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NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED
FROM THE BEST COPY FURNISHED US BY
THE SPONSORING AGENCY. ALTHOUGH IT
IS RECOGNIZED THAT CERTAIN PORTIONS
ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE
AS MUCH INFORMATION AS POSSIBLE.
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DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT, CORPS OF ENGINEERS
CUSTOM HOUSE—2D & CHESTNUT STREETS
PHILADELPHIA, PENNSYLVANIA 19106

IN REPLY REFER TO

NAPEN-R

Honorable Brendan T. Byrne 98 SEP 1978
Governor of New Jersey F
Trenton, New Jersey 08621

Dear Governor Byme:

Inclosed is the Phase I Inspection Report for Union Lake Dam in
Cumberland County, New Jersey which has been prepared under authorization
of the Dam Inspection Act, Public Law 92-367. A brief assessment of

the dam's condition is given in the front of the report.

Union Lake Dam, a high hazard potential structure, is judged to be in
fair overall condition. The spillway is considered to be inadequate since
61 percent of the Probable Maximum Flood (PMF) would overtop the dam. To
insure adequacy of this 19th century structure, the following actions, as
a minimm, are recommended:

a. The adequacy of the spillways should be determined by a qualified
professional consultant, engaged by the owner, using more sophisicated
methods, procedures and studies within six months from the date of approval
of this report. Any remedial measures necessary to insure the adequacy of
the spillway and to prevent overtopping should be initiated within calendar
year 1979. In the interim, a warning system should be developed and installed
whereby local Civil Defense authorities can be notified during heavy storms
and the splllway gate operators provided with inflow information and incre-
mental pool elevations from the upper gages. A gage should be installed at
the Union Lake Dam to record reservoir levels during peak flows.

b. Within six months from the date of approval of this report, engineer-
ing investigations and studies should be performed to more accurately deter-
mine the extent and locations of seepage through the embankment and stabil-
ity of the structure. Any remedial measures, necessary as a result of these
investigations and studies, should be initiated within calendar year 1979.




NAPEN-R

Honorable Brendan T. Byrne

¢. Within one year from the date of approval of this report, the
following remedial actions should be accomplished.

(1) The downstream stilling basin, below the apron, should be
stabilized with riprap to prevent further scouring.

(2) The upstream slope of the dam should be protected to a greater
extent with properly bedded and graded stone riprap.

(3) Clean and repair the penstock gate downstream at the burned-out
power house, or, alternatively, construct a raceway around this gate to in-
crease the capacity of powerhouse canal.

(4) Operating manuals and instructions should be prepared and posted
for the left abutment sluicegates and the Fabridam.

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

days after the date of this letter.

Additional copies of this report may be obtained from the National Technical
Information Services (NTIS), Springfield, Virginia, 22161 at a reasonable
cost. Please allow four to six weeks from the date cf this letter for

NTIS to have copies of the report available.

An important aspect of the Dam Safety Program will be the implementation
of the recommendations made as a result of the inspection. We accordingly
request that we be advised of proposed actions taken by the State to
implement our recommendations.

Sincerely yours,

'\/

R 33 E T L e
o

1 Incl \ JAMES G.

As stated Colonel, Corps of Engineers i
District Engineer NTIS Wnite Section @]
00C Buff Section
Cy Furn: =
Mr. Dirk C. Hofman, P.E. :'UMN:OU"&)? 5
Department of Environmental Protection S
B i
DISTRIBUTION/AVAILABILITY CODES
Dist. _ AVAIL lnd/uWﬁJ
2 A




Union Lake Dam (NJOO4UB)

Corps of Engineers Assessment of General Conditions

This dam was inspected on 13 June 1978 by Louis Berger & Associates, Inc.
under contract to the|State of New Jersey. The state, under agreement with
the U. S. Amy Engineer District, ladelphia, had this inspection performed
in accordance with the National Dam Inspection Act, P.L. 92-367.

The Union Lake Dam, a high hazard potential structure, is judged to be in
fair overall condition. The spillway is considered to be inadequate since
61 percent of the Probable Maximm Flood (PMF) would overtop the dam. To
insure adequacy of this 19th century structure, the following actions, as
a minimum, are recommended:

a. The adequacy of the spillways should be determined by a qualified
professional consultant, engaged by the owner, using more sophisicated
methods, procedures and studies within six months from the date of approval
of this report. Any remedial measures necessary to insure the adequacy of
the spillway and to prevent overtopping should be initiated within calendar
year 1979. In the interim, a warning system should be developed and installed
whereby local Civil Defense authorities can be notified during heavy storms
and the spillway gate operators provided with inflow information and incre-
mental pool elevations from the upper gages. A gage should be installed at
the Union Lake Dam to record reservoir levels during peak flows.

b. Within six months from the date of approval of this report, engineer-
ing investigations and studies should be performed to more accurately deter-
mine the extent and locations of seepage through the embankment and stabil-
ity of the structure. Any remedial measures, necessary as a result of these
Investigations and studies, should be initiated within calendar year 1979.

¢. Within one year from the date of approval of this report, the
following remedial actions should be accomplished.

(1) The downstream stilling basin, below the apron, should be
stabllized with riprap to prevent further scouring.

(2) The upstream slope of the dam should be protected to a greater
extent with properly bedded and graded stone riprep.




(3) Clean and repair the penstock gate downstream at the burned-out
power house, or, altermatively, construct a raceway around this gate to in-
crease the capacity of powerhouse canal.

» (4) Operating manuals and instructions should be prepared and posted
for the left abutment sluicegates and the Fabridam.

\_/
* " Colonel, Corps of Engineers
District Engineer

S A
Date: 7/24,<,/) 7f




PHASE I REPORT
NATIONAL DAM INSPECTION PROGRAM

Name of Dam Union Lake Dam NJ 00448

State Located New Jersey

County Located Cumberland
Coordinates Lat.3924.1 - Long.7503.3
- Stream Maurice River

Date of Inspection 13 June 1978

ASSESSMENT OF
GENERAL CONDITIONS

Union Lake Dam appears to be in a marginally adequate
structural condition but substantial seepage was
observed along the downstream embankment. The dam is
over 100 years old and has withstood the test of time
but sufficient engineering data was not available
regarding the foundations, method of construction or
zoning of embankment to allow a full assessment of
its term-long adequacy. Further engineering studies
in the near future are recommended without reservation.
A collapse could cause irreparable structural damage
to the dam and significantly endanger downstream
residential areas which are quite heavily populated.
Recommended remedial actions to be undertaken in the




near future consist of 1) refill the sti!ling basin
with riprap, 2) place additional riprap ¢ . the upstream
face, 3) channelize and monitor the seep&aje at the
downstream toe, and 4) repair the penstoc!: gate at the
downstream powerhouse.

The spillway capacity is 60% of the PMF dosign flood.
The drawdown capacity is limited and can only lower
the water level approximately 5 feet bel( : the normal
pool.
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F. Keith {;;}s P.E.
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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

NAME OF DAM UNION LAKE DAM 1ID# NJ 00448

SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a.

Authority

This report is authorized by the Dam Inspection
Act, Public Law 92-367, and has been prepared

in accordance with contract FPM-36 between

Louis Berger & Associates, Inc. and the State

of New Jersey and its Department of Environmental
Protection, Division of Water Resources. The
State, in turn, is under agreement with the

U.S. Army Engineer District, Philadelphia,

to have this inspection performed.

Purpose of Inspection

The purpose of this inspection is to evaluate
the structural and hydraulic condition of the
Union Lake Dam and appurtenant structures, and
to determine if the dam constitutes a hazard
to human life or property.

1.2 DESCRIPTION OF PROJECT

a.

Description of Dam and Appurtenances

Union Lake Dam is a very old earth embankment
dam approximately 2000 feet long with a
buttressed stone masonry spillway located
about 500 feet from the right abutment. The
dam impounds Union Lake, one of the largest
man-made reservoirs in New Jersey. The over-
flow structure is 200 feet wide and is
immediately upstream from a highway bridge on
Sharp Avenue. The center portion of the
spillway is equipped with a 118 foot long
inflatable Fabridam rubber gate which controls
flow. Near the left abutment, three sluice




gates are installed in a concrete housing

and lead into a raceway channel which extends

to the south 1000 feet into an abandoned

steel penstock under a fire-qutted mill building.
A canal tailrace extends from there back into

the river.

Location

Union Lake Dam is located in the City of
Millville, Cumberland County, New Jersey. The
dam is built across the Maurice River
approximately 13 miles from the mouth of the
river at Bivalve on the Delaware Bay.

Size Classification

The maximum height of the dam is approximately
35 feet and the conservation storage is

" estimated to exceed 25,000 acre-feet. Therefore

the dam is placed in the intermediate size
category as defined by the Recommended Guidelines

for Safety Inspection of Dams.

Hazard Classification

Based on Corps of Engineers criteria and the
fact that in the event of failure, excessive
damage could occur to downstream property
together with a large potential for loss of
life, the dam is unequivocally classified as
a high hazard. Immediately downstream, there
is a senior citizens residence, a school and
trailer park as well as numerous private
residences within the flood plain.

Ownership

The dam is owned by the Wawa Manufacturing Co.,
821 Columbia Avenue, Millville, New Jersey,
08332. The Union Lake reservoir is also
privately owned by this company except for

a small beach area adjacent to the right
abutment which has been conveyed to the City
of Millville for recreational use.

PR ——_ |

- - ‘ . i 'M‘




f. Purpose of Dam

The dam is now used for recreation purposes
although in the past, it additionally served
as a power intake for industrial facilities.

g. Design and Construction History

The dam is believed to be one of the oldest
earth structures constructed in New Jersey,
variously reported to have been built as

early as 1838 and as late as the 1870's.
Historical reports indicate that it was

built with horsecarts using excavated material
borrowed from an area upstream of the right
abutment. The original riverbed crossed the
dam axis about 200 feet to the left of the
present spillway but has long since been
obliterated. The dam has been modified numerous
times, the latest being the addition of the
neoprene Fabridam in 1965. At that time,
additional improvements were also made to the
spillway, including the installation of steel
sheeting at the spillway outflow, repairs

to the upstream apron, raising of the abut-
ments and the installation of a new cap sill
on the spillway outfall.

In the original design, the top of the over-
flow spillway was constructed with flashboards
but after a flood in 1933, these were removed
and eventually replaced by the Fabridam.

The raceway canal at the east end appears to
have been in existence since the late 1800's
and originally terminated at a mill building
(about 1000 feet downstream) where a gate

and waterwheel were installed. At some later
date, the waterwheel was abandoned and a 9 foot
penstock was installed, leading into a building
where a hydraulic turbine and generator
provided electric power for mill use. After
extensive damage to the raceway canal in the
1933 flood, a concrete canal intake structure
was built with three 5.7 by 7.0 feet wide

head gates to control flows into the raceway




canal. The canal banks were also raised and
concrete walls heightened near the penstock
gate.

A fire in April 1977 destroyed the generator
building and the penstock control gate and
the regulating controls were damaged. The
gate is now inoperative and remains about
half open and is plugged with debris. At
the present, the entire facility appears to
be abandoned.

Normal Operating Procedures

See Section 4

PERTINENT DATA

ad.

" Drainage Area

The drainage area of the Union Lake Dam is 218
square miles.

Discharge at Dam Site

A USGS continuous recording water stage gage
is installed at Norma, about 6 miles upstream
from the Union Lake Dam. Its drainage area

is 113 square miles and records indicate a
maximum discharge of 7360 cfs (1940). There
is also a tidal crest-stage partial record
station downstream at Bivalve which indicated
an annual maximum high tide of 6.8 feet

which indicates tides would extend back to the
stilling basin at the dam. The only gaging
done at the dam site is for water quality.
Therefore, recent flow records are unavailable.
However, earlier records and Dam Applications
indicated a design flood of about 6200 cfs

was adopted. The total spillway capacity is
19,000 cfs with the present configuration.

Elevation (Above M.S.L.)

Top of dam « 35.0

Recreation pool - 27.0 (Fabridam inflated)

Normal pool - 24.6 (Fabridam deflated)
-l =




Reservoir

Length of maximum pool - 18,500
Length of recreation pool - 14,500
Storage

Normal pool - 11,600 acre-ft.
Recreation pool - 13,500 acre-ft.
Top of dam - 25,800 acre-ft.

Reservoir Surface

Top of dam - 1,815 acres
Recreation pool - 850 acres
Dam

Type - Earth embankment with masonry spillway
Length - 2,000 feet
Height - 35 feet
Freeboard between normal reservoir and the
top of the dam - 8 feet
Top width - 20 feet
Side slopes 2:1
Embankment - composition and compactness unknown

Diversion and Regulating Tunnel
None
Spillway

Type - buttressed masonry
Length of weir - 200 feet
Center crest elevation - 27.0 (Fabridam inflated)
Spillway equipped with Fabridam (118' long x
2.5" high)
Side spillway crest elevation - 26.0+

Regulating Outlets
Three sluice gates (5.7' x 7.0') at left

abutment.
Invert Elevation 20+.

——




2.4

SECTION 2 - ENGINEERING DATA

DESIGN

The information available for review for the
Union Lake dam consisted of:

1) U.S.G.S. Quadrangle - Millville, New Jersey
scale 1:24000.

2) Dam Application No. 578, State Division of
Water Policy & Supply, 1965 (various
correspondence) .

3) Three drawings of 1965 spillway modifications
by Justin & Courtney, Consulting Engineers.

4) 1973 inspection report by Neville C. Courtney,
Pl

CONSTRUCTION

Little information was obtained on the actual
construction as no as-built plans were available.
There have been no apparent major structural
modifications except the concrete headgate structure
installed in 1933 and the spillway modification

work in 1965. However, numerous other modifications
and repairs have been made over the extended life |
of the dam. '

OPERATION

The dam is operated as a simple overflow facility
by Wawa Manufacturing Co. personnel who regulate
the Fabridam inflation. Because the penstock

gates are blocked, the bulkhead gates at the left
abutment are not being used at present (see Section
4).

EVALUATION

a. Availability

Sufficient engineering data is not available
to fully assess the design of the dam or to

-6=-




determine its safety. Nothing is known regarding
the geotechnical make-up, including zoning,
relative density and permeability except that

the embankment has withstood a hydraulic head

for over one hundred years. However, no records ‘
or data were available regarding earlier

failures and reconstruction or more importantly,

if the crest elevation was ever raised above

the earliest height.

b. Adequacy

The data relating to the spillway structure
modifications is considered inadequate to base
any ascessment upon design procedures or
stability. Additional information required for
complete evaluation should include but not

be limited to:

1) As-built drawings
2) Material properties of the embankment
3) Records of piezometric readings

4) Borings and test pit data on the spill-
way foundations.

c. Validity

The validity of the 1965 engineering data
available is not challenged but further
investigations are required to ascertain the
physical conditions and assess the structural
stability of the remainder of the dam below the
1965 rehabilitation work.
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

A.

General

Visual inspections of the Union Lake Dam were
conducted on June 14, 21 and 28 with a
subsequent inspection made on July 19 to
ascertain seepage conditions during periods

of lower flow. The seepage rates observed along
the downstream embankment at earlier inspections
were of major concern. The overall inspection
revealed the facility to be in fair condition and
satisfactorily maintained in working order except
the blocked penstock gate at the lower end of

the power canal.

Dam

The dam crest is at elevation 35, providing a
freeboard of 8 feet over normal storage level
elevation 27. Although no drawings are available,
the embankment on each side of the spillway

has a crest width of between 15 to 20 feet,

and upstream and downstream slopes varying

from 1.5 to 1 to 2 to 1. The dam is heavily
overgrown with scrub oak and underbrush, but
such growths are normally removed every two

to three years according to operating personnel.
Some growth is permitted to remain as a deterrent
to slope damage resulting from erosion, motor-
bike trail rutting and vandalism. A band of
riprap about 5 feet in vertical measurement

has been randomly placed along the upstream
slope of the dam, extending from 2 feet below
normal reservoir level to about 3 feet above
normal. The riprap is apparently not bedded

on gravel and would undoubtedly be displaced
during hich wave action. As previously stated,
the location of the spillway (which now lines
up with the present river alinement downstream)
was not in the original riverbed which crossed
the dam axis about 200 feet to the east.

Thus, the maximum section height of the dam is




at a point to the left of the spillway, being
constructed from roughly elevation -5 below sea
level to the top crest elevation. The original
river area below the dam has since been filled
in and the channel is completely aone.

Because of the heavy undergrowth and swampy
areas below the dam, meaningful examination for
seepage through or below the dam was very
difficult. However, small streams just below
the dam were issuing into the river from both
sides, and it is suspected that these streams
originate as springs or seeps through the

dam foundation.

c. Appurtenant Structures

The spillway consists of a 35 foot high
‘buttressed masonry wall overflow structure
& located so as to discharge directly into the
river downstream. It is about 200 feet long and
is constructed of stone masonry. The exposed
height is about 22 feet. The footing depth
is unknown but is believed that it rests in
part on a timber and rock crib base. The
crest is about 5 feet wide at the top, and
the exposed downstream face is on about a
steep 2:12 batter. The slope of the upstream
side of the wall is unknown. The wall is
braced on its downstream face by four 10 foot
wide masonry buttresses spaced at 42'-6"
centers. Backfill is placed upstream and
level with the top of the wall and a concrete
apron extends out about 30 ft. upstream.

The 1965 rehabilitation of the spillway
consisted of repairs to the upstream apron,

the addition of the rubber "Fabridam" gate at
the crest, a raising of the abutment walls, and
a resurfacing and extension of the downstream
apron. The Fabridam replaced an ancient
flashboard system and provided an unobstructed,
adjustable weir. The top masonry course under
the Fabridam area of the spillway was removed
and reset and coated with epoxy. The crest
under the Fabridam is at elevation 24.6+.




Steel sheet piling (2P27) cutoff walls were
driven at the upstream and downstream ends

of both aprons and a dentated end sill was
constructed at the lower end of the downstream
apron. The sheeting at this end is 22 feet
long according to records. A six foot concrete
fillet was added at the intersection of the
overflow wall and the apron to deflect the
overflowing nape onto the apron(and possibly
to increase the stability of the wall).

The addition of steel sheeting at the north
end of the upstream apron was for the purpose
of preventing erosion and an undermining
action which had scoured a deep hole in the
upstream embankment. The downstream apron
resurfacing and extension presumably was made
to afford more protection against impact and
sweepout forces and the dentated sill was
provided to deflect high velocity flows away
from the downstream riverbed. The downstream
steel sheet piling affords additional protection
of the apron against undermining.

The top of the overflow spillway was originally
constructed to elevation +26.0. In order to
obtain additional reservoir storage, a flash-
board structure walkway was placed atop the
wall so that flashboards (up to 2 feet high)
could be installed. During the 1933 flood,
great difficulty was experienced in removing
the flashboards, and floating debris hung up
and clogged the support structure, threatening
the safety of the dam. As a result, it was
decided to replace approximately 118 feet of
the center portion of the overflow with the
inflatable rubber gate, which could be lowered
completely and thus provide an unobstructed
floodway for passing debris during heavy
flows. The 1.5 foot capstone of the overflow
wall was removed and the 2.5 foot high rubber
dam was installed, with its top at elevation
27.0 when inflated. Two 42 foot long end
sections of the wall remained at elevation
26.0 and 12 inch wide flashboards were
provided to control the reservoir up to elevation
27.0. For present reservoir operation, the
rubber gate is only partly inflated and some
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flow is maintained over the gate, mainly
in order to prevent vandalism to the gate.

As previously mentioned in Section 1.2.g., the
canal intake structure (3-5.7'x7.0'head gates)
at the east abutment is operational but the
channel is blocked downstream at the penstock
(which is open about half way but clogged with
debris). The capacity of these outlet sluices

is limited as the penstock control gate capacity,
if repaired, is limited by the power plant
turbine (about 300 cfs). Representatives of

the owners informed the inspection team that

the penstock gate and electrical lifting devices
were scheduled for repair in late summer.

Reservoir

The Union Lake Reservoir is privately owned by
the Wawa Manufacturing Company except for a
small beach area on the right abutment which
has been deeded to the City of Millville.
Several private residences are also situated on
the left bank of the reservoir at or below
elevation +35.0 and a rise in the reservoir
above elevation 30+ could possibly flood these
homes. However, the reservoir is maintained
at nearly a constant level, since withdrawals
from storage below spillway level is now
impossible because of the breakdown of bypass
facilities.

Upstream from Union Lake, there are a series
of smaller reservoirs constructed on the
Maurice River and its tributaries which could
conceivably cause a chain reaction if any of
the dams impounding these storages collapsed.
These reservoirs are Rainbow Lake, Willow
Grove Lake, Malaga Lake, Iona Lake, Franklin-
ville Lake, Silver Lake and Wilson Lake.
Their condition and storage volumes are not
known, but they could exert a considerable
affect on Union Lake surcharge storage even
discounting an unusual flood event.

-11-
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Recreational activity at the reservoir is
confined to sailboating, bathing and fishing,
with speedboats and water skiing prohibited

(to reduce wave action)along the dam and
shoreline. The reservoir banks slope gradually
from the shoreline and landslides into the
reservoir would be a very remote possibility.

Downstream Channel

The Maurice River below the dam is subject to
tidewater from the Delaware Bay with a daily
variation of about 4.5 feet. Immediately down-
stream below the dam there is the Sharp Street
bridge and a concentration of mill buildings
within the flood plain, a senior citizen high
rise residence and a school (situated at about
elevation 10) about 0.7 of a mile downstream
from the dam. A trailer park is located about
0.5 mile further downstream.

In its present configuration, the downstream
apron is elevated above the riverbed as well

as the tailwater of both low and high tides and
sweepout of the apron area occurs whenever flows
greater than about 600 cfs pass over the spillway.
No computations for stage-discharge tailwater
relations have been made for the downstream

river channel, and it is not known if a tail-
water could build up sufficiently from higher
flows to produce a hydraulic jump on the apron
and thereby dissipate thehigher energy flows

to the extent that scour below the apron can

be prevented. Attempts are now made periodically
to replace scoured riprap below the apron,

but at the time of the inspection, scour areas

as much as 8 feet below the apron level were
observed.

For better hydraulic performance, the down-
stream apron should be depressed below tailwater
for a sufficient length to form a hydraulic

jump for near maximum discharges. This would
require an apron some 15 feet lower than its
present level and would represent a major
reconstruction project of questionable value.

-]2e




3.2

EVALUATION

The major concerns of the inspection team were:

1)

2)

3)

4)

Seepage through the embankment; its location
and amount. Further field observations should
be made to ascertain the phreatic surface and
to establish channel locations to prevent
further erosion. As might be expected with
such an old embankment, the seepage water
observed was clear and does not exhibit
excessive velocities but the amount indicates
further investigation is warranted;

The stability of the embankment and spillway with
the higher reservoir surface. It is fairly
certain that no analyses were ever made of the
dam. After further stability analyses are
completed, additional upstream protection may

be required and the downstream slopes may need
regrading and compaction. Additional free-
draining material may be required to keep the
phreatic line within the embankment section or toe
of embankment trenching and backfilling with
granular material may Prove necessary;

The inadequacy of drawdown facilities in the
event of a developing weakness in the embank-
ment or collapse of a section of the spillway
structure (see 5.1.e).

The condition of the spillway stilling basin
and downstream apron (although the repair
work undertaken in 1965 appears to operate
satisfactorily and is in good condition) .

The masonry buttresses and main wall are very
old and due to the overflow at the time of
inspections, it was difficult to closely
examine their condition.

The seepage and spillway foundations remain the
items of major concern recommended for further
study. From the age and history, the present
reservoir pool elevation appears to be satisfactory
as the phreatic line does not obtrude from the
downstream embankment. Further analysis would
qualify whether the remedial measures set forth

in paragraph (2) above are applicable.

-13-
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

The reservoir is operated by the owners with two

i part-time employees available to operate the
gates, to patrol the reservoir, and to periodically
examine the dam and appurtenances for damage or
vandalism. No manuals or instructions for operation
and maintenance of the dam or appurtenances are
documented or posted. Such procedures are either
carried out on oral direction or at the discretion ;
of the operators. In the event of unusual flood |
events, the Millville Police Department is |
alerted or on call as needed for warning or other
services.

4.2 MAINTENANCE OF DAM

Maintenance and repair of the dam are carried out
whenever funds are available, principally on an
as-needed basis. The heavy growth of scrub oak
and underbrush which cover the dam are removed ‘
about every two years. Some growth is permitted to J
remain to stabilize the slopes. |

4.3 MAINTENANCE OF OPERATING FACILITIES

The only operating facilities in use are the air
compressor and water pump required to inflate and
deflate the Fabridam. There is no regular .
maintenance schedule in operation, and repairs are
carried out as necessary.

4.4 DESCRIPTION OF WARNING SYSTEM IN EFFECT }

There is no formal warning system in operation
nor are there any instructions on the operation
of the Fabridam should the water level need to be
lowered. The safe operation during a high water
situation is questionable.

The New Jersey Department of Environmental

Protection records indicate that in 1970, a micro-
wave detection system was installed on the
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4.5

Fabridam to assist in protecting against vandalism.
This was not observed during the field inspection
and therefore the status or condition of the
device is unknown.

EVALUATION

The present operational procedures and safeguards
during periods of heavy flows are virtually non-
existent and therefdre are believed to be totally
inadequate. There is no formal system of warning
downstream residents in case of dam misoperation,
failure or high water emergency. .Maintenance and
operational procedures should be improved and
annual inspections with written reports, and
responsive record keeping should be provided for
review, especially in view of additional community
growth in the downstream areas. A staff gage
should be installed at the spillway, correlated
to the crest elevation and read during site
inspections and periods of heavy rainfalls.

i




5.1 EVALUATION OF FEATURES

SECTION 5 - HYDRAULIC/HYDROLOGIC

a.

Design Data

In accordance with the criteria in the Recommended
Guidelines for Safety Inspection of Dams, it

has been determined that the dam at Union Lake
is intermediate in size and is placed in the
high hazard category. Accordingly, the spillway
design flood was determined to be the probable
maximum flood (PMF) and the inflow hydrograph
was calculated from the probable maximum
precipitation (PMP) which was obtained from
Hydrometeorlogical Report No. 33. Union Lake
Dam has a maximum spillway discharge capacity
with the Fabridam deflated of 19,000 cfs without
overtopping the dam.

In accordance with Corps of Engineers directives,
the inflow hydrograph and flood routing were
performed utilizing the HEC-1 computer program.
Peak inflow to the reservoir for the PMF was
31,490 cfs indicating that the discharge
capacity of the dam is inadequate.

The PMF was routed through the reservoir and

the discharge decreased from 31,490 cfs to

31,440 cfs. On this basis the spillway

dlscharge capacity will accommodate approx1mately
60% of the SDF.

The results obtained from the flood routing
indicate the water level in the reservoir will
reach elevation 35 (the top of the dam)
approximately sixty six hours after the start of
the precipitation event. The discharge at

that point in time would be approximately
19,000 efiss

Experience Data

Although there is no recorded stream flow
data immediately downstream from Union Lake

-16=

Lo Haus adbs

-




Dam, there is a gaging station 6 miles upstream
at Norma which encompasses 59% of the total
drainage area. The maximum discharge at this
station was 7360 cfs, which occurred on
September 2, 1940. Log Pearson type III flood
frequency analyses were performed by the U.S.
Geological Survey utilizing station skews on
the historical data available from the station.
The 100-year and 500-year floods are 4,820

cfs and 11,300 cfs respectively. Adjusting
these values on the basis of the ratio of the
respective drainage areas for Norma and Union
Lake Dam results in 100-year and 500-year flood
discharges of 9,300 cfs and 21,800 cfs
respectively at Union Lake. Thus, it is
estimated that the spillway can accommodate
approximately 87% of the 500-year flood event.

.Visual Observations

On inspection, the spillway appeared to be

in adequate condition, with the inflatable
Fabridam functioning well. However, there are
several deficiencies, the more noticeable

being the inadequacy of the sluice gates to draw-
down the reservoir in the event of a weakness
developing in the embankment, and the perched
downstream spillway apron which would ‘subject
the channel to sweepout for releases in

access of about 600 cfs. Further, the

capacity of the spillway, as presently con-
structed is deficient for handling

floods of more than those of moderate frequency.

Overtopping Potential

The spillway would probably accommodate any
flood below a 500-year frequency event
overtopping. However for any flood of greater
magnitude, overtopping would occur. In the
case of the design flood (PMF), overtopping
would occur in about 66 hours. Therefore,
based on the criteria used, there is great
potential for overtopping.
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e. Drawdown Potential

The drawdown capacity is practically non-
existent. As previously stated, the three
head gates at the left abutment are operative
and have a capacity of roughly 950 cfs but
their outlet channel is blocked downstream at
the pcwerhouse penstock gate. However, even
if the canal is rerouted (bypassing the pen-
stock) the three head gates (whose invert is
approximately elevation 20) could only reduce
the reservoir level to about elevation 21 or
22 which is only a few feet below the main
spillway crest. Hence, a hydraulic head of
about 20 feet would remain on the dam upstream
face. Drawdown calculations indicate that about
nine days will be required to lower the
reservoir level from elevation 25 to elevation
21. These calculations assume no inflow to
the reservoir and emphasize the gross
inadequacy of the drawdown capacity of the
sluices.




SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a.

Visual Observations and Data Review

Union Lake dam was designed and constructed at
a time when design concepts were considerably
different from modern day methods and standards,
and it would be expected that such considerations
as design flood quantities, stability
evaluations, etc. would vary considerably from
presently accepted criteria. In 1965, certain
engineered modifications were made to the
spillway and the canal headworks were added to
enhance the operation of the structure. It

is not known if any earlier modifications were
made on the dam since it was originally
constructed. However, it is a certainty that
no stability analysis of the original dam was
made at the time of construction, and no
evidence is available to conclude that a
stability check was made in recent years. The
best evidence available that the dam is stable
is the fact that it has remained intact for

the last 100 years under the normal reservoir
loadings imposed, without serious incident. It
is not known if stability could be maintained
under greater loads which would be imposed

by a much higher reservoir surcharge.

The earth dam is a very old installation,

and its structural stability at the time of
construction was undoubtedly determined by
empirical concepts rather than by any type of
analysis. The strength and permeability
characteristics of the embankment material and
the zoning of such material (if any) is not
known, so a meaningful analysis is impossible.

The composition and condition of the spillway,
foundation and footings are unknown, except
that the footings are conjectured to be a
rock-filled timber crib. However, for normal
loads imposed on the structure since it was
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built, no unusual incidents have been
documented to indicate instability or failure.
The stability of the spillway overflow wall,
in the event of a flood event when surcharge
head nears the top of the dam, could not be
computed unless information on footing
dimensions were available.

Operating Records

The dam appears to have performed satisfactorily
under all flooding conditions although it is
completely unknown what failures or repairs have
occurred in past history (such as in 1933, when
it proved difficult to remove the flashboards

on the spillway which eventually led to the
installation of the Fabridam).

*Post Construction Changes

It appears there have been no further
modifications since the 1965 installation of

the Fabridam and related spillway modifications.
The original Fabridam was destroyed by vandals
in 1971 and replaced with a new one.

Seismic Stability

Although the dam is in earthquake Zone 1

and thought to have negligible suspectibility
to seismic forces, they should be included in
further stability studies as a matter of record.
The foundation conditions for the dam consist
mainly of intermixed silt, sand, clayey silt
and clayey sand with some gravel. Increasing
percentages of coarse sand and gravel are
present with depth. 1Internal drainage is
somewhat impeded by the silty-textured, lower
soil layers. However, it is believed that
liquefaction of the embankment would not be

a consideration. The depth to bedrock is
estimated at greater than 100 feet throughout
Cumberland County.
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SECTION 7 - ASSESSMENTS/RECOMMENDATIONS/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety

On the basis of the Phase I visual examination,
the Union Lake dam appears to be marginally
adequate for normally expected flood conditions
although the spillway is incapable of passing
the design flood. The dam is built of stable
but unknown construction material. The
hydraulic review indicates that the spillway
capacity should be increased to preclude an
uncontrolled overtopping of the embankment
portions of the dam and to safeguard against

an abnormal rise in reservoir level which could
endanger the spillway structure. A collapse

of the spillway could cause irreparable
structural damage to the dam, the downstream
bridge and residential areas and be a significantly
serious danger to human life. Overtopping of
the embankment could heavily damage the
downstream slopes which are unprotected and
unevenly graded.

Except for the inadequate spillway capacity,

the seepage observed and the lack of drawdown
facilities, no inherently detrimental

conditions were observed to render an inadequate
assessment. However the long-term stability
remains extremely doubtful until further

studies are completed. This assessment

is subject to the limitations inherent in

the visual inspection procedures stipulated by
the Corps of Engineers.

b. Adequacy of Information

Except for what was visually observed, little
information was otherwise available as no
design data, design drawings or studies were
located except for the 1965 rehabilitation
plans which delineate only the repair work
undertaken at that time. The hydraulic data
presented in the 1965 Dam Application is
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is inadequate except for the spillway capacity
rating. No recent surveys have been made and
performance information is believed to be
non-existent. The availability of data is
therefore deemed to becinadequate.

c. Urgency

Further investigations should be undertaken

in the near future as a collapse of this dam
could conceivably wash out the hydraulically
substandard (in relation to the SDF) Sharp
Street bridge immediately downstream and would
significantly increase the hazard to loss of
life and damage to property.

d. Necessity for Further Study

Because the structural stability cannot be
established with reasonable reliance, due to the
lack of pertinent data, the obtaining of
additional information and the undertaking of
further studies is recommended without
reservation.

RECOMMENDATIONS/REMEDIAL MEASURES

It is recommended that further studies be initiated
in the near future regarding foundation and
structural conditions as the dam is classified in
the high hazard category and its spillway is able
to pass only 60% of the PMF design flood. Further
studies are considered essential to completely
assess the stability and to determine if the dam
constitutes a hazard to human life and property

in view of its uncertain structural condition.

4. Recommendations

® On the basis of visual examination and
hydraulic calculations, improvements to
the spillway capacity are warranted.

Alternatives that might be considered include
the construction of auxiliary crest spill-
way or the lowering of the overflow sill

and providing a higher gate opening.

-22-




@ The downstream stilling basin below the
apron should be stabilized with riprap
to prevent further scouring.

@® The upstream slope of the dam should be
protected to a greater extent with properly
bedded riprap.

® Channelize the seepage flows at the down-
stream toe and regrade or flatten the
embankment slopes if it is found the phreatic
line obtrudes from the surface. Seepage
analyses would require a full range of soils
investigations before exact corrective
measures could be analyzed, recommended and
under taken.

® Clean and repair the penstock gate downstream
at the burned-out power house, or,
alternatively, construct a raceway around
this gate to increase the capacity of
powerhouse canal.

O&M Maintenance and Procedures

Operating manuals and instructions should be
prepared and posted for the left abutment
sluicegates and the Fabridam. A warning system
should be developed and installed whereby

local Civil Defense authorities can be notified
during heavy storms and the spillway gate
operators provided with inflow information and
incremental pool elevations from the upper
gages. A gage should be installed at the

Union Lake Dam to record reservoir levels
during peak floods and to assist in monitoring
flows during Storms.
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Inoperative gate to 9' Powerhouse penstock
July 1978
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Sluicegates as viewed from Raceway
June 1978




Spillway
June 1978

Lakeside view of Sluicegates
June 1978
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Drawdown of lake*
July 1978
K L4510 ap DEFLATEL FOR INSFECTION TEANM , 18 JULY 1575
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County Bridge downstream of Spillway
July 1978




ro

Spillway and Abutment faces
July 1978
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Inflated Fabridam
July 1978
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Sheet Piling at front edge of slab
July 1978

Inflated Fabrldom,
VEENTRAL SEILLVAY)




(‘ 2, CHECK LIST
HYDROLOGIC AND MYDRAULIC DATA
® ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS: 218 sq. mi.

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): 24.6 (11,600 AF)

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): 27.0 (13,500 AF)

O P

ELEVATION MAXTMUM DESIGN POOL: 30.5 (1965 modification)

ELEVATION TOP DAM: 35.0 (M.S.L.)

CREST:
a. Elevation Center 24.6, side spillways 26.0
b. Type Narrow crest weir
c. Width 6'%
d. Length Center 118 plus 2 @ 40°

¢ e. Location Spillover _500' from right Abutment —~
: f. MNumber and Type of Gates _One, rubber Fabridam

OUTLET WORKS:

b. Location Ieft abutment
¢. Entrance inverts __20.0+
d. Exit inverts 20, 0+
e. Emergency draindown facilities _As above

{is:

’ @ a, Type = ' L
i

HYDROMETEOROLOGICAL GAGES:

a. Type Water stage recorder
b. Location Norma (6 mi. upstream fram Union Tk, dam)
c. Records 1932 - current

MAXDMUM NON-DAMAGING DISCHARGE: _ 6115 cfs (1965 Application Design). .
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