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Using the Corps of Englineers screeninq critoria for
-review of spi I way adequacy, i* has been determined that con-
crete gravity section of the d .i ol be overo~ped f-r all
storms u.-ceedinq approximately .2percent of tie Probable
Maximum Flood (PMF). Althouqh the* spillway capacity is in-
adequate from a hydraulic and hydrologic point of view, the

* hydraulic inadequacy wilJ1 not oif e ct the safety of the dam
because the concrete damn is supp* ted on the sound rock and
overtopping of the dam- willj* cauise neither significant erosion
at the toe or abutment nor -undermine the foundation of the
dam. In addition, the sta1~ility of the concrete dam section

* is adequate during overtopping.

The fol].6wing remedial and maintenance actions should
be completed within one year.

* a. Establish a systematic proqram to observe changes
of seepage occuring at the monoliths and the con-
struction joints..

*b. 'Remove all trees and brush arowth on the slopes
of the embankment. Provide a proqram of periodic
cuttinq and mowinq of. the embankment surfaces.

c. Provide a proqrarn-of periodic inspection and
maintenance of the% dam and appurtenances includinq
yearly operation and lubrication of the -reservoir
*drain.- Document this information for future re-

* .~ ferences. Also develop an emerqency action plan.

to 7n addition to above remedial and maintenance action

*the followinq should be considered:

a.Resurface the downstream face to the oriqinal1
qeometry.

Ib. 1liqh level outlet made operab le.
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PREFACE

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

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations of field
conditions at the time of inspection along with data available
to the inspection team. In cases where the reservoir was lowered
or drained prior to inspection, such action, while improving the
stability and safety of the dam, removes the normal load on the
structure and may obscure certain conditions which might other-
wise be detectable if inspected under the normal operating
environment of the structure.

It is important to note that the condition of a dam depends
on numerous and constantly changing internal and external con-
ditions, and is evolutionary in nature. It would be incorrect
to assume that the present condition of the dam will continue to
represent the condition of the dam at some point in the future.
Only through frequent inspections can unsafe conditions be de-
tected and only through continued care and maintenance can these
conditions be prevented or corrected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established Guidelines, the Spillway Test flood is based on the
estimated "Probable Maximum Flood" for the region (greatest rea-
sonably possible storm runoff), or fractions thereof. Because
of the magnitude and rarity of such a storm event, a finding
that a spillway will not pass the test flood should not be in-
terpreted as necessarily posing a highly inadequate condition.
The test flood provides a measure of relative spillway capacity 3
and serves as an aid in determining the need for more detailed
hydrologic and hydraulic studies, considering the size of the
dam, its general condition and the downstream damage potential.
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PHASE I REPORT

I NATinNAL DAM SAFETY PROGRAM

IName of Dam: Lake Welch Dam (I.D. No.N.Y. 283)

ISt.te Located: New York

ounty Located: Oranqe

3 Stream: Minisceonqo Creek

Basin: Hudson River

Date of Inspection: Poril 24, 1980

I ASSESSMENT

Examination of the available documents and visual in-
I spection of the Lake Welch Dam did not reveal conditions

which constitute a hazard to human life or property.

Using the Corps of Engineers screening ctiteria forI review of spillway adequacy, i- has been determined that con-
crete gravity section of the di , would be overtorped f-r all
storms :--ceedinq approximately 12 percent of tie Probable
Maximum Flood (PMF) .- Althouqh the spillway capacity is in-adequate from a hydraulic and hydrologic point of view, the
hydraulic inadequacy will not affect the safety of the damI because the concrete dam is supported on the sound rock and
overtopping of the dam will cause neither significant erosion
at the toe or abutment nor undermine the foundation of the
dam. In addition, the stability of the concrete dam section
is adequate during overtopping.

The following remedial and maintenance actions should
be completed within one year.

a. Establish a systematic proqram to observe changes
of seepage occurinq at the monoliths and the con-
struction joints.

b. Remove all trees and brush arowth on the slopes1 of the embankment. Provide a program of periodic
cuttinq and mowinq of the embankment surfaces.

I
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II
c. Provide a proqram of periodic inspection and

maintenance of the dam and appurtenances includinq
yearly operation and lubrication of the reservoir
drain. Document this information for future re-
ferences. Also develop an emerqency actinn plan.

In addition to above remedial and maintenance action
the followinq should be considered:

a. Resurface the downstream face to the oriqinal

qeometry.

b. Hiqh level outlet made operable.I
U

Euge7 'Bren, P.E.
New York No. 29823I

Approved by: 7 W s.M r.i
New York Distric Enqineer

I Date:
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PHASE I INSPFCTION REPORT

NATIONAL DAM SAFETY PROGRAM
LAKE WELCH DAM

I.D. NO. N.Y. 283
DEC #196-854

HUDSON RIVER BASIN
ROCKLAND COUNTY. NEW YORK

i SECTION 1 - PROJECT INFORMATION

I 1.1 GENERAL

I a. Authority

The Phase I inspection reported herein was author-
ized by the State of New York, Department of Environmental Con-
servation by a letter dated 7 January 1980, in fulfilment of
the requirements of the National Dam Inspection, Public Law
92-367, 8 August 1972.

I b. Purpose of Inspection

This inspection was conducted to evaluate the
existing conditions of the dam, to identify deficiencies and
hazardous conditions, to determine if these deficiencies con-
stitute hazards to life and property, and to recommend remedial
measures where required.

1.2 DESCRIPTION OF PROJECT

I a. Description of Dam and Appurtenant Structures

i Lake Welch Dam, formerly known as Beaver Pond
Dam is located on the east side of Lake Welch. The maximum
height of dam is 32 feet. The dam is 788 feet lonq and con-
sists of a concrete qravity section (563 feet) and an earth
embankment (right of gravity section) with a central concrete
core wall (225 feet) The concrete da', supported on a rock
foundation consists of 18 monoliths which are anchored to the
rock by 25-ton post-tensioned rock anchors.- According to
available drawings the rock anchors are spaced along the crest
10 feet center to center and are embedded 10 feet into rock.
(See drawings qiven in the Appendix A). The qravity section has
a maximum heiqht of 32 feet and a crest width of 3.5 feet. The
upstream slope is vertical and downstream slope is 1.6V to 1H.
The concrete includes a 152 foot-lonq spillway portion,the
crest of which is ,re foot below the top of the dam.

IJ
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I The earth embankment at the left side of the concrete
dam is about 10 feet wide at the crest and has a maximum
height of 19 feet. The upstream slope is about lV on 2.5H
and covered with riprap. The downstream slope is lV on 3H.
A central corewall extends 2 feet from dam crest to the rock.and is
about 1.6 feet wide at the top. The slope of the upstream
face of the wall is vertical; the downstream face is battered
downstream at 4V on 1H from the top of wall to a depth of about
6 feet, and vertical to t1 e remainder of the depth.

I There are two requlating outlet pipes located through
the concrete dam. The high level outlet is a 12 inch diameter
cast iron pipe which discharges water from a square concrete
intake structure located at the upstream face of the concrete
section, about 210 feet from the left abutment. Water dis-
charges from the reservoir into the intake structure over two
3.3-foot long by 4-inch wide slot openinqs, located on two
walls of the structure. The sill of the openings is at El. 10]0,
about 6 feet below the top of the concrete dam. Discharge
through the pipe may be controlled by a gate valve which is
operated from the top of the structure. According to available
documents, the outlet once served as a service spillway main-
taining the pool at El. 1010 during low flows.

The low level outletis a 3-foot square sluiceway
located through the concrete dam, about 180 feet from the left
abutment. Discharge through the sluiceway is controlled by
a manually operated sluice gate located at the upstream face
of the dam, the control of which is located at the crest ofg the dam.
tThe two outlets and the spillway discharge into the
natural channel of Minisceonqo Creek.

I b. Location

The dam is located within the Palisades Inter-
state Park. Harriman Section, about 2 miles west of the Town
of Willow Grove, in Rockland County,New York.

3C. Size Classification

'ihe dam is 32 feet hiqh, and has a lake storaqe
capacity of 4,750 acre-feet (1,000 and to 50,000 acre-feet).
Therefore, the dam is classified as "Intermediate".

d. Hazard Classification

The .am is in the hiqh hazard potential cateqorv
because a campsite, several homes alonq the creek and in the
Town of Willor Grove, state Route 210 and the Palisades Interstate
Parkway are all located within 1.5 miles downstream from the dam.

I -2-
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U e. Ownership

Lake Welch Dam is owned, operated and maintained
by the Palisades Interstate Park Commission of the New York
State Department of Parks and Recreation, Administration
Building, Bear Mountain, New York 10911, Tel. No. (914)786-2701.

I f. Purpose of Dam

The impoundment provided by the dam is used mainly
for recreation. This lake also supplies water via pipelines
to campsites at the lake.

g. Desian and Construction History

Original design and construction records are not
available. It is reported the construction of the dam was
completed in 1937. The designer of the original dam was
Mr. W.A.Welch, Chief Engineer, Palisades Park Commission. The
nam- of the Contractor is unknown. The concrete dam was re-3 habilitated in 1959 and 1979. Because of leakage the entire
concrete dam was resurfaced in 1959 by applying a 3-inch "gunite"
layer. In 1979, the concrete dam was again repaired because
of leakage problems; in addition, the stability of the dam
was improved. According to available documents, the entire
concrete dam was strengthened by installing post-tensioned
rock anchors from the crest of dam into the foundation. The
post-tensioned rock anchors were installed and grouted in
drill holes spaced at 10 feet center to center along the
crest. Additional holes were drilled throuah the dam
from the crest and pressure grouted. The design and super-
vision of the repairs were carried out by the engineering
firm of Charles T. Main, Boston. In addition, the existing
gunite surface of the downstream face was partially removed
and the original concrete exposed in preparation for re-
surfacing later this year.

h. Normal Operating Procedure

The USGS map and available drawings show that
the normal pool level once was maintained at El 1010, the
level of the sill at the high level regulating outlet. Since
the high level outlet pipe is now inoperative and the gate
in the closed position, the lake level is maintained at the
crest of the ungated principal spillway, El. 1015, about
1.3 feet below the top of the concrete dam.I

1 -3-
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1.3 PERTINENT DATA

a. Drainage Area (sq.miles) 2.87

b. Discharge at Damsite (cfs)

Principal spillway,
Top of dam (El. 1016.3) 591

Sluiceway,
Top of dam (El. 1016.3) 2503 12-inch CI outlet pipe Inoperative

c. Elevation (feet above MSL)

Top of dam (concrete dam) 1016.3
Top of dam (earth dam) 1019.0
Principal spillway crest 1015.05 Sluiceway invert 984

d. Reservoir

Length of normal pool (miles) 0.6
Surface area (acres) 218

e. Storage (acre-feet)

Top of principal spillway crest 4450
Top of dam 4750

I f. Dam

Type: concrete gravity and earth
embankment

Length (ft): concrete-563; embankment-225
Height (ft): conrrete- 32; embankment- 19
Crest width (ft); concrete-3.6;embankment-10
Side Slopes: upstream - concrete-vertical;

embankment-lV on 3H
downstream - concrete-l.6V on 1H

embankment-lV on 2.5H
Impervious core: embankment - concrete wall
Concrete wall (top width - ft) : embankment-l.5 ft

Side slopes: upstream - vertical
downstream-4V on lH (up to 6.0 ft

from top of wall and

vertical to rock
foundation)

q. Spillway

Type: Broad-crested,concreteLengith (ft) : 152
Crest Elevation (ft) :I015.0

I±



I h. Regulating Outlets
iType: High level - 12-inch diameter

CI pipe

Low level - 3 foot square
concrete sluiceway

Elevation (ft): (High level)-intake - 1010
outlet - 984

(Low level) -intake - 991.53 outlet - 984-

I

I
I
I
I
a

I
I
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SECTION 2 - ENGINEERING DATA

* 2.1 GEOLOGY

Lake Welch Dam is located in the New England Upland
physiographic province of New York State. These uplands, with
relief ranging from 500 to 1,300 feet above sea level, trend
northeast-southwest;folds striking northeasterly and plungingIslightly to the north are characteristic of the province. Fault
lines throughout the New England uplands are generally parallel
to the strike of the rocks. Bedrock in the vicinity of Lake
Welch includes crystalline metasedimentary hornblende gneisses
and leucogranitic gneisses of Precambrian Age.

2.2 SUBSURFACF INVESTIGATION

No subsurface investigation could be located for the
project. However, the "General Soil Map of New York State" pre-
pared by the Cornell University Experiment Station (1963) in-
dicates that the surficial soils around Lake Welch Dam are of the
Rockland-Chatfield Association. The Rockland, about 70% of
the area, is steep slopes, gneiss rock outcrop with shallow,
stony soil developed from glacial till. The remaining area is
predominantly Chatfield soils that are moderately deep (less
than 30 inches to bedrock), very stony and well drained,developed
from glacial till derived from gneiss.

2.3 DESIGN RECORDS

The original dam was designed by Mr.W.A.Welch,Chief
Engineer of the Palisades Interstate Park Commission. The dam
is reported built in 1937. There are no design data or specific
design memoranda available for the project features. Two contract
drawings dated February 1928 were obtained from the New York
State Department of Environmental Conservation and are given in
Appendix A. The drawings show the plan, profile and details
of the dam.

The concrete dam was resurfaced in 1959 by applying a
3 inch thick qunite surface. The details of modifications are
shown on a drawing entitled "Details of Dam Repairs"dated
July 17, 1958, prepared by the Palisades Interstate Park Com-
mission and given in Appendix A.

Because of excessive seepage at the concrete dam, major
modifications were made in 1979 in accordance with recommenda-
tions by Charles T. Main, Consulting Engineers, Boston,
Massachusetts. The recommendations included chemical and cement
grouting to control seepage throuqh horizontal and construction
joints and strengthening of the dam by installinq rock anchors.
The details of the modifications, shown on a construction drawing
entitled "Lake Welch Dam Repairs" ,dated April 4, 1978 and pre-

, ' pared by Charles T. Main, Inc., Boston, Massachusetts, are
given in the Appendix A.

-6-
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1 2.4 CONSTRUCTION RECORDS

No detailed construction records of the original dam
and the subsequent modifications are available; however,
photographs and daily narratives of the 1979 repairs are
available.

1 2.5 OPERATION RECORDS

There is no formal operation and maintenance manual
for the project. There are no records of rainfall and operation
of the gates and the sluiceways.

2.6 EVALUATION OF DATA

Existing information was made available by the New
York State Department of Environmental Conservation, Albany,
New York. and the owner.

The information obtained from the available data, the
personal interviews and the visual inspection are considered
adequate for the Phase I inspection and evaluation. Reviews

of the original and subsequent drawings indicate some discre-
* pancies, as follow:

a. Crest elevation of the concrete dam is incorrectly
shown on 1978 repair drawings.

b. The length of spillway shown on the original
drawing shows about 89.5 feet, whereas repair
drawings of 1978 show about 152 feet. There
are no construction records of the spillway
modifications available; however, the spillway
length of 152 feet was confirmed during the
inspection.

c. Geometry of the downstream face of the dam is
in accordance with 1978 repair drawings and not
as shown on the 1929 drawings.

I
I
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

Ia. General

The visual inspection of the Lake Welch Dam
was made on 24 April 1990. The weather was sunny with the
temperature at about 60 F. The reservoir level was E1.1015.4
at the time of inspection, about 3 inches above spillway crest.

I b. Dam

(i) The Gravity Section Including Spillway:

I The concrete gravity section appears to be
in generally good condition. The horizontal and vertical
aliqnment are uniform and there is no indication of movement.
The crest and the upstream face above the waterline appears
to be in good condition. At the crest there are grouted holes
which were drilled during the recent repairs.

The gunite surface at the downstream face
of the dam has been removed and the original concrete exposed.
The exposed concrete surface appears in good condition. There
is minor seepage through several construction and monolith
joints. Several construction joints are packed with oakum
to prevent seepage.

I (ii) Embankment: The earth embankment appears
to be in generally good condition. The horizontal and vertical
alignment of the crest are uniform.

The downstream slope does not exhibit any
evidence of subsidence,erosion and sloughing. The slope is
covered with ground cover, seedlings, shrubs and trees. There
are no signs of seepaqe at the slope, toe and downstream from
the toe. There is heavy vegetation, including large trees,
downstream of the toe area.

1 The upstream slope does not show any
sloughing or erosion. The slope is covered with ground cover
and shrubs and trees.

C. Appurtenant Structure

The concrete surface of the low level sluiceway
is in good condition. The physical condition of the down-
stream face of the sluice gate appears in good condition except
for minor rusting. Although the gate is closed there is minor
discharge emerging from the sluiceway. The operating control
for the gates located at the crest appears to be in good con-
dition. The gate was not operated during the inspection because
I -8-
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the owner's representative did not have the keys for a padlock;
the owner reports that the qate is in operating condition.

IThe 12-inch cast iron outlet pipe is closed and
reported to be inoperable. However, there was discharge of
about 1 cfs through the pipe.

d. Downstream Channel

The channel downstream of the concrete dam is
Minisceongo Creek. In the vicinity of the dam, the channel
floor and the side slopes are in rock. There is some vege-
tation includinq bushes and large trees, which will not impede
flows over the spillway.

e. Reservoir Area

In the vicinity upstream of the dam there was
no evidence of sloughing, potentially unstable slopes, or other

I unusual conditions which would adversely affect the dam.

3.2 EVALUATION OF OBSERVATIONS

I Visual observation made during the course of the in-
vestigation revealed several deficiencies which at present
do not adversely affect the adequacy of the dam. However,
these deficiencies do require attention and should be corrected.

The following is a summary of the problem areas en-
countered, in order of importance, with the appropriate re-
commended action:

1. Establish a systematic program to observe and
monitor changes in seepage occuring at the monoliths
and construction joints.

2. Remove all trees and brush growth on the slopes
of the embankment. Provide a program of periodic
cutting and mowing of the embankment surfaces.

3. Provide a program of periodic inspection and
maintenance of the dam and appurtenances including
yearly operation and lubrication of the reservoir
drain. Document this information for future
references. Also develop an emergency action plan.

In addition to above remedial and maintenance the
following should be considered:

a. Resurface the downstream face to the original
geometry.

b. High level outlet made operable.

f-9-
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SECTION 4 - OPERATIONAL AND MAINTENANCE PROCEDURES

1 4.1 PROCEDURES

There is no specified required release of water from
the lake. The lake level is maintained at the principal spill-
way crest level the entire year. The low level outlet which
is a 3-foot square sluiceway, is usually kept closed. The
12-inch diameter cast iron pipe is closed and reported in-
operative.

I 4.2 MAINTENANCE OF THE DAM

The dam is maintained by the owner, Palisades Inter-
state Park Commission. Maintenance of the dam is considered
inadequate as evidenced by the seepage through the monolith
joints; at the concrete section there is extensive vegetative

growth on the earth embankment and an inoperable requlation qate at the
high level outlet.

4.3 WARNING SYSTEM IN EFFECT

There is no warning system in effect or in preparation.

4.4 EVALUATION

The dam and appurtenances have not been maintained in
i satisfactory condition as noted in Section 3: Visual Inspection.

1
I

I
I

I
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SECTION 5 - HYDROLOGIC/HYDRAULIC

5.1 DRAINAGE BASIN CHARACTERISTICS

Lake Wlech Dam is located about 2 miles west of Willow
Grove in Rockland County, New York. The total drainage area
contributing to the lake is 2.87 square miles of which the lake
occupies 234 acres or 13% of the area. The basin is a part of
the Palisades Interstate Park and is mainly undeveloped except
for a few campsites. Relief in the drainage area is fairly
steep, varying from E. 1015 (lake surface) to ridges above
El 1200.

5.2 ANALYSIS OF CRITERIA

The analysis of Lake Welch Dam was performed using the
U.S. Army Corps of Engineers HEC-I computer program !/. The Pro-
bable Maximum Precipitation (PMP) was obtained from Hvdro-I meteorological Report No. 51 4/. The unit hydrograph was computed
using the Snyder method /and average regional coefficients were
2 and 400 for Ct and 640 Cp, respectively. It was assumed that
there would be an initial rainfall loss of 2 inches and that the
constant loss rate would be 0.5 inches per hour. It was also
assumed that both outlets were closed during the flood event.
In accordance with the recommended guidelines of the Corps of
Engineers 7/, the adequacy of the spillway was analyzed using
the Probable Maximum Flood (PMF) and one-half the PMF.

S5,3 SPILLWAY CAPACITY

The principal spillway is located at the concrete dam.
The length of spillway is about 152 feet with a 3.5-foot wide
concrete sill at El 1015. The maximum discharge capacity ofthe principal spillway is 591 cfs.

U 5.4 RESERVOIR CAPACITY

Normal capacity of Lake Welch at El 1010 (equivalent
to the intake elevation of high level outlet) is reported to
be about 3440 acre-feet _7/. The computed storage between
El 1010 and El 1015 (principal spillway crest) is about 1010
acre-feet. Total reservoir capacity to the top of the concrete
dam (El 1016.3) is about 4750 acre-feet. The available sur-
charge storage between the spillway crest and the top of the
dam is about 291 acre-feet which is equivalent to about 1.9 inches
of runoff over the entire basin.

5.5 FLOODS OF RECORD

There are no av.ailable records of floods or maximum
lake elevations.
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5.6 OVERTOPPING POTENTIAL

The potential of the dam being overtopped was investi-
gated on the basis of the spillway discharge capacity and the
available surcharge storage to meet the selected design flood

1 inflows.

The Probable Maximum Flood routed through the lake
caused the lake surface to rise to El 1018.41, 2.11 feet above
the concrete dam, but does not overtop the embankment (El 1019.0).
The one-half Probable Maximum Flood routed through the lake
caused the lake surface to rise to El 1017.41, 1.11 feet above
the concrete dam. The peak outflow discharge was 4765 cfs.

Using the Corps of Engineers criteria, the maximum
spillway capacity without overtopping the dam is 12% of PMF
outflow.

* 5.7 EVALUATION

The dam does not have sufficient spillway capacity to
pass either the PMF or one-half the PMF without overtopping
the dam. On the basis of this investigation the project dis-
charge capacity is considered to be inadequate from a hydro-
logic and hydraulic point of view; however, overtopping of
the dam under the PMF would cause neither significant erosion
at the toe or abutment nor undermine the foundation of the dam.

I
I
I
I

I .
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ISECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations

Visual observations did not indicate condition which
would adversely affect the structural stability of the dam.

The observed seepage through the monolith and construction
joints of the concrete dam are not detrimental to the dam's
stability or safety at the present time.

b. Design and Construction Data

The original preconstruction design computations re-
garding the structural stability of the dam or spillway are not
available. Stability analysis of the concrete dam with the rock

anchors was carried out by Charles T. Main, Inc., Consulting
Engineers, Boston, Massachusetts, for the 1979 rehabilitation
program; these are given in the Appendix F.

c. Operating Records

There are no available records of reservoir elevation
and gate operation. No major operational problems which would
affect the stability of the dam were reported.

I d. Post Construction Changes

The concrete dam was resurfaced in 1959 by applying
a 3 inch thick gunite surface. The details of modifications are
shown on a drawing entitled "Details of Dam Repairs" dated
July 17, 1958, prepared by the Palisades Interstate Park
Commission and given in Appendix A.

Because of excessive seepage the concrete dam, major
modifications were made in 1979 in accordance with recommen-
dations by Charles T. Main, Consulting Engineers, Boston,
Massachusetts. The recommedations included chemical and cement
grouting to control seepage through horizontal and construction
joints and strengthening of the dam by installing rock anchors.
The details of the modifications, shown on a construction drawing
entitled "Lake Welch Dam Repairs", dated April 4, 1978 and pre-
pared by Charles T. Main, Inc., Boston, Massachusetts, are
given in the Appendix A.

[ e. Seismic Stability

According to the recommended Corps guidelines, the
dam is located in Seismic Zone No.l. However, based on past
earthquake history, the New York State Geological Survey

[-13-



I considers the site to be in Zone 2. Based on this assessment
the dam is considered in the Seismic Zone 2. The results
of Seismic Stability are described in Section 6.2.

6.2 STRUCTURAL STABILITY ANALYSIS

IThe available structural stability analysis of the non-
overflow section of the concrete dam was reviewed. The method
of analysis and stability criteria, except the values of sliding
coefficients, were computed in accordance with EM 1110-2-2200
published by the Corps of Engineers, U.S. Army. The sliding
coefficient values used were higher than recommended. The
spacing of rock anchors used in the structural stability analysis
is not the same as that shown on 1978 construction drawings.
The analysis shows that rock anchors at the gravity section are
spaced 5 feet center to center, whereas the 1978 drawings show
a 10-foot spacing. The owner was unable to verify the dis-
crepancy. Since a 10-foot spacing of the rockbolts at the
gravity section would be more critical, additional analyses
of structural stability using this anchor spacing were performed.
These are included in the Appendix E, and summarized as follows:

Location of Sliding F.S.
Loading Condition Resultant (see Appendix E)

Ia. Normal loading condition,
reservoir level at spill- Within middle
way crest, no ice load third 1.53

b. Normal loading condition, -3.09 feet
reservoir levPl ;f spill- ou'side middle
way crest, with ice load third 1.30

I c. Unusual loading: flood
level equal to 1/2 PMF Within middle
at qravity section half 1.17

d. Extreme loading: flood
level equal to PMF at the Within middle
gravity section half 1.06

e. Unusual loading: reservoir Within the mid-
level at spillway crest, dle half
and earthquake forces 1.30

The results of the stability analysis indicate that
stability of the gravity section of the daim aqainst overturning
is inadequate for all loading conditions except normal loading.

1
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I The analysis indicates that in order for the resultant of the
force to be within the middle third under the other loading
cases, the rock bolts would have to be stressed 30.5 tons,
which is above the working load(25 tons) and less than the
ultimate limit (37 tons). Because of the additional force
(5.5 tons) that can be developed in the anchors, the stability
of the gravity section of the dam against overturning is con-
sidered adequate. The sliding stability is considered adequateIfor all cases.

I
i
i
I
I
I
I
I

I !
I
1
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

I a. Safety

Examination of available documents and the
visual inspection of the Lake Welch Dam and appurtenant struc-
tures did not reveal any conditions which constitute a hazard
to human or property. The dam (earth and concrete gravity
sections) are not considered to be unsafe.

Using the Corps of Engineers screening criteria
for review of spillway adequacy, it has been determined that
the concrete gravity dam would be overtopped for all storms
exceedinq approximately 12 percent of the PMF. Although the
soillway capacity is inadequate from a hydraulic and hydrologic
point of view, the hydraulic inadequacy will not affect the
safety of the dam because the concrete dan is supported on sound
rock and overtopping of the dam will cause neither significant
erosion at the toe or abutment, nor undermine the foundation
of the dam. In addition, the concrete dam is stable under all
loading conditions.

I b. Adequacy of Information

The information and data available were adequate

I for performance of this investigation.

c. Necessity of Additional Investigations

* No additional investigations are required.

3 d. Urgency

The recommended measures 1 through 3 as described
below must be corrected within 1 year from notification.

3 7.2 RECOMMENDED MEASURES

3 The following are the recommended measures:

1. Establish a systematic program to observe and
monitor changes in seepage occuring at the
monoliths and construction joints.

2. Remove all trees and brush qrowth on the slopes
of the embankment. Provide a proqram of periodic
cuttinq and mowinq of the embankment surfaces.

-16-



U 3. Provide a program of periodic inspection and
maintenance of the dam and appurtenances including
yearly operation and lubrication of the reservoir
drain. Document this information for future
references. Also develop an emergency action

* plan.

In addition to above remedial and maintenance, the
following should be considered:

a. Resurface the downstream face to the original
geometry.

I b. High level outlet made operable.

I
I
I
I
I
I
I

I
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PHOTOGRAPHS

I APPENDIX B
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2. VIEW OF CREST OF SPILLWAY AND
INTAKE STRUCTURE FOR HIGH LEVEL
OUTLET.

3. VIEW OF DOWNSTREAM CHANNEL.

NOTE VEGETATION.
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V',IIAI, TNSPIECTrON cucilCKIs'l

1) ) aoe Data

a. General

Name of Dar, LAieF- WELCAL( FOfz 'EL' Kmoi AS EEAUEP, P)r tc A 'A

Fed. I.D. # _N 2i _. DEC TMu No. /96"854

River Basin [V Dso 0

Location: Town LF iW1n 'ivt#:P-aC-s County Q OL4. A.0J

Stream Name SClh\ 6O 2 O k.'4

Tributary of 0 U()CO J rpI V E

Latitude (N) 4 0Q44 Longitude (W) 740 4 ' 20
Type of Dam r..F t LA ' CO )cTI P~~T E.~A

Hazard Category HIGH

Date(s) of Inspection Anil- 4l 110

U Weather Conditions 750 S AY

Reservoir Level at Time of Inspection /O/5 ,. (M L h

b. Inspeetion Personnel TOAIY ?.)O( t1,q,5(P/.O 4-AjD

c. Persons Contacted (Including Address & Phone No.)

3 jO(g "Mn.Atr,4pnI, NV Z0gj , 71'1tOM! AP. (N14) 73(-270/

d. History:

Date Constructed Iq9A- Date(s) Reconstructed Iq59 o d 1976

Desigmer M e. IkL A \ I it

Cons'tructcd By r - ') _._ _

Iwcr L) c r__(_A71____

VIIY OMI.tt



2) Embankmient - VAS~ wrA~~ 2Z 1~~

a. Characteristics

(1) Elnlankmcfl t Material____ -__________ _____________

(2) Cutoff Type ___________________

(3) Impervious Core ". 'tt

(11) Internal Drainage System _____________________

(5) Miscellaneous ____________________________

b. Ciest

(1) Vertical Alignment __ ~ o

(2) Horizontal Alignment ST.~V A&t AU 6O

(3) Surface Cracks____ C U _______

(4I) Miscellaneous-

C. Upstream Slope

(1) Slope (Estimate) (V:11) __________________________

(2) Undesirabl.c Growth or Debris, Animal Burrows ____________

(3) Sloughing, Subsidence or Depressions

NOE,



(11) Slope ProtLection ____________ __________

(5) Surface Cracks or Movement at Toe ______ _ ________

d.Dowistrcami Slope

(1) Slope (Estimate - V:11)__________ _____________

(2) Undesirable Growth or Debris, Animal Burrows LAP-6S An

1(3) Sloughing, Subsidence or Depressions Wous ngrL,kmf

g (11) Surface Cracks or Movement at Toe K nt'k:C-PrT.vCM

I (5) Seepage L________ P__________________

I(6) External Drainage System (Ditches, Tr'ehches; Blanket) MO

(7) Condition Around Outlet Structure K) or AP L I C AVL

p (8) Seepage Beyond Tue N _tE PAEMu6

I . Abutments - Eiitbankincnt Contact SoTtTC~ MIO'rHF$r.L%( COk3TkI

toWIv -o--IF -oXjT .A



(1) Erosion at Contact 0 0 rzowIJ clr

(2) Seepage Along Contact F- C)~ OP-e ~r-

3) Drainaget System

a. Description of System ________________ ___________

b. Condition of System_________________________

c. Discharge from Drainage System ___________________

I) Instrumenta~tion (Momumentation/Survey s, Observation Wel, Wei rs,
Piezometers, Etc.)____________________________

Moo

Ia



S) Resc'rvnir

a. Slopes L'n je-91 c M ttA~EU.ott.SLPR

KR STR-_ODK)61MCIT- AD VL E P5, n)ITIOQ RpcoXEJI
nh 0,) OE [Z .

b. Sedimentation No r jB(OOCE OF: j=L~tV SIJ MUAIN

~~~E~'-a- ,&.r, W~AFP- ?RtE1A-TkULX CL6A2. P T W/-36;i

c. Unusual Condlitions W1hich Affect Darnm ___________________

6) Area 1)wsri f Dai

a. Downstream Hazard (No. of 11omeis, HIighwaiys, etc.) 'WELQCNcAM~P S.;TF'

S ~ 40YQ6S. ';*IAMF +.2.10 4kut )~AT PAPI(WA.

b. Seepage, Unusual Growth Kin GEF A:C Mf4Fr-uct V) AL-

c. Evideonce of Movement Beyondl Toe of Damn Nlcx)c O~nru

d. Condition of Dowmnstreamn Channel Ct-WL 1' ALO ':PiL4-WA'- C.4IAUmEL

W,\-A'4 OuemGxMokU Wm- T-~c Auv arlS-9 VezjTrgro~. (AL',C)

,7) Sp~wx(~ Tcuini P. sharge Conve'.'ancc ELIC-11n(IlL

a. General tM L~~Ld VT AI"V 4F-\Lv 'A

b,. Condition of Str~ei Spillway Q -CA -LY -INk Ejg

AL~L~'~r ~'sT OP 11W 3RILUJkj~ (es~r~cr,'

* L
-- ' v 7 .



c. Condition of Auxiliary Spillway .OT AL _ C Fl.M'

d. Condition of Diseharge Conveyance Chan el it . ___________

8) Reser'voir *lmax,--.~ 1+6W LeuCL - :2." L7rLrET PIF, G

Type: Pipe ( Conduit Other '5UEL:toA'( 0

Material: Concr ete Metal. Other ________

Size: A Wafn AR._,o u Length -

Invert Elevations: Entrance j QO _ __Exit +

I Physical Condition (Describe): Unobservable

Material: ___

Joints: -- _Aligmment -

I Structural Integrity: .OjOA

,/A/ 67o00D /T/IAJ.

Hydraulic Capability:

Means of Control: Gate Valve Uncontrolled

5 ~Opw.'ati on~vOpcr-able T noperda.1.c Othek'_______

Present Condition (iOescribe): CO^lT.o -_or /4.-HL I/

E .[I1i_LJLA6 E X('P7r T SMr--, 77:767 64f LITpo-
/ -' 70O, CCOA r/CA/ 441P PCRM,'r OPER464_.

I ,



9) Structral

a. Concrete Surfaces 0__ fia-UA L---0 C.U.E bAMJ RSUP A(-

RMDOEMAToi'12LO EAM F~ACE~ 7+f (,rrrODIM..

b. Structural Cracking kOR-- E5 S E: .T1

e. Movement - Horizontal & Vertical Alignment (Settlement) KJO

d. Junctions with Abutments or Embankments No e LU-cDE L-

"o- f0N I 0 E4 % _

e. Drains- Foundation, Joint, Face _O__

f. Water Passages, Conduits, Sluices 2 O TLETS - LF+ 1 eL,

OAVIwr ~ LOLL) LOJ7 UT LET :AR 17. IWJCI -rFe
SAo 5 ET uA"E. 2Luc -fLJAj, -- C0o02MOu oF

5t f v FACIO[2..(- C~ot%'Y\' oKJ' :
.g. Seepage or Leakage

SJi o . SQP.. '-.0D AT_ "+-C

I *1



h. Joints -Construction, etc. 60x O-IT ~lI~ -*

i. Foundation is U/C- At aPLCC 12 Atb4IYflLE

fCA 1:k -T \j.SjjUsptCtjo o op oZtQiAt4

j. Abutments M-0 .1p m - Pt'A.AnC
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The stability criteria against overturning and sliding were
evaluated as follows. .-

overturning - Stability is considered adequate if the re-Isultant of all forces falls within the middle third of the base un-
der the normal loading condition and within middle half of the base
under the unusual and extreme loading conditions.
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uated using the friction factor of safety (rFS) which is equal to
.Vtanlb/14, where V is the sum of vertical forces acting on the base,
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FFS exceeds 1.50 under normal loading conditions, 1.25 under unusual.1 loading conditions and 1.1 under extreme loading conditions.
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April 3, 1978 3308-001-1

Stability Analysis of the

Lake Welch Gravity Dam

The Lake Welch Dam was analyzed for both sliding and overturning

stability. Three conditions of loading were considered:

Case I Normal condition of dead hydrostatic forces,
including uplift.

Case II Extreme condition of normal loading plus ice
forces of 3,000 pounds per lineal foot.

Case III Extreme condition of normal loading plus earth-
quake forces of 0.05g.

The analysis showed that the ratio of the horizontal forces tending

to cause sliding to the vertical forces are, for the three conditions

respectively, 0.78, 0.86 and 0.97. While there are no codes, or

universally accepted standards, mandating the design of gravity dams,

these values are somewhat higher than modern practice would dictate.

The analysis showed further that the corresponding ratios of moments

resisting overturning to the moments tending to cause overturning are

1.36, 1.18 and 1.18. These values are lower than considered prudent

in modern practice.

These figures indicate that, while not in accordance with today's

thinking, the dam is not approaching the point of incipient failure

from either sliding or overturning. The factors found for Case I are

conservativt As the uplift forces applied in the analysis were determined

in an accepted and conservative manner. Effects of ice in Case II can

be mitigated to any degree desired by drawing down the lake in winter,

either fully or partially. Regarding Case III, there has been little

seismic activity in this area.
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Palisades Interstate
Paik CommissionINs

914 785-2701

April. 25, 1980

Mr. J. Patel
Tippetts-Abbett-McCarthy-Stratton
Engineers and Architects
The Tams Building
655 Third Avenue
New York, New York 10017

Dear Mr. Patel:

As requested, enclosed are the following documents:

*1. Sheet 1 of consultant design agreement showing scope
of services.

2. Correspondence from Chas. T. Main, Inc. dated October
5, 1977, March 31, 1978 and April 7, 1978.

3. Copies of diary sheets from October 9, 1978 toI November 12, 1T-18.

Please call if you need any additional info tion.

ye -Ie;ly y urs,

IRS:mgs /oert Sa~ntoro
Encs: - enior ark Enier

*10
IC

LaIua pgtnv megs

A^IVI0~WWgwy



REGIO- Palisades
PRoIJEC-NAWE- Rcpairs to the Lake WIelch Dam

P. F. NO.-

THIS AGRCEN!EJT nude this _ day Of __________ _ t* ........ by and beteen Ie Sg..!e of New. York. 2chin by aId

#rrw %th Orice of Parts and Itrcation. fieffrn3rict rerned toas "PARKS". -howe officc it&AdMini:iJ7"- )'1 JS

and Ch as_.'P .ss 
1  T,,,- -wth aflcsatf15~~~hS'''

lintinsAya referred to as ttc~ CONSULTANT.

WITM E ES S FT H:

WHIEREAS. PARKS i% cI.au~ed by thec li- with thecon~trunrr.rn. m3,srenincc and opraliotli or itc parks. pairkwsay%. historic st-s. rntaritic fcf

&Wd other ecvtcitioan3I fjtiluiiti'ad d*:srrc lu whum L.hnksjl ijnd rmic.*i%,nA swrsicci thercitt a% hercirtzdter i~cvd. and is auw'rt/id tu oic
sah scic ~nt afccurd.Ice with the prvisons uf ti,. P~rL. andi Re..rrtiaun Law of dhc Siji t rNc York.

I:OW.THERtFORE. inconsideration of Ut p-cmse nd th Ue mutual coieeants and .ConJitioft5 COriLtd herein th r~tc heet 3pc3rlos

a 1. SCOPE OF~ S.R VICS -PArKS agrms to empltoy and htrtby does employ te CONSULTANT for the services hcrei"Ia'lcr dcscribed. an'd
04 CONSULTANTr agr~vs to ftrish a'u rrfarrih suh services upwi the fullowing d.-scnbcd proicct:

-Repairs to the Lake "Welch Darm

The consultant will furnich services related to the repair of the Lake
Welch Darm by means of' chemical and cement grouting of horizontal con-
struction joints and sealing of vertical expansion joints.

The method to be recon~mended by the consultant will enable the repair
Yzork to be carried out without the necessit y of emptying the lake.

*More specifically, the scope of the consultants' services sli-il consistI of four parts, itemized as follows:

Item I -Inspection of the dam, attendance at meeting-s, and other work
required to propose a solution to theleakage problems, all

Item.2 -Performnance and do~irnentation of a stability* analysis of the
dam so as to determine the basic soundness and integrity of

* the dam.

Item 3 -Under the assumption that the results of the exrlysis described
*inn Item 2 show the cam to be essentiall.y sound and capable of
* repair, the consultant will prepare drawings and spccifiations

* for the drilling, grouting and sealing of the dam. If the
Uresults of the work perform-ed under Item 2 indicate that the

damis not sound or that soric other means of repair are indi-
cative, this agreement may be terminated or amended as approp-

Item - ate to the conditions at this Point.

Itcmh - ield surveillance of the drilling, grouting and sealing work.
after the awardof the construction contract by Farks.

5 The Conul trInt Will furnitlh contract drawinrs in reproducible form aft~er
aloproval of prol imi n.ry driwizigs by Parks.

The Cc'm:-.ant w01- nlzo furnish five (5) copiescn ench of detailed coritr;a
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MAIN CHAS. T. LAIN (w, NEW YOK. INC.
. ngineer L "ALL& A.C" O*

n2S EAST 38TH STREET. NEW YORK. NEW YORK 10016

5 October 1977 9010205-150

Mr. Robert Santoro "
Palisades Interstate Park Commission
Administration Building
Bear Mountain, NY 10911 -ip

Dear Sir:

In compliance with your request we have undertaken a study of the
leakage problem at Lake Welch Dam. The site was visited and we in-
spected the concrete cores obtained from the dam. We understand the
need to reduce leakage through the dam and its foundation to a minimum
and we appreciate the desirability of avoiding draining the lake. Con-
sidering both of these requirements, we offer the following solution:

1. Sealing of the horizontal construction joints of the dam,
and the foundation of the dam and its abutments, by a
combination of cement and chemical grouting.

2. Sealing of the vertical contraction joints by drilling a
large (6") hole vertically through each joint and backfilling
vith a non-setting sealant.

3. The above procedures are to be performed in the early :pring
of 1978 without the lake being drained.

4. Observation of the dam, foundation and sluice gate leakage
through September 1978 when decisions can be made relative
to:

a. Draining the lake to effect additional grouting
or repairs, if indicatedto the upstream face of
the dam.

b. The need for a new sluice gate, or the repair
of the existing gate..

J e. Refacing or repairing the downstream face of
the dam for aesthetic reasons.

d. Performing other remedial work, also for
* e aesthetic reasons.

It is our opinion that steps I and 2 above will successfully
reduce leakage to a practicable mitimum at the least cost. This
solution has the further advantage of not requiring the draining of
the lake during the recreation season. Should additional work

NEWYORK * LOWVILLE * MALONE * ORiSKANY * POTSDAM * PnATTSVILLE

* /i
~€-



R. Santoro
5 October 1977
Page 2

requiring the draining of the lake be necessary, such can be performed
4 early next Fall and the lake refilled before the 1979 season. We

estimate the cost of steps 1 and 2 to be not in excess of $225,000.

It is proposed that MAIN write the specification for the grouting
program and provide a resident engineer for the surveillance of the
field work. We estimate that the total cost of our services will not
exceed $30,000 up to and including steps 1 and 2. This figure is
based on an estimate of 55 working days to perform steps 1 and 2.

We will be happy to discuss this subject with you and are available
to meet with you at your convenience.

Yours very truly,
CHAS. T. MAIN OF NEW YORK, INC.

Custav A. Diezemann

GAD:dc

cc: Mr. Thomas F. Connors
New York State Park & Recreation

4.
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MAIN CHAS. T. MAIN or NEW YORK, INC.
• 6 Plyineers I 125 EAST 38TH STREET. NEW YORK. NEW YonK 10016

March 31, 1978 3308-001-1

Mr. Robert Santoro 7;%

Palisades Interstate Park Commission - - , i.

Administration Building '.

Bear Mountain, New York 10911 
A R 7 1978

Dear Mr. Santoro: A 719G

Further to the draft of the report on our stability pnflys~s of the
Lake Welch Dam, we wish to advise you that post-tensioned' fbck bolts,
five feet on centers and ten feet into rock, placed in reamed grout
holes through the top of the dam would produce the following ratios ."

Iof forces:

Sliding Overturning

( Case I 1.64 1.69

Case 1I 1.33 1.47

I .Case III 1.49 1.47

The addition of the rock bolts improve the resistance to sliding and
overturning significantly, as the above figures indicate. While
there is nothing to assure that the dam would fail without the rock
bolts, there is similarly no guarantee that the dam will never fail
vith the rock bolts installed. Considering the age and condition of
the Lake Welch Dam, it is obviously prudent to install the bolts
during the rehabilitation procedure. We estimate the cost of instal-
lation to be $93,000.

1Very truly yours,

. S. T. MAIN OF NEW YORK, INC.

ustav A. DiczemannFiI
i1 CAD:vc

NEWYORK * LOWVILLC * MALONE * ORISKANY * POTSDAM * PnATTSVILLU

Io



MAINJ CHAS.T.MAINorNEW YO RK. INC.
&l.9i/ieers 12S EAST 38TH STREET. NEW YORK. NEW YORK 10016

a
April 7, 1978 . 3308-001-1

JI

Mr. Robert Santoro
Palisades Interstate Park Commissior
Administration Building IL'j 1 8 0 i'!78
Bear Mountain, New York 10911

Dear Mr. Santoro: r-i N' G
P. 1. P. C.

Reference is made to our letter of October 5, 1977 in which we
stated that, if the recommended sealing of the horizontal and
vertical joints -nd the foundation of the Lake Oelch Dam did not
satisfactorily stop the leakage, the lake could be drained to
effect additional grouting or repairs.

We also stated in that letter that we believed that the recommended
sealing would reduce the leakage to a practicable minimum. We are
still of that opinion. We cannot, however, for obvious reasons,

guarantee that it will.

Should additional repairs be necessary, and we repeat that we believe
the recommended will be successful, it is not possible to estimate
the cost of such repairs until the problem, if any, is known.

Very truly yours,

CHAS.T.MAIN OF "~JYORKC, INC.

Custav A. Diezeman
Vice President,

CID :vc

II

1* .
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