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DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT, CORPS OF ENGINEERS
CUSTOM HOUSE=2D & CHESTNUT STREEYS
PHILADELPHIA, PENNSYLVANIA 19108

IN REPLY R¥FER TO

NAPEN-D
§1 JuL B8

Honorable Brendan T. Byrne
Governor of New Jersey

Trenton, New Jersey 08621 gﬂ;spA@EISBESTQﬂALITYPRACTIWugﬂ

FROM COPY FURNISHED IO DDC e

Dear Governor Byrne:

Inclosed is the Phase I Inspection Report for Woodcliff Lake Dam, Bergen
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 con-
dition is given on the first pages of the report.

Based on visual inspection, available records, calculations, and past
operational performance, Woodcliff Lake Dam is judged to be in fair con-
dition, The dam's spillway is considered seriously inadequate as 32
percent of the Probable Maximum Flood (PMF) would overtop the dam, To
insure adequacy of the structure, the following actions, as a minimum
are recommended:

a, Hydrologic and hydraulic investigations and engineering studies
should be completed within twelve months of the date of approval of this
report to determine corrective action required to increase the capacity
of the spiliway. Construction of an improved spillway should commence
in calendar year 1979. Due to the potential for overtopping of the dam,
a detailed emergency operation, warning and evacuation system should be
developed and placed into operation by the owner within the next three
months,

b, Engingering studies should be completed within six months of
the date of approval of this report to determine the engineering pro-
perties of the embankment materials, the location of the phreatic line
and determine the stability of the embankment. Necessary remedial mea-
sures should be initiated within 6 months of completion of these studies.
The seepage areas should be monitored regularly until corrective measures
are adopted. To facilitate seepage moniltoring, the left dowvnstream em-
bankment area to 50 feet beyond the tce of the dam should be cleared, re-
graded and reseeded as required.
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NAPEN-D
Honorable Brendan T, Byrne

c. Pilezometers or observation wells should be installed in the

embankment near the left abutment as part of the studies recommended in
paragraph b, above.

d. The following items should be accomplished within one year from
the date of approval of this report:

(1) The erosion at the end of the spillway chute and in the
downstream channel should be repaired and protected from
future erosion. The downstream sheet pile cut-off should
be repaired and an energy dissipation sill installed.

(2) The downstream embankment should be cleared of trees and
brush and a suitable vegetative cover established.

(3) Burrowing animals should be destroyed and their holes
backfilled,

(4) The water level recorder in the gaging station should be
repaired.

(5)

The owner should upgrade his Operation and Maintenance
procedures by issuing an Operation and Maintenance Manual,

e. The low level outlet valving should be relocated to the upstream
side of the dam's core wall, A study should be made to determine the best

method to accomplish this relocation within one year from the date of ap-
proval of this report.

The valve relocation should be completed within
calendar year 1979.

A copy of the report is belng 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 Andrew Maguire of the Seventh 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 copiles of this report may be obtained from the Nationmal Technical
Information Services (NITS), 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.
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NAPEN-D
Honorable Brendan T. Byrne

An important aspect of the Dam Safety Program will be the implementation of
the recommendations made as a result of the inspection. We accordingly re-
quest that we be advised of proposed actions taken by the State to {mplement
our recommendations,

Sincerely yours,

e //’/X -

~od
\RRY V. DUTCHYSHYN
Colonel, Corps of Engineers
District Engineer

1 Incl
As stated

Cy furn:
Mr, Dirk C. Hofman, P.E.
Department of Environmental Protection
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PHASE 1 REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: Woodcliff Lake Dam, I.D. NJ 00247
State Located: New Jersey

County Located: Bergen

Stream: Pascack Brook

Date of Inspection: May 2 and 6, 1978

Assessment of General Condition of Dam with Respect to Safety and
Recommended Action with Degree of Urgency

The general safety of Woodcliff Lake Dam is considered questionable

in view of its lack of spillway capacity to pass the PMF, and is
capable of only passing a flood equal to 31 percent of the PMF without
overtopping the dam. The dam stability cannot be assessed on the basis
of the available engineering data. A seepage source on the left abut-
ment could affect the stability adversely and should be studied. The
low level outlet is valved downstream of the dam's core wall, which is
considered a safety hazard.

On the positive side, the dam has been in service for 73 years, and
has performed adequately, although modifications in the spillway were
and are required. The stream channel downstream of the spillway
chute channel has been damaged and should be regraded to assure the
continued safety of the installation. Suggested remedial actions

are listed Section 7 together with a suggested timetable for their
completion.
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Robert Gefshowitz, P.E.

(CONTINUED)




o1 QUALITY PRACTICABLE

THIS PAGE 15 B SHED TODDC  ——"

FROM COPY FURRL
Based on visual inspection, available records, calculations, and past
operational performance, Woodcliff Lake Dam is judged to be in fair con-
dition. The danm's spillway is considered seriousiy inadequate as 32
percent of the Probable Maximum Flood (PMF) would overtop the dam. To
insure adequacy of the structure, the following actions, as a minimum
are recommended:

a. Hydrologic and hydraulic investligations and enginecering studies
shculd be completed within twelve months of the date of approval of this
report to determine corrective actlon required to increase the capacity
of the spillway. Construction of an improved spillway should commence
in calendar year 1979. Due to the potential for overtopping of the dam,
a detailed emergency operation, warning 2nd evacuation gystem should be
developed and placed into operation by the owner within the next three
months,

b. Engineering studies should be completed within six months of
the date of approval of this report to determine the engineering pro-
perties of the embankment materials, the location of the phreatic line
and determine the stability of the embankment. Necessary remedial mea-
sures should be initiated within 6 months of completion of these studies.
The seepage areas should be monitored regularly until corrective measures
are adopted, To facilitate seepage monitoring, the left downstream em-
bankment area to 50 feet beyond the toe of the dam should be cleared, re-
graded and reseeded as required.

c. Piezometers or observation wells should be installed in the
embankment near the left abutment as part of the studies recommended in
paragraph b. above.

d. The following items should be accomplished within one year from
the date of approval of this report:

(1) The erosion at the end of the spillway chute and in the
downstream channel should be repaired and protected from
future erosion. The downstream sheet pile cut-off should
be repaired and an energy dissipation sill installed.

(2) The downstream embankment :should be cleared of trees and
brush and a suitable vegetative cover established.

(3) Burrowing animals should be destroyed and their holes
backfilled.

(4) The water level recorder in the gaging station should be
repaired,

(5) The owner should upgrade his Operation and Maintenance
procedures by issuing an Operation and Maintenance Manual.
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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

WOODCLIFF LAKE DAM, I.D. NJ 00247

SECTION 1

j PROJECT INFORMATION

1.1 General

a. Authority
The Dam Inspection Act, Public Law 92-367 of August 1972 authorizes
the Secretary of the Army, through the Corps of Engineers to initiate
a national program of dam inspections. Inspection for Woodcliff Lake
Dam were carried out under Contract DACW61-78-C-0100 to the Department
of the Army, Philadelphia District, Corps of Engineer by the engineering
firm of Harris-ECJ Associates of Woodbridge, New Jersey.

b. Purpose of Inspection
The purpose of the inspection and evaluation is to identify conditions
which threaten the public safety and thus permit the correction of the
conditions in a timely manner by the owners. The National Inventory of
Dams will be updated by the data acquired during the inspection.

1.2 Description of Project

a. General Description of Dam and Appurtenances
Woodcliff Lake Dam is an earth embankment dam impounding the waters of
Pascack Brook. The dam has an overall length of approximately 1,500 ft.




and a maximum depth above the stream bed of 38 ft. The top of the dam
is 24 ft. wide and the upstream and downstream slopes are 2 horizontal
on 1 vertical. The top of the dam is paved with a 2-lane bituminous
roadway and is named Church Road. The upstream face is protected by
cobble stone paving while the downstream face has a 12-inch surface
layer of loam to support protective vegetation. In addition to the
concrete core wall, headwater cut-off is achieved by interlocking sheet
piling to an undetermined depth below the stripped ground surface. The
sheet piling is embedded into a concrete core wall for a distance of
approximately 4 feet, according to an available original plan prepared
in 1903. The horizontal extent of the core wall and steel sheet piling
is undetermined, and not shown on the plans uncovered in this phase.
The dam abutments are formed of naturally higher ground. The spillway
consists of an ungated low broadcrested concrete weir with a crest
elevation at 94.33 feet east of the right abutment contact line. The
spillway is surmounted by a four-span steel beam bridge resting on
three intermediate concrete piers whichcarries Church Road across the
spillway. The net spillway length is 79 feet and the spillway crest
has a clear opening height between crest and bridge beam soffits of
approximately 5 feet. A spillway chute connects the spillway crest to
the Pascack Brook channel by turning through a 60-degree angle to the
left,downstream of the crest. The total length of the spillway chute
is approximately 650 feet measured from the center line of Church Road,
and the chute drops a total of approximately 32 feet.in elevation.

L The spillway chute has been modified twice since its original construc-
tion. In 1937, a steel sheet pile cut-off was added to the bottom end
of the chute and an earth access road was added alongside the right
spillway Chute wall. In 1976, the spillway chute was repaved adding

5 inches of concrete dowelled into the existing slab. At that time,

. *s N .




the right stilling basin wall was heightened by 2.5 feet in the area
where the chute turns through an angle of approximately 60 degrees,

to prevent overtopping caused by supercritical flow standing waves. On
November 8, 1977, during a severe rainstorm, the increased water velo-
city attained in the spillway chute by the smoother repaving caused
considerable local damage on both sides of the channel downstream of
the chute walls removing bank areas approximately 30-ft. wide by 100-ft.
long, and redeposited the coarser fractions 75 ft. to 100 ft. downstream
in the chanhe]. The increased velocity also tore away the top edge of
the steel sheet piling from the end of the chute slab concrete and bent
it downstream.

The approach channel to the spillway crest consists of the upstream
face of the dam embankment with its stone protection, flanked by the
abutment walls of the spillway bridge.

The low level outlet consists of a 48-inch diameter cast iron line

passing through the dam and controlled by two 36-inch diameter gate

valves installed in series in a small gate house on the downstream side
of the dam. The inlet end of the 48-inch line is located at the upstream
toe of the slope of the embankment dam according to a 1903 original design
drawing supplied by the owner. The outlet line has an invert at elevation
63.0 and the upstream embankment is protected in its vicinity by a small
concrete apron slab with head and wingwalls. There are no trash rack
provisions. On the discharge side, the low level outlet channel utilizes
in part the original bed of Pascack Brook which has been protected by
some stone armoring along its banks and invert. '

The reservoir at Woodcliff Lake Dam impounds 2,750 acre feet of water

from a tributary area of 19.4 square miles. The reservoir is traversed

by a causeway that cuts the reservoir in half. The two parts of the cause-
way are connected by an arched culvert 25-foot wide by 16.8-foot high.




b. Location
Woodcliff Lake Dam is located on Pascack Brook, a tributary of the
Hackensack River at Hillsdale, Bergen County, New Jersey. The nearest
downstream community is Hillsdale itself and there are urbanized areas
extending almost to the end of the spillway chute.

c. Size Classification
Woodcliff Lake Reservoir is classified as being "Intermediate" on the
basis of its reservoir storage volume, which is less than 50,000 acre
feet but more than 1,000 acre feet. It is classified as "Small" on the
basis of its total height which is less than 40 feet. The larger of
the two size determinations governs, and thus the dam is classified as
"Intermediate" on size.

d. Hazard Classification
In the National Inventory of Dams, Woodcliff Lake Dam has been classi-

fied as having a High Hazard Potential on the basis that failure of the
dam would cause excessive property damagé to residences downstream, and
could potentially cause more than a few deaths.

e. Ownership 7
Woodc1iff Lake Dam is owned by the Hackensack Water Company, located in
Weehawken, New Jersey.

f. Purpose of Dam
The purpose of the dam is to impound water for use in a water supply
system operated by the Hackensack Water Company. The impounded water
is released by means of the bottom outlet for subsequent use downstream
by way of the natural channel of Pascack Brook,and is impounded again
at Oradell Reservoir on the Hackensack River.
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g. Design and Construction History
Drawings provided by the owner show that the dam was designed in 1903
by the engineering firm of Hering &Fuller. New York, New York. The dam
was built in 1905 by the Fuller Construction Company using horsedrawn
equipment according to the owner. The embankment shown on the plans is
apparently unaltered, although the curved left abutment alignment shown
on the 1903 plans was not carried out, and the dam was constructed on
a straight centerline alignment throughout. The original spillway
chute was modified twice since its construction, in 1937 and again in
1976, as has been described above. Plans for these modifications have
been provided by the Owner and are appended as Drawings 5, 6 and 7.
In 1976, plans were drawn up to install 12-inch high flash boards on
the spillway crest. These flash boards were in use for a short time,
but are not currently is use. No original computations are available
for review and no inspection reports bearing on the construction have
been uncovered.

The Hackensack Water Company in 1977 initiated an investigation to aug-
ment the spillway capacity of the dam and made a detailed topographic
survey of the rightabutment area as part of the study. Plans for pro-
viding auxiliary spillway capacity have not been finalized as of the
date of this inspection report.

h. Normal Operational Procedures
The dam is used as an impounding reservoir designed to store the maxi-

mum possible amount of surface runoff from Pascack Brook. The reservoir

Jlevels are regulated in conjunction with the needs of Oradell Reservoir
which impounds waters from Pascack Brook and the Hackensack River.
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1.3 Pertinent Data

a. Drainage Areas

At dam site, the drainage areas are 19.4 square miles.

b. Discharge at Damsite
Maximum known flood at damsite:

Warm water outlet at pool elevation:

Diversion tunnel low pool outlet at
pool elevation:

Diversion tunnel outlet at pool
elevation:

Gated spillway capacity at pool
elevation:

Gated spillway capacity at maximum
pool elevation:

Ungated spillway capacity at
maximum pool elevation:

Total spillway capacity at
maximum pool elevation:

c. Elevation (feet above MSL)

Top of dam:

Maximum pool-design surcharge:
Full flood control pool:
Normal pool:

Spillway crest (gated):

Upstream portal invert
diversion tunnel:

Downstream portal invert
diversion tunnel:

Streambed atcenterline of dam:

Maximum tailwater:

Est. at 2,740 cfs at spillway on 11/8/77.
Reservoir pool est. at Elev. 98.7

NA

NA

NA

NA

NA

1,650 cfs

1,650 cfs

100
98.03
NA
94.33

NA
NA

NA
62
Unknown




d. Reservoir
Length of maximum pool:
Length of normal pool:
Length of flood control pool:

e. Storage (acre-feet)

Normal pool:

Flood control pool:
Design Surcharge:

Top of dam:

f. Reservoir Surface (acres)

Top of dam:
Maximum pool:

Flood-control pool:

Recreation pool:
Spillway crest:

g. Dam
Type:

Length:
Height:

Top Width:
Side Slopes:
Zoning:

Impervious core:
Cut-off
Grout curtain:

6,000 feet
5,000 feet
NA

2730 AF
NA

3240 AF
3640 AF

217 A
200 A
NA
NA
169 A

Earth embankment with center
concrete core wall

1,500 feet

38 feet

24 feet

2 horizontal on 1 vertical
None

Concrete core wall

Steel sheet pile,depth unknown
None




—

h. Diversion and Regulating Tunnel

Type:

Length:

Closure:

Access:

Regulating Facilities:

i.  Spillway
Type:
Length of weir:
Crest elevation:
Gates
U/S channel
D/S channel

J. Regulating Outlets

Type:
Length:
Closure:

Access:

Regulating Facilities:

e —————

NA
NA
NA
NA
NA

Broad crested ogee sill
79 feet net

94.33 MLS

None

None

Spillway chute channel 630-foot
Tong by 38-foot wide

Cast iron Jow level outlet, 48-in.dia.
Approximately 160 feet

Two 36-inch diameter slide gate
valves; one motor operated, the
other hand operated

Gate accessible and housed in a
gate house downstream of embankment

Regulation by partial opening of
gate valve




SECT1ION 2

2. ENGINEERING DATA

2.1 Design

Available original design drawings have been provided by the owner
(Drawings 2, 3 and 4). Drawings are also available for modifications
made in 1937 and 1976. No design computations, soil borings, soil tests
or other geotechnical data is available to assess the stability of the
embankment properly. No information is available on the depth of the
steel sheet pile cut-off under the concrete core wall, or its horizontal
extent into the abutments. No information is given on the original plans
as to the extent of the concrete core wall into the abutments. Inform-
ation in the files of the New Jersey Department of Environmental Pro-
tection list the steel sheet pile cut-off as being 65-foot deep, but
this could not be substantiated by any other source of information
uncovered.

2.2 Construction

No records have been uncovered as to the construction history of the
dam, except for a statement from the owner's representative that it was
constructed by horsedrawn equipment.

2.3 Operation

No documents have been uncovered as to operating rules pertaining to the
regulation of the reservoir. Letters in the files of the New Jersey
Department of Environmental Protection pertain to complaints about high
water levels in the reservoir. The reservoir is simply operated to
capture the maximum amount of water from the Pascack Brook watershed.
Hydrograph of several storm events were submitted by the Owner for use
in preparing this report.




2.4 Evaluation

a. Availability
The availability of data is fair considering the age of the dam. Data
needed to fully assess the safety of the dam includes:

1. Sub;urface information at the dam site, including
engineering properties and parameters.

2. Soil properties of the embankment.

3. Data on the phreatic line within the dam section
at several cross section lines including the
maximum section and at the seepage area in the
left abutment area.

A check list of engineering construction and maintenance data is in-
cluded in Appendix A. °

b. Adequacy
At present the engineering data available is not sufficient to draw a
conclusion on the stability of the earth embankment. The additional data
listed above should be acquired for further assessment and analysis.

c. Validity ﬂ
Although the original design drawings dating back to 1903 differ in some
respects from the dam as currently constructed,such as in the details of
the dam axis, at the spillway bridge and at the low level outlet line,
there is no reason to believe that the bulk of information shown on these
drawing is not substantially correct and usable. The later draWings
relating to modifications are considered acurate.

10




SECTION 3 :

3. VISUAL INSPECTION

3.1 Findings

a. General
The visual inspection made of Woodcliff Lake Dam revealed that the dam
and appurtenances were in serviceable condition but a program of further
investigations and remedial work is required to assure its continued
safety.

b. Dam
Construction p]aﬁs indicate an earth embankment with a concrete
core wall and sheet pile cut-off. Observations indicate that the
embankment, at least downstream, is a well-graded sand and gravel. It
is reasonable to assume, based on visual observations, that the foundation
consists of the same type of cohesionless material to bedrock. The crest
of the dam is a two-lane asphalt paved road. Longitudinal cracking in
the paVement is not believed related to embankment movement. No signi-
ficant deviations invertical or horizontal alignment were apparent.

The embankment slopes are two on one and there are no signs of past or
present downstream slope instability. Upstream slopes are protected

by riprap and no problems were apparent above the water line. Downstream
slopes were overgrown with brush and small trees. Several holes dug

by burrowing animals were observed.

Seepage was observed in four locations just downstream of the embankment
toe near the left abutment. The seepage combines to form a 2-foot wide
rivulet carrying 5 to 10 gpm of clear water. At the time of the
inspection, vegetation in the area left of the gate control house was
indigenous to swampy areas. One observation well was located at the toe
of the downstream embankment approximately 75 feet left of the gate control
house. The level of water in the well was 1 ft. below ground surface.

1




c. Appurtenant Structures

e Spillway Chute Channel
No seepage was visible in the area of the concrete spillway chute channel.
Severe erosion, however, was observed at the end of the spillway chute
channel which occured as a result of the storm on November 8, 1977.
According to the owner's engineering representative, repaving of the
spillway chute slab in 1976 increased the discharge velocity. During
the storm, the increased kinetic power of the discharging water, severe-
ly eroded the downstream channel banks for approximately 100 feet in
length and 30 feet in width, cutting away the backfill behind the spill-
way chute wall for a distance of 15 feet upstream of the end of chute.
The discharging water also tore away the steel sheet piling from the
edge of the spillway chute concrete and displaced and bent it downstream.
The spillway crest concrete and the spillway chute floor concrete is in
acceptable to good condition. There is no cracking of the overlay con-
crete and all construction joints are in alignment. The chute walls
are in acceptable condition, showing some minor surface deterioration.
The jointing in walls is in good alignment.

e Spillway Bridge and Piers
The concrete piers are in acceptable condition with no significant
cracking or deterioration observed. The spillway beams have been
strengthened by the addition of cantilever support beams at the piers
and brackets at the two abutment walls. The brackets and beams impede
the ciear spillway area somewhat. Additional soffit encasement con-
crete was observed on the upstream bridge basin of the left spiliway
channel opening. The bridge itself is in acceptable condition for
light vehicular traffic.

e Low Level Outlet
The dam's Tow level outlet consists of a single 48-inch diameter cast
iron pipe at invert elevation 63.1 MSL. The line is controlled by two
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36-inch diameter gate valves and their associated 48-in. by 36-in.
reducers. These two valves are installed back to back with the valve
stems in the horizontal position. The valves are located in a small
valve house at the toe of the embankment. The capacity of the low level
outlet is estimated at 530 cfs at a normal pool elevation of 94.33.

The upstream valve is manually operated and is normally left in the open

position. The downstream valve is motor operated and is used to control

the flow through the line, providing water for use downstream and serving
as an emergency drawdown for the reservoir. Operation of the valve could
become a problem at higher tailwater elevations.

Both valves appeared to be in good condition. The packing glands were
not leaking, and the 90 degree bevel gear reduction drives were well
lubricated and appeared to be well maintained. The owner's represen-
tative stated that both valves are functional and are operated when
necessary. At the time of the inspection, the motor operated valve had
recently been opened to 25 percent (9 inches) opening, in order to
provide downstream water for Pascack Brook, since the reservoir had
fallen below the crest of the spillway. No records are available con-
cerning the last complete inspection of the 48-inch line.

d. Reservoir Area
The major portion of the reservoir rim is gently sloped. No indications

of instability were readily apparent in the remaining portions of the
reservoir rim.

The reservoir was observed to feed into a small, shallow pond approx-
imately 750 feet north of the dam axis from the left abutment. Total
seepage was estimated to be about 5 to 10 gpm at the time of the

inspection. Seepage water appeared to be clear and free of fine soil

particles. Approximately 200 feet of soil lies between the pond and
the reservoir.
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Upon examining the surficial evidence, it is believed that the reservoir
abutments and possibly the channel section are underlain by flacio-fluvial
gravel and sands that mantle interbedded red sandstone and shale
(Brunswick formation). Hummocky topography in gravel and sand deposits
were observed downstream of the right abutment. A geologic map of the
reservoir is appended to the end of this report as Plate 8.

e. Downstream Channel
The downstream channel has been severely eroded during the storm of
November 8, 1977 as described above. The coarser scoured materials
from the banks and from behind the spilway chute walls has beei. rede-
positied in Pascack Brook Channel some 75 feet downstream of the end
of spillway channel. According to the Owner's engineering representa-

tive, the scour downstream of the end of the spillway chute channel is
not deep.

3.2 Evaluation

The visual inspection showed that the following items could affect the
safety of the dam.

1. Brush and trees covering the downstream slope
could cause problems from the root system.

2. The immediate area of the downstream embankment
to the left of the low level outlet gate house
is overgrown with trees making convenient inspec-
tion of seepage difficult. Vegetation also exists
on the right abutment, obscuring examination and
surveillance efforts.

Seepage in this area is thought to be significant.
Seepage may be occurring through cracks or joints
in the corewall or through or under the sheet
piling.

14
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3. Burrowing animals have established habitations
in the downstream embankment.

4. While the erosion at the end of the spillway
chute channel does not pose an immediate threat
to the stability of the dam at this time, due
to its distance from the embankment, the situa-
tion should nevertheless be speedily corrected.

5. The low level outlet passes through the embank-
ment dam before it is valved at the dcwnstream
side, This design feature is considered a safety
hazard. !

The visual inspection check list is included in Appendix A.

Photographs taken during the site inspection are included in Appendix B.

“——
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SECTION 4

4. OPERATIONAL PROCEDURES

4.1 Procedures

Woodcliff Lake Dam is used toimpound water on Pascack Brook for water
supply uses. The strategy is to impound and store the maximum amount
of water. As a result, an attempt is made to keep the reservoir as
full as possible and to release reservoir waters in accordance with
water supply needs at Oradell Dam on the Hackensack River, the main
stream to which the Pascack Brook is tributary. The reservoir re-
leases for water supply needs are routed downstream by way of the
natural channel of Pascack Brook. During heavy rains, the low level
outlet is opened to control the water level in the reservoir.

4.2 Maintenance of Dam

The dam has been maintained by making periodic inspections of its
facilities. The reservoir is visited every hour throughout the year

by a security patrol to control unauthorized entry into the fenced-off
reservoir and spillway areas at the dam. Water levels are normally read

daily,and onan hourlybasis when rain exceed one inch within 24 hours. A precipi-

tation gage is maintained and read in the reservoir area. The security
patrol makes note of any unusual occurrences at the dam site and reports
in to the Manager of Operations. There is an alarm on the low level

cutlet gate house tied into the security patrol system to provide an
alert in case of attempted tampering with the gate valve controls.

The dam is visited once a year by the Hackensack Water Company's en-
gineering staff for an on-the-ground assessment of its facilities.

The Chief Engineer keeps a written memorandum of the inspection in his
files. )
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4.3 Maintenance of Operating Facilities

The low level outlet gate valve opening is adjusted in accordance with
the water needs at Oradell Dam and the minimum discharges desired in
Pascack Brook in the reach between the dam and the confluence with the
Hackensack River. Maintenance of the gate valves is made on a periodic
basis in conjunction with visits to adjust the valve opening.

4.4 Description of Warning System in Effect

There is no fixed procedure for warning downstream residents in case
of an emergency. The security patrol is in radio contact with the
Hackensack Water Company headquarters and could respond to emergency
situations in a reasonably short time.

4.5 Evaluation

Surveillance and maintenance is in the hands of an experienced staff
working for a major private water supply company. The Hackensack Water
Company has its own engineering staff and has shown an active interest
in maintaining its facilities in a serviceable condition as is evidenced
by its recent repairs to the spillway chute channel slab. The company
should formalize its maintenance and inspection program for proper
documentation, in line with the increased public interest in dam safety.
A program for the control of vegetation growing on the downstream slope
of the dam and for 35 to 50 feet downstream of the toe of slope should
be initiated. A program for the control and elimination of burrowing
animals inhabiting the downstream embankment slope should also be
initiated.
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SELTION 5

5. HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. Design Data
The Woodcliff Lake Dam impounds about 2,750 acre-feet of water in the
reservoir at normal storage capacity. The watershed area above the
Woodcliff Lake Dam is 19.4 square miles. The orientation of the water-
shed is from north to south with the lower one-third of the drainage
area lying in the State of New Jersey and the upper two-thirds area in
the State of New York. Length of Pascack Brook from the headwater of
the Woodcliff Lake reservoir to the watershed divide is approximately
10.2 miles. A drainage map of the watershed of the Woodcliff Lake Dam
is given in Plate 1, Appendix D.

The evaluation of the hydraulic and hydrologic features of the Woodcliff
Lake Dam was based on criteria set forth in the Corps "Guidelines",
Section 4.3 and additional guidance provided by the Philadelphia District
Corps of Engineers. The Probable Maximum Flood (PMF) was calculated from
the Probable Maximum Precipitation (PMP) using Hydrometeorological

Report #33 with standard reduction factors. The Snyder Method was used
for deriving the unit hydrograph with C; = 4.3 and 640 CP = 530.

Initial infiltration loss rates were applied using SCS procedures to the
Probable Maximum Storm rainfall to obtain rainfall excess. The rainfall
excess was then applied to the unit hydrograph to obtain the PMF hydro-
graph, utilizing computer program HEC-1. The computed peak discharge
of PMF and one half of the PMF are 13,805 cfs and 6,902 cfs respec-
tively.
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These inflow hydrographs were routed through the reservoir by the
modified Puls method utilizing computer program HEC-1. The'peak outflow
discharges for the PMF and one half of PMF are 13,762 cfs and 6,885 cfs
respectively. Both the PMF and one half of the PMF result in over-
topping of the dam.

The stage-outflow relation for the spillway and the reservoir stage-
capacity data were based upon information provided by the Hackensack
Water Company. The spillway rating curve and the reservoir capacity
curves are presented in Plates 2 and 3 of Appendix D respectively.

b. Experience Data
Records of daily reservoir stage level are maintained since the reservoir
was in operation. The reservoir water level usually maintains at lower
than elevation 94.33 except during floods. There are no records indi-
cating that the reservoir water surface elevation went over the dam
crest at any time.

c. Visual Observations
It was noted the automatic water level recorder located on the left shore
of the reservoir was not functioning and all the water level readings were
taken manually. There is no evidence of excessive sedimentation due to
recent developments in the drainage basin which could cause a sudden in-
crease in sediment load which may pose danger to the dam. Detrimental
scour and severe erosion were observed at the end of the spillway dis-

charge channel which occurred as a result of the storm on Nevember 8, 1977.

d. Overtopping Potential
As indicated in item a., both the PMF and the one half of the PMF, when
routed through the Woodcliff Lake reservoir, result in overtopping the
dam. The PMF and one half PMF overtopped the dam by 1.10 feet and 0.3
feet respectively.
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The spillway is capable of passing a flood equal to about 31 percent
of the PMF without overtopping the dam. Since PMF is the Spillway
Design Flood (SDF) for this dam according to the recommended "Guide-
lines" for Inspection of Dams by the Corps, the spiliway capacity of
the Woodcliff Lake Dam is considered inadequate.

e. Reservoir Drawdown
The reservoir drawdown below the spillway crest elevation 94.33 is
accomplished by permitting discharge through the 48-inch outlet pipe
with invert elevation 63.08. Assuming drawdown to the top of the pipe,
elevation 67.0 results in a maximum head differential of 27.33 feet.
Assuming a constant inflow of 39 cfs (2 cfs/acre), the drawdown can be
accomplished in 5 days and 14 hours. Assuming no inflow into the
reservoir, the drawdown time is reduced to 4 days and 12 hours.

]
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SECTION 6

6.1 STRUCTURAL STABILITY

a. Visual Observations
There are no signs of embankment sloughing, local slides or slumps on
the downstream side. The upstream side of the embankment was almost
completely under water and was not available for visual inspection.
The leakage and seepage in the left abutment, described in Section
3.1 - b. have not been monitored by the owner and no information was
uncovered concerning their age or flow rate.

The spillway chute slab exhibits no visual evidence of cracking, slide
failure, undermining or misalignment, in spite of the washout caused
by the storm of November 8, 1977 and described in Section 1.2.

b. Design and Construction Data
No design computations were uncovered during the report preparation
phase. No embankment or foundation soil parameters are available for
carrying out a conventional stability analysis on the embankment. No
construction data or specifications relating to the degree of embankment
compaction are available for use in the stability analysis.

A stability analysis was made as part of this report on the downstream
slope assuming that the embankment material had the following properties:
: angle of internal friction ¢ = 30 degrees, unit weight of embankment

130 pounds per cubic feet, and that the embankment downstream of the
core wall was dry. The analysis showed that the downstream slope

was stable under these conditions. The slope would be unstable

if the downstream embankment slope were subject to high phreatic water
levels, such as could exist in the seeping left abutment section. The
stability of the section at the right abutment was not checked for the
location of the phreatic line. It is recommended that embankment and
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subsoil engineering parameters be acquired tbgether with phreatic levels

at sections exhibiting seepage and at another section not exhibiting

seepage so that stability computation can be carried out to verify the

preliminary assumptions made. é

c. Operating Records
No operating records are available relating to the stability of the
dam. Water levels in the one observation well discovered at the site
have not been recorded. According to the owner's engineering officials,
the embankment has served satisfactorily since 1905, its construction
I date.

d. Post Construction Changes
‘ There have been no post construction changes affecting the stability of
1 the embankment.

e. Seismic Stability
In general, projectslocated in Seismic Zone 0, 1 and 2 may be assumed |
to present no hazard from earthquake, provided the static stability con-
ditions are satisfactory and conventional safety margins exist.

i
)
}
4
r
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SECTION 7

1. ASSESSMENT / REMEDIAL MEASURES

7.1 Dam Assessment

a. Safety
The dam has been inspected visually and a review has been made of the
available engineering data. This assessment is subject to the limitations
inherent in the visual inspection procedures stipulated by the Corps of
Engineers for Phase I Report.

The spillway capacity has been found to be inadequate. The routed PMF
will top the dam crest by 1.0 foot and the routed one half PMF will top
the dam by 0.3 foot. Overtopping of the embankment will carry with it a
high risk of total failure of the embankment by erosive action of the
overtopping water.

The spillway capacity has been determined by Corps of Engineers screening
criteria and should be determined by the owner using more accurate and
sophisticated methods and procedures.

The following actions are recommended:

1. A1l brush and trees should be removed from the
downstream slope to avoid problems which may
develop from their roots. The embankment should
then be seeded to develop a growth of grass for
surface erosion protection.

2. An area should becleared in the immediate area of
the downstream embankment on both sides of the low
level outlet gate house to facilitate inspection.
The cleared area should extend 35 to 50 feet
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downstream of the toe line of the embankment,
regraded and reseeded as required. This area
should be maintained under a cut vegetative
cover. The seepage in this area should be
channelized, measured and monitored, and corre-
lated to rainfall and reservoir levels.

Burrowing aninals should be destroyed and their
holes backfilled as best as possible, wherever
they exist in the downstream embankment or at the
area below the toe line.

Piezometers or observation wells should be in-
stalled in the embankment near the left abutment
to determine the paths of the seepage observed.
Seepage may be occurring through cracks or joints
in the corewall or through or under the sheet
piling. Once the location of the phreatic sur-
face in the embankment is determined, then effec-
tive corrective measures can be considered and
undertaken. Piezometers should also be installed
in the vicinity of the gate house where there are
no signs of leakage to provide a comparison with an
apparently satisfactory section.

No assessment of the safety of the'embankment can

be made at this time pending acquisition of embank-
ment and foundation material engineering properties
and determination of phreatic levels in the downstream
part of the abutment.
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While the erosion at the end of the spillway

chute does not pose an immediate threat to the
stability of the dam at this time, due to its
distance from the embankment, the situation should
nevertheless be speedily corrected. The banks
should be restored to their original contours and
protected by stone. Studies should be made to
determine the best way to dissipate the increased
kinetic energy of the spillway chute water caused
by lower friction losses on the repaved chute slab.
The eroded materials should be removed from the
stream channel and the channel regraded as required
to produce a smooth water level surface during high
stream stages.

The low level outlet valving should bemoved to the
upstream side of the dam's core wall. A study
should be undertaken to determine the best way to
accomplish this work and the approved plan imple-
mented.

While the pond to the north of the left abutment

did not appear to be a threat to the safety of the
reservoir at the time of the inspection, periodic
inspections of the area are recommneded, to verify
that the situation with respect to seepage is stable.

The timely repair of the automatic water level re-
corder in the gaging station is recommended.
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b. Adequacy of Information
No data on the properties of theembankment material exists forassessment of
the stability of the dam. A program for the acquisition of this data
is recommended together with similar data pertaining to the underlying
soil formation. A program to determine the location of the phreatic
line along the downstream half of the dam is also recommended.

RN TR —

c. Urgency
It is recommended that the investigations of the engineering properties 4
of the embankment materials and the location of the phreatic line be
completed within six months. The maintenance items listed in Section

3.2 should be completed within one calendar year. A report on the
alternatives for remedying the left abutment seepage should be completed
within one calendar year. A report on the possibility of adding
auxiliary spillway capacity should be completed within one calendar
year. A report on shifting the low 1level outlet valving to the up-
stream side of the core wall should be completed within 12 months, and
the modification compieted within 18 months.

d. Necessity for Additional Invéstigations
Based on the findings listed in Section 7.1 - a., it is recommended that
further investigations be authorized.

7.2 Remedial Measures

a. Alternatives
The remedial actions summarized in Section 7.1 - a., are recommended
for implementation.

The course of action to be taken in the matter of the seepage emanating
from the downstream toe of embankment slope depends upon the analysis
of phreatic 1ine geometry. Possible alternatives include:
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1. Lowering the phreatic line by means of drains.

2. Regrading the area at dowi.stream of the embankment
toe.

3. Adding berm materials.

4. No action.

Possible alternatives for increasing the spillway capacity of the dam
include:

1. Development of an auxiliary spillway on the right
abutment to bring the total spillway capacity to up
to at least one half PMF and possibly higher.

2. Development of a new and possibly gated service
spillway which combined with the present spillway
would pass the PMF. The present service spillway
would serve as an auxiliary spillway.

3. Regulation of the reservoir water surface to some
specified level below the present weir crest to
allow for routing of a higher inflow than presently
possible with the pool at elevation 94.33.

_—

4. Removal of bridge piers and construction of a new
bridge.

5. Consideration should be given to the use of energy
dissipation at the bottom of the spillway for all

spillway augmentation schemes.

6. A combination of any of the three alternatives.

27




b. 0 & M Procedures

The owner should upgrade his 0 & M procedures by issuing a manual and check
list for recommended procedu;es. The inspection and maintenance visits
should be logged and documented. A communication channel should be main-
tained between the owner and civil authorities in the downstream community
of Hillsdale in case of accident,high reservoir inflow conditions or a dam
operating failure causing high water stages downstream.
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APPENDIX B

PHOTOGRAPHS

ALL PHOTOGRAPHS TAKEN DURING MAY 1978
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WOODCLIFF LAKE DAM

Photo 1 - Looking at dam crest along Church Road toward
left abutment from spillway bridge on right
abutment

Photo 2 - Looking at dam embankment and low Tevel outlet
! Gate House from downstream

SRS P



e ————

WOODCLIFF LAKE DAM

““5.') A\s av

Photo 3 - Low level outlet Gate House

Photo 4 - Motor operated 36-inch
service gate valve on
48-inch diameter Tow
level line; hand oper-
ated 36-inch diameter
emergency gate is up-
stream of service gate

e et




WOODCLIFF LAKE DAM

Photo 5 - View of downstream face of embankment standing
in left abutment area looking toward right
abutment

Photo 6 - View of downstream face of embankment standing
in left abutment area looking toward left
abutment; note large areas of skunk cabbage
growth at toe of embankment indicating high
water table




WOODCLIFF LAKE DAM

Photo 7 - Detail of seepage area
on left abutment-rivulet
downstream of embankment
toe

Photo 8 - Upstream face of embankment showing spillway
opening, stone protection on upstream slope and
approach wing walls




) WOODCLIFF LAKE DAM

Photo 9 - Upstream face of embank-
embankment showing
stone protection at
the waterline; looking
toward left abutment

Photo 10 - Upstream face of spillway weir under spillway
bridge showing approach stone protection,and
abandoned and bent flashboard pins




WOODCLIFF LAKE DAM

Photo 11 - View of spillway chute channel looking upstream
at spillway bridge and Church Road; spillway
chute turns through an angle of approximately
60 degrees atupper end
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Photo 12 - View of spillway chute channel looking downstream;
chute slab has been repaved in 1976




WOODCLIFF LAKE DAM

Photo 13 - View of spillway chute channel from downstream;
Channel area downstream of chute wall has been
severely eroded by spillway discharges during
storm of November 8, 1977

Photo 14 - Detail of damage to steel sheet pile cut-off
installed at end of spillway chute channel
caused during storm of November 8, 1977. Sheet
piling has been torn away from end of chute
slab and bent downstream




WOODCLIFF LAKE DAM

0 MR ERIMEE  Sves e ecome o

Photo 15 - View of upstream face of causeway dividing
Woodcliff Lake into two parts; connected by

a single barrel culvert 25-foot wide by
18'-9" high
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APPENDIX C

SUMMARY OF ENGINEERING DATA
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CHECK LIST

HYDROLOGIC AND HYDRAULIC DATA
ENGINEERING DATA

Name of Dam: WOODCLIFF LAKE DAM

Drainage Area Characteristics: 194 sq.mi. on the Pascack Brook, Hackensack
' River Bassin

Elevation Top Normal Pool (Storage Capacity): = 94.33

Elevation Top Flood Control Pool (Storage Capacity): NA

Elevation Maximum Design Pool: 98.03
Elevation Top Dam: 100t (Length 1,500 ft.)
SPILLWAY CREST:
a. Elevation 94.33
b. Type Uncontrolled concrete overflow, brood crested weir under bridge

c. Width Broad crest

d. Length 79 ft. net opening

e. Location Spillover _ Near right abutment at Church Road bridge
f. No. and Type of Gates ~ None

OUTLET WORK:
a. Type 1-36"0 service gate valve, a 36"f) emergency gate valve on a
b. Location  Center of embankment 4879 Tine
c. Entrance Inverts 63.00%
d. Exit Inverts 61.86%
e. Emergency Draindown Facilities None

HYDROMETEOROLOGICAL GAGES: Two
a. Type One reservoir water level recorder and a rain gage
b. Location On left shore near dam ' ‘
c. Records 1932 to current

MAXIMUM NON-DAMAGING DISCHARGE: 1,650 cfs




APPENDIX D

HYDROLOGIC COMPUTATIONS
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