ! . y
T 19
| 8 !
1
2
1
Tl 5
. T
H
+
e Ll
ST
° 4
. @ I ] |
i3 L (5
(N E i -1
' ¥ 1.8 Wi | |
' T LS :
T W & 0 . R
- -t : Pttt — t ;
e - e
i i3 | RS W 1 : L3 i
: | — | ORI 1 O x 5 1Y
! 1 t
s R | . $ P V. . S
» & | 5 S I O ) R O A i i :
1 P L W B B O SR | + i & ! §
5 S =~ t t T
+ ..
= Tt IR AT 1  RAE
> 12 T
5 et SO -
- . . l
s ' — : e
> i 8 IS ; ‘
H - - ’ -+ -t T -
: X 3 5 |
8 +
p- + g s . i . :
2 ™ : o
4
; -
= 4 35 R 1 PR
= b IR e S eonen] 5 o)
s RS HRELIET MHENTS 4 M i i 2 : 2 L B pimel
i - 1 '
e SRR WM — : . - ) O S S i
| PSS T : i —— —— e <
i BB S | g ] s o .
¢ | EE R TR, SR ERRE W SR S A bl -4 e e e R
L T T : ) * Y
= e Ld.op o H--b-- — bk . . ‘ it - —— e A
e g PR S SN RRE MIRE S SN TEREN R 2 B ,
- S L FSupIS S SOUR SN S - e !
v y_',._‘.\.,);; ""j“*’f‘"“""“‘ - R e i
st fos. o W
[ TP R SRR W | BEewn
. o . - bt + + i
Y bt bk g e e e - diek t — i
s +
= b ot ke i i
2z B T S e waa e
B s et B . . b e B e, Sy S——
RINARTE SNSRI SISO SPREEEe SySReren IS DA NG ISIEEIS [N REII: SR
& |
: o aeaap -.._.,.I D PR i T — e ST S | 9
SR e drsreh | - [yt g 8T L 7SR e SR (e L
gy bamg e 44k g o ot B L TSI TS SR S A Gaa RO S S, }
J—~—.-4_}. BT e e el
LA o8 . 2.2

TR 07 on L TSN Blwrwn b nn o svemam wweis SO

1 i.t; $ b fay ¢ I opay e i e e SIS [ SR O h e

dpidd gL L“‘i“}l'“" [RASE ROEEY EREAS RNGEESRETE |
S W WG RIS AR W R 6 E T R AR A RS R0 SR K R RSP TR E TR

. \‘Lv-t-.' SRS o 18 8 v ,_.L_._ :..;—r.r._._. -.——5»:-,’..5.0*-?- - l...—.<n—<£—.—~<.—-4f—¢-4—b+A-‘_hr..

e

BRI S e T eyt ot s an




. CHAMPION LINE NO. ¢3c.p LEEDS, HILL AND JEWETT, INC.
2v_RBE  para 710V ¥ qymer f0 T SHEET NO. OF
a-lzn___mm__.___aoa_l.m_&ﬂsm JoB NO. 302 O3

i1 2 Is 4 5 6 “1» |e: le l
iDueavted Rerorru @od 1 Quesrzoe rrara(td)
ﬁﬁamh > 3 Y Parreess g qkm ‘2 | N T
* F_o . S BORNEIRE o - R SPERATIGEN BT ONE B LB e
My 1.604 e - S VB LS | S T
0.L% G . OIS L T SRR W e R
04 % SER 5 W TS et e
035 | AR 50 UG ST N O A T
2 W N e S AR = O e N e R
T e A ey SRS N S SRR S A W
TGRS R e S e | || [ R
e B0 N WEREER N S SN G e
0T O A AR T O DB R e R ek
-.Q.‘i- SRS S ___.____.’..'1?4_‘ RO | e, s OOD:"
Ot e T ! (RS P W |5
PTG G VN DR . TR T T R
. 0D A BTN (ks ) e | ACSOENeIR | IR i [
0.\0_ 3
ooS_ | . 4 ? y - o 00 ey | 1 X
- R A R | AR LY ) RN RN LR SRS
o‘_‘ | praas | SSSCONE, | SO E ST .-J‘,'/Z.._. e s el il el
&y ¥ b F R
Sas ¥ ¥ & ; 5
6oS | | .. ST
ol D, WERRERE MY e
. 605 | S S R R e
0.05 0. v g
o\ = i 18% i

io

LY

i

|
|

ot

VAW v e
W .
val

!

NARA N SAND 3 DD DDA D,
‘0 £®

W e 2
rt iy

st S .
ﬁf goﬁgmgrm

e | 1 1 _]_m.k

AP RAEW
ATy
]
1]
i
" '
330
&3

s
c.5¢

| oA
v SRS O G s, i B
g5y g BEERE W W SRR (R S W O
¢.0 o\ oty
60 - : .\ 7/ B -
60S 6.15 = VY 8
6! o1l Rt o - ke o 2 ;
'S &35 23%. :

: SRR o gy & TSRS S .
o S T f"ﬁ' e T Rk
o 30 ot ,!‘ C¥e KL T B o P et -
4 95l e X ) wﬁ-'é,"" B TN 2
I — ,l g v .,_(4" AL, g
e ol oy P PR AR SO T LR P e e TEL N

O

A 0 o AILAE AP A S I ird T e




i
a '
E | CHsMPION LN 3. g3 LEEDS, HILL AND JEWETT, INC.
; sy I8E  pareB1220mer N1, SHEET No.—\__or &
5 a0 pate..__joa L IHE of Convce NTEATTON  joBNo..R02%
' I I-; R 3 —_"rs; s 7 i3 9 I_ S
S & ]
; et R l ! S
: eI LT L L STRECAT WENGTN FRoM wATERLHED = M1
E | LU SRS R . OUTAET T© .TWE MOST OESTANT RIO0GE e i
f Spacdbnl ~ ! R |
; S f! e . |lea = Srrenn LeneTn iF&-on &iﬁs:n crzm-o.oroi = __1_3__ mi
, S R ) e | i | , : j
; ittt o e = Oree BeTweEn eueu AT ouTleT ANO ;. ’ o
: e e e Ul .__.-u(.e‘v nT lMos\' orswlﬂarlur | = l[_ - L
B IS !
LB T [Tem TEMC oF icopCerTRATTON of TTAE fol :
CEL L] wertm T FLw. FROM . THE MaST OrsTher |
Tt . POTIST Tl TWE WATTRSHED W, THE wmnswco
o) SRR B s 0qrurr l A ‘ S } EpS L
= ol S | R . = i __
Mo SRR SRR R Gire TEIAE FlEM CEnTYE o excess X
Easi :f R IS el ens E W¢m\. o TEME oF PEFrre. B ,
_..__.;:,. iz 21 S T < P S L S R | |
. Maweo 1 T = i l e oEr { L M
~ Sl 7'7oo H°’32’> R S5 T A DN R N
2y B i el R PR RS ‘ SOy *U |
e . ’7700 \4°3‘5 : : |
g L e e
pEiE H : 6.2 ; ey e : £
= Merwoo 2 ‘Tc_-(\c\ 3) Lie MILes |
oy 5] bt :
it - ' o 38G | i
7 . TL—cma(uﬁJF\. | |
g I A e
a1 | ! f !
et L ¢ o038 i : g
g MR S Ty e G b = FT/Ms s= H /=358
i 1 i 1 1 s ~~h ! : . .
&2 i ! e Cr = L2 Mounwmycw
ot ) 2 . '} =,
: ite= Cr Lha N0 = O \"‘}xmrub
i H e ). AW EY CFTNI\&'(
i Q /:\_3 : : o eind :
i i >3 l $ i
; ! | ! | :
L/v ; l V= AvCr VELOCETY | QoM .
, corve oF V vs, Avée Siope
"'L..‘O 2 \-—/\/ Lov= 08 o
1}
|

; 5 |
Lae 3o Poues '
thor !

X

T USE

N

v
[ 16 I\e | 23 | s0 | 20
>-5




E
l
.

F 9 oy e S i i - - ol e b Ade we P P PRSI SINE 117 r\CONCESIE- P S, |

l { ' LEEDS, HILL AND JEWETT, INC.
o . M-R8E _patE....__amnt. M. T: Oar Sarer : SHEET NO.........OF....

§ { ' CHED.......DATE _Jo. o _JOB NO.30203

i3 Iy~ -l . s e 7 s )

! 1 |
i -_,L S I o S e .
: AR, TR Y (G N i A

s ARG, . % . o

L s - —c———f ey
. - Memoo 4~ Faom Hmoe,ocw oF A-t;vueo HyorowGy e
PECRTANS - L Bl AN e - | How = f S (I A 3
» 2Nl rﬂc%v-n—w Rew . ep. 2\-—!0, n e D] ]

- — -

P rm—— S o, e e (] o -s s K maor- v % s A o ¢ -— - B il IR

;;__u,;__METmo 2 - From Cacroensa Cowenrs Pancrice) Char
e P R . Sl L o PueLrc Worirs, Seor 1942
: see USGR Ozsca-p oF Sm\-“ Oare

;....._::“.-.-.» e - - - s -
[ o BROSTRANE | AL &. 7) . e 50T Seosl, | Ol S

Dk “J R G r :
. 3T Merwoo 3.~ Fron HvoRowocy 'Ton Eucfm?n. N
e .-:,L' e o] \swsiev/ Kowiew / Paoures 1978 L
; PP 247- ZA& S e 0 Teacr ol

BT Mmoo A,- From US. NArw Technzeat Puswmno ; S
e g e | o] NAVDOCKY TP-PW-S  Taale 86, Maecw 1953 O
s 2_‘,1._—- o e} i |SEE USBRR Deszon oF Srmi Dams 6. 70 |

' e s e el et = e — PR - e ——— — —me s -

2s
e g e e e % e e
. 27 q -— - - o .....-__-.L . —— e i c————— o foa—— = . — e e - o - - PO
———— ..2_3.' — e — - —_— — - — -
E - .....-29 | FRERPRRREEES P — - — Ry ST - i o o G b
{ : e T & B | i PEREDR: SRR NERG . e
: et e, ke = WL o e 2
! g =
‘ e M e ) et i) g = e (e o :
3 + T = o - e onsn o et —— o~ i, it aa L = = a8
¢ 33 I
G, oo B 3 1 S TR BTG e
2“7 S B e e e ek e St i
7 S T TR T S ) 3 W R AR G
i X s E e S s ety A e 3
- b S JCRUER. JvY GERSUNEES NI, PURERARY SN SUEIER "IN S
P .
'y

.

B - )
"o




e |1

~ariOmas

Assoneo  Beeacn Paramerees

WroT™ of Reachen Borrom: 40
Szoe SwoPes 1 45° (W
Botron ElevATTON: 506.5 T

TxMe to FATL: 2.0 hrs

¢

4

ElevAtzon at Wetd Farwee Ocwues:

Tusrral Warer Soernce Evevarzon:

L BASED on PREVEQUS STUDTES AF ACTURG

ODft FATLURES.

£E&.S &7
S¢.S er




sy o

r—

€

- <8 e aewed & ok [P <O ot e .. IR

740207 Lece Neocon 202-03

LocATsON MAP oF (RosS-sEcTTos USEDd Twm

ROUTT NG CALLULATICONS




QQn| ooil

Sdg ldgd | Iill

)
O &

i

]
i T

|

by

o | 52

00| 37 loass
| sz | 30

Do $ >‘1 '3y~ i

S L

‘3_ )
Vw4 "oy

St ‘:

Poreagm
&

. o . o e

q‘Oﬂ.Jz 25 <|~

ow




osousny Jo Apsessayup
Supssousbug oynospAyy fo soeerfosg

‘T4 ‘MOHD IL NIA

>.mTN e LiuiS
~ :
: d mwuauh_ mbrmm.amvﬁacﬂﬁu;aumﬁv L
.\..: uot1o% yBnos pus .._....-........"4
“ 0000 | 5 | 520°0 [0 wopnoq ou wm vonooe sndoy »
\ oo s o ravae sou
WYY Uy 89) o onjuA ® oy L, (3 001 <

\ o3w18 pooy 1% YIpim doy) vwiwosne Jofepy ‘g-Q
' \ UL Juniaeas
o3wie poog YIM Inq ‘340w w8 Swvg °g

Nyoun aspq
93%)8 pooy ‘qimosBiapun oy ‘ssan

1 0C1'0 | 001°0'| 080°0 |umop mojw ‘saqun jo puwis Aavajq “p
fynoade jo yymosd
i 080°0 | 0000 | 000 |£awoy yum Ing ‘sacqe se swvg ‘g
nynosds
1 0500 | 010°0 || Oc0'0 |ou ‘sdwime coxy yum puwy pasway) ‘g
00z0 |osto | oo WBrene ‘Suiuine ‘smoyia wuac ‘|
0uy p
091°0 | 001°0 | 00°0 |Jowwns uj ‘yeniq ssuop 0y WPy g
011’0 | 0004 sH0°0 Jnuia uf ‘yeniq ssudp o) wmpagy p
080°0 ; 010°0 Jmwne v ‘e pu ysniq 1yor] ‘g
0000 : $£0°0 3nuja U ‘wen puv ysnuq Wyir] g
000 ‘0| seo0 oposa Lavoy ‘yenaq posanivag | :
ysg o
0500 | 0s00 | o£0'0 sdosd ppg emujy ¢
$10°0 $£0°0 $20°0 odosd mos aumpwjy g
000 | 000 | 0200 donoN ‘1 |
v paruanind °q
0500 | s0'0 | oc0'0 oewsd yihyg g
! s00 | 000 | swo sswad poug -1
¢ gsruq ou ‘oanisug ‘9
supwid pooy T-Q
000 | 0500 | 0v0'0 |®s9pnoq oBiv] Yy :IqqO0 :woney g
siapinoq
; 0500 | 0000 | 0000 |m9) puv ‘®qqod ‘mprawsd dwenoy °f
{ sadwme Yy
19 pelsomqne sxueq Suofe ysniq puv
8301 ‘dome Ajwnen syueq ‘puuye
U] uonwalaa ou ‘swisans wMUNOY ¢
_ wnarepy | pasoy | wnanuyyy uondisaeap pus pPuuyd jo odLy

(pomu ¥ ANSIONL4N0)) STENNONCY EHL 40 SINTVA 9§ TWEVL

Cmbro: AVINWNNS QLT (INY MVIS WWASZINIA SN Tmm snnw s

i
'

Fniqiapun pus saq
-l_:o-lllhbcu“:i skvmpooy
sL0°0 '{s.lc!uvll»-o>d

0

0000 | 000 || 0500 | epood deop »‘nl.!—u.!g:-u g

090 0 050°0 00 S2U0)8 220w NG ‘p G¥ 2wing ‘P
$u01)298 pus sadofe sanaayauy

9500 | 8100/ 0100 |ssom ‘weSure s9mof ‘on0qe s¥ Swivg °g
\lv suoe

0500 A $H0°0 SC0°0 | puv spesa owos 3nq ‘sacqe ev suivg p
Sjvoye

$90°0 | 0%0°0 €000 |puv sood owos ‘Supuie ‘uxsy) ‘g
spaam

000 | SO0 | 0000 | puvssucys ssowm ynq ‘aa0qe s Swing Z
spood daop

£0°0 080°0 $20°0 | 30 mu ou ‘aBwye i) ‘yyMuays ‘uway) |

uiwyd vo swwang »
(001>
03w pooy 1% YIpta doy) swrans souny “§-q
SRYINLG TYMALVN

0vi'0 | 0010 | 0800 o3vis yMy ‘ysniq ssua(] p

oo | o0 | swo moy Jo o3s oy ‘sureg ‘g

0800 0500 000 P8 uo ywruq ‘wonoq uea) ‘g

0o 080 0 0500 qidap mog sv yMy ‘spoaw asuaq °f

moun ysmaq *

Puv speom ‘pourmuinur Jou spuuny) 9
Jundain pus polSdep g
Giojun pus qroowg °f

ana yooy P
ueq vo genuq yifiry g
wonwaioa oy '

Padpasp 0 paymansxr-aundesq 9
$p1e uwap> pus w0oq 3qqo) 9
uvq £paam pus wopoq Luog °g
OPI® Fqns pus winyog Yuwy p
Spuunyd dowp
@ mued onwnbe Jo spodm eeud(] g
SpIIM awos ‘sswin) g
wonywafon o ‘1

YeiI3ne puv Juipuim ‘quvy g
Spoom mo) ‘sewad ioys yary ¥
P2 ‘uonee wiojiun ‘PAvY ‘g
Suuayivom snpe ‘aw)) g
P3qdwod Apyuases ‘ueap) °f

wiojiun puv ydiene ‘yuvy v

GIVAIN(] WO ATLVAVIXF D

835 938 333 §3 g3

CURURTRTES

|

wnwmpregy | jvwsoy | wneneyy wondiusssep puw ppuueyd jo adhy,

(Pomunyues) w 2u8I0144300) eeaNNONOY UL 40 eINIVY ‘9-g WIEVY

-y e




| ] |
! Yo i CXTR 4 Lalea N s , $oh-08
i PeawDowdnd ChLey Lamon) W;
| e Ter. Coa
: E‘L‘i’ fe s_{._g A¢ A& pe 'ﬁi‘ia T?KJ W T U
| Sel sL< 1)
! e S ™ 5  Wso  4s0
; <s.< L -
e % 12~ 4. 4o %37
; Y. l ;
i 9 L3€ L W83
& s $ < < 21y W
‘\l . »
; Sag  ©

==

hse onhi ebul\o‘m
@_.-.- Q_kq'&z‘“

Atsumar Cu 0.0
Q = 06 [EETIVH W
Q= Ly ™
Tkl he b oAl . mams Ay A«.&

Q s
"
THIL CALWIATTCN ASSUMES OUTLET OPERATTONAL WETW NO

TAILWATER OR TNFLOWE TN REUEAVOTR

D-n




" L 113
» wi " tes2
(1] (L]

134 S22 44 s
8 00 W s

2 T4

, L} \
,$ O ¥ NOTAVIS -SW4 0314100M- oW 1inON Yzwmve) »
s '

3 x L1 coet " [LT2) -~ 2% 4A
4 : o 211 & 0w e terr ee M ¢ 4
1mwe's LU 1] (1] " $ E L1 ] 0°0 9%
H A

F | '

Al
i ] ® OL £ NOTLIVIS -SWd 03TJ100M= M IANOE T12WNWN) »
.

)
9302 hil SINT 4
anes 1] ] a
L1 M } Y0 S0 9 .
] T
\j \J A
3 € 01 2 NOTIVIS ~SWid 03141008 N IINOY VINNEN) "
i A} >
(18] $°1 "2 ° e 3
: sy *2 1) $°9s 89
| 9 29 13 (13 <°9s $°$S $°%8 Ts'rs $°6s N
y (£41 (1] " ros (1] 2 "t $ ] s
"

\J \} A
x-g.uud.g-ulds.-i nu

. "2

L1} san (1]

PRI a2 NN

-

WIOANISIY 0L NeVUI0NOAN MOVINT
”'s [ i 04 ]
L}

-
-
-

! ? [] ] . (] 3 " . st ]
~304- 0C014 NAKIAVM 330V608d Ly

i) /8 200 SISATYNY I{3270¢ 0AN=I1INVN0A v

- 92500 ©N *0°T WVO NOSYIN INVY = ALTSVS HUP AISEIF Maw 10

3 A (-Jddﬁm Oz "0l o8 52 AOLIYITsIUON 1591

-
L
“NMmsnEne®

et AN WIISUIA AL34vS wve
J:4) 3IVRIVG NIVYIONCA4 GOO VS




T

- e .

°s 2
°t | ‘s e b 3 1 .2 4 i
34 2t M 3 4% ‘u 50 *a23 *tit
‘ret *f2? €32 ere il ‘u. K14 c220 196
e ‘e2ts .23t *249¢ cEch sl ‘e ‘st L
93°T =0A 0°Z  =IVY ‘SnOM 98°0 31 *S2ALVNI0N0 00T¥3d 40 (NI 2% MIVEI0ROAM 41NN
09°2 =iy ‘. *NSND 00°t=  =DjuiS »
Viv0 NDISEII39
ez =yyd 30°0 =1
VIVO MevUI0MOAN L IMN
90y ”"°e $9° LN "y e, 0 [ 134 " " L]
GNIIF  NNSTV VSN WNIS  YOTIN  SYEAS  NIVED  YOIAN  WMAVO  @wEiS 44OB)
viv0 S50V
20 20° e t 134
e 29° 40 20 20 0 L1
28 26 2" 20° 20 9 "
v, o4 oy Sge "9 " “9* " 4
sc* o s0° ey e o L3104 v
25 9 3.0 s€° $1° et L1
e e $0° (154 L1 . .t*
" he bl “ aee 20° e
200 20 2W° 0 e 20" t1
8. 20° L L.4d 2 20 20° 8

“—31- “Gd-au a‘d!- u.‘ "d‘ ”‘: “3&- ulvﬂu “-ﬁn
SI0AN?S3e 01 WITEIIVCAN ROVIN]
WTAVINGNOD 240Ny vIUV-ONS
eocssvssce . u'v‘.o.b'..‘ ¥ oo.ooowooo. BROT A %

WN3Live 419304
[ 5] LE N bbb | %
»eo rvo We0LS ow
viv0o ¢193w¢ o

[ T L] ey 090 "%’'s L1 ‘s e L
TR0Y  INVST  MONST  OTAVN  JeSNI  VOSHl VNS viev: 9wn} 0anl
VIVO MevEI0N0AN

L 20 S | 3 s2° et *S014¥
T «OTIUY & SORIUN T ony Ww - e .- -
GWU0 N34 20 08 $ISAVeNe WY V-RLWNIN

. [} L $

J0V8L 1408 Amn wieor

. L] L] ] ] @ . s . »

nyisSe Judl 1! W  wiwg i Avol wlwm L] on
NO11v31 413348 0OF

-300 00074 4NKIRYN 3VUVI0NS
C0-20€  SISA WAV I1%070¥0AN-I1 VIWaOAN
SIE00 On *0°] WYO WOSIN InYY - ALGJVE WO AZSEI mIw

8248 T2 ML
SL/IT/T0 031V0 wny

9L @35 $2 %O11vI14100w 1SVY
06T AWF NIISEIA a1dsvs wve
132330) 39V5Ive wITUI0B0AN 00914

A e A e b N




wl S —

‘52
Nilid
»"ie

NIA W0

198°00R2 DI*EF 1I°EHT DU°TRT )
cnrse EF°Y  F2°6  2T°2  uns

= a2 20

o

RSP e R

FAE TR

eanng
ayTe
W iid
i
*seve

AL

“-Nmseona

veton 0 w93 $301
"0V4 001934~ 90-0M)

!
t
£
i




‘0t §°t "2 $°08
GIPMYO 043 000 V34010 5 -
vive wvo

[ d
. ; (&) 69 () 00 "y "2 L $°es . p) o
NI VINVD W09 W31 AT A00d Olnds 1) i
‘g 29 0 (1YY s 96 ‘e - LT} B 1] ‘- - oNDIAVASYD - .
%7 “e%s ce62 *tat 00t T .2 (] s » *ALT9VeVD i
1 9 ‘0 ceecn  000°0 0050 0 " ' : | :
1VMdST  VEOIS Sy X »wSHY 91 WISk Saisw :
. 0 ¢ (] ] ] 2000 sees %9 i
. sy dMdl 1401 VST ST O $S0M  ssOW
: vivo miinoe
] ] ] [ ] . ] ] 2
. - OANVI  20VAS] INWNT  udf  1%eF  3evil V031 @wI1  Ovise
YI0AN2SI¥ HANONML SHOVS IR0 ;
NILNOY HeVII0BOAW
e 00000 e
. y ‘o
]
*pant o0t NI Snowy a)
2 098t 001 1399
TR cLorey w
99°s "' $ 3HIN1
1982 22 21 $u3
*c6b22 0o ML) $49
IPNIOA W0 ENOW-22 w»ie
*5o 91d 9t *set
55y *931 0 *1at 9%z 2 ot
o iy 208 sars *969 e "5 .
et can2y setes 5191 2 *sta2 *e0ig
"% s *TegY vt *sE92 1802
11 £5e *659 *29% uc -
e 052 *f52 *eat oty 20
ar ot - 1 8 3
.‘ .~ l~ .~ .. .~
.. 0- .‘ .‘ e ..
% O11% °F Ve 404 T VIS 1V HeVEI0RCAN
] .
- b N
\ v




{
i

"0V4100
SIIVNI0ND MIVHINYOAN OCIYPd=-4I-0N2

4 O1ive ‘T WyW ‘2 wnorivis "

“ NI SnomL
189
e
eS¢ Sanomg
n ‘o2 3133 $43
‘55122 ‘g4 $4
% MNIVA Wyi08 »nom-9 »wie
~—a
SUNOM €2°0T  3KIL 1V *F4d $1 ROYANO NV3Ie
g g4 §°es e
(3717 ]
¥ 5 . 4°08
b 4°68
¥
‘
‘e ey *19 ‘"
5 €L L u
Ty °2¢ o 9%
‘52t ‘62t 13 ‘e
et ‘i ‘st ‘0t
sl u ‘e ‘e
08 LA b L Al
- iy s ‘e v
Iy Iy A L) Iy -~
o L] ML M) e
s ‘us M1l
okt ‘e22 ST ‘9tt il (2
b i1 il 982 coce 256
v s60Y ‘1t ‘agat *c29t 62 *$636 c22sd
At ‘6rry ‘132 ‘f22v ‘suee 3662 *e25t
. *¢E27 el ‘95§ ‘e 2 ‘vs2
922 *9%t il *6S ‘a2 *at
b4 °y 2 ¥ 3 ‘s
3] a4 % ¥ 3 *3
s °t ‘s ] o ] e

D-16

m {

R

:
“
ﬁ
m

e

A 1 AP

prmr —vep=o

< e



r4reqare  e1°grens  ERCTL6SY SL°89s0E (TSR] ’
creorer vLognt2 2576408 982 "s° e 37
ey %50 $5°99
LYA'TS 9Ny s 39vis i
p z2eqecrny feegznge AT 2g96z  E2°TCREY P F2E0§ $2°6E062  PE°9LTN2
Froeges f2°21¢e stooteg 0rget2 15°6938 10°8:s co° 19t 5oeg "014400
vecp2e ofcheg 1205 ag 90y Thegep S4°602 313 tyegel
3 £6°¢) of *ce K1onp 0°22 ety 29°'s {{TH e Jove0Ls
5 3t 00 s2et
| ‘ 00°6%  N0°g207 00°6% 00 29°9
: | 2 913--A312°VM S A1 V1S-=S31 YNION00T NOJ1IIS SSO¥D
w b o0t00° 0°6y $0°  0S%0°  08sS0° A
4 | i : 1S MINTE  XUMTI2 JANTI (EIND  (2IND  (TIND
i 1
|
4 { SHILNOY 1INNYND WAG30 VYO
|
4 ] 0 00 0 ~
LV2dS] VOIS »ISHY 991 0ISH 23
’ ’ ’ ’ 3 ) ) '
s dudl 1401 MvSE  $Ie1 24y $S0% D "
: v1Y0 MIinoN y
4 ° (] 3 " (] ] 0 ] t

UAVE 3TYIST MYND 1ver 1er IVIT N0IIT 4NIIT ovaSE
=548 € 01 2 NOIIVIS -SNd 0214100K=- INTINOW IINNYNI
WILINOD HdVEI0N0AN




A aucienie e il L ol Lt e el b o e i Ll B o s A st el

. : 13
i *eeny
™oty
656
: *tac
- “slL24

SHNI0A Tvi0L

1°£s
e°ss
L5

..T:‘14‘.,,i:aaf143114.4?:44
1) SI 39v1S wnuinww
‘0 ® JOVNOLS MNWIXVM
' 4
N SNOME - - e
13-9v
1 .
SN
"2 128
£°5$ ‘o 6°9¢
Less 9°3s i
1°es 5% £°39
(3834 s s
acge 1% £°rs
2°1s $°by £6%
[ 06y 6y
69 (3} (3
L] (1 (N1}
‘2
2 vy
i i
0t s
6r JRSEN] PV, S
o5 o2
2 5%
e R
Ml .y
.9 M
st
*s12 2c? il "2
Wl “158 ‘e ‘fte
caner *128Y ‘ot Yt
3ty t42y ‘S 22y Ll
..o“ .u." 618 il
.ge . .
." Qe iGT iy
o3 34 v 3]
o 7 ‘s L ] LY

RoViL N0 5

8 OILF ‘T NVW ‘S NoTAVLS




| emezerngy
arcspent

aaspe
o Ty 2e

X €ae 286027
sCeerryy

5 [OXE TV
> LLAS 12 3

SLeT9R2NY
"weavse

120
’r

€106ty
mn°21%2

rheveer
Trege?

bbbl d
Llad R L

260y
fecee

"hephGeR
2eTgovs

€F° 392
fecee

69° 1807
e

90y
*2°3%

69°18012
LA 1844
Lot )
13621

0 2INLE a9ce2iny
PTTHYY ALY Y
w22 so° 12
SFne er°fs
L TNLe 9 5249
MMeTEN

26~ ot

“%ce

9C°621T 009y 9

45°%Ese
$6°Con

92°69
L5°%s

25 %3898
£5°02%

43°628
2%n2

0 924852

$6°767

0Ly
05°EN

082982

$6°161

LA Y]
296t

6t
AN

‘e
re

L AT
39S
#OI3100

PVvvols

9 67s0°
1AW 150N
ONIINOY TINNYHI HE30 TWHEON
L] M "or°e 080 0 0 20
1v¥dST  v¥01S  ¥S) X mSHY M) 1SN SIS
0 L} ° T A "
sy dndl 1401 NSl Siul $SO0T  ssow
ViVO ONILNOY m-.
9 9 3 [} . L} o ] o - . - .
0INVI  9VIST  WYNT juer 1 3evil  NDD3T  AWDIT DvaS g ]
* 02 £ WOJIVIS ~SWNg D3IJII00N= SMILNON TIINNYHD b

ONILNON NdVEIONTAN




AD=ADE9 219

UNCLASSIFIED

|\
o N

NEW JERSEY STATE DEPT OF ENVIRONMENTAL PROTECTION TRENTON F/6 13/2
NATIONAL DAM SAFETY PROGRAM: LAKE NELSON DAM (NJ 00376). RARITA==ETC(U)
MAY 79 R J JENNY DACW61=T8=C=0124




|||||-.1_:3 .- s |

3-8
s
l 14 ‘.
.
— e
15
=
L]

NATIONAL BUREAU OF STANDARDS
OPY RESOLUTION TEST GHART

R |




WNIA Tvi02

£

aos

cosy ® JWH0LIS VANIXYN

5201
ML

LIAFTT )
S I1N 'Y wvve ‘e

NOTAVLS

,w.v £,
d Y
H )ﬂ«u
2t
92
.‘ . - -
ol &
%
s 5 ~
oQ -
.. -
L o) :
*412 "8
260 *56$ ,
%It ceegg . - .
*269¢ *sieg :
*eLTY o
052 it
°9 5
° 3
. -d . T 4 P, -
13 L]
TET TS ek S’

48 $1 39ViS wamixvm
4
¥ a) snowy .
14=2v .
Ll
$3MIME
bid .

N
Ca

v

¥
e




i I8cErgRTe d9°T706LE  KTCOFNSTE  OP°IEH6ST  20°N20UE2  22°022€9T (9 26T E5°0T9280 2°009L ‘',

bt LY AL 150 2000¢ P LR24? 12°enrst L1920 2vtesLs 29°h021 seges "ty e Y

! eacpy Lot ! €282 952 %12 49°ke risgi] 9°2°%9

| &keeg ~9eg b AL £9°2¢ reong E L0 L 2 32°%9 L1 L] vis

P TECESTERE  A2°N3SFNY 26229648  62°CENSIE  DO°9IALSZ 70920812 22°04469%F  £ocs20€ed $2°C5094
’weaeess 142 000p L L3114 Atad LI} 2% LML 4 29°si et (L8} 0 LAz L ]
kecgeancy Paadad 124 aldal TRRTLNY 9L 026 %1962 “2°6220 41°2%s 62°503¢E

© fpcese? bl 1 o X 1 fecaeny esc929 £2°89¢C £o°23T - g - - e Oveols

} 00°6e BLO0CES LE°CY  00°90E2 (LG°aY  0,°S282

; 0900y 10°5262 30°0 0 L3t v ba®e

-. $°A13'VIS-=S31YNI0NF00D MOILDIS SSOND

i

i

' 0300° 8020 0°90 ° 0S8 5% 00s0°

¥ s HANTY  RUNTI3 JANTYD  (EIND  (20MD (TIND

i

¢ WMILN0N TINGYND HIEIS Whaow

2 M e 00 "Wy 1 ] 820001

AYnST wrO3S 38} x »PSHY m SeISN

" () ] T ] 0y’ 90

st el 1407 sy s3et $S073 $50W
Vivo NIL1NON

L 0 A [J ] L] . L] $
.-aaus-un'cln-!‘. -‘-. suulov-.tsxﬂ,,-u— ..!n.

$ 01 & NOTIVIS =S¢ 0314T00M- NTINON VINNWND
MILNOY NdVEI0XOAN

|
i




!
SI 25v)5 wAdlnwe
! - 2re ® J9VN0LS MANIERVN
. ' 4
w *653
! a1y
' LM )]
| ouhn
b . . .
! 4032 - c49ec - . -
! W10 Wios woN-9  wv3de
: ©” ) 3
| { Sy 15y
9°9
_ €z
22
{ )
|
!
i P i .“u ‘v
~8
g R 3
Uue
e a K '
- "
oy ™ [a)
.. -.
9 0
O. = .‘
|
! :
% ‘408 - s SR e
$
*2221
e 162
sgant
] g1z
{ Al g
1 3
i ]
{ 0 .
{

g o< e e e St o e 5 v

Yomr ‘YT wvw ’s 54




PR

-

DINEOSE  DUSOSNY D I9S°02  NeuL*2 156°28
;4 Ut *aast 7] *st2 0”"°s s o1 031008
e 5 . PIRCOOYE  DUOA°RS  DUNE°SR D ea2’e 196°28%
‘2000 80tz TN sang on°s ) o1 93100y
g DANOSTZE  D0SN°N9  DENITOE D ev°eS - 156428 %
- ‘sa2y sest2 “yors ue oS [ o1 831n0W z
it REROCTRT  DETSSI9  2ENZUOR D USIOY - 15823 A
. T et *evet e 0 s 2 o1 83100y
; DEN2OE2T  DUNOSTO D UON°OE 142642V 156°28
*Teke ‘san2 contt iy 0"y 1 19 HeV¥I0UOAN
i "t [Ty s3° "
a o CIave € OILVE 2 LIV T OIAVM WYV  vawY nelavis "ol sve3e0
Jsm 2 SHO1J 01 FIT WGV <OTLVE
e i i ) e e . (SY2U2MOTIN I¥YNDS) SIVIN JUYADS 98 WIWY - — - - - - - - el e o ,
i 10M0978 ¥24 SE3134 J1PND) ONODIS ¥ 4234 I1AND NI SNV "
1 \ SYOTIVINGNOD TNONDDD OF AVN-IVI4 IVILWW YOS ADVMUNS (00TUI4 4O ON3) DOVNOLS QWY NOV4 NYdd o
°




PRSI

m———— o —

S#non 14°39vis

$32°m 4 onw - *

wi TRV HARIXYN

$ niavis T W
$2°9Y 945 2E0y (1304
cocse 1°s$ ‘6082 s°
s2°st °°5s *£s6 $2°
s sy ecee conf e

SWoN 14°39vis

$492°m0 4 onw

wi NTRYN [ 081 [
. Wi )
sesat  omy ‘ta2e "
eEoer  ecws T e
S B saent 3
00°5T  aces B HE
SWNOM  14°39W1S  S4%m0v  SLIWE
wta o ave L i)
) wI1av1S 3
" *te2e *ugy Wt egcay
0see it %1t . oces
es°z et a0 0 seobs
HH 2t 82 Y w“w'es
swnew $49 14-9W W6 NG  AZVI'3°N
oL WINO  MOYJIND  FOVNOIS  WI4IO vicAsase
WOLITAND  WOMINVN  WAGTEVE  AKIEEN b1+
L) .0 9 #0910
o0p oon op - Jovess
esees 05 98 0598 *1vAIN
WVO 40 401  4SIND AVAYVIES  IAWA Veistwr

SISATWNY AL134VS WVO 40 ApVieNg

S o e 5 W e e

sovessssseseses 3 pyng

D-14




Lo

L] s262
i
» st
(L] st
[ 34
(1]
0% 0%
. 20 20°0
seco 9o
$0°0 1°0
%0 et
1 $9°0
%00 %0
20% 39
0% 0%
]
° 9

sip i Vi : eo » [
[ .d [ ol » [ L] sez 4 *”

L 1] e (34 02 ” [ 4] [ « “ L]
190°0 0% ] 9% %'s %0 W «-

| 1 L]

Ld

\} 1 L o8

' € 88 & NOTIVIE ~5N4 GR14200M~ o..-..o..!..u- q“ oo“

4 o [ 1 3 o0 ost [ 1] s 0 "H

» o1t (34 oot o 008 ov 1] &8 . L od
100°0 000 (1] » ({.4d ] %00 0% W L 1]

t " *»

1 1 A (1]

3 o 0L € NOTAVIS ~STN¢ 0314100k= SNILNOE VINNTND L RS e “0

\d » v

” ooz 00 0002 " siot ) o

o - o * oot 0 009t o 0 " ot
100°0 0001 L) (1] so°o 90°0 $0°0 9 L]

" a©

1 e, ) s bd

1 € 04 8 WOSAVES ~SWM¢ 3171000~ o'-!-u;o— -“ ““

{34 ] s° [ ] s°¢s 4 Ny & (1

oty s°t ”: %96 @ 26

st "2 [ {] $°% W 1"®

- 39 - 09 06 - £°96 - 8°68 - 406 - $°85 - %06 B - - - -
(1] "1 oot ] ” o € [ 1" (13
(1] T 17} (24

1 1 8 @

VIOAUISI® NOAOYHL SROYVY 0210V L] ”

1 ] 13 y 114

- e T T e R )

o2 m 2

s0°0 Lhd ] ) 1

20°0 20°0 08 1970 20°0 0% 20°0 - 20°
20°0 20°0 20°0 20°0 0°0 29°0 40°0 %00
s0°¢ <30 30 90 "0 0°0 L] "0
0% 1° 00 1 stee 1°c 1% %9
09°0 st°e *0 (154 1% 10 1% 1°0
$9°0 1°0 e L1 I 0’0 *0°e 9w 1o -
0°e '°e e 9% 10°0 200 0% 29°0
20°0 300 200 20° 20°0 9% 0% 20°0
20°% r0°0 ”°e ece - 217 29°0 W’e 20°0

%

°

°s (M [ 4 w ot
' VIGAUISIV 01 NIVETOUEAN AOVINI % b SRS B "
v »
01 05°0 3% 10w e
| L] 1 4 °
s 1 s
L] L] ¢ L] L] L1} o ”» 4 s
2 004 ¥EA 00T L <
$0=708  SISATIVAV 70 WUOAR=IT MV I0AN 43 ?
2500 O °0°1 WVE WOSIIN SWVY = ALTSVE WVE AFENAF Ain 1w ]

L o35 62 wOIIVITITouw 13VY
olol AW WOISEIA AL34vE WV
(1=33n) F9VYITY HITEIONOAN 00O V9

L U]




- .= - < - b . m— - . . .

W 0- b ]
t s bl el . ' b D ) ) ‘o ‘a2
ur ‘2t ‘o 1 s ‘m *se ‘g0t a2t ‘I
! ‘ tn ‘e ‘2 ot ‘a0t ‘1 “tos i ‘e ‘1%
‘a0t coltt ‘o218 ‘et ‘ete ‘o2 00 ‘002 ‘o8t ‘ve

' 00°T *WA 20°F  <9V) ‘SIRDN 00°0 *31 *SIIVNIGUD 001004 40 BN 29 heVORLOSAN 1IMA

09°7 *¥OTLY  §0°=  oNSI @'l  eBaVIS
vive %01SS339n v

09°3 o991 0% N . v . Nesdy
VIve KevUS0IOAN 1WA

: . ”°0 000 [ 34 os* (334 "y 020° 00°t 0% 0% -0 S s T e
- 3 l--c—!a.:cua--—'.-3-:-3-!3-‘-‘.‘--’a

bt i i vive ssvy
0° ° 20° 20° 20° 20°
20° T0° 20° 20° 20° 0° 9° 9 20° 20°
20° e 9° 30° 20° 20° 20° ° ”"° »* - -
. " 40 " 0° 90 L1 90° s0° " Lo
... . ." ‘.. "l ... .-. .‘. .‘. '-. ‘. .
304 st o (154 0* ste ot o (354 or°
o se° $° on° 0° LN e s%0"° »"° "’
"0* 0" *9° 90° 0° ”"* 0° ° 29° 20°
20° L {34 [ { SRR { 20° 7 0 - 0° 20° 0°
20° 20° 20° 0 0° 3° 20° 20° 20° 0°

wu3L1ve 413390
00°0 00°0 00°0 % - - R
e rve OIS W

viv0 ¢1dVue

' O  e9°0 00°0 08 00°0 €0 2 @
WY IVST  RONST  OIAYE  4SEL  VOTWA  dvNS  VPUYL el SeAwi
VA0 NevISQNOAN . e

PR

[ [} t ° 0 ° ° ° 4

OIAVE  JOVAST JWVNT  SBOF - 1VP  VAD W01 GW0IT  OWASE — — - - m e e SIS
G Folit : ¢ 2IDAYISIV DI NIYRIOIOAN ADIIN]
: ae : WUIIVINGHD) J40Wnn vINU-ens iz

- ? 0000000000 - 0000000000 - - . . 0000000000 . -
1 . ) : 2 0°1  3g°  s2°  6T°  esulay X
, T sOIL¥Y & =01AUN T oNVISN
A -0IWN04UD¢ 30 01 SITATyNY WY W-IL WM - . el S R
4
3 - ‘ Sis dea - = o [ ] L ] [ ] '3
g FELITR T 1) BT 23e0r | %
; [ ° 0 ° 0 ° ° st ° % s
WUASH  BUOT - - AWB . JuAdM  WIWE  ani AVOL . wiem  ewm I e RS AR 2

WOILvII913348 SOP

. . .. . s 00074 svia 001
€0=20¢  SISATVEY I190I0BGAN=I] NVYVOAN
91800 ON *0°T WVE WOSIIN INVY = ALRIVS WVE ASUIF AN

. . T 295°02°00 OwIL .
| oL/ST/10 03198 WAw

L ¢35 €2 WOIAVITSI0OW 4590
4ot AW NOISUIA 219908 w00
11=33n) FOVNIVE NivEInessr 0009




» A SHoMi
| o :
. , 195°5902 14° i
4 ; R
L]
e 3 2
.
: !
i H :
1
1]
€
2
4
WIvsd Wuwn  VEON 0 4w0d 000 W’ vecew
POV GOIVII~20-0u) [ ]
- . - _., .
! -’ 9\ . : .
» -
e - i " CEL : E




-

-

P —————————

o i e 3
6°08  05°°¢  0°2
MW MK “ )
01y s
nuve @
vive wve
(3J 2°0 [ 3d 2°0 't ”? 0°te £°9
R l1E] vIsvd) 0) WM MDY roD) OIAdS V49

(1] ‘20 00 b ‘e ‘ot 11 ‘s hd 1] *N0T AVAIYY
(1] ‘os? ‘ot ‘o0t 0y b 14 b 1 4 s b J *AL13v4V)

(4 *0y 000°0 %00°0 000°0 O [] 2 -

1veesl veuls ¥s) L} »guvy V) 0180 SdISw

° o 1 1 00°0 000°0 0°0 -

sy et uvsl  sawg 9AY $5012 ssow

vive oniinoy
° ° 1 o ° 0 9 2 P 5 ¥
OiInvE  B9VASE Jwwnl Awer 1%r 3dvil w031 w031 evisE
-~ SIOAGTISIN NONOWEL SAOYVH GILADY 3 g * e oS
MILNOE NIVEIDUOAN

0000000000 0000000000 0000000000 0900000000

sone ¢

T WY W04 T VAS 1V WVI0IOAN

D-18




‘Tt

*2tet

*oft
LA
»wie

® 0 SNOWA
43=3v

L
$3n0n1

Swd
$9

ell AV *L8%

.

' d

T4

$31VNI0U0 HAVNODNOAN 0O1¥3é=0-0N3
5 g - SUMUN OV 1V JEAVIVS WVE NISDY

S 011ve ‘T pYV 2 woILvIS

o G S 2o




4 & " -
B
) ; % .
- o= . [ F,«
' 3 iz w
. . . : &
i yiis B
: - oy " i x i M\,
A K T % 8
2 : : ; | ;B
3 5 2 i o
— : : . n.n £
B “ e g 8
- cqncA \.(
; . | o3 §
I B . : & b
i 2 : : : : e
: b
3 . . K
A TR
3 ‘. = ;
, . : Qo w
{ Na e A o H
| > ! .
| : N
3 .
11429) $9) 1590 1849) 150n0M) :
w s wisd HOVEI0¥0AN "y 40
031VINNNIIY  O3LVINWAIIY 0N ©  WdYIEN - SIS
‘ 031new0d 031904u%1n]  WCed INIL 4
: *$INIVA 00183¢=40-0N) WUVS GIAVIOeIANT 20V SPOTS DIVIOIUIING _ :
. *HVUI0R0AN HIVIUD OIINewDI IN) MIIA SNOTLYINDY SWPUO U0S heVoSuadah 2+1 SIEVND) Ievd SIvL :
4 s *SUN0F 962° 40 IASIANT INEL ¥ 3N VVIA SAGILVINIIYI NYINASHACE | :
a s ‘WOTLVNE0S HIVINE INTUNG SUNON 290° 90 IVAUTINT SNEL V SHISH G340V3AIU STA heVP900GAk HIVIRG WVO Iri i
4 .
e . e
D s’ {
g




STOLEOTOT  26°0000%T  05°sSNO MesEvnL firoegy

tEoeetee s1°00%2 sscetont
t1%sc00 wueaee LA A1 w0esete 18%008 10°%s ween o019t 000 L]
e 0% a8°0 nese 1y°8L wen 7oL 0§ e 26°¢9
9°te §0°29 (T34 [ Mus ({2411 (1047 w e 00 s
$2°260T0T  26°00%01T NesEInL €2°10069 e0cccos tEtevine 200002 $S°ELost ;
€T°etes €Leztee se°otet L I3 11¢4 156001 10°%¢¢ A8l 14 0o 00 LA ]
. 23°020 L 126y 96°90y %000 s1°¢02 coccer oot [ 13413} s 1oot1t {
| ¢ LY *"oee orcee 0w (L0} ] "' T2 "1 ""* 0o - J9ve0NS - i
{

00°00  00°0022 00°09 00°0002 00°%¢ 7C 6291
00°6%  00°SZ01 00°%  00°000T 00°s¢  00°006T 00°09 00°00%1 00°0F  00°0
NI==AINIVISATNIVIS==334VnI0UI ACT11I3S SSOED

03100° co0et e°00 0°ey 0060°  €c97°  00¢0°
"s HINYE  RVMYD HANDD (SN0 (29%0  (T)we

: MLLNOY 1INNINI H1¢IT TVNUON [ ¢

A i

i

° ) 000°0  300°¢  Qc0‘0 O 000000010 :

fveest weoas w1 1 . wrsuy vy 01N Seism : £

° ° 3 t 1 00°0  000°v  0°0 ¥

sy wel 1401 Juvsl  S38l . oAV $501  SSuVe = :
vivo 9NILNOW

- - 5 o ° (] 0 ° | t
. A - 0INVI  39ViSE Juvel  juer 1 34vil w0331 . 9031 OViS) i o e

€ 08 T WOTAVIS =S¢ OITITCOM- INIINUY VINNYND
MIANOY NIVYI0B0AN

-
*®
et




. €2°L60TIT 26000011 oTeEEoeL £2°10089 §2°60%07  04°CATIZ  SoENNT
4 CTostes  t2°2100 02o6vI2 25°e00t HEHY bt 00°0 aute
] . 0°% 1591 108t 1ysL 0”5 e%8y 2070 -
: [ LM 1] $0°29 (Y84 19 e 22 Vo 00%" "I - -
S2°0S0TOT  26°0970TT  O6°SEO26  9T°GENOL  €Z°TONEY  €9°67C06 $2°00062  0F°0LT1Z  €°EERet 2
- [ 4 801 1YY tecznee % {14 [ J8L121¢4 18°0008 T0°%¢¢ 00°191 96°Y 00°n a0V9100
] 22029 9950008 1261y 96090y 1eoese 20502 socent ovesat vicont
_ : et ,eess oteee et H HE v’ o0 . seveans .
00°00  00°0022 00°09  00°000Z 00°36 L6291 :
©00°ev  DO°EZET 00°SY  00°008T 00°sG  00°00WT 00°09  00°G0YT 00°0F  ©0°0 ,
313--A3M VIS IAIIIVIS—=335vnI0000 AETIDIS SSOUD i
% 03108° °*o00t (0[] 0% 0050° ({11 M 0060°
S WINYe  BYNID  1AWID  (SIwe  (2I%e  (T)we
| ;
E 3 ! SHILNOY VINNYND W1e3O IVNEOW '
° 0 00°0  300°0  000°0 o 000000070
A iy ¢ - = Avudst vVEOAS »sl -1 - WYSHY L 14] wWise solsn .
° ’ 1 1 00°0  000°9 0%
sy 2401 JuvSI  S3wi - SAY . $S0%) s . .. S
viva an1in0w
o : 0 0 1 0 ) ° ' t
SR o1vI  Ivist duvms % vl w0331 . w03  OVISH = S T :
* € 01 2 NOTAVIS =50 €315100M- SNILAUY TaMNYNI
MIANOY NEVEIDUOAN




i b L © J9VEOLIS wamuiEwe - -
w . - - - - - ¥ -
; Lot " ) $AOws
H H ‘Tt Ae=2V .
i o002y - [ 1] on e 2 b
: * Te%e $kdal
st ot $ud v
i ‘902 - ‘s0ey 399 TR [ e ey et R T -
Won-9 e “
”1is 0°2¢
I 8 T2 1°c¢ 1°98
‘ 1°%¢ (403 1°9%
L 31 (3] 3] - -
00 ¢ %8
L8 t°v e
N H 28 (5.1 € -
4 1% [ 1] ”e
] 0°6 (o 1] bl
L3 L [ A 1] °ey --- - -, Sriae
°1 1 1 2 - = b o
‘2 2 2 2 2 2 2 ¢ °t T
oy .y o5 g (1) [ .y LT LY eny %
1"t st st ‘ot ‘ot ‘02 R £ ] 52 ‘a2 28 )
! b L] ‘o€ ‘st b o ‘1 °te ot st ‘i 9
‘1 Tt b s ‘s s ¢ b ‘s 2 D
2 2 2 2 ‘t 1 ‘1 4 e -~ *9 R s
b ‘0 *e ‘e ‘0 ) 9 - 9 .
9 ‘9 i hd ‘0 . ‘0 b e b d
A A | ‘0 ‘0 s *) bt o 9 h
Wit &
4 *e0t ‘o0t ‘st g2t il 1%t
‘18t ‘it .13 *sot 9t ‘m ‘1% 162 ‘2 il
= €Lt 4ty 59 ‘11¢ °19¢ ‘st 8¢9 ‘ol *oce ‘o6
‘gt ‘ut *fest *otst ‘s *v6et 9122 - - - *v62 ‘tied °gees - ~ .
°*90it oty 9930 995y °$7¢y *20%% o0ty °199¢ ‘eslt 9192
‘2102 *ostt M bod ‘ots 96 ‘20v st il ‘o2 e
‘ot2 Mol ‘6t s % 00 - % 0 “at ‘s
s °t 2 1 b e | b | 1 1 1
‘1 b T ‘1 1 ‘1t b ’t °t 1
h 4 |} ha § 1 o J ) » ° ‘e b
AOVIINO
: S 0NN ‘T WYV 6 . wOllvIS
praye S / i
o=




” €1°290021
| 0750001

g 09°00

: 120
§3°200021
90°s0001

weuus
& § 2t

D - p———

sie1oni0t
LAY

12°'n
26°00

si°100201
0°21%

€6°70%2
;e

0800 3340
0°r01¢ \{ad1214
™°'u €
({34 ] L7
80600 3543103
L Ll 0 Te°st2e
se 002 09t
o et 9%t
00°9
. )
iveest veoss
2
"’y
(] (] T
OIAYE  FIVISE Jwve

socatuLe
1°test

"wen
LT3 1%

LTS
st°test

Te°%901
%t

Seccvy 45°99€%¢ 0002082 CCove0et fe°9s0el

€00t $6°09% cocter 1% cete a0Y
s uL 2% 9% ¥esy ou°ce

LA {3 a8°1e L1322 i1y To°e OO“&.
9MW°62LYy 45°996%¢ L7111 00°%0001 tecocott

sE°%%0 $6°09 se°tet s1°cy 000 ROVLNO
00°e021 e sse e $C°500 (i1

W 2992 29°¢t ({341 oo Jveoss

09°02  00°F06T 07°79  C€u°062T wI°6%  09°62T1

QO°SZTT 00°9%  00°00TT 80°%  90°07TT 07°I9  Co°de ©3°C6  99°9

Au...o T e00%e 0

13==A313°VIS AIVIVIS==5 4vai0eUl) M11338 53000

00107° “008y  0°08 %9y Wb’ CL8° 9969
”s hINYE  XTHYD 1ANTR (Siwe (21w (T)M

niANCe VINNTN) NieIE Yvnsln

000C00010
sy WY wise stk
3 T T coe ores 0%
1401 Jwvst ° sIel %y 5072 Suw
» -“.:-i. - ' o e 4 . i g i i &

) L
1%r Jevil w0331 w031 evIS)
01 ¢ RO1IVIS =S 0314100u= INILAGY VIMTN)
MIINOY +IVEIOVEAN

3

-D--.l




—

-

(1] $1 9918 wawizwY

297 - * J9VNOLS wawinw

011N °T WYV %

novIS

D-24




b e

B T

20°0060TS  02°920(%
20188 18°2990¢

"% ecss
sees (1 ]

- 20°060016 02°920€%
' ;wcL0L8E 18°29%¢

00°599¢T 40°0T64t
c@wecaet ®wrz

20°229064%  H2°0EVOTE  00°9C0662  0°S0TTT  22°0LL091  €V°LLVEET  04°01926T  $2°0e00¢

0ccLe2¢? 12°00tst Lo LA 1714 et L1 { ] L1041 (10 ] L0 -
(I ”'u " 9°e 820 ¢ s mMsy ey

e (40t 1] fs°es 9 b1 a4 1) 12 nea 00°0 s
20°27964€  62°069918  00°9C0AS2  TOCSIOTNT  22°0LLOOT  CHCZINEET  05°0INI0T  €2°00vL

00°20262 12°00tst L% meesse 9%t ovtot "'l 00°9 ADYVILND
(I aeid! te°sts0t i isld ssoecel ezt a1°e¢ 29°0L09 0l1°6s%¢

€ nest tecset s L {521 0 et s 1808 00°9 venis

03°00  00°0E% 00°0%  00°0002 00°ty  00°5262
00°0%  GO°SICT 00°0%  00°00C2 AN°EY  00°0%E2 07°09  96°LOJT §3°05 800
13-=A21315°A217°VA5==331Vh10600) M I1I3S $3080

00100° °00i0 0°00 0°0y 060°  05%0°  0060°
”s wiNYe  SVMYD  ANTD  (Ciwe (20w (TIW

MILR0D VImYND WiedO IVNION

[} . 000°0 000°9 000°0 O 000000010

Avees] veols »Si L} wasuy 99 018w SdiSH

[ ° ° I COERE 03°e 090°0 o°9

;s el 1008 Juvsl  $3 MY $507)  s0W
vivo MILNOY

9 - @ 3 o ° ° o T $
OLAVE  F9V4ST  Juvel  Jwer 1%er 34vi5 w0331 00 VIS)

€ 01 % WOTAVIS =S4 03141000= FNIINUY TN
MILNOY MoV rI0BOAN

D-35




(24 1] $1 29ViS wAniEw

C O ‘T WYV ¢ . . mOlAvIS ... . - =

e e g




[ & 1] $1 VIS wauiEw

o5t  23V3015 wemizve ;
-
i : oo UMY *gest ¥ 72 snows
o1t wisT 7121 ey - A
W00 92°99T  ¥e%6lt -
03 "'s 00°s $5°% sINI)
- ovey sud ; . i
4 *848¢ 393
A ; ) §°vy
E 05y
3 .
W 1
2 el
1 ;S0
4 4 -
i
= *ovy
: 9531 &
3 *9862
*sg0e
902
2
ot
ot
0
: v 0110 T oYV o
{
} -
b |
3 g &
l.v ‘ z - X8 4 m/




b e : PIOTOTOT  NITL°HE  MTe'Ot  Nime‘L ) e ) :
e et 2¢at *te01 1) 1 00%s ¢ . 81 ennee
; i 200u°T2T  2e6e°92 (262  MMs ) o2y
CH T T 2001 oyt T 0% o 1 03100
, DIOSATT  1108°90  DELZ°OE  DIvE'eY ) ety
Frzse , . *c0sy  ‘cont ‘9502 2t T - e [ o4 3ines
o DIEYOTT  DI20°99 © DIITeE  NesscOT ) (173 L)
. : _ ey LY ‘es0t . *ge02  °sit 1. e g 01 031008
f DIOZUETT  1109°19 14080t  Ne2E°IT ) werrt )
: 1500 5112 *es0t 1 . 0's T . 2 meveseReas
[T [ 3 Ty | L g A e iga ¥l
4 CI4ve € Jlive T O1AVE T Olave WV (f11] v wpliveded

SR04 01 €314V SOLLVE

: (5901300013 Suvnes) $311w duvnes w1 vder
Jd‘d&ﬂ T oNaNsvIAeNEY IUSHEID BIAVELOTIS D30T0 0 TEs AUTRNAT (BIb00 40 OND) SOvesiS Gwv POV WBe R ”




2%°¢1 (304
0681 [ 3444
o0 [ 3404
sLent (34 1]

19°39v18
whuisv

06°e1 "L
%ot [ 98]
[ L300
0sst s

[ 0d4 ]
[ 344 1%
020°¢t Ll 2

14939038
LI

s »03)vi8

L3 169
" *192¢
»° *o0n?
"o i 11

S 9n0n $49
@1 I #0100
N1 IVIRG I

45903 AVAVVIS

asr o0t
‘et [
‘10t (1M
‘s2 "
$43°00%4 o1y
LUl

T vy
°10€y [ 4]
e [ L
‘o9t 2
9t o
$92°00%9 olve
ivizve

*sosy 0t
‘oot [
cego? 2
‘s (1
$43°00% - oliv
wauinve
T wyy
I: :.
°se (134
°se a2
st L
19=39 we iAo
Vel nid3e
whuisve whwiEve

‘.
*0y

WA WisINT

SISATTNY AL3SVE WVE 40 AWVeuns

A313°s°A
VI0ANss I
"iiave

00°t 4l Aok

’.

s2°

n* . .
ond

.0..............  § [ 1a27) TS




H . -
N Y s
. .
bty 4 :
R ;
h; . » of 4 - . .
¥ 0. o) o T 40 .n»..rwu.o. ; Yy, o o
s i J oA e
4 % - et @ T .
:

SY3I3n Iy S
ANILINSNO) “TWAWH 1LY oy v !5 ]
Pzw:wsodﬁim ony lo.ur.uw_.an— %
A9 .uum

."

vl

f

i

B R ———

oy bl

[ T

i 4 4

. 4..n~.-.a...4¢oo..1‘!i-.’ S .

%%, ......:,.....

o ; : = S 2.
remt : vty P . oy . 4 2 A o Lt = -
A MTT T HPR R S Lt : . e s ; d
e CUR T eNA o T ' Sl . e . &
A - LT - 2k ik
& X - 2 '
- 3 R Ty
- - e v rewn e B
Ty i - —— .
3 ece AT by - s L s , -
. . -- L}
. . ol R 3 . - A .
g (Y o % . - . an
= . Ty X oo ael .o T MAFALE
w o 03 e MM e A ae 5 ot :
. o B ; i el Fose
- 5 .ol . Wil
' . % . omn, Jo°
o hke ae " ° if . v ek, L TN e .
: % el a0 et Oy D NG R slgtd O e
p . ¥
vy e o > §oiea P
- LAV . -\ ‘ 3 P
g e A i wes (L S Y
Vo e . TRt Nesr g P
}
'
.IIVA\




.
. -
.
. .
.
.

Y

AT FMTULITTRCY TIIBT T R L SENS 2008 2530

':4-.'1.

" Rdt. Smare

e

B —

.

BT g st e, 0: e

S

il o ‘.‘-“'.‘"’:;f CFvS ot e SR

Friew

bl s S A e e G Ml

RTRPCIST, )




HNIIINTANOY TVAIWH LS 1NN 37408d MO0HE 3SOUBKY

AMN3NIA0YIHT ONY 0o 1319d

S¥23304390] : J
AV .wwd‘ _

AYLANINNOYIANY OSSN

T e e———

1333 ONVSNOHL NI 3dNViSIO

ot j s2 . 0z <! ol

L B Y T

BN e, vy,

SAINRD Yo,y -
PATO™ Y s

i

- —

. A M3d0ts T
* upg| K333 Wi HI9AGT 11006 e e O T

0006

ges T VSE T 962 65! S'6 1_6.0. 'S
‘oN

”., L 0 o
i gt B Lo ..»uu..ﬂ.vu-.
j .,ur ' o ‘3AV w!ws.u Bt s o w y LA In— 0sy

S |7 | o8 uvwod yv A .

o . 1$ 6203 l | \n
: B . | 17 '
i i - 1< Jn u QINYM s}
a3 ‘y'y J ziz NOSTIN L)
10 IYINID SR \ T

» 2 u:s..w-

sajanngy)

! .
MERROCE A |
' N e v s W GAwy - -
L artedi. e e g W s e gem b S warpistmpag ——t B stguagpt + = et g g - g P TP ETT Y R b e
- - - Lg% Boapbe - T -. » > .-
. X Ve Tt ST Shl R e Y veus OO et L, wes B BN o Sy 9. o s . i o ..
T S T s, Pvk TR el b4 e . 5
. s 3
-’ -—
L Y . gee. bR iy
- ) . oa : .; L Rk .-
. PR ool - e o b AT & = oo g o
R . . : ' { 4
: o ol e, ¢ ; % Y
4 o iy ) e : . owee s . _* za .
P .0 = . - M Lmp—g.. i ¥ gy o As S i ' : = .
8/ w AL ' p , o —— B - . - V - = e D L ....
. S '
¥y v " s
) -~ x . -~ s ’
i - * A e - ‘ " e :
e 2 - -
2 v % L oo - 5 3
' f S Nl gt e
R L Pt TE. T ea . 4 -
%
— N’
e o et .




J
4 (\ ’ ’ 9 tn
il
| e LAKE NELSON
_g ‘e
I '.l
, - ‘ | SURFACE AREA IN ACRES
f A - S 2 4 6 8 10 12 14
b i J{
i z‘ggl vad
dl zao2 /L// ¢
{ o E} | ™ ‘
m E .2;3 : /—’ W~
1 ' a >3 "0
? ! azh il i
, 4
3 m 3.2 ’.\P\ i
-3 l:n -5 Kov §
o . LAKE AREA-DEPTH CURVE
[ i [
3 } :
g TOTAL VCLUMES FROM WATER SURFACE
o e B
04 2201) ¢ ,‘
gﬂ S - ar(e 57 ssz; (% !
2 & Bottom of '
g :gg ’ — Sediments {
wad, L AT a 440D .f
z X% Surface of Sediment . “ . |
» :g 6 Sumq'\ef 1on Ll '.
E ;s Surface of _Sedimem 5
[ g 8 Winter 1959 !
o % ‘
i 8> o i !
*l: 0 20 40 60 80 100
1'3 VOLUME IN THOUSAND CUBIC YARDS ;
‘ﬂ ROBERT ). HAEFELI, P
» - ' CONSULTING ENGINEE:
| I® 1996 STATE HIGHWAY ,
L { EDISON, N. J. 03817
{ PR | b- q‘




PLATE D=-)
’ 2
o
2 & :
&
a 2
g
z
S
(7p]
-l
| L o |
*. = o
| ¥ &
<
. ..... - >
: 4
x
H w
% o :
’f' z
| : i
. g *
| LS
&
<

[DRAINAGE BASINT|
-1BoUNDARY




4

s |

1

X

G
——-—:
M
oY
— ————— ‘
.-—1?’.——-—-'
-

——

—— et g e
TUREN
-—

eniEE
+

e

I

P

14 S e “

.‘ _ WL
ity HHHHH
4 444 + 14+ - i * ~ M 1 s . ~._ .*4 .—n.

W HERL L eleEl RN RRRRI AR AR RELE!

3 [ SATRRBERES S L =B 7 B cUREEERR R Ra s EE
g L. vl,L L..... Tt . \ [ .m o g.“_ —C m m‘w 4
SERpRSEEERERENEN : W ? x_ _ : 1 _ ” : m L.w; dhEne
414 11+t HH 444 11 1 - .m 11t | _._t er +- .
HagepguRu AN IRNUREEREERRRRERE B 3 T BT fRRutppass
JH LE 4] - L] - i ] SRR Ligfie i ! T,.._m TlgE
R A e 1 Kk cege!
S B T & n_”w.;. Tw_r.
L P EREE 83 IRERE-RESE
T sguns AT TIT 58 Bnpnd  wan
T HEEEFREFEH | LA : e
T i

= rlﬁv SHERES . | 4 - 4

:L.A »
- 1——0-:
b gt

- de ..'_,—.1»._....‘. . ———

L B

-

up HHH Eak) Euns
%.,. T EH LA T : gas Rate
- - s =248 51 [6)) I3
% - -4 - 44141 Pl b K P
a L1 ; ] BPRE Fans
At 4344t 4 - Ma dw‘.wL qllo&l
11111 1L P 3 11 -.m _Mﬁ .t.;k
4-1 | 44 : LN I 4
TR TR T a8 REETY bEdns susm
e 2 L2 Ldadh
+1H 1] 3l o dt ET EEE : . 3 T““. i3
5 % W - 4 L1-Hi4 4 . -4 4 —A 4- *‘_r!.“ $ wm “»0.. mtﬁ.
ABEEWE ARRIDIEREE .h. A i E ¥ % b ﬂ,_ .. 4
SENENEORSRENSNANYRARSRSRENE R NERS SRS BREEs BEREE § el
.T“Tr 4414 44 L- Y W O S - # ﬁ.AL ».r = | 1 M‘ w yM.A 4.
4 By L Y Li. —.v‘ “F lm.
- = &) W 25 L. - 4. =7 R L3449
i . Lx.T.'fl = ﬁT‘fT -+ + _9* ‘.
S B 50 0 U 5 U O RO N . 4-44- 4 st 1§l
-t - B % A_v . ﬁ & mﬁ- - =4 1 m A. M-w. v.ﬁ .'
CEELLEL a1 2300 | avad 1B (99 s SN
44 - s -4 4§ 4 t 4 -4 -
- L r.r#. Ak m. .* '

BI04 “ON NBIVE VWIHINHIDL ANINGEYIID NO 'V 8'N NI OBININS

"BNOISIAIO OOI ¥ BL "HONI NI SNOIBIAIO O) R O 88D

© WdIVE SN IBSUVE YD

ey T e



PRINTED N U.0.A. ON CLEARPRINT TECHNICAL PAPER NO. 1018

G,

€39 10 R 10 DIVISINNG PCR INCH. 70 & 100 D

CALEARPRINT PAPLR CO .

-

T T ' . = ’
2o 06 < 0 o 0098 LD B ot T W A
124 IBENTEESEE JREDE NERLE LD A 5 1 50 IR o
g : 1 poray o 2 Poise——— ? 13 .
+ - T et et v s )
i I7‘ 4 Kk ) 4 | =08 .
;o 2 EEE T H = 0 R
=t : ¢ t =1
= g el : : T D U, B
b e O Tt 1 T )4 941 S i T
¥ [ ¥ i
R U7 SEARGY R UK Lt 8 W 1 ! i 2 . t
I8 W it } i ! U - : B 1 - 1
J il W 7 L 3 B 2L I { 1 1 e
2 I 8 R A ) L =1-r 5 0 : B2 5% ) 1 Y ; .
5 T 5 e B G 15 N 2 3 e
.) 1 14 . o\ AV v A 1 : } L 1! . e
7 ¢ 4
'R W EES NN EEE NN AN H TR S s 5 B B ey
1 1 508 g 2 3 5 A S 1 W 1 i =3
=) {—— L . et i —
. Y ' ' ! .
' N. - - —— —— T + ——
0 8 L R T ! .
ettes 0 : -
W | 1 : 1 ! .-
1 2
G : K4 1 i i
: AT I0DEE :
VR - 2
; T = 5
) N Tt W i Tt T ST 8 ™1 o
0 s e MR AL 3 B G L S
AT ’
ﬁ‘ » B e B g ~ . T . N R
; LT T I : 1 :
EELLb et b A L i P I s l y
— Yﬁ.—t_‘ 4 20 O i ¢ HIHER O BT M 2 : o i
. & & 2 -8 I + - e
H i i 1 0 0 A 13 T "y ’ - -~
i lm Jdgst W] il | ) [ o ;
Foper e et At o)
— ‘ “l\
4 8 A + -t |\ B A R
% . [ N ) 58 BE T | 1 i 1
P e e Y1 T
i 1 1 1] V | 3
: ;{ . -..1.1;f - ' L kamead standesnss -‘«-.—.—p—.—'—q - e b
sl Li Ll E i ) | : o
1 i :
\ :
g |, BT
-.....1.1 WO

il

W =~

— PR

U’T*E WY
Vol

:

7% 7 P01 1Py 0 24y

. I L A
—L-t—-‘-'ﬁw.‘-;-. fdee et L \ ta_...w sae
ERERR A SO BR AR s .\... ST AL

- ——— R . ——— o
| PEERET RN ') TSR A =S
- + ol
- +
. ~— 4 et —— - oo
e FEPEPES B . * 4 POUSEELUES U
AR T i 8 AT 0, VS P e
— PRSEISES S SIS W SR, € SRR
t
T R % N TS
- . B + P
--4-&.5-.-:]- < e 9=y

R e AP
et i d e dgs

! v
——— g 4t

e bt Vit g/
-

— .-ﬁ

A ey

RGPS .

-

SRS S

AL R R

bt b e a

tadie el mik

SHEA S R B

‘

T e B 4

- -.._.-‘
hstadiba. .o
SNOu SHRPEER

B

S DR

PR _..i.-_.,. -

B L o —

[ i

L T
b b

D R o SN
Bt ELE B

0 e g - ¥

b I S

g e e

o d

N B

e rma— b e

DO, S —
RGNS § .

[P NS

o

G SSPAINR I ST,
n--—-. - -

R | e abaid

bbb gegid e

- “.T_. e o

. mera s -
s e rctnoung.
chgd s

.....-4.}&.,...':"1 b ebee e e
£ ¥

- e e e &

—ee b e

~..A-H’q’-'

PR o e
bop bevpp a ol

ERER R G

1234 1 qet

s IR s o

BN 15 B & I
<y

D L e




- W - "
; q
i
]
S (AR : - 4
Plle D-y
Y T v v voF N
™ g - g A' o l-'v _._4' A jl
- -t —t——t r T ettt Tt
; =gy ey : i —_— 1
hotpery T T T " r i B i ik I 3 ™
' H P ] ™ 2 2 A e PR |
iy ™t - - ? + 5 § ol b £ {
T g : ' R
™17 1 : |
. ¢ | B T $ {
e il : W L 19
% \ 0.3 ) Y * -t i {
g . - . —f
s I : $ > o
- — 3 + —F
4 ! ¥ o ] & ISR 1 *
< Y t t
. (i . ‘ +
2 (R0 T T M g R 1%
H] T O T R N B i 4 1 S D ;O
2 A I R 501 50 0% S0 25 1, BEEA)
z . ; 0% R e SE )
? : (g i ¢ 1 3 3
i 2 =t o v ™
E | ! 4
| 3 he
S | i 3 3 = v
| O T LSS e
| 3 2.0 : 5
'S —— T B g
E | 3 ! 4 = 2 e — W : E
i é T - ‘ ]
{ . I
J P
3 3 : - S o 0
- 3 s 1 P ! 4 i, bologss e
E : : ews REnTnas e EaTY
¢ 1 : i ! % i : : i
v ' TN " i T i
! H [ 5.0 T R L RS MR B mE B |
3
A = TS BN RS =t {
& A 8 B & & i
] B -.LO._.
1 - § Y g
b - . | B SUSERS WSS : - - »@} -
: ! ! ]
F‘ : & -i it 1 s .—l—r it 213 hk.l-“.r_ _T : e l o H N i 1 T il THAEE ""T’Q‘—"—
S Y ' M oF T W 1 ¢ =9
i . - — S S SR T
TS T /s % . T
™ O T T
iy - - O
! i Ll
s
: i - '
08 39 5 M,
8 R )
’ Y
\ § g
2 L R SR ARG 0._3..,._._. i
i d &
g 1
P N R e L PR —l

S TR R PR TR SR

I 81 o 3

‘,_.._...-}, R

FERIEE e T
i

oo = e o b o = 4 g
; 1
ot b

R

b et ey oo
SN s
RIS & . ¥ 81

€9 VO X 10 DIVISIONS PER INCH 70 R 100 DIVISIONS

o—

frtere b petatre § peoes -1 PSSP SRR W e
WEETRE . e ..o.--l-.-'4~ a .t
;...-..1 st b ..L B

L L T ST - D e
i § .

Y ’
Bicacni bipaoabilic. cabolialed cnmel st ..] R
t -

CALARPR,NTY PATCR CO

Jmeme bbideea fe ol i e s e e e 4 e B
e B Bl e e e B B T
4 _.u.. ....A A el oot et o ol o el all R ot P I g o e PO T R
i
».-..4.-.4. eeba —— .o caref eme s e w—— DUPCSOSPAS: KRS e
T -—0-;4 P - b T B e e y-..\n
-

—'—Hﬁ--lnl b

s dapie- badidie = PUPEFEIIE W SFERG SIS S
. 1) .

e © RYEEE REEES b {40 . ;tn....;.-ﬁ FRe & o 14

- -
et gt o

degd g oteaabe

-. ca———t ‘ v"""" -é%-;‘-vn- o ek - — ey
\’ - % GO e 3_..@.;- b el bk
1‘3. ’? RS et e o st SO TR TN SR

L

R R R At SR

o474 s s

0 Tegw —



