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N REFLY REFAR YO

DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT, CORPS OF ENGINEERS
CUSTOM HOUSE-20D & CHESTNUT STREETS
PHILADELPHIA, PENNSYLVANIA 191086

NAPEN-D

Honorable Brendan T. Byrne 1 SEP 107R
Governor of New Jersey
Trenton, New Jersey 08621

Dear Governor Byrne:

Inclosed is the Phase 1 Inspection Report for Echo Lake Intake and Spillway
Dams in Passaic County, New Jersey which has been prepared under authorization
of the Dam Inspection Act, Public Law 92-367. A brief assessment of

the condition of these dams is given on the first four pages of the

report.

Based on visual inspection, available records, calculations and past
operational performance, Echo Lake Intake and Spillway Dams, high hazard
potential structures, are judged to be in fair overall condition.

Both dams are considered to have sufficient capacity to adequately
handle the Probable Maximum Flood (PMF). To insure adequacy of both
structures, the following actions, as a minimum, are recommended:

a. The following remedial actions should be initiated within three
months from the date of approval of this report and completed within one
year thereof.

(1) Repair the stone rip-rap on the spillway dam's approach and
discharge channels. At the same time remove the brush from the discharge
channel.

(2) Repair the spillway dam's deteriorated concrete sidewalls by
strengthening the walls and anchoring them into the firm foundation
rock to further stabilize the structure.

(3) Install a device for collecting floating objects upstream of
the spillway dam to prevent clogging of the approach and discharge
channels.




NAPEN-D
Honorable Brendan T. Byrne

(4) Remove the large rock obstruction at the downstream end of
the road culvert over the spillway discharge channel.

(5) Repair the deteriorated concrete wingwalls of the outlet conduit
for the intake dam.

(6) Rehabilitate the intake tower valves so they may be readily
operated by one man.

(7) Make an underwater inspection to determine the cause of
inhibited gate operation. Clean, lubricate, and repair the gates and
gate tracks as necessary.

b. The Cotters Brook diversion structures should either be
repaired or demolished within one year from the date of approval
of this report.

A copy of the report is being furnished to Mr. Dirk C. Hofman, New
Jersey Department of Environmental Protection, the designated State
Office contact for this program. Within five days of the date of this
letter, a copy will also be sent to Congressman Robert A. Roe of the
Eighth District. Under the provisions of the Freedom of Information
Act, the inspection report will be subject to release by this office,
upon request, thirty days after the date of this letter.

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

at a reasonable cost. Please allow four to six weeks from the date of
this letter for NTIS to have copies of the report 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 co
implement our recommendations.

Sincerely yours,

i |
¢ Ix IJ,_;——'/" s
1 Incl IMES G. TON -

As stated Colonel, Corps of Engineers
District Engineer

Cy furn:
Mr. Dirk C. Hofman, P.E.
Department of Environmental Protection 3
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ECHO LAKE INTAKE AND SPILLWAY DAM (NJ00315 and NJ00558)

CORPS OF ENGINEERS ASSESSMENT OF GENERAL CONDITIONS

This dam was inspected on various dates in June, 1978 by Langan Engineering
Associates, Inc., under contract to the State of New Jersey. The state,
under agreement with the U. S. Army Engineer District, Philadelphia,

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

Echo Lake Intake and Spillway Dams, high hazard potential structures, are
judged to be in fair overall condition. Both dams are considered to have
sufficient capacity to adequately handle the Probable Maximum Flood (PMF).

To insure adequacy of both structures, the following actions, as a minimum,
are recommended:

a. The following remedial actions should be initiated within three
months from the date of approval of this report and completed within one
year thereof.

(1) Repair the stone rip-rap on the spillway dam's approach and
discharge channels. At the same time remove the brush from the discharge
channel.

(2) Repair the spillway dam's deteriorated concrete sidewalls by
strengthening the walls and anchoring them into the firm foundation
rock to further stabilize the structure.

(3) Install a device for collecting floating objects upstream of

the spillway dam to prevent clogging of the approach and discharge
channels.

(4) Remove the large rock obstruction at the downstream end of
the road culvert over the spillway discharge channel.

(5) Repair the deteriorated concrete wingwalls of outlet conduit
for the intake dam.

(6) Rehabilitate the intake tower valves so they may he readily
operated by one man.

(7) Make an underwater inspection to determine the cause of
inhibited gate operation. Clean, lubricate, and repair the pates and
gate tracks as necessary.




b. The Cotters Brook diversion structures should either be
repaired or demolished within one year from the date of approval

of this report.
z;//,/’//,//
E£CIIE2LE
S G.

(‘,;/Coloncl. Corpes of Engineers
District Engineer

DATE : 4'5'7.#@ f?:f

APPROVED:




PHASE 1 REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam: ECHO LAKE INTAKE AND SPILLWAY DAMS
T Hantara: Spiltway Dan; Fed I No. NJ00SSS
State Located: New Jersey

County Located: Passaic

Stream: Macopin River

River Basin: Passaic

Date of Inspection: 7,12,20 and 27 June, 1978

ASSESSMENT of GENERAL CONDITIONS

Echo Lake Intake and Spillway Dams are in fair
condition. Our recommended remedial measures do not
question original design assumptions. They are mainly
related with repair, maintenance, and improvement to
decrease risk of further damage.

The Echo Lake spillway sidewalls and discharge
canal rip-rap must be repaired. The first priority
is to rebuild the side walls of the spillway by making
them stronger and anchoring them into rock. At the
same time the upstream and discharge canal rip-rap
should be repaired. In addition, all vegatal growth
should be permenantly removed from the discharge canal.
A device for collecting floating debris should be
installed as soon as possible upstream of the spillway.
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It should be assumed that floating debris will include
row boats and newly uprooted trees. The large rock

at the downstream end of the culvert below the road
should be removed. The wing walls of the outlet culvert
should also be repaired. The control valves at the

dam spillway and trash rack structures are in well
maintained operating condition. However, the valves

at the intake tower should be brought up to an operational
efficiency that requires only one man to operate this
station. An underwater inspection should be made to
determine if debris or buildup in the gate tracks is
binding and inhibiting operation, and the gate tracks
cleaned and lubricated. The stem guides should have
bronze bushings installed and the stems should be
lubricated. Should the above allow for one man valve
operation then this is all that should be done to these
occasionally used valves. We estimate the dam can
adequately handle the PMF and there will be approximately
1 ft of freeboard remaining.

o

Dennis J. Lizfy, P.E.
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SECTION 1 PROJECT INFORMATION
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1.2

General

Authority to perform the Phase 1 safety inspection
of Echo Lake Intake and Spillway Dams was received
from the State of New Jersey, Department of Environmental
Protection, Division of Water Resources by letter dated
26 May 1978. This Authority was given pursuant to
the National Dam Inspection Act, Public Law 92-367.

The purpose of the Phase 1 investigation is to
develop an assessment of the general conditions with
respect to safety of Echo Lake Intake and Spillway
Dams and appurtenances based upon available data and
visual inspection, and, determine any need for emergency
measures and conclude if additional studies, investigations
and analyses are necessary and warranted. The assessment
is made using screening criteria established in Recommended
Guidelines for Safety Inspection of Dams prepared by
the Department of Army, Office of the Chief of Engineers.
It is not the purpose of the inspection to imply that
a dam meeting or failing to meet the screening criteria,
is per se, certainly adequate or inadequate.

Project Description

Echo Lake Dams and appurtenances are located at
the south end of Echo Lake in the Township of West
Milford, Passaic County, New Jersey. A regional vicinity
map is given in Fig. 1.

The structures consist of two earth dams. The
spillway dam with a free-fall concrete ogee type
spillway; and the Intake Dam with outlet structures.
Both dams have discharge channels. The Intake Dam
is located a& the southwest corner ofothe Lake at
longitude 74 24' 43" and latitude 41~ 03' 00". It
consists of an earth dam, intake tower, outlet structure,
and discharge channel. The Spillway Dam is located
at the southeast corner of the Lake at longitude 74
24' 25" and latitude 41° 03' 00". It consists of an
earth dam, spillway and discharge channel, and an
unused diversion canal.

El




The Intake dam is 370-ft long, 32-ft high and
has a 12-ft-wide crest at el 904. The intake tower
is located 60 ft upstream of the dam and has qgates
that can be placed at different elevations to permit
drawing better quality water from selected depths.
The intake has an approach channel extending 1,870
ft into the lake to contour el 870. A reinforced
concrete conduit passes through the dam from the intake
tower to the outlet channel. The outlet channel is
1,870 ft long, has its bottom at el 872 at the dam
and feeds Charlotteburqg Reservoir. A valve and trash
rack are located on the side of the channel to divert
the water to the reservoir.

The Spillway dam is 450-ft long and 15-ft high.
Its crest is 10-ft wide and at el 902. The spillway
{s a 50-ft-long concrete, free-fall ogee type spillway
with its crest at el 893 or nine feet below the dam
crest and at about present lake level. The spillway
allows the use of 3-ft flash boards.

In 1897 Cotters Brook was diverted into Echo Lake.
This diversion has been closed at the entrance of the
diversion canal and is no longer used.

The intake structure, spillway, and embankments
were built in 1926 together with the outlet canal that
feeds Charlotteburg Reservoir. Under present conditions
the need to feed Charlotteburg Reservoir is only oc-
casional. Two or three times a year, 5 to 10 million
gallons a day are drawn from Echo Lake by means of
manually operated valves in the intake structure.

The Echo Lake Dams are classified as being "Intermediate”
on the basis of its reservoir storage volume, which
is more than 1,000-acre feet, but less than 50,000~
acre feet. They are classified as "Small" on the basis
of total height, which is less than 40 feet. The overall
size classification {s the larger of these two determinations,
and accordingly the dams are classitied as "Intermediate"
in size.

In the National Inventory of Dams, the Echo Lake
Dams have been classified as having "High Hazard Potential"
on the basis that failure of either dam would cause
excessive property damage to residences downstream,




1.3

and could potentially cause more than a few deaths.
Visual inspection of the downstream shows that breach
of either of the dams would cause damage to residences
and be hazardous to people using Echo Lake Road and
Route 23. Accordingly, it is proposed not to change
the Hazard Classification Potential.

The dams and reservoir are owned by the City of
Newark, Newark Water Department, City Hall, 920 Broad
Street, Newark, New Jersey, 07102.

The purpose of the dams is to provide emergency

water supply when the level of Charlotteburg Reservoir
becomes too low.

Pertinent Data

Echo Lake is oriented north-south and has an area
of 282 acres. Its maximum length is 8,000 ft. With
Cotters Brook diversion closed the drainage area is
2.73 sq mi. The full storage capacity is 1,583 million
gallons or 4,870 acre-ft between el 893 and el 872.

The storage capacity increase is approximately 300
acre-ft per foot of height above spillway crest.
Essential project features are given in Fig. 2.

Spillway Dam - The spillway dam has a weired
spillway with an ogee shape. Vertical steel bars have
been provided for flash boards. The total spillway
length is 50 ft and was designed for a flood of 1560
cfs with water level 4 ft above the crest.

The maximum known flood occurred in 1903 prior
to construction of existing dams. The water level
was raised from el 892 (normal water level at the time)
to el 898 or 4 ft below the present dam elevation.
Normal pool elevation corresponds to the elevation
of the crest of the spillway at el 893 and tailwater
at the spillway is at el 882. The crest of the em-
bankment on each side of the spillway is at el 902.

On the right abutment of the spillway is a valve
with a 16 in. by 24 in. outlet opening. Access to
this valve is through a pit located at the top of the
right spillway side wall.

E3




There is no stilling basin downstream of the
spillway and dissipation of energy is provided by
boulders in the river bed. The flood delivered by
the spillway passes through an underpass below the
road. The foundation and river bed are sound rock.

The spillway embankment is a homogeneous earth
dam founded on dense sand and gravel with a cut off
trench to bedrock. Its height is 15 ft from crest
to toe near the spillway side walls. The approximate
total length at crest level is 450 ft. The top width
is 10 ft and side slopes are 2.5 hor to 1 vert with
upstream stone paving.

Intake Dam - The outlet structures of the Intake
dam, from upstream to downstream, comprised a trash
rack; front gates opening inside the intake tower and
set at different levels; and 2 gates for closure of
each of the two conduits. The gates can be operated
to withdraw water from selected elevations. Access
to the gate house (floor at el 900) is from stairs
starting from the embankment crest and an access bridge.
The intake tower is approximately 60 ft from the centerline
of the embankment. The concrete conduits as seen from
the downstream outlet consists of two rectangular
conduits having a total cross-sectional area of 100
sq ft. The length of the culvert is approximately
120 ft. An intake channel upstream of the intake tower
has been excavated for a length of 1870 ft to a bottom
elevation of 870. The bottom of the outlet channel
is at elevation 872.

3 The outlet channel was designed to carry 93 ft
/sec. and can be used to lower the lake water level.
The earth embankment of the Intake Dam is about
370-ft long and is founded on bedrock. It has a crest
width of 12 ft. at el 904. The embankment is 32-ft
high between crest and bottom of the reinforced con-
crete outlet channel which is approximately 10 ft below
natural ground. The embankment was designed as a homogeneous
dam with a cut off trench. Side slopes are 2 hor to
1 vert on the downstream face; 1.5 hor to 1 vert at
the upper part of the upstream face and 2.5 hor to
1 vert below with paved rip-rap protection.

E4




SECTION 2 ENGINEERING DATA

Design of the existing structures were made mainly
in 1896 and in 1926. As mentioned in the description,
the diversion of Cotters Brook designed in 1896, is
no longer used. This diversion dam has a very small
storage capacity (less than 2 acres feet). The 1926
Construction drawings of Echo Lake are available with
monthly construction progress reports. Descriptions
of the main lines of the 1926 scheme is outlined in
a "Report of Hydraulic Engineers" dated March 14, 1926
and addressed to James W. Costello. A copy of this
report is included in Appendix 3 together with abstracts
of the construction specifications. From the available
documents we have determined the design and construction
practice to be adequate with respect to present day
practice.

The lake is used for emergency water supply.
Under these conditions, normal pool elevation is the
spillway crest level.

The maximum flood to pass over the spillway was
estimated at a time when the catchment area was 4.35
sq mi. However, the catchment area is now reduced
to 2.73 sq mi.

The normal upstream water level was designed to
be occasionally increased by using 3-ft-high flashboards.
There is now a large freeboard, 9 ft, above spillway
crest which, without freeboards and assuming the necessary
repair work is performed, will provide additional safety
in a design which by itself appears sound.

Regional Geology

Echo Lake Dams are located in the New Jersey
Highlands physiographic province. The New Jersey
Highlands extend across the state in a northeast south-
west direction from the border of New York to the
Delaware River and includes the northwest portions
of Hunterdon, Passaic, and Morris Counties and the
southeastern parts of Warren and Sussex Counties.

This province is part of the New England Physiographic
Province and lies between the Appalacian Ridge and
Valley Province to the northwest and the Piedmont
Province to the southeast. See Fig 3.

E5
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2.2

The Highlands are characterized by rounded and
flat-topped northeastsouthwest ridges and mountainas
up to 1,400 ft high separated by narrow valleys.

The orientation of the valleys are usually, but not
always controlled by the underlying geologic structure.

The regional geologic structure reflects the very
old age of bedrock. A number of regional faults cross
the area in a northeast southwest direction, including
the Ramapo Fault; the more than 30 mile long fault
scarp forms the eastern border of the province. Faults
control many of the river valley orientations. The
relatively uniform slope of the mountain elevations,
from northwest to southeast, is a direct result of
the faulting. The entire area is part of the now
dissected Schooley Peneplain.

The Pleistocene Age Wisconsin glacier covered
all of the dam site area.

The glacier stripped most of the existing over-
burden and weathered rock and uncovered the numerous
hard bedrock knobs and ridges seen throughout the
province. Most of the side-slopes in'the area are
covered with heavy boulder tills (ground moraine),
whereas glacial outwash and recent alluvium cover the
valleys.

Site Geology

Echo Lake Dam is located in the north-central
portion of the Highlands Province, at the eastern foot
of Kanouse Mountain. The reservoir lies in a 1long
northeast-southwest valley which is a product of the
underlying geologic structure.

The lake basin was formed by the obstruction of
a river valley by means of glacial drift. The drift
at the south or outlet end of the lake takes the form
of a hardpan overlaying bedrock. Test borings show
bedrock to be seven to thirty feet, below the ground
surface except near the center of the valley where
a driven well disclosed rock at a depth of 120 feet.
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Bedrock throughout the area appears to be relatively
shallow in the valley, and at or near the surface the
adjacent side slopes. The predominent rock type is
a light to heavily banded, excellent quality granite
gneiss. However, the borings taken as part of the
original investigation in the 1920's, describe the
rock at the overburden-bedrock contact as "seamy rock"
which we interpret to mean fractured and weathered.

One boring in the embankment section describes the
bedrock at that location as "decayed pegmatite".

Overlying the bedrock is glacial till (ground
moraine), sand and gravel glacial outwash, recent
alluvium composed primarily of sand and gravel and,
in the spillway section, a "loam and clay". The latter
may include lacusterine materials deposited in a lake
as the glacier retreated.

SECTION 3 VISUAL INSPECTION

The site visit inspections included the Echo Lake
embankments, spillway and outlet structures, control
valves and gates, and Cotters Brook diversion.

Echo Lake Spillway and Dam

The concrete spillway is in serviceable condition.
However, the side walls are broken at the upstream
toe due to earth and riprap thrust. As a consequence,
the rip-rap in this area has suffered local slides.
A minor seepage has been observed at the toe of the
right abutment side wall.

The embankment does not show signs of movement
and is in good condition. Minor sloughing of the rip- 1
rap has occurred in the spillway discharge channel.
The culvert of the discharge channel of the spillway
below the road is partially obstructed with a boulder.
It is reported that this underpass has been partially
obstructed by driftwoods during the 1903 flood. This
occured prior to construction of the present dam.
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Echo Lake Outlet Structures and Dam

The outlet structures are generally in good con-
dition. A water level staff gage is located at the
intake tower and water levels are recorded daily.

Some trace of moisture appears at a construction
joint on the left side of the intake discharge culvert
about two feet above downstream water level. Minor
seepage was observed outside the culvert along the
left wall. The downstream wing walls of the culvert
have failed.

No evidence of landslides within the reservoir
were observed. However, the presence of the forest
may result in problems with floating debris during
floods.

Control Valves

The right side of the spillway has a Rodney Hunt
control valve which at one time was used to supply
make-up from Echo Lake to Macopin. However, this valve
has not had functional use since 1960. Since then
all Newark water supply has been treated at Charlotteburg
and not Macopin. The Rodney Hunt valve, Shop No. 303,
is functional however, and has been maintained.

The intake tower for make-up runoff to Charlotteburg
Reservoir has three Rodney Hunt control valves. Two
are Type 2504, Shop Nos. 320 & 321, with single ratio
floor stand crank operators. The third is a Type 2512,
Shop No. 317, with two gear ratio floor stand crank
operators. The valves are operated only a couple of
times each year and operate with great difficulty
requiring three men to start the gates moving in their
tracks.

The rear wall of the intake structure has a pulley
and gear arrangement which was originally designed
to facilitate the lowering of auxilliary gates for
servicing the valve plate, track, and stem assemblies.
Indications are that this arrangement has not been
used.
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There is a Rodney Hunt control valve at the trash
rack intake structure for diversion of make-up water
from Echo Lake to Charlotteburg Reservoir or emergency
runoff to Macopin. The valve and trash rack structure
are in well maintained condition.

Cotters Brook

The Cotters Brook diversion structures are in
a poor state of maintenance. The spillway is founded
on the rock and is constructed of large masonry stone
without mortar or the mortar has been washed away.
A flow estimated at 300 gpm was passing through the
stones while 100 gpm was spilling over the crest.
The diversion inlet is closed by wood stoplogs and
backfilled upstream with earth. Leakage through the
stoplogs is small. The wood of the stoplogs is still
in good condition. The closure level of the intake
is approximately six inches above water level. The
canal downstream of the intake is covered by vegetation
and is in a poor state of maintenance.

Evaluation

With the exception of Cotters Brook diversion
and the spillway and culvert walls the essential struc-
tures are generally in good condition. Repairs must
be made to the spillway and culvert walls. No traces
or significant seepage were observed. The control
valves at the intake should be improved so that only
one operator is required.

SECTION 4 OPERATIONAL PROCEDURE

A daily visit of the intake is made to record
lake water levels. There are no automatic recording
or warning system to record any sudden raise of water
level.

Maintenance of the structures and operating facil-

ities are made when necessary. There are no periodic
inspections or instrumentation.
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SECTION 5 HYDRAULIC/HYDROLOGY

The hydraulic/hydrologic evaluation is based on
a spillway design flood (SDF) equal to the full probable
maximum flood (PMF) in accordance with the evaluation
guidelines for dams classified as high hazard and
intermediate in size. Available records indicate that
the spillway and dam are designed on the basis of a
flood flow significantly less than the PMF.

The PMF has been determined by developing a synthetic
hydrograph based on the maximum probable precipitation
of 22.5 inches (200 square mile - 24 hour). Hydrologic
computations are given in Appendix 4. The PMF determined
for the subject watershed is 11920 cfs.

The crest elevation of the dam is such that the
dam can store water to height 9 ft above the crest
of the spillway. With 9 ft of head the capacity of
the spillway is approximately 5016 cfs which is less
than the SDF.

The PMF was routed through the dam and spillway
and it was found the dam would not overtop and there
would be approximately 1 ft of free board remaining.
Based on the routing it can be concluded that Echo
Lake Dam does not have an overtopping potential.

Drawdown calculations indicate that it would take
approximately 6 days to lower the lake level by 9 ft
and approximately 14 days to empty the lake.

SECTION 6 STRUCTURAL STABILITY

The stability of the Echo Lake structures as
determined by visual observation and examination of
available records is satisfactory. The operating con-
ditions with respect to water level are less than
project design conditions.

The diversion dam at Cotters Brook is satisfactory
with respect to overall stability but requires repair
and maintenance work. It should be noted that these
structures have withstood the adverse conditions that
have occured over the last 80 years and it is unlikely
they will continue to do so much longer.
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Echo Lake Dams are located in Seismic Zone 1 of
the Seismic Zone Map of Contiguous States. The degree
of stability of the dam and appurtenances are assumed
to be within conventional safety margins and to present
no hazard from earthquakes. If, however, the Seismic
Z2one rating is seriously increased in the future, or
data becomes available to indicate it may be increased,
further study with respect to seismic stability may
be necessary.

SECTION 7 ASSESSMENT, RECOMMENDATION/REMEDIAL MEASURES

7.1 Assessment

Echo Lake Intake and Spillway Dams and appurtenances
are in fair condition.

The remedial measures do not question original
design assumptions. They are mainly related with
repair, maintenance, and improvement to decrease risk
of further damage.

Recommendations/Remedi«]l Measures

We recommend the following remedial measures:

\,

s The Echo Lake Spillway sidewalls must be repaired.
The first priority is to rebuild the side walls
of the spillway by making them stronger and anchored
them into rock. At the same time the rip-rap
should be repaired. This should be done very
soon.

2 A device for collecting floating debris should
be installed as soon as possible upstream of the
spillway. It should be assumed that floating
debris will include row boats and newly uprooted
trees. The large rock at the upstream side of
the culvert below the road should be removed. ]
This should be done soon. 3

3. The wing walls of the outlet culvert at the Intake

Dam should be repaired. This should be done very
soon.

Ell




The control valves at the dam spillway and trash
rack structures are in well maintained operating
condition. However, the valves at the intake
tower should be brought up to an operational
efficiency that requires only one man to operate
this station. This should be done in the future.

An underwater inspection should be made to determine
if debris or buildup in the gate tracks is binding
and inhibiting operation, and the gate tracks

cleaned and lubricated. The stem guides should

have bronze bushings installed and the stems

should be lubricated. Should the above allow

for one man valve operation then this is all that
should be done to these occasionally used valves.
This should be done in the future.

Do not keep the Cotters Brook diversion structures
in their present state. If the diversion is not
to be used, we recommended demolishing it entirely.
This should be done soon.

El2
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APPENDIX 1
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VISUAL INSPECTION

ECHO LAKE DAMS
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APPENDIX 2

PHOTOGRAPHS

ECHO LAKE DAMS




R

Right side-wall of 20 June 1978
spillway.
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Low level outlet at right side 20 June 1978
wall of spillway.
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Spillway discharge canal 20 June

looking upstream.

Culverts below road
along spillway discharge canal looking
downgtream. Note boulder at end of culvert
below road.

and Route 23

ECHO LAKE DAM

1978




Upstream riprap at right
embankment looking west from
spillway.

Upstream rip rap at right
cmbankment. TLooking west from
intake structure.

ECHO LAKE DAM
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June

1978

1978
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One of three Rodney Hunt manually 20 June 1978
operated control valves at intake structure.

Control valve at right side 20 June 1978

of spillway.

ECHO LAKE DAM




Right wing wall of intake 20 June 1978
structure discharge tunnel.

Left wing wall of intake 20 June 1978
structure discharge tunnel.
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ENGINEERING AND CONSTRUCTION DATA

ECHO LAKE DAMS




Report of Hydraulic Enginesr

Echo lLa¥ke Improvement

Dlvieion of VWeter

Yr. James W. Costello, Cuief Engineer,

Department of Public Affecire,

“e'ﬂark, N.Je.

Dear 8ir:

14 March 1926

Herewitn 18 submitted a report of the development of
Echo Lake to secure additional water supply from the Peauannock

waterahed.

An hydraulic engineer experienced in the design and con-
struction of earth dams was employed and the work of investiga-
tion, design and preparation of plane lookiny to the improve-
ment and increased supply of weter from Ecno L-ke, actively tuaken

up on April 1, 1325.

Specifications for test boringa were prepared at once and
bids eecured from four firus as folbrss:

Bidder

1. Phillips & Worth-

Price
per foot

ington, Yew York  34.00

2. VWateon G. Clark,
Yew York

3. Osborne Drilling
Corp., New York

4. Giles Drilling Co.
Inc., Yew York

5.25

6.00C

7.00

Price per
day
1l unit
$40.00

52.00°

35.00%

41.00

Number Type Core
units diamn.
eouivnment
1 1/4" to
2 Shot 1 2/3"
2 Shot 2"
2 Diamond 15/18"
Diawond 7/8"

*345.00 per day wit.out superintendent
#Plus $90.0C0 per karat of cdiamond loss

The contract was arzried to> Pnillips & Wcrtuington of New
wcrx cesan on April 22 and was com-

Jnder tnic contract 51 ocrings were

zade on a damsite near the exicting outlet and alons the diversion

York on Aoril 12, 1I33.
pleted August 5, 1€05.

an¢é outlet channele ani on =

~ @amsities at the soutz west ccrrar

of ¢t..2 lake. A to%al cf 1272.1< 1lineal feet of arilling was
cone as iollows: 47 t.les on lund emoanting tc 1125.54% feet at
<4.70 o>r foot, costing $4554.53 and rive h-iee awountirng to




140.50 lineal feet in the Jalke bottom, mude from o flont, W

the par day price of 240.00, or J(5.39 per foot, coctiny ,,.,.u,,
a1 %asal of $uIi54.56. Test pi'd were cugz on the Bite o!f uvir cu
pite and wechunicel analyu)ys =ade of the metceriale Lo stL.L.nL
their esuitability ror use in eartith da:x construction.

SBurveys were begun April 14 with a nen-cngineerin: wouics-
ant and two lavorers. Th< estistent wae repluced vy nn coninoor-
in; graduate on lay 13. Tarce teonorery assictants were e..o.loy-
ed duripg 2 part of June, July cnd Au, ust. A second enpin_oriny
assistant, canadble of doing draftiing, wue adled to tie Iorce
on LCec. 15.

Topograpbic surveys covering 5@ acree were nude ¢f the wurea

tuat will te affected by ccnetructilon overations at tre foct of
the lrke, and a curvey of t:e prcpoced new 7,500 fcot outlet
channel. A survety was aleo made of the ! aconin Eranch Railroad
leadin;; from the nain lircjof the Ner Vork, Sucoue.anna & We3tern
(Erie) Railroad %0 Echo taze, lenztu of survey 1.64 nilecs.

Tone major field operation ras tce deterairation of tue urea and
vcluwe of toe lake. A trianjpulatio eurvey of the luke was
made und with thie a 8 a obusis, sounding s below and elevations
above tne water surface wre deterzined along tne entire lurxe chore
a distungs of 5.6 wiles. Tne soundin.s were supplew2nted by werk
done by ¥r. Bankudn 1t22. The ares covere. by wiise sarvey is 240
acres. In addition, 1.. miles of lecation lines were run i: Hom-
mocX swanmp. Frow the wap bused on t.ule survey were d:terwined tue
area and capacity of tue lare at two foot intervuale frouw the tottom
to elevation 896 of four fe t avove tue oreecent full luce vurface
and frow tue volumee and arecas vere odtuined tue amount 0! riciagse
and t.e amount availaole for use. 4c190 curve or diagrum wus
made snowing the total amount of water in a millilon gillons tiat
has run off the comoined drainarce arcae of Echo Tuke and ite

ributsry, Cctter’'s Brook, in tie past 3¢ years. Frou tunese
data were determined %he rroporti:ns ol t.2 dams, spillway, outlet
vorks and c..annels. The avcve mentioned field work and the plottirg
of mnoe was ccriinuous turousihout tne Susmser and Fall. All field
worx and waps were couxpleted carly in Decewler.

In adiition to the apbove, sevcral reports and estimates of
cost were made Aduring tre su..er. Tentative deel:ne and
complete estimates were mnie of five projects including ceven
dams. The {irst of these ectimates was pr:pared during Aucust
and 9subuitted Ausust Jlst. Otiner estimutes were luver r;ounoted
end subiitied on Cctooer 12th. On that date one of zine
projecta ras accepted and directione given to oroceel with tle
final d:sign anl plens.

The survayr ani mriudiee for incr2aring tie storage in Zcho
Lake were b2,an with a view to raicin:- the lake turface aocut
eight feet or to a height tzat the yielu of t.e matershed r..cred
to pe economical. It wae re:lized atl tue becsinning oo t.e
invzetisation Tzt L would be vory undesirable to Ylced tue
great swamp at tne nead °\; A larzz, idaxzock Swemp, anc taue
produce a 11‘ -e gnallor ared ?‘ avaoorztion and anuatic g.owt.E
and at t.¢c s=.2 time inera e inglon oF Clminisn the crics
a:tt wicroscopic 0., nnlzie.

T — TI I“ P :
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The buein cf the lake has steen, rocky underwzter echLoree
and a maximum depth orf over thirty fcet. JMore tnan €85 ¢f 3tie
area has & deptn of twenty feet wito BO% of i1te volume above t:e
twenty foot depth. At un eurly etage of tae investiyztion
effort wac directed towerd finding a eclution of the provlem ty
dreving from the preeent elevation ratner tren by ralsing £t, ané
thue secure the irncrezeed eupply frcm tre exieting clean end Zeep
reservolr.

EcboLixe end the Pecuannock waterehed lie within tre giuclated
area of ilortrern New Jercey. Tune leke baein wes Torued by tue
oostruction of a river vzlley by means of gleci#d drilt. Tue
drift at tce south or outlet end of the lake takes the foru of a
hardpan overlaying bedrock. Test boringe enhovr bedrock to be
at no great distance, seven to thirty feet, below tre grcund eur-
face except near the center of tihe valley where a driven well
discloses rock at a deptn of 120 feet. Tne valley is 2,200
feet wide in the vicinity of tie soutu end o! the lake. Tue
laxe hae two outlets, tnut in the scuti west cofner, perreaps
tre originnl outlet, being now olLstructed oy the embankment cf tie
Maccpin Brenchk Railroad. Tne weeterly outlet, aocutuv 7,500 feet
long, enters the Peouannock just below tlhe New York, SBusouenanna
& Wertern Railroad bridge and avove the lacppir Intake. Tae
ensterly outlet enters tie channel of Cotter's Brook an7t rcezches
the river at the haed ¢ ithe lacopin Inteke pond, a dietznce of
about 10,500 feet frow tie laxe. Tiue regualuied 2levation of t.e
lnke, weir crest, is B892 feet cbove th2 nmean sea level.

The druwdonwn permitted by the outlet channel ie 5.0 {z2et and tie
avallable storage 425 million rall nr. Th2 =aterslhec of Tcho L:ke
including water curtace, nas an area of 2.41 souare miles.

Cotter's Brook watershed has 2n area of 1.24 souare miles.

4.2 -

Ti:e borings dieclcsed tha fact that the eacterly or precent
outlet onhun:el was excavited nearly to bedrock, and t.at
decpening vould require extensjve rock excavation, while & channel
at tce wecterly outlet wculd be in eurth with a minjmum 0" rocx
to be re.oved. The prcject accepted und now being worked oat in
d=tail, culle for a 50 foot concretc splliiwuy at tne present
ecsterly outlet with its crest el¢vation at 833 or one fcot abeve

tne pr-scent leke elevation. Ta2 spliiwmy dom will b: an euarth
etructure wit. i1ts crect at elzvetion S02, or nine feet ubove tie
epiilvay crest, alloving t.e use oI tinree feet of flash Doarde
and a Tlooé deptn of two feet. A vcrtion ¢f tie Cotier's Brecok
divereion cihennel vill te paved to prevent seepaké 1CtbEE and a
larper culvert built tc pzes higher flows intc tre lake.

The outlet chunnel, dem and control wcrke will oe locatzd at
t.e south west ccrner of tze lzaze. Tie boticm of th:z outlet

"czannel at tze dam will be at elevasion B72 and have a lengtn of

1,870 feet. Toe -ischarge will de intc an exieting strecm.

A oortion of trie eireem ie lccate’ on rallroad property and

=111 te luwprovad t: protect the fille frewm ercelcn Ty :the irncre:sed
c-ount o woter cxzrries. Tie tottow ol tiz aporozel crznnel

=111 be l:vel ani ext:nd 1,670 fez2?t intc tie lare to cornteur

870. Tze cutl:zt dan will be an earts etructare vith ite crest at
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elevetion 904 and nasing u helgnt of U2 feet atove the cutl-t
ci.ann2l. A roin.orced ccucrete conuult wiil curry tos witer
through tone dem.  Waterwill entorifie condalt ti:.ugn ar in-
tnke tower In vhicu tue getes =111 o: plzc2d ot d44frzyent cl-
evutione, permitting drawing at "hantevci depth 2tsumin-.tion and
analyesis shuwe tie water to be ol better ouslity. Taue weter
glopeg of the dum vi1ll ve paved an:i their tops and dovunstreum
slopes grassed. Service rcoade will be provided at voth of tLe
danms. T.e excavation for and conetruction of the outlet dam,
conduit, intake torer an! m2jor portion of the outlet ci:snrel
v111 be done behind a coffer-dam built acroec the cove in tlre
gecutk vweet corner of tie lake. Thie w11l be a pile ard tiuber
etructure supuorting a single line of ete<l shest piling. After
ccrpletion of .Le dar and oti.er structures, tie steel theet pilinp
daw vwill oz re%ained as . barrier to hold back dArifting ice and
debris from tne approsch cnunnel an. intake tower.

In addition to less coet 07 conetruction attuined by lacing
the outlet structures anu chaznnel at toe ccutl west corner of
tha lake, tiereby avoildiny exceseive roc: ercavation, eaotter
advantage 1c¢ gzined by being able to discharge lirge flows irom
Ecuo Lake into the upsoer end or a future reccrvolr at Charlotte-
burg and tlence into a nev conduit leating to tie City. Still
arother auvuntuge ie tnat the mntrance o Cotter's Prook into
tha lzke will b= scue 2,00 Te2t rom tne outelet, alioving
more time 1cr storage and blexching tren ie p:ruitted nov with
tne entrance directly at tie outlet. Aleo tie drawing acowm of
the likke to lower levels and for longer periods will peruit

" pbetter arnd more rapid drainege of Hauwsockx Swamp a:¢ keke future

ditc:ing more ecnnomical and eflectiva.

The proposed outlet chunnel 1is :csigned to carry 93 second
feet or 60 miilicn galleone dally, t.c -ull crpacity of tae exist-
in, »ire lin-e tc the City, with tie i7ea that Zcho Lake, being
near t:ie:intcke, may be drawm upon to nearly tnle amount for
ouick delivary in case otuer scourc.s of sugply are tomporurily
unavailable. Fcr future celzivary tc a rescrvoir at Crnurlottza-
burg a cuinnel copacity oi $00 second feet will be provided.

Tulskapseity voull Zuve tusen cure ¢l ull but eipht sto-ms in
tie past 27 yzarsor, vits a full lake, water would have wasted
over th: vpillw.y an tvervze ol once in :.4 years. Tu2 . eedond
feet 0 65 mi.li:n gal.one daily, wiil low alons tre :llacopin
2r nch railro:d ri!;:.t-cr -way in tie chznnel or an exicting
stream rhic. leovie ti2 riphi-ol-vay avout Z,670 fe2t frcm the
cdan. Tze larper oantity of 200 sccenid feet will continue along
tie rigut-o.-vay tc tne rerfervoiz. Wnen thia tukes pl-ace, adi=-
{tional conetruciion :111 b2 recuired cn :.ianksents and under
ti.e Stite Highway aanc wain line of tie Susouehanna rsilroad.

In provi .ag Zcr trneee lar e flore anc for taking water from
tae” lake at di1ff2r>nt :=leovatione, lzrge gz=tes vill be employed.
Buvin, more taan on: of ties:z satzs.open &t the f£aze tize, eltrer
by mieteke or mallcicusly, woul' czute dunperiusly i it Jlcve in
thez channzle. TS coviate t.lr an {rntcrlocling cevie= «ill be
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inatalled which will prevent more thun one gate oeling 0.en st U
time. Another sufetly meeeure will ve tie building o tue outl=t
or veeterly dam twec feet hip ner thet the epillwuy cr eaeterly
dam. During the flool o:r Cctober 1203, tre:luz2 rcse tc dout
elevation 898 and wvuter flcved cdowr tie vualley in vhich tne out-
let dam vill be located. This heipght of water was propuacly due
in part to olocking by drirtwcod o0i tne largs culvert under the
highway juat below the present outlet. A secticn of the reid over
this culvert i+ at elavation 90Y, a:d tie creet of tue divercion
dam on Cotter's Brook is8 at the sa.e elevetion. Water could [lowm
over the road for a time without cerious domuge but not over the
outlet dam. To prevent thie the crest of tne outlct dsie will Dbe
at elevation 904.

Ta2 amount oI avillable water that cun ve store: in th: dake
be tween elavations 872 ana €23, a depth of 21 feet or toz a.cunt
of the drewdown made poe.-ible by trne outlet chunnel, will bz 1,576
million gallone or a esusvly of 4.¢5 million gallon: per duy.

Thie is an increase of 1,183 milllon gullons oi aveilepdle woter.
Tue assuwed runoff frowm toe drainage orea e at the tate o:r 1.1
million ga«ll _nns per day per scuare :ile. Tne area of the witer-

shed tributary to the lake ie 4.25 ecuzre miles., Vith care in
maintaining the neipght of watur in tie lake an’ alloving no waste
over tha spillway, a ruate of 4.8 il lion rallone ver day msy ve
obtained. Stora;e to elcvation 892 in the luke gives 2 dz2velop-
ment ¢ 91% or stores 915 ¢:r thie ansual runof: of the watorshed.

The area cf trne lake at 2l:vation 823 will be 282 scree. The
maximum disci=rire at Uacopir Intule during the flocd of 1203
appears to uneve been at the rate ci ‘o second feet nmer scuare uile
from tihe Peouanuock druinmc area of 63.7 coaare miles. Tul: rate
adjuzted to tue eualler ures ol tre Zcho Luke waterened vus ured
for the maxirxum zlood ilows, ti.e rale used veding 150 seccond fe:t
cer souare mile.

The work of cleuring dumrites, crnunn2l locations ¢n- th: thores
of tae laxe to contour 830 wus bezgun on October 22, 1£35. Trdc
vork 1e bLeing done oy City .orces under the cirection <i SBuperin-
toendznt Rei:ly ancé under tne incpection o1i tre enginesrs. 8ix
miles os -cutting linee have veen murx2d vy ti2 =2n;ine2re. Cne
nundred oak piles for tue cofferdum, 20 to 30 feet long, are dDeing
iurnished rrow the cle=ring orer2tione in additicn to ccrd veed
and saw lcgs =old. Tre area to oe cleired axounte to 40 acree.
At tae 2n. o1 t..e year 11.- of thie area Lad vzen cut cver.

lleyotiations were vbegun in July for t.2 pircrace c. tue licopin
brunc.. R.1l1road from the Zrie Ruilroad Company. Taie or:nci.
railroad Ifrcmerly served tue 1€z in.usiry at =cho Luike an. is of
no :-urtier use en. tre Ruilrcuzd Coupany hus votel to abdaudon it.
Tuie action av:ite tue ~n.reval o. tie Inter:tuse Cow erce Cow.=~
1 ion andg thz Stzte acticrities o. Peuieylvinisa.

. Or Decomber Zlst t.e deeih <.l plans nf the la¥e improvoment
sroject were well uncor vy a4 to2ir coupl:zticn tn. the prepar-
atin o. coniracts and specificetions neeurec by the beginning of
£ze co.r.ractlion ce.scn i April.

March 14, 1926 oy AlLawe ZrY. ap




A\os-h’@c*{' From Constroction
Specifications - Echo qufe Daem.

Sect. 10.7. Frepnrution of Enee fne Ermlankments. pnk ot
8:d1),In gencral, et rt {rcm @ firm caee from ni“\ t —ncil
tinber tre2s nd rocte snd other perieliable wntter e'" heye

been removed to the extient renuired. Locee etcnes, bou ’"uvr
and d-btts 8h11) be removed from embunzment ritee to trne e-tent
directed. The bape under emounkrmente ehz1ll be nloughed juet
~Tovious to placinr emban¥mz2nte to make a bond with “the e.umnk-
ment mat:riel, nd cn eloping ground .311 be sienp2d where

and ae directed. ThiZ work chall not oe meueured under Items

1l or 2 except within the mreas where epecific2lly e£o indicated
on the drawinge. TWaere tpringe are encountered witiin the area
to be covered by tne dexe they coirll bz car:4 for ue £hull De
directed by the Engineer. In g2neral epringe within tue uwcvn-
etream third of trat zreu mill k2 covered «with rock ernd a blind
druin of rock, laid on the natural surface, proviied to t.e
lower toe of the dam. Elsewhere the flow of tne surince will
be checxed by the earth fill as 1t rises, care t2inp ta%en to
always force the flow upward instead of alloring it to forc a
vatercoi.ree through the completed ti1l. lIlo perucnent or tim-
porary fill or structure will be allowved to be placed or c.ilt
on any portion of tne dam before that portion is tvioroachly
cleared and predared as hereindbafore specified.

Sect. 10.2. Fmbankment ''aterinls and lethods in Cenersal,
Fi11 and euwbanxments shall oe ‘made of acceptable materiaie frow
the excavations or from borrow pits. Ae far as it known very
little acceptable material for Iter 10,embankment, can be ob=
tuinad from tie excuvations. It is expected that tiese mater-
ials will be obtuined from borrow pits lccated as szocwn on the
drawings. Z2efore excavating euuvunkient w terisle, ull pruss,
weedn, crcps, mi surface rorte ehall be acceptiol: reroved by
mowing, burninir, plowing well in edvance of tiw: of excavstion,
uarroriud i1 criered, or other adproveds metnode. Fill and o~
vankment materials ehnll ve ruustuntlally free from n2rishatle
matier and Irem materiddes liable 12 becom2 univiodle vien £at-
urated vith water after naviq» pe2n cowmpicted. Any nlucee tiat
becoane bog~y or epring hall b: corrected tn tne gatiefacticn
of tue Znginezr and euch miterial as neceeeary 8hall t2 re.oved
and tune holee rafilled 4iu a satisfactory maonrar. Should tie
Eni"ineer dira2ct tzat unzuisadble zat2rial ve excivated and re-
aoved f{rom the exzbankment the work sh:ll be vrozecly “ene uy
tie Contractor at hie exnenge an’ the coace refil 2t ani com-
pacteci as epecified. All stones 21lomed to roumsin ehall te
BQJ& ate: from eacan Other cy fins earta. o ston2 having say

tueas 1on greater taan 4 lacnes eanll b2 ucels Laass €. earth

ver © incies in uny cimencelon shall e brokem up.

82¢0¢%. _10.4. Frozen tlaterialg. o frozen qterial eunll be

g2, In %.& coasszuctizn :: tae encarZuent ol Th: aunm, an
no iat2rial enzll o2 vlsced on porticne cl t.eee 2.uvauk.Lents
FaiCl are iroze

F1ll en e:zconizzent elzll e coupected by rnm Ang or relling
or ooth, or oy otner mran: ae rerulren, an ~eréever vallt . :ined
~AEINIY, > 1B firecte', gieil €3 carfrlis® up rit" ©.2 LISCATY 2% wn
ascepinble ~letance below Lte tep, wualintaining th. surfsce of t.e
SNTAre encifZusnt 86 JiY &t pozeticxtly ot =n as.rerisntely

levz) surface.




S8eot. 10.5. Allownnce for Siringe.e. The emonnvimente entll pe
cullt to a netirnt aoove t.z tinienes grate walcu vill, 4z e
opinion ¢l tue Engineer, ellow frr tue anrinka;e of tiue suatosinl),
If euch orcerec ovartill recults in o1 ercees eccticn cf arn:
exbuniaient .t the tiwe cf “inal accentince of tne worz t2 vz “one

se B8rnall be inclu:e: in t.e :.eugar-

unier t.is contrugt, sucu e-cess
wents. I any emoaﬂfrnn&v cet.lee ec e to ne culow t.e recuirew
levels for the proposed finichec surfuce at any place, vefore

ke final accept'Lce of t.e work, the Contractor euall eunply
aoproved materiale anc bulll up tze low plucee ue cirected.

Sect. 10.6. Clesz i’ic«"onp of Fill en’ Enuanrz.ent. Fill and
emvanxment enhall e clae ified for paynent accor-in_ to ite
pLyeical characterietics ani epecisl reoulrements as followe:

tem 10 ehall include 111 consieting of acceptzble earth,
san., or gravel. It s2all be placet on the eaet elie of t:e
spillway channel an. as a cover over the area raruied "Tin Tump®
an? in the larper ccfler-dam ae ehown on tnhe crowince an els--
wnere ae or ereuy or 1. icste” in the rawings.

Item 11 snhall inclu’e “moervicue fill an! eian%aent cen-
elsting of selected, acceptable earth containing enough clay,
8oll, or other fine material to compact an: form a water-ti.nt
exoanzrent an ‘- eposited in layers not emceedinr ¢ incres in tiick-
nees vien epread as reouired. Item 11 shall include the im-
pervioue fill in cut-o{I trancihecs an! embaw”man’ reowireﬁ for
the outlet an! spillway dmums an: for the e:tankuzent alca: tue
diversion channsl vithin tie limits ehovm on the drawince or
orcereil an: elsewiere if ~irectei.

11 an: Tmdoanvment.

t-m 11,ehall unl=ss
g8 nrescrioved in
%
(o

Sect. 10.7. Conpolif ting Iuo:rvious Fi
Earth ror impervious fill an: emtunrsuent,]
otherwise cpeclally orde r°u 0r b:rmitisd
Sect. 10.Z be cpread in aporoximately norizontal layers lengi-
tu:inally anc sloping fliprntly towar! the center tranrvercely
anu exten.iing over t.e entire cuarface of tle emtunkuent, an
not .ore t.an 6 inc..es in talckness whenh sprea.

dotor cravn .ump wagnne or otier vzulicles ap.rovai by ti.e
Zngineer, shall bz use: for tr:nepirting tne material for tie
res111 ani ewvaniwents, s eiall be routec so ne to Lro.uce
t.e greutest erount ol compacting of t.e muterial in tae s,

Tie spreacing ehall b= uons by neavy ro& sureu.erms, naulec
by caterpil ar tractors cr tracters Lavin. blu'e: wieelr ur
by motor .riven vLuil=-.cs

Q
5
®

. |
Tae '1lls an escanikuants flall be consoll :ated vy t.e use |
of roliere an. water to tie ext:nt t.at tie voi e in toe ma=- |
terials:iill be reiuce: t5 nct .ore s.an 23 p2r e:nt of t.: vele |
wae oI ¢..2 cowpacted earih as detzrmines Ly saaples taz2n irow |
t.ue Zille ant emounznents unter conetruact cn. |
It 18 assumed that the “egree of cowdactness recuirez can
o0& brougat aoout oy tiie use o seclliere an: vaier.
Agorovea pover rolie & witu poiivel ©r wanieéa roale snall |
oe usedi. The rear waeel or v.eels 57 tie rol:er ehall oe c'
Buch i th an. .laszeter =xn: Biall bear cuch & o*oport on )
to® total vai.at 9 %ad rELlET tamt WIS 4 in che
% 8351 enuse & taldcais s 3 SreBSy
1eagt 30 poas ¢ 5 t.e sruare inel cn it
Tae tearing eursace zened 2z snall b2 |
ZAltl liag 3y Zall top nTC bound:n, a_ g2 )
Snd we Bl 52 TAR STICVIER, LAl midd }




Pive lines with nose cou..ecticns not lese t.an 177 S+t 1
pn&all be lsi along the .ameite for eupplylry vater.

A capuclity of not legs t:izn 0 pullont per minute at tie
noz: lee ehull be vide. Zcr each ¢f not l:ec tnan twe nozzles.

Tue nuwrver ol nozrlee of Lils capacity Biwll ve lrcre.cei 4
reouirea.

The eurlace to be covered by e losd cf earth shzll be tuo-
roughly wet juet previoue to cumping tre lcad. Thie groce.ure
snall ove rigicly achered to; tue oovject uveinpg to get an retain
trhe proper amount of vater vwithin the eurtu weee ent to aveid
the foom=ztion of pools end mul y, elippery ~urfuces.

Rolling an: wetting si:nll b2 continuen until tre reouired
ccmpactnees is obtair2d.. T f trese methode are not euf:icilent,
tune welght of rollers an' =mount of water eanuzll Le increceed.

Sect. 10.8. Special Ccmguct-nn. Portione of tre f111 an en-
banruent wiicn are very eusazall in aree, tuoce popticns edjoinirng
the cut-cf? walls, other portione vhich the rcllere cannot resch
Icr any reason an: material used for refilling trencies, if so
or.erec, en.ll be compscte: Dy meuns o mec.znlical tampere oper-
ate¢ by comprescea air or ot.erwvise, or by extra nesvy hLan.
tamperec uee:. energetic:lly, cr oy ccpositing t..e ei.rth by or
tirougn water in suca .annuer teoat all of 1t ehzll ve tucrouphly
gaturute: cut not etratified, or by ot.er mezns vwrhicn will ge-
cure a eatieiactcry degrez of cempacting.

Sect. 1:C.1. ¥in”s of !lapcnry an Where Used. Concrete r.ueon-
ry vill o= reouired in tue cpillwny ani walls, t.e cut-c®f valld,
an Ior pavini- t.- civercion cuunnel, au  elsew.ere as ehovn
on the drawirgs or orcered. 2Reinforcei concrete will be uged
in the outlet con'uit, the intake tower, an’' in two culverts,
and elsew..cre ac snovn on ti2 trawinge cr or:erei. Sicne or
orick maeonry vill oc uce: to face tie gate houre valls. Paving
lai dry will ve uved Ifcor t.e flcue paving on tie upstream cidie
of tlie eartnh <dame, for the overflcw channel, an® cortione cf the
idverrion an outlet chennels sa. eleev.ere as ehovn on the s
erwéings or orveren.

Sect. 1:6.2. Preparing t.e Foun atione ror inconry. Sefore
laying woasonry o. any c.ang at a iven place ti- roct or otier
Tounc.ation, cxr tie racvonry p-evicuely lai:, snall ve prcperly
prepoarec as nerzin epzcilied or ac nirected, an waien cteginnin;-
tc place tne maconry a be oI rresh uortar cf tie ouz2lity here-
inarter mpecifien en: of tre tricunese reouire: ezrll ve spread
over tre foun ation sn. tiorcugily workec intc all uc.reeBicLE
&... crevices. Tnie worz en=1l no: ve 1nc1u;e:a in t-e :..e'cure-
.ent ior ltem 9, unlese cpecifically cegignated ae eoecial
creparetion .cr rocr gurrece un e* toztitem. Fount.utione, in
earth, of t.e retaining walle anc tae overflew weir ol tie epill-
way, the culvsrts, al 3lsev:ere ae or.zrec, shall ve rolled
or tampes as directed.,

Water .or ccrerete an.

Sect. 13G.15. Wauter ar Consic‘ency.
Mortar enali ©: cleéazn &n Ifree Irs. injurious amcants o oll,
gel ., ey anie we2Y OF Oiaer colstericus eabsrance.
s Je. E BhEia JOSVICE Zaliaudd 4T SD.TEVEL L8LLF
C'\"c‘i:g &i. afourTETElY toe vaters J.¢ Oug ntit)

-
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of a vorkability reculred by the Engineer. T.e coreletrency ..o
ti.e concrete at the forwm ehull be suchtiut the elhwnps tcer uo
cescrioes in "Tentative lethod c¢f Teet for Conrictincy of FPorsi-
lend Cement Comcrete tor Paveuente or for Puvencnt kaee", Sertial
DeriynationDliB-23T of tue Aucricun Soclety for Teeting luterlale
eanll be vithin the limits in-icuter in the follewing tuule
un.ees otunerwiee permittec or orcerea:

Yarximum ini{mum
Slunp in Slump in
Type ¢f Concrete Inchee Inches
Reinforcec and watertight concrete 6 3
Yass concrete 3 1
Lean concrete for filling 3 5§

Sect. 13.1. Work Included. Concrete ie claesifie” by ure.
Ttem 10 consirte mainly of reinZorce’ watertight concrete 4n

tre con uit an: intake tower, culverte, ciaannel paving an Gtens,
an. elsewaere as siovh on tue irawings or av oridered. Item 14
ccneiygte muinly cr mnes concrete in gravity secticn retaining
anc wing valls, epillvay weir,con uit heai-wallse, cut-c.: walls,
an' supnotrtting etructures icr cast iron pipe, an. elsewnere as
shcvm on trhe arawings cr ord:-red. Item 15 is a lean cencrete
and shall ve usec for-filling an. otaer similiur purpores as
shown on tne drawings @r orcered.

Sect. 12.2. Plecing. The concrete shull be place: continu-
ously 80 as not to impalyr tre strength of tre structure. Unl:ss
otihervise permitict or reoulred, tie reinforced concrete 7rtor
each section ol tie conuuilt shall oe pluceu in one ccatinuous
operation. A1l eteel reiniorcewent shall be olacec in the
exact positions anu witn tie spacing saovn on the nrawinges or as
or:ered, an’ shall be so fastened in position as to nrevent ~ie-
nlacement while tie concrete is being “evorited. To eecurc a
vatertiyht structure for t:e reinf-rce: concrete conruit wunc
inisre torer more tunan orcinary care in mirxing an: plecing
concrete ic escential.
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Written Documents

1o Report of Hydraulic Engineer to Dated March 14, 1926
Mr. James W. Costello
Chief Engineer
Department of Public Affairs
Newark, New Jersey

4 Letter to The Department of Dated April 22, 1926
Conservation and Development
Trenton, New Jersey
By James W. Costello

3 Sketch of Watershed Area

4. Extract from Specifications

S« Photos before 1926 Construction (3) Dated April 29, 1926

6. Report on Dam Inspection by Dated September 20, 1926
John N. Brook

T Monthly Progress Report Dated September 30, 1926

8. Monthly Progress Report Dated October 31, 1926

9. Report on Dam Inspection by Dated April 15, 1927
John N. Brook

10. Photos (4) Dated April 14, 1926

11. Letter to: James W. Costello Dated April 18, 1927
From: H.P. Kummel
Department of Conservation &
Development

12, Photo Dated May 26, 1927

13. Report on Dam Inspection Dated May 18, 1928

14. Photos Dated May 16, 1928
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Drawings
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2
3
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Plan of Echo lLake Improvement, February 1897

Blasting Outlet channel in Echo Lake Reservoir, May 1950
Location of Spillway and Intake Structure

Borings and Geology

Plan View of Diversion Channel, Spillway Channel and Earth Dam
Cross Sections of Spillway Channel and Diversion Channel

Spillway and Abutments Sections
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