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N O T  I C E

T H I S  D OC UME NT H A S  BE EN R E P R O D U C E D
F R OM T HE B E ST C O P Y  F U R N I S H E D  US BY

THE SPONSORING A G E N C Y .  ALTHOUGH IT
I S R E C O G N I Z E D  T H A T  C E RT A I N  P O R T I O N S
ARE I L L E G I B L E , I T  I S  BEI NG RE L E A S E D
IN THE INTEREST OF M A K I N G  A V A I L A B L E
AS MUCH I N F O R M A T I O N  AS P O S S I B L E .

• 1-
— .—.—~— ..—— --—- —- .—— • . ,----- -—, ——- .—.—-. ‘. - ._____.l,. ~ - —•---~~~-~ -~~~~ — _0_•__~—.-— ~~~~~~ ——~.- - —---— . --- iL_.~~_ ___~~~~~~ -~~ ~~~



O 

DEPARTMENT OF THE
- 

PHWADELP HIA DISTRICT . CORPS OF ENG~~~E1RS

CUSTOM HOUSE—2 o a CI.4ESTNUTi STRI.ETS

PHILADELPHIA .  P E N NS Y LV A N I A\ I 9 IO ~~

•. ••~~ p 1V  M F F E ~~ TO

NAPEN-D

7 MAY 1979

Honorable Brendan T. Byrne
Governor of New Jersey
Trenton, New Jersey 08621

Dear Governor Byrne :

Inclosed is the Phase I Inspect ion Report for Orange Reservoir Dam in
Essex County, New Jersey which has been prepared under authorization of
the Dam Inspection Act , Public Law 92—367. A brief assessment of
the dam ’s condition is given in the front of the report.

Based on visual inspection, available records , calculations and past
operational performance, Orange Reservoir Darn, a high hazard potential
structure, is judged to be in good overall condition. However, the
spilivay is considered seriously inadequate since 19 percent of the
Probable Maximum Flood (PMF) would overtop the darn . The seriously
inadequate spillv ay is assessed as an UNSAFE , non-emergency condition ,
until more detailed studies prove otherwise or corrective measures
are completed. The classification of UNSAFE applied to a dam because
of a seriously inadequate spiliway is not meant to indicate the same
deg ree of emergency as would be associated wi th an UNSAFE classification
applied for a structural deficiency . It does mean , however , that based
on an initial screening , and preliminary computations, there appears
to be a serious deficiency in spilivay capacity so that if a severe
storm were to occur , overtopping and failure of the darn would take
place , significantly increasing the hazard of loss of life dasmc tream
from the darn . To insure adequacy of the structure , the following actions,
as a minimum, are recoemended :

a. The spillvay ’s adequacy should be determined by a qualified
professional consultant engaged by the owner using more sophisticated
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 spillvay and to prevent overtopping should be initiated
within calendar year 1980 . In the interim , a detailed emergency operation
plan and warning system , should be prompt ly developed. Also , during

£ - periods of unusually heavy precipitation , around-the—clock surveillance
L ehoul4 be provided .
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NAPEN-D
honorable !~rendan T. Byrne

b. Within six months from the (late of approval of this report ,
engineering s tu dies  and analyses should be performe d to determine the
dam ’s embankment and foundation condition and structural stability. This
should include test borings to determine material properties relative to
stability and seepage and installation of piezometers to facilitate seepage
studies. Any remedial vi~asures found necessary should he initiated
within calendar year 1980. The dam should he surveye d to confirm its
as built geometry .

c. The following remedial actions should be comp leted within thirty
days from the date of approval of this report :

(1) Al l trees on the crest of the dam should be cut flush with
the surface and removed .

(2) All brush and small trees should he removed from the downstream
face of the dam .

(3) Stones dislodRed from the upstream end of the right spillway
wing wall should be replaced .

d. Within one year from the date of anproval of this report a program
of annual inspection of the dam together with a program to record all
operating and maintenance activities, should be initiated . The peeling
and •palling of the apillway apron should be carefully observed , and remedial
work performed should the deterioration continue. The area of potential
slope instability located on the left bank of the reservoir approximately
300 ft. upstream at the spiliway also warrants close inspection.

A copy of the report is being furnished to Mr. Dirk C. Hofaan, New
f Jersey Department of Environmental Protection, the designated State

Office contact f or this program. Within five days of the date of this
letter, a copy will also be sent to Congressman Joseph Minish of
the Eleventh District. Under the provisions of the Freedom of
Ihforma tion Act , the inspection report will be subject to release
by this off ice, 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 of
this letter f or NTIS to have copies of the report 
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NAPEN-D
Honorable Brendan T. Byrne

An important aspect of the Dam Safety Program will be the implementation
of the recoemendations mad e as a result of the inspection . We accordingly

• request that we be advised of proposed actions t aken by the State to
implement our recoemendations.

Sincerely ,

~ ~9~T%ci~1 m c i  JAMES C. TON
As atated Colonel , Corps of Engineers

District Engineer

Copies furnished :
Dirk C. Ho fman , P.E. ,  Deputy Director
Division of Water Resources
N. J. Dept . of Envitonmental Protection
P. 0. Box (~JO29
Trenton , NJ 08625

John O’Dowd , Acting Chief
Bureau of Flood Plain Management
Division of Water Resources
N. J. Dept. of Environmental Protection
P. 0. Box CN029
Trenton , NJ 08625
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ORAN ( F R F S F R V O I R  I~AM (NiOO lc~ 1)

CORPS (W FNCINEFRS ASSESSMENT OF (FNERAL (ONfl1TIONS

This dam was inspected on 2 and lb flecemher I°78 by -lem~v-LeedshillEngineers under contract  to the State of New Jer~;ev. The st at e , under
agreement with the U.S. Army Engineer Ptstrtct , Philadelphia , had this
inspection p’rformed in accordance with the National Dam Inspection
Act , Public Law 92—3h7.

Orange Reservoir Dam , a high hazard potenti al structure , is judged to  he
in good overall condition . However , the spillwav is considered seriously
inadequate sInce 19 percent of the Probable Maximum Flood (PMF) would
overtop the dam . The seriously inadequate spillw av is assessed as
an UNSAFE , non—emergency condition , until more detailed studies prove
otherwise or corrective measures are completed . The classification of
L~NSAFF applied to a dam because of a seriously inadequate spillwav Is not
meant to indicate the same degree of evsergenrv as would he associated with
an UN SAFE classification app l ied for a structural deficiency . It  doe s
mean , however , that based on an initial screening , and preliminary
computation s, there appears to he a serious deficiency in spillwav capacity
so that if a severe storm were to occur , overtopping and failure of the
dam would t ake place , significant lv increasing the hazard of loss of life
downstream from the dam . To in~tire adeq uacy of the structure , the
following actions , as a minimum , are recommended :

a. The spiliway ’s adequacy should be determined by a qualified
professional consultan t engaged by the owner using more sophist icatet~method s, procedures, and stud ies wtt4itn six months from the date of
approval of this report. Any remedial measures necessary to insure the
adequacy of the sp illway and to prevent overtopping should he initiated
within calendar year 1980. In the interim , a detailed emergency op.rat Ion
plan and warning system , should be promptly developed . Also , during
periods of unusually heavy precipitation . around—the-clock surveillance
should be provided.

b. Wj thj i~ six months from the date of approva l ot this report ,
engineering studies and analyses should be performed to determine the
dam ’s embankment and foundation condition and structural stability . This
should includ e test borings %~o de termine material properties relative to
stability and seepage and i n s t a l l a t i o n  of piezometers to facilitate seepage
studies. Any remedial measures found necessary should be initiated
wi thin calendar year 1980. The dam shou ld he surveyed to confirm its
as buil t geometry.

c. The following remedial ac t ions should be completed within thirty
days f r om the da te of approval of this repor t :

¶ I-.

-‘ - - —~ - — -• — ------ - 
~

• --- - - 
~
. - —--- - -

~ 

-



- -- . - --—~~~~- - -- - -  - —~~~~~~~~~~~~~- -~~~~~---- ~~

(1) A ll t rees on the crest of th~’ dat” should he cut flush with
the surface and removed .

(2) A l l  brush and sma ll t rees should t ’e removed frost the downstreatr
face of t h e  dam.

(3) Stones dIs1od~ed from the upstre’am end of the right spil lwav
wing wall should be replaced .

— 
d. Within one year from the date of approval ~~ this report a program

of annual inspection of the dam together wi th a program to record all
opera ting and maintenance activiti es , should be initiated. The peeling
and ap a ll lng of the sp iltwav apron should he carefully observe d , and remedia l
work performed should the deterio ration continue . The area of potential
slope ins tabilit y located on the left hank of the reservoir approximate ly
mo ft. upstream at the spfllwav also warrants lose inspection .

/ .

JA~WS (~. TON
Colone l , Corps of Fnrlncers
fl i qtrt ct Fnç~tneer
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O DEPARTMENT OF THE A R M Y
- PHILADELPHIA DISTRICT. CORPS OF ENGINE I 55

- CUSTOM H O U S E — a D  & CHESINUI ST R EL I S

PHILADELPHIA. PLN NSYL~~ANIA 19106

, IP L Y  •1 1M TO

NAPEN

2 1  F1, ~17Q
h onorable Brendan 1. Byrne
Governor of New Jersey
Trenton, New Jersey 08621

l~~ar Governor Byrne :

This is in reference to our ongoing National Program for In~~cction of
Non—Federal Dams vithin the State of New Jersey . Orange I~t’scrvoir Dam
(Federal I.D. No. NJ003h1), a high hazard pot e~~t1al structure has recently
been inspected . The dam is owned by the City  of Oran~ e Public Works
I)epartment and is located on the West Branch of the R ihwav R i ver ,
approxima tely i.5 miles northwest ot the Ch v of la st Orange in Essu
County.

:.Iiig Corps of Eng ineers screenin g c r i t e r i a , It has been dete rmined
t hat the dam ’s spiliway is ser iousl y inadequ ate s ince  approx im at e ly  19
percent of the Probable Maximum Flood wou ld overtop th1’ darn . The seriously
inadequate spi 1 ivay is assessed as an t N ~ Al- 1 , non—emergency coiid It ! on ,
uiit ii more d~’tai l.’d stud ies prove otherwise , ~‘r correct  I vi’ measures ar t ’

~~~~~ p let ed • Ij i t ’ c i .isa iii cat ion of t N ~’4\F1 - app I I i’d to .i darn be~’aust’ o I a
u iously inadcqtiati’ sp i 1 iway is not meant to I n~! I cat c t he s .u-~,’ tie s rt ’e f

er~er ,’ncv as ‘could be aasoc iatcd  ‘ci t li an l N ~~\ 1’~ cla ;,; i ficat ion appl ic~! fo r
a I m e t  nra 1 dc l i  cii - ncv . It dot’s mean , htn..evc r , t hat ha sed ~n an j ut t I a I
cc rcci~ I h g  and pro liminarv computat ions , t t t ’ i  appears to i L ’ .1 5c r  tons
do f I i’ j  oncv in spil lwav c.ipacitv so that If a severe storm were to occur ,
ovol topp i n and failure of the th in ~ ou th t ake p1 ace’ , si gni I I cant ly
I ncrcasl nt~ the hazard potential to loss of l i fe  dow nstrea m from the darn .
\s a result of this UNSAF’E determination, i t Is reconriended that the

darn ’s owner t ake the follow ing measures w i th in  30 days of thi’ ha te  of
t his le t te r :

a. Engau~t’ t he services of a qua l I f i ed  profossion:i l tons t i l  tant to m o re
acc u rate ly determine the sp illway adequacy by us ine more Jet ailed and
sop hu 1st icated hydrologic and hydraulic analyses , and to recommend any
reined In  1 measures required to prevent overtopping of the dam -

h . In the inter im , a deta iled en~’rgencv opera t I on elan and dow nst ream
a ru I ng cv ste rn shioul ii be dove loped. A lso , round — I hc—e ’lnck survo ill anee

t__ c hiou 1 1  be prov I dod ilurl ng per I oils of tinuistia liv  heavy prec I pit at Io n.

_ _ _ _ _ _ _ _ _  

____________________________



NAPEN—D
Honorable Brendan T. Byrne

A f t  nal report on t h its  Phase I Inspect ion wi ll be f orw.ur~hod to von within
two months .

~ I net’ te’ lv ‘ou rs

/

.1 .\‘U S t~ .
I ’  I cii - 1 • t o  i o 1 1 n e I noe l S

DI ’ ;  t I et  1n~’ I nc’e’r

Cy Fun~:
Dirk C. l lo fman , Actg Deputy Director
Division of Water Resources
N.J. Dept of Environmental Protection
P.O. Box CN029
Tr enton , NJ 08t’ .I’~

John O ’Dowd , Act Inc Chief
bureau ot Flood Plal n Management
I)iviston of W a t e r  Resources
N.J. i*pt of Fnv i rotu~’u~ta 1 Pro tec t  ion
P. ’). BOX t NtL~9
Trenton , N. 1 OS~~~S
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PHASE I INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Darn: Orange Reservoir Dam, Federal

I.D. No. NJ00361, New Jersey
I.D. No. 26—4

State Located: New Jersey
County Located: Essex

Stream : West Branch Rahway River

Date of Inspection : December 2 and 16, 1978 and

January 4 , 1979

Brief Assessment of General Condition of Dam

The present condition of the Orange Reservoir Dam is
considered questionable in view of its lack of spillway

capacity to pass the Probable Maximum Flood (PMF)
wi thout overtopping the dam. The spiliway can pass a

maximum of approximately 18 percent of the PMF and is
j udged to be seriously inadequate .

The dam appears to be in good condition structurally

for its intended use based on inspection and review of

available information .
The available engineering data are not su f f i c ien t

to quantitatively analyze the structural stability of

the dam.
• Recommendations and the urgency of their implementa—

tion are as follows:
1. Studies to augment the spillway discharge capa-

city should be performed as soon as possible.
2. Soil borings and laboratory tests of the

embankment and foundation materials should

be made soon , piezometers installed and read , r
~nd seepage and stability analyses made
by experienced soils engineers.

3. The dam should be surveyed to confirm its as—

built  geometry .
4. Studies to develop an effect ive warning system

should be initiated very soon and the system should

I
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be implemented in the near fu ture .

5. A program of annual inspection of the dam should . -

be initiated in the near future.

6. All trees on the crest of the dam should be cut
flush with the surface and removed as soon
as possible .

7. All brush and small trees should be removed

from the downstream fa ce of the dam as soon as
possible.

8. Stones dislodged from the upstream end of the
right spiliway wing wall, should be replaced
as soon as possible.

i~rank L. Panuzio,

Project Engineer

~~~ ~~~~~~~~~~~~~~~~~~~~~~Pr Ct irector
N Je ey License No. 9878
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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Saf ety 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
huma n l ife or property . The assessment of the general con-
dition of the dam is based upon available data and visual

inspections. Detailed investigation , and analyses involving

topographic mapping, subsurface investigations , testing, and
detailed computational evaluations are beyond the scope of a

Phase I investigation; however , the investigation is intended
to identify any need for such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based , on observations of

field conditions at the time of inspection along with data

available to the inspection team . It is important to note
that the condition of a dam depends on numerous and constantly

changing internal and external conditions , and is evolution-

ary in nature . It would be incorrect to assume that the
present condition of the dam wil l continue to represent the
condition of the darn at some point in the future. Only

through continued care and inspection can there be any chance

that unsafe conditions be detected.
• Phase I inspections are not intended to provide detailed

hydrologic and hydraulic analyses. In accordance with the

established Guidelines, the Spiliway Test flood is based on
the estimated “Probable Maximum Flood” for the region (great-

est reasonably possible storm r u n o f f) , or f ract ions  the reof .
The test flood provides a measure of relative spillway capa-
city and serves as an aide in determinin g the need for more
detailed hydrologic and hydraulic studies, considering the
size of the dam , its general condition and the downs tream
damage potential.

iii



PHASE I INSPECTION RE PORT
NATIONAL DAM SAFETY PROGRAM

ORANGE RESERVOIR DAM
Federal I .D .  No. NJ 00361
New Jersey I.D. No. 26-4

SECTION 1: PROJECT INFORMATION

1.1 General

a. Authority

The National Dam Inspection Act, Public Law 92-367, 1972,

provides for the National Inventory and Inspection Program

by the U. S. Army Corps of Engineers . Thi s report has been
prepared in accordance with this authority , through contract

between the State of New Jersey and Jenny-Leedshill Engineers .

The State of New Jersey has also entered into an agreement

with the U. S. Army Engineer District, Philadelphia , to have

this work performed.

b. Purpose of Inspection

The purpose of this inspection was to evaluate the gen-

eral structural integrity and hydraulic adequacy of the dam ,
and to determine if the darn constitutes a hazard to human
li fe  or property .

1.2 Description of Project

a. Description of Dam and Appurtenances

Orange Reservoir Darn is an earth dam with a cemented
masonry core. The darn is 900 feet long and has a maximum
height of 34.4  feet. The crest of the dam is at elevation
330.9 feet and has a width of 16 feet. The slope of the

upstream face is 1 vertical on 3 horizontal and the down-
stream face slopes at 1 vertical on 2 horizontal.

— 1 —
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The spillway structure, which was modified following

original construction of the darn , is loca ted on the lef t
abutment. The upstream approach to the spiliway is rip-
rapped and the downstream chute consists of a concrete
apron. Details of the spillway are shown in Plates 3,

4 and 5.

A miscellaneous f i l l  has been placed on the downs tream
face of the dam adjacent to the spillway to widen the
crest so that vehicles can turn around. A dumped rock
dike, approximately 7 feet high was constructed along the

west side of the channe l downs tream of the spiliway to
direct the overflow into the natural  channel. The approxi-

mate locations of these structures have been superimposed

on the original plan of the dam shown on Plate 3.
The outlet works consist of a submerged, concre te

masonry intake structure with two outlet pipes in a tunnel

passing through the base of the dam approximately 300 feet

west of the spillway . The water supply outlet consists of

a 20-inch diameter steel pipe which connects to a 16-inch

diameter pipe at a gatehouse located at the downstream toe
of the dam . The water supply outlet pipe has a by-pass
valve which is used to enable cleaning of the outlet pipe .
This valve is located in a concrete masonry vault approxi-
mately 50 feet downstream from the gatehouse. Water in the
outlet pipe then passes into a concrete s t i l l ing chamber
and through filter screens located in a fenced-in concrete

structure.

A second 20-inch diameter pipe is an emergency outlet
which empties into a small stilling basin located adjacent
to the water supp ly f i lter screens.
b. Location

Orange Reservoir Darn is located on the West Branch of
the Rahway River , approximate ly 1.5 miles northwest of the
town of South Orange , in Essex County , New Jersey . The re-

gional vicinity plan is presented on Plate 1.

I
- 2 —
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c. Size Classification

The storage capacity of Orange Reservoir is 1015 acre-
feet when the reservoir surface is at the dam crest; there-
fore , the size classification of the dam is Intermediate,
even though the darn ’s size classification is small based

on its 34.4 feet height.

d. Hazard Classification

Although no structures were visible immediately down-

stream from the darn, U. S. Geological Survey maps indicate

that there are several structures and major road crossings
downstream of the dam , including South Orange Avenue and the

Township of Miliburn , with a population of about 20,000,

located approximately 2 and 4.2 miles downstream , respec-

tively. Routing of the Probable Maximum Flood indicates

that significant inundation and damage and possible loss

of life could result in the township of Millburn . There-

fore, the Orange Reservoir Dam merits a high hazard

classification.

e. Ownership

The dam is owned by the City of Orange, Public Works

Department , 29 North Day Street, Orange, New Jersey 07050.

f. Purpose of Darn

The reservoir is used for supplying water to the City
of Orange .

g. Design and Construction History

The dam was reported to have been originally cons truc-
ted in 1883. In 1958 , the erosion and spalling of the
spil iway wing walls and concrete apron were repaired and
the spillway crest was raised 1 foot. The riprap at the

top of the dam was also replaced and grouted in 1958. De-

tails of the 1958 repairs and modification are shown on

Plates 2 and 5.
The miscellaneous f i l l  at the eas t end of the dam has

C.
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repo rtedly been placed over the past 30 years . The dike
along the spillway channel was constructed following flood-
ing of the downstream toe of the darn as a result of Hurri -
cane Doria in 1971.

The by-pass valve , stilling chamber , and screens for
the water supply outlet are not shown on the plan s and
sections of the original dam. The date of construction of
these facilities is not known .

h. Normal Operational Procedures

Water from the Orange Reservoir is released through a
20-inch outlet pipe and passes through a screening chamber
located downstream of the toe of the darn. These screens are

cleaned approximately every two weeks. The water then passes

through a treatment plant and is distributed to the City of
Orange . Releases through the outlet works are regulated by
water supply demands .

An aerator was installed in 1977 and continuously pumps
air into the reservoir through four outlets to oxidize mang-
anese contained in the water.

1.3 Pertinent Data

a. Drainage Area - 4.62 square miles

b. Discharge at Dams ite

Maximum known flood at damsite - 1090 sec . f t .  at
Miliburn on July 23 , 1945.
Ungated spiliway capacity at maximum pool eleva-
tion — 1435 cfs.

Total spillway capacity at maximum pool elevation -

1435 cfs .

c. Elevation* (f t .  above MSL )

• Top Dam 330.90
*Report on Dam Application No. 517 notes that ‘All ele-

vations refer to Essex Coun ty Datum , which is 3.50 higher
than stream survey datum.’ Stream survey datum is assumed
to be MSL .

— 4 —
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Maximum pool-design surcharge 330.64
. Spiliway crest 327.50

Streambed at centerline of dam 296.5  (Approx. )
. Maximum tailwater 305 .2 (Approx. PMF

without breaching )

d. Reservoir

. Length of maximum pool 5100 f t .

e. Storage (acre—feet)

Design surcharge 245

Top of dam 1015

f. Reservoir Surface (acres)

. Top dam 79 (Approx .)
Spillway crest 65 (Ap~ rox .)

g. Dam

Type Earth with  cemented
masonry core wall

• Length (including spiliway) 900 f t
. Height 34 ft. (Approx. Max.)
. Top Width 16 ft.

• Side Slopes - Upstream 1V :311
- Downstream 1V:2H

Zoning ‘ Gravel or other coarse
material ’ downstream of
core wall and ‘Puddle ’
on upstream side

• Impervious Core Cemented masonry core

• wall . Top of wall at
elevation 328.5 f t .h. Spiliway

Type : Chute with modified broad
crested weir control

Length of weir: 71.5 ft.
Crest elevation: 327.5 ft. (MSL)

L ,



U/S Channel : Riprap
D/S Channel : 62-ft .  long reinforced concrete apron

drain ing into a natural rock (basalt)
channel

i. Regulating Outlets

1—20 in. diameter pipe for removal of sediments
1-20 in. diameter pipe tapering into a 16 in. pipe
for water supply to City of Orange

4
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SECTION 2: ENGINEERING DATA

2.1 Design

a. Geologic Conditions

Geologically , the Orange Reservo ir Dam lies within the
Piedmont Lowland physiographic province. A description of
of the regional geology of this province is presented in
Appendix C to this repo rt .

Orange Reservoir and Darn is located in a north—south

valley between the First and Second Watchung Mountains con-
taining prominent basaltic lava flows interbedded within a

matrix of red sandstones, shales and siltstones . The pro j-
ect is located near the easterly side of the valley near

the First Watchung Mountain. This eastern valley wall is

in fact the gentle dip slope of a basalt flow dipping to

the northwest. The basalt can be seen on the left abutment

where it it has been blasted Out to form the spiliway chan-

nel. The basalt, often called the “Newark” basalt, is a

dark , dense, hard , homogeneous and massive rock with char-

acteristic hexagonal, columnar jointing. Logs of borings

(Plate 6) indicate that the left spillway abutment is

founded on the basalt bedrock.

Trassic age shales and sandstones are known to be lo-
cated between the two mountains but were not observed in
the darn site area ; however , the re lative narrowness of the
valley at this location is probably due to the erosion of
these sedimentary rocks. These Triassic redbeds probably
underlie the right abutment of the dam.

Overburden mapped in the area of the dam site includes
ground moraine (glacial till), stratified glacial drift

and recent alluvium. The ground moraine , seen on the left

• abutment, probably overlies bedrock throughout most of the

— 7 —
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project area except in the pre—reservoir stream channel.
Boring Number 3 (Plate 6) indicates that the bedrock is
overlain by approximately 9 feet of overburden at the
center of the spiliway . The tills consist of an unsorted,
heterogeneous material including clay , silt and sand with
gravel , cobbles and boulders. Glacial till of this type

can be expected to contain 30 to 60 percent material pass-
ing the 200 sieve and have a relatively low permeability .

Stratified glacial dri f t  can be seen in a borrow pit
approximately 400 feet downstream of the right abutment. r
The material consists predominantly of well—graded sand
with varying amounts of silt, gravel and cobbles to 6-inch
diameter. The material is typically red-brown in color
with horizons of sandy cobbles which probably reflect per-
iods of high velocity flows. These glacio-fluvial deposits
probably overlie the glacial drift  and , depending on the
silt content , can be relatively permeable.

Recent alluvium consi~ z~ ng of silt, sand, gravel cobbles
and boulders occupies the present stream channel downstream
of the darn. Most of the material is derived from the till N
and stratified glacial drift.

Overall depth of overburden varies from pro bably less
than 3 feet on the left abutment to more than 20 feet on
the right abutment.

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

b. Design History

Existing and available data regarding the details of

the design of the original darn are included in the “Report
on Dam Application No. 517” , filed with the State February
24 , 1958 for the purpose of raising the originally constructed

spiliway one foot. Three sheets of drawings accompanying

— 8 —
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this application show sections and plans of the emb ankment
and spiliway . These drawings also provide de tails of the
proposed 1958 spillway modifications and repair including:
the raising of the spi llway ; placement of a 4 in. reinforced
concrete slab on the downstream spillway apron ; and place-
ment of riprap on the upper portion of the upstream face of
the dam .

.Specifications for the cons truction of the embank-
.ment are not available . However, as indicated by these

available plans , (Plate 2) the embankment mater ial

downstream of the core wall was designed to be a ‘gravel

or other coarse material’ and the material upstream of the
core wall is ‘puddle ’. Riprap extends from the edge of

the road at the crest of the dam and covers the entire up-
stream face of the darn. Approximately the upper 10 feet

of masonry riprap is set in concrete.

Copies of these drawings are included as Plates 2, 4,
and 5 of this report. Plans and sections of the dam and

spiliway are also presented on a drawing submitted with a
letter from Clyde Potts Associates dated July 28, 1958.
(See Plate 3) A drawing dated May 27 , 1958 sh owi ng the
location and logs of borings taken in the spillway and
used to develop the cross-section of the spillway is shown
on Plate 6.

Hydrology and hydraulic design computations for the

original modified spillways are presented both in an
Engineer ’s Report prepared by Clyde Potts Associates dated
February 19, 1958 and the subsequent “Report on Dam Applica-
tion No. 517” referred to above . Runoff  from 150% Central
Jersey Curve was used as the estimated design flood flow
and 125% Central Jersey Curve was used to check backwater
at the Northfield Avenue. After raising the spillway one

foot the freeboard was determined to be 0 , 3  feet during the
design flood flow of 1275 c.f.s.

— 9 —

I - -~~~~~~~~~
- - _

~~
. •__.

~~
- - -

~~~~~~
-- 

~~~~~~~~~~~~~~~~
- • -

~~~
•-

~~~~~~~~~ —-~~~~~~
- --- - -

~~~~~~~~~
- -
~~~~~~~~~~~~~~~~~~

~ -



No information is available regarding the original de-
sign of the outlet works.  However, subsequent information
that is available includes a set of post-construction survey
notes showing the dimensions of the outlet works dated Janu-
ary 14 , 1931; a photograph shoving the intake structure when
the reservoir was at elevation i07.0 and dated November 14,

1949 (Plate 7); and a diver ’s inspection report of the in-

take structure dated August 30, 1948. The diver’s report

indicates that the two upper inlets to the intake structure
are open, but the bottom inlet has been plugged with bags of
cement . Details of the structure are shown in Plates 2, 3,

and 7.

2 . 2  Construction

No information regarding the construction of the orig-

inal dam is available . Specifications for the raising of
the spillway crest; repair of the spiliway apron , stilling

basin and walls; and placement of grouted riprap in the

upper section of the upstream face of the dam are available,

and were originally prepared by Clyde Potts Associates.

Repairs to the embankment consisted of placing and com-
pacting impervious f i l l  on the upstream embankment where
settlement or erosion had occurred. Riprap consisting of
stones weighing between 50 and 150 pounds were specified

• for placement on the top end of the upstream face of the

embankment. The riprap was placed on a 6-inch layer of
gravel and other porous material and the openings between
the stone s grouted after placement. (See Plate 2)

The or iginal concrete ap ron on the downstream spillway
chann el was cleaned and the voids were cleaned of re fus e
and refilled with broken stone. The new reinforced con-

crete slab was poured in sections 15 feet by 30 feet which
were separated by expansion joints consisting of premoulded

joint filler.
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2. 3 Operations

The only information available regarding the operation
of the dam and reservoir is that obtained verbally as des-

cribed in Section 3.

2. 4 Evaluation

a. Availability

Available engineering data for the original dam are
limited to plans and sections and a qual itative descrip—
tion of the material in the embankment.

Detail drawings of the original and modified spiliway

(Plates 3, 4, arid 5) are available together with logs of

borings in the vicinity of the spillway (Plate 6).

b. Adequacy

The available design and construction data are inade-

quate to evaluate the structural stability of the dam.

The available data was generally adequate to perform

the hydrologic and hydraulic evaluation ; however , the reser-
voir stage—storage and the stage—discharge relationships for

the outlet works, spiliway and overtopping had to be estim-

ated from U. S. G. S. maps and limited data available in

State files.

c. Validity

Visua l inspection of the darn indicates that the dam
was constructed generally as shown on the available draw-
ings.

— 1 1 —



.SECTION 3: VISUAL INSPECTION

3.1 Findi~~~

a. General

Visual inspections of Orange Reservoir Dam were made
on December 2 and 16, 1978 and January 4, 1979 . The water
surface elevation at the time of the first inspection was
jus t at the sp .illway crest with discharge from the reser-

• voir passing through the spiliway at about 100 gallons per

minute .
The visual inspection did not reveal any critical signs

of distress in the dam. There is evidence that minor ero-
sion and possible minor uneven settlement of the downstream
slope has taken place. Some peeling and spalling of the

• concrete surfaces of the spiliway was evident.

Detailed inspection was made of the dam, appurtenent
structures , reservoir area , and the downstream channel.

Descriptions of the findings of these inspections are summar-

ized in the paragraphs which follow . The checklist of

visual inspection items is included in Appendix A. Geologic V

and foundation conditions observed at the time of inspec-
tion are noted in greater detail in Section 2.

b. Dam

The darn was inspected for signs of settlement, seepage ,
erosion , cracking , and any other evidence of undesirable
behavior which migh t affect the stability of the structure .

An asphalt road extends along the entire length of the

crest and trees 2 .5  feet in diameter are located approxi-
mately 50 feet on center along the downstream edge of the
crest. Riprap , consisting of 9—inch to 12-inch stones
placed in concrete , lines the upstream face of the embank-

ment below the crest of the dam. These features are shown

in the Overview Photograph . The riprap appears to be in

good condition and the crest of the dam is well aligned.

No signs of cracking or distortion of the vertical and

horizontal alignment were detected.

— 12 —
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Most of the upstream face of the darn was submerged and could
not be inspected below the spiliway crest elevation.

At the time of the inspection there was no sign of seep-
age or dampness on the downstream face of the embankment
or along the contacts of the embankment with the abutments
and spillway on the downstream face. In addition , there
was no evidence of leakage or seepage downs tream of the dam.

The downstream face of the dam is covered with a heavy
growth of grass and small brush and numerous trees (Photo 1) .
The slope of the downstream face of the dam is somewhat un—
even and there is evidence of minor erosion and possibly
minor uneven settlement.

A mixed f i l l  consisting of soil and trash has been
dumped along the downstream slope adjacent to the spillway
(Photo 2). The approximate extent of this fill has been

V superimposed on the original plan of the darn shown in Plate
3. It was reported that the only purpose of the fill was

to allow vehicles room to turn around at the end of the road

over the darn crest.
V c. Appurtenant Structures

Spiliway

Inspection of the spiliway indicates that the raising

of the spiliway crest and repair of the downstream apron
were performed as shown on Plate 5. The concrete crest and H
apron appear to be in good condition with the exception of

minor peeling and spalling of the concrete apron (See Photo
6 ) .  The mos t severe spalling of the surface of the concrete
apron is at the downstream section adjacent to the embankment .

The spiliway discharge channe l immediately downstream
consists of a rock (basalt) channel, with some trees and
debris (See Photo4) .

Some stories have been dislodged from the upstream sec-
tion of the right (west) masonry wing wall (Photo 3). Weep

— 13 —

V V— V•V ~~~~~ ‘V~~~~V& ~~~~~ ~~~~~~~~~~~~ ~~~~~~~ L S .~~~~A V S ~~~



holes are present in the spiliway wing walls, but no flow

was observed. Minor erosion of the lef t  abutment has occurred
adjacent to the concrete apron, downstream of the wing wall

(Photo 5 ) .
Some grass leaves, twigs and miscellaneous trash were

presen t on the spiliway (Photo 3). The approach to the

spil iway was submerged and therefore could not be inspected.

Outlet Works

The intake structure was submerged and could not be in-

spected.
The two outlet pipes were observed inside a 9-foot diam-

eter brick and masonry tunnel , along with associated gate
valves (Photo 8) .  These pipes are submerged in water about
2 feet deep . Water dripping slowly in the tunnel was heard
during the inspection; however , the visible section of the

tunnel appears to be in good condition. An air vent for the

tunnel exits at the crest of the darn (Photo 7 ) .
The concrete block vault housing a by-pass valve and

V pipe was opened for inspection. Approximately 1 foot of

water was standing at the bottom of this vault but no leaks

V 
were observed that could account for the standing water.
The outlet pipe or valve appeared in good condition with

mino r rus ting and corrosion. The nearby screen chamber also

appeared to be in good condition and no leakage was observed

(Photo 9).

Reservoir Area

The slope on the east side of the reservoir is moderately
steep at the spiliway and for a distance of app roximately
500 feet upstream. A 25-foot long section of the masonry
wall which lines the rim of the reservoir in this area has
collapsed . The potential for slope instability in this

vicinity is relatively high, but it appears that any slipping
would be limited in extent because of the apparently competent
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bedrock underlying the shallow soil cover. The remainder

of the shoreline of the reservoir is gently sloped and no

indication of ins tab i l i ty  was noted. The entire perimeter
of the reservoir is Lined wi th  masonry r iprap and presents
an exceptionally neat appearance.

The West Branch of the Rahway River  enters the reser-
voir  through a masonry-lined channel which passes unde r a
bridge at North f ield  Avenue (Photo 10 ) .  Two mino r inlets
enter from the eastern side of the reservoir.

Sedimentation did not appear tc~ be a problem and the

reservoir was free ~f any noticeable debris.

Downstream Channe l

The downstream channe l is heavily wooded and has a thick

undergrowth. The area immediately downstream of the darn has
been cleared in the vic in i ty  of the outlet works (Photo Li).

The diversion dike  downstream ~f the spiliway appeared

to be stable , although no e f f o r t  has been made to shape the
surface of the dike or to place r ip rap  fac ing .

— 15 —
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4.3 Maintenance of Operating Facilities

The outlet works are maintained by City of Orange workmen.

Other than the emergency outlet wo rks , most valves and appurt-
enances are operated on a fairly regular basis.

4 . 4  Descripti on of Any Warning System in Effect

There are no alarms or similar warning devices. However,

the City of Orange maintenance staff  is present during the
daytime and the Essex County Park Commission aiso patrols the
area.

4.5 Evaluation of Operational Adequacy

The operational procedures are adequate for standard

operation of the dam. However , increased surveillance of the

darn in the evenings and particularly during heavy rains and
possible floods should be considered. In addition , implementa—
tion of a warning system to alert downstream inhabitants in
time of floods and possible overtopping of the darn should be
planned and implemented.

L - 
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SECTION 5 :  HYDRAULICS /HYDROLOGY

5.1 Evaluation of Feature s

a. Design

Orange Reservoir Darn has a maximum height of 34.4 feet

and has a storage capacity of 1, 015 acre-feet. In accordance
with the Corps of Engineers, “Recommended Guidelines for

Safety Inspection of Dams,” the impoundment is classified

as Intermediate in size. Because there are several struc—
tures and major road crossings downstream of the darn , there
is high hazard to loss of l i fe  f rom large flows . The Corps
guidelines indicate the Spiliway Design Flood (SDF) for this

size structure and hazard classification should be the Prob-

able Maximum Flood (PMF).

The drainage area above Orange Reservoir Dam is reported
by the Corps of Engineers to be 4 .62  square miles. Data V

from State files indicate the drainage area is 4.55 square

miles. The Corps requested that a basin size of 4.62 square

miles be used in the hydrology analysis. The drainage basin —

is del ineated on U. S. G. S. topographic maps and is presented
on Plate D-l,  Appendix D.

The drainage basin is rectangular in shape and roughly
3.8 miles long in the northeast-southwest direction and
roughly 1.25 miles wide . Elevations range from about 600
feet mean sea level along the perimeter of the drainage

basin to about 320 feet in the valley floor.  V

Land use patterns within the watershed consist of about
50 percent open space , mostly forests along the steeper
slopes of the valley , and 50 percent developed areas. About

2 percent of the watershed area is the reservoir of the dam.

V Ther e are several small reservoirs in addition to Orange in
the basin. However, the combined drainage area of these

reservoirs is insignificant.

The hydraulic and hydro logic features of the darn were

— 18 —
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evaluated us ing criteria set forth in the Corps of Engineers,

“Recommended Guidelines for Safety Inspection of Dams ” , and
additional guidance and criteria provided by the Philadelphia
District, Corps of Engineers. The Probable Maximum Precipita-

tion (PMP) was calculated using Hydrometeorological Report No.

33 and the standard Hops Brook reduction factor of 0.80 for

misalignment of the storm.
The Probable Maximum Flood (PMF) was calculated using

the Corps ’ computer program HEC-l , Dam Break Version. In
computing the PMF the Corps requested that the Clark unit

hydrograph be used with Tc and R coefficients of 1.76 hours

and 3.27 hours , respectively .
An initial inf i l t ra t ion  loss of 1.0 inch and a f ina l  infil-

tration loss rate of 0.10 inches per hour were used in the HEC-l

program to give the rainfall excess. Using the excess rainfall

and the unit hydrograph, the program computed the peak discharges

of the PMF and one-half of the PMF. These discharges are 9295

cfs and 4648 cfs, respectively.

Several percentages of the PMF inflow hydrograph were routed

through the reservoir using the Modified Puls Metho d by the HEC —
1 program. The peak outflow discharges of the PMF and one-half
the PMF were calculated to be 9266 cfs and 4626 cfs, respectively.

The flood routings indicate that all floods greater than about

18 percent of the PMP will overtop the darn . A plot of percent
PMF versus peak outflow discharge is presented as Plate D—2 in

Appendix D.

The spiliway and over top discharge rating curve used in
the flood routings was calculated using the weir equation and
assuming free overflow across the whole length of the darn and
spil].way. The spillway is a modified broad-crested weir with

a discharge coefficient  of 3.2 and the darn crest is a broad-
crested weir with a discharge coefficient of 3.1. The reser-

voir stage capacity curve was determined from U. S. Geological

Survey 7.5 - minute topographic maps and data obtained from
State files. This stage-capacity curve was extended above

the darn crest to incl ude surcharge storage during flood peak

— 1 9 —
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discharges . In the reservoir routing computations possible
di scharges through the outlet works were excluded because their
capacity is small compared to the PMF and because of the possi-
bility that the outlet valves may be closed. The stage-

storage and the spi liway and overtop stage-discharge curves
are presented in Appendix D as Plates D— 3 and D-4 ,  respective ly .

Because the darn wil l  be overtopped a s ign i f i can t  length
of time for  both the PMF (11.0 hours)  and one-half the PMF
(7.5 hours), several floods were 4.outed to the community

of Millb urn 2 . 7  miles downstream . These routings we re used
to assess the degree of hazard that would result should the
dam fail. The floods were routed downstream through three

successive reaches using the HEC-l program. Estimates of

channe l shapes , slopes and roughnesses were made based on
conditions observed in the f ie ld and U. S. G. S. topographic
maps . Three different floods were compared in assessing the

downstream hazard : ( 1) the PMF assuming the darn is breached ;
(2) the PMF assuming the dam is not breached; and ( 3 )  the
flood that is approximately equal to the existing capacity

of the spillway (20% of the PMF).

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

the breach is thir ty  feet  wide at the bottom , has 45-degree H

side slopes , will extend to the approximate original stream-
bed elevation , will begin breaching when the darn is first

overtopped , and will develop to its maximum size in 2~~5 hours .
These parameters assume the core wall will collapse as the

downstream supporting material is erroded and , therefore ,

will not be effective in resisting breach development.

The peak outflow through the breach during the PMF and one-

half the PMF was calculted to be 16,284 cfs and l2, 3~’4 cfs ,

respectively. The peak outflow discharge through the breach

that results from a flood that just overtops the dam crest

(20% of PM?) was computed to be 8699 cfs. This peak out-

flow and breach size was compared , on the basis of embank-
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ment height and reservoir volume , with reported failures of
other dams and was found to be reasonable .

The flood depth, width and mean flow velocity of the V

three floods at a cross—section jus t inside the community
of Miliburn are summarized in the following tabulation.

Flooding Characteristics at
the Community of Miliburn

20% PMF PMF PMF
Without- Without With
Breaching Breaching Breaching

Peak Discharge , cfs 1589 9187 15, 387
Peak Flood Depth, ft. 4.4 7.6 9.0

Peak Flood Top Width , ft. 280 490 580
Peak Flow Velocity , fps 2 . 3  4 .8  5.8

The drain outlet for Orange Reservoir has its intake at
the reservoir floor, is 20-inches in diameter, and about
280 feet in length . Based on field observations and the
U.S.G.S. map, the outlet discharges into the downstream

V 
spillway channel at an elevation of about 5 feet below the

reservoir floor . Assuming no inflows to the reservoir

and a constant tailwater elevation 5 feet below the reser-
voir floor , it is estimated that the outlet can drain the
reservoir, from a spillway level full condition, in approx-
imately 11 days .

b. Experience Data 
V

Records of Lake levels are maintained for this site . The
reservoir is operated to maintain maximum water levels at all
times. There are no reports or evidence that the dam has

ever been overtopped.

c. Visual Observations

There is a well defined spillway channe l downs tream of
the embankment that appears to be about 30 feet wide and two

-21 — V
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.to three feet deep with a levee on the righ t bank about seven
feet high . No dwellings were observed immediate ly downs t ream .
The flood plane below the dam contains a fairly dense

stand of medium and small trees with significant undergrowth

(Photo 11).

Just upstream of the reservoir, Nor th field Road crosses
Rahway River. Available data indicate the bottom elevation
of the concrete bridge girder is 330.79 feet MSL. During
floods that overtop the darn crest , elevation 330.9 feet MSL ,
this bridge will be overtopped and back up flood waters .
Several structures shown on U.S.G.S. maps as being near the

river banks upstream of the bridge will be inundated.

d. Overtopping Potential

As indicated in Section 5.1—a , all floods greater than
about 18 percent of the PMF , when routed through the reser-
voir, will overtop the dam. The PMF and one-half the PM?

will overtop the dam by 1.77 feet and 0.94 feet, respectively.

These overtopping heights assume the dam remains in its
current condition.

A dam breach analysis was made to determine if the existing

spillway is Seriously Inadequate because (1) the Spiliway
Design Flood is the PM? ; (2 )  the spillway is not capable
of passing one—half the PM? ; and (3) there is a high down-
stream hazard to loss of l ife during large flood flows .
The results of this analysis are presented in Section 5.1-a.

One of the Corps’ criteria for classifying a spillway as

Serious ly Inadequate is, “Dam failure resulting from over-
topping would signif icantly in crease the hazard to loss of
l i fe  downstream from the dam from that which would exist
jus t before overtopping failure.”

The data tabulated in Section 5.1—a were used to assess
the degree of significance that overtopping failure would

increase the downstream hazar d . Under the assumption that

a
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breaching of the embankment begins as soon as the darn is
overtopped, the pre-breach discharge at Millburn will be
about 1589 cfs (20% PM?), as compared to a breach peak dis-
charge during the PM? of about 15, 387 cfs. The flow
depth , top width and velocity will be about double
during the breach peak discharge and result in a signi-
ficantly higher downstream hazard . Unde r these condi-
tions , the spiliway for Orange Reservoir Dam should be
classified as Serious ly Inadequate .

~
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SECTION ~: STRUCTLiR1~L SThBILtTY

6.1 Evaluation of Structural Stability

a. Vi sual Observation s

At the time of the inspection the dam did not exh ib i t
any visible signs of distress. The downstream embankment

is somewhat uneven and is heavily covered with brush and trees

Vis ual observation indicates that the spiliway is in

satisfactory condition . Surface peeling and spalling ~‘f
the concrete apron are not presently severe enough to af-

fect the structural strength or stability but could cause

prob lems if l e f t  unchecked.
The out let works appear to be in satisfactory condi-

tion based on visual observations.

b . Design and Construction Data

The available design and construction data are m ade-
quate to eval uate the structural stability, since little

is known of design criteria , construction methods ~r as-

built material properties .

c. Operating Records

There is no instrumentation of the darn. rho reser-

voir is essentially uncontrolled except for the withdrawals

made by the City . Records of reservoir levels and water

withdrawals are reportedly available .

d. Post-Construction Chanqes

Post-construction changes are described ~V fl Section . .

The repairs and modification of the spillway and riprap on

the upstream face of the dam appear to be structurall y
;tab le . Patching of the right wingwall is needed .

— .4—
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e. Seismic Stability

Since the area lies within Seismic Zone 1 , only minor

damage may be expected from distant earthquakes.

In general , projects located w i t h i n  Seismic Zone 1 may
be assumed to present no hazard from earthquakes , provided

static stability conditions are satisfactory and

convent ional  safety marg ins exist. Although the dam

appears to have adequate static st;Viulity , a stabil~~Ly
analys is  is necessary to ver ify this.



SECTION 7: ASSESSMENT, RECOMMENDATIONS ,

PROPOSED REMEDIAL MEASURES

7.1 Dam Assessment

a. Safety

The safety of Orange Reservoir Dam is in question because

the present spillway has inadequate capacity to pass the

Probable Maximum Flood (PMF) without overtopping the dam.

The present spillway can pass only about 18% of the PM?.

Should the dam be overtopped , the masonry core wall cannot

be expected to offer much structural stability if the em-

bankment materials are eroded away.

The safety of the embankment cannot be quantitatively

analyzed due to lack of available data . However, visual in- V

spection indicates that the embankment is in good condition

with no noticeable seepage and no evidence of major stress ,

settlement , or cracking. In addition , the outlet works

appear to be in satisfactory condition .

b. Adequacy of Information

The information and data obtained are not adequate to per-

form a comprehensive , definitive evaluation of the dam’s

structural stability .

c. Urgency

The visual inspection revealed no apparent deficiencies

that would imperil the short term integrity of the structure.

The hydrologic analysis indicates that the spiliway is

seriously inadequate . Therefore , studies to augment

the spillway discharge capacity should be made soon .

The owners should plan and implement a warning system

whereby inhabitants downstream of the dam could be evacuated should

— 26 —
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overtopping of the dam appear imminent. Planning of this
system should be very soon and the system should be imple-
mented in the near future.

Field and laboratory investigations should be performed
in the near future to determine physical properties of the
embankment and foundation materials.

d. Necessity for Additional Data/Evaluation

At the present time there is insufficient information

available to fully evaluate the structural stability of the

dam. The Corps of Engineers Guidelines require that ,in

general ,seepage and stability analyses should be on

record for all dams in the high hazard category. A program

of borings should be performed to confirm the materials ,
V including testing of the puddle , installation of

piezometers to establish internal water levels in the

downstream slope and an evaluation should be conducted

by an experienced geotechnical engineer. The piezo-

meters should be permanent and read periodically . The

field investigation should begin in the near future and

the evaluation performed soon after completion of the

field work and testing. In addition , the dam should be

surveyed in the near future to confirm the as-built

geometry of the dam.

7.2 Remedial Measures

a. Alternatives

The alternatives available for increasing the spiliway

capacity are :
1. Increase the height of the dam , thus increasing the

storn surcharge.

2. Increasing the height of the dam and increasing the
size of the spiliway.

3. Lower the level of the reservoir , thus providing a

flood control pool.
( 4. Any combination of 1 and 3, or 2 and 3.

— 27 —
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I’. Operation and Maintenance Procedures

A program of annual inspections of the dam should be

initiated by the owners, utilizing the standard visual check-

list in this report. The peeling and spalling of the spill-
way apron should be carefully observed, and remedial work

performed should the deterioration continue . The area of

potential slope instability located on the left bank of

the reservoir approximately 300 ft. upstream at the spill-

way also warrants close inspection.

A permanent record should be kept of all maintenance

and operating events of the darn and reservoir.

The roots of the trees growing along the crest of the
dam may be causing damage to the core wall. In addition ,

the crest of the dam could be significantly damaged should

these trees be blown down during a storm. Therefore, it is

recommended that the trees along the crest of the dam should

be cut flush with the surface of the dam and removed

All brush and small trees should be removed from the

downstream face of the darn soon in order to facilitate

inspection of the embankment and prevent root damage.
Clearing of the downstream face should continue as standard

maintenance procedure .
The stones dislodged from the upstream section of the

right spiliway wing wall should be replaced as soon as

possible.

A warning system should be established whereby down- H

stream inhabitants may be notified and evacuated in the
V event of possible dam failure.
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APPENDIX S

Photographs

(Note : All photographs were taken Dec. 2, 1978)
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Photo 3 - View of spiliway and right wing wall look—
ing northwest.
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Photo 5 - View of left abutment from downstream
spiliway apron.
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upstream.
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APPENDIX C

REGIONAL GEOLOGY - PIEDMONT LOWLANDS
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REGIONAL GEOLOGY - PIEDMONT LOWLANDS

Physiography

The Piedmont Lowlands Province of New Jersey Lies
northwest of a line approximately between Trenton and
Perth. Aithoy and southeas t of an approximate line between

V Milford on the Delaware River and Mahwah near the New
York State border. Physiographically, the province
is situated between the predominantly Precambrian age
New Jersey Highlands Province to the northwest and the

V typically unconsolidated Creataceous age and younger
sediments of the Coastal Plain Province to the south—
east. (See Figure C-lI .

Bedrock

The Piedmont Lowlands, encompassing about one--

fif th of the state , is characterized by northwestward
dipping bedrock composed of interbedded red shales,

siltstones and sandstones of Triassic and Jurassic age

and igneous basalt extrusions ( lava flows ) and diabase
intrusions of Jurassic age. The sedimentary rocks have

been eroded to a broad southe as tward s loping piedmont
plain. The northwest borde r of the province is a north --
east-southwest trending fault zone (Rantapo Fault)

which truncates the sedimentary beds . Total vertièal.
displacement on the fault may reach 10 ,000 feet.

The gently rolling low land topography of the piedmont
lowlands is pierced by long asymet ric ridges of hard
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and resistant igneous rocks which were intruded into or
on top of the sedimentary sequences. With the subse-

quent erosion of the softer sedimentary rocks , these
igneous formations have been left standing, of ten in
bold relief, up to 400 ft. above the surrounding plains.

The igneous bodies composed of diabase and basalt form the
Palisades along the Hudson River and the three Watchung V

Mountain ridges of the central Piedmont. The ridges V

are all steeper on the southeas t with gentle dip slopes
to the northwest.

Overburden

The Pleistocene Age Wisconsin continental glacier
has smoothed and filled approximately the northern half
of the province . The terminal moraine of the glacier
extends from Perth Ainboy to Swmnit then northwest—
ward to Morris P lains . North of the morainal line the

V soils characteristically consist of glacial tills over—

lying the bedrock with scattered overlying stratified

outwash deposits. At least three large glacial lakes

occupied portions of the area north of the moraine at

different  periods , resulting in a relatively flat
topography composed predominantly of silts and clays .

— South of the terminal moraine , most of the over-
burden consists of alluvial deposits overlying a more
highly developed weathered transition zone on top of the
bedrock . Some highly weathered tills of pre-Wisconsin

V glaciation can be found on the top of intervalley ridges.

Much of the alluvium is glacial outwash.
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a V S -

CIIECW LIST
HYDROLOG IC AND JIYD~~ULtC DATA

E~~~I~~ Efl~ NC DATA

DRAtN ~GE AREA CIIARACTERISTICS :~~~~’~ O~~~~5p.~i O%M.iiIop~~ ~~~ tLz. 3~o’4-5 (. 7.d
ELEVAT ION Top ~)RMAL POOL (STORAGE CAI’ACITY): ~l-o 4e~~ ’ (r l o Ct~~

5 ELEVAT ION TOP FLOOD CO’S’IROL POOL (STORAGE CAPACfl~Y): r’o~~ Q.
- 

ELEVAT ION NAXfl(Uti DESIGN POOL: 33’4. i14

V ELEVATION TOP DA}t: 33’4.’+ ~ q~4
’

- CREST:____________________________________________________________________

‘S 

- 
a. Elevation 3~ 4A-

V - - b. Type
I - C• Width I(~ -~ .e-t 

S- - d. I.angtK~~ 
g~~ 4--ee.+-

V e. Location Sp i llove r Lt C4 ~~~~~~~~ (1OO¼s ~s ’i~ os.~~~~~rLt -r.s’i

j 1. Numbe r and Type of Gate . ~‘°~‘~~

• OUTLET WOR1~S:________________________________________________________

I a. Type ~&)~.4—~~ S~~~pk, ~i~k4 2O. ,~ t. d.l~~(~~(i~ ~~~~~~~ 4 I W~S~ ~ro ~~~~~~ ~~.o

- , b . Locatioi-~ ~1& r1~ ~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~
C Entrance inverts A~~p~ ssi~.w&4-~ i~~~ir ~~ ~~ ~~~ IO  ~~1 “.L d. Exit inverts tw(~~~t ~~~~~~~~~~~~ i~ L~~ ~ -t&4 

-e. E.~~rgency drair ~down fa c i l it t e .  O 4I’¼k~~~ ts~~~~5 d 4 C ~t ~~~~~~~~~~~
~~~~~~~~ 4i4s~.A,*5.5 &P~~~ ’S. ~~~ O -4L~ A.-I~~ 4~4~~•~~55%~ £Øf I~ .’t 2~~ $4~~~~

V RTD1~)METZOROLOGICAL GAGES: U~~ -MOuM~.t
a. Type _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- b. Iocatton __________________________________________________
c. Record. ______________________________________________________

V 

- MAX DiUM ~~ N-DA?tACINC DISCtIAROE - ~~~~~ ~~~~~~ \ SOO ~~~~~~~

• 
- 

~ ~.Sl L~~ ~~~~~ ~~~~~~~~~~~~~~~ ( &W..... t~~ ~~~~C~5-~ ~‘.—. ~A%~~~

V 

- 

D-t 

- 

V

1 I - 5 5 - V V__ S - ~-~sV ~.e.5 
~~ ~~ 

V_~~~ - ~~~ V SS ~~~~~~ S — V — — —

V 
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Is.~ 5-o4J-— l541 .- . 
-

~ 4 - S - 
- 

. Dam Application No. ..51~...._

I . - State of New Jersey
S - State Water Policy Commission

V 
- - REPORT -ON DAM APPUCATION

V 
- To the State Water Policy Commission.

V 
- State of New Jersey.

Gentlemen: . - - - S

The application of T}~ CITY CF ORANGE

flied Fe~~ua17 26, 1~58 for approval of plans and for a permit to ~~r a ~~~~~~~~~t~~~or a da
- . known as Orange Reservoir Darn in West Orange 

- 
on the West Branch Rahway River

V - tributary to Rahway River - In Essex County, New Jersey,
- has been examined by 

- 
Steven Dola, Principal Hydraulic ~~~~~~~~~~~ Engineer.

V - PRINCIPAL FEATURES
V V 

2 ~~~~~~ ~~ll827 ~~~ - - 
Site inspected Kay 20, 1958 — S.D.

-. S I V -

Purpose of dam water:.supply 
- - 

V 
-

. 
- 

Length of dam 900 feet

(j 
Drainage are-a 4.55 - 

- -  
sq. ml. 

- - 

- 

- - 
- Eleva tion of flow line ~~l

Area of Lake about 60 acres Capacity of lake 250 Mill. gals. at ~a. ~
V - - - 

Type of dam Earth darn with cascrete core wall Top width 16 feet

Upstream slope 3 to 1 Downstream slope 2 to 1
- 

Foundation materlal trap rock uztter spillway Max. height About 29 feet feet
- - Type of spillway Masonry overflow V - Length of ~pi llway 71.5 

/ feet -

- Max. head on spillway 3j .4 feet q — 1275 ~~~~~ i’t.

V - Spiliway capacity ]A35 sec. ft— 315 - sec. ft. per sq. mi. with Zero freeboard
S 

desiçs.,... V V

Estimated m cdoodn flood flow 3.275 sec. ft. per-.eq.---w4- 280 c-s .m. - 150% of -

V Observed IV SX h o w  — 1090 sec. ft. . 154 c.s.rn at ?~il1burn Central Jersey Curve
V 

- Outlet.s other than spiflway 1 ~main ” piDe & on July 23, 1945 -
- V V 1 “waste ” ci~e

- Drawings filed by: - diameters i~nkno~-
5 V Clyde rotts Associates - rV 2(13 Park Avenue - 

- -Plain~~~~d31~~~i ~~~~ the site fo? the dam is suitable and the plans adequate to ensure
the construction of a structure which ~vi1l not be a menace to life or property. It is therefore -
recommended that the plans be approved and that a permit be issued, subjec t, however, to the

- - following terms and conditions:— 
—

- 1. That this permit does not give any property rights, either in real estate or material ,- 
V nor say exclusive privileges; neither does It authorize any injury to private property nor in-

vasion of pr ivate rights, nor any infringement of Federal, State or local laws or regu lations, nor
- V does it waiv, the obtaining of Federal assent, when necessary.

V~ 
— V - - - - ‘D.—i. - • S  S 

I I ~~~~ V S  -.i .-~ :~~ - - ~~~~~~~~ 
- ‘ ._- * -- — ... : ‘ V I S - S  — - .   5_~~5~ V~~~ ~
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