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DEPARTMENT OF THE ARMY,~ - PHILADELPHIA DISTRICT . CORPS O~ ENGINEERS

~~~~~~~~~~~ CUSTOM HOUSE—aD & CHESTNUT STREETS
PHILADEL PHIA . PEIINBYLVANIA 19106

TN R E P L Y  RIV E R  TO

NAP~N-D

~ 1 JUL 1~378

Nonorable Brendan T. Byrne
Governor of New Jerse~Trenton, New Jersey O~621

Dear Governor Byrne~

Inclosed is the Phase I Inspection Report for Charlotteburg Darn in
Passaic County, New Jersey which has been prepared under authorization
of the Dam Inspection Act , Public Law 92—367. A brief asseasn’ent of
the darn’s condition is given on the first three pages of the report.

Based on visual inspection, available records, calculations and past
operationa l per formance , Charlotteburg Darn is judged to be in good
condition. To insure adequacy of the structure, the following
actions, as a minimum, are reconsiended :

a. Modification of the automatic operating mechanism fur the
large bascule gate at the darn’. crest is essential to preclude the
possibility of sudden , high downstream flows due to failure of the
mechanimn. When the dam ’s reservoir is full, this sudden, high flow
would be approximately 85 per cen t greeter than 1903 flood of record .
Modification planning should be completed within six months from the
date of approval of this report and the modification implemented within
the next six months. Until the modification is completed , the reservoir
level should be Immediately lowered to elevation 741.2 to negate the
consequences of any possible failure of the gate ’. automatic operating
mechanism .

b An automatic warning system, in case the gate lowers due to
an operating failure , should be installed within six months from the
date of approval of this report. The automatic warning system should be
comprised of , as a minimum, visual and audible alarms for both the
darn and downstream water treatment plant operators , together with an
automatic warning tie line to police and civil defense off icials  in
the downstream eovvnunlties. Until the automatic system is operationa l ,
other means of quickly warning all concerned parties Should be immed iately
employed . 
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c. The following corrective actions should be undertaken within
twelve months from the date of approval of this report.

(1) Investigate through darn leakage in horizontal l if t  joint
in non—overflow monolith No. Il and formulate plan for
repair. Repa ir of this joint should be Initiated in
calendar year 1979.

(2) Repair lift joint in overflow monolith No. 9 at elevation
685 to 690 ~~~.

(3) Dewater stilling basin and inspect floor , chute blocks
and end sill for erosion of concrete surfaces. Repairs,
if required , should be initiated In calendar year 1979.

(4) The bascule gate should be repainted . The gate ’s
operating piston rod seal should repacked to prevent
loe& of hydraulic flu id . The scales on the right
aide of the gate should be checked and repaire d to
eliminate large volume leakage water when the gate
ic closed .

(5) Repair automatic pool level recorder and restore
plugged sump pump lead ing fro m cone valve pit in
Intake and Gate Rouse.

(6) Initiate a program to control brush and tree growt h
in the channel area Immediately downstream of the
stilling basin .

d. Studies to verify the ade quacy of the dam’s foundation
design parameters should be made. Any remedial measures found necessary ,
as a resul ts of these studies, should be initiated in calendar year 1979.

A copy of the report is being furnished to Mr. Dirk C. Rofmmn , New
Jersey Department of Environmental Protection , the designated State
Office contact for this program. Within five day. of the date of this
letter , a copy will also be sent to Congres an Robert A. Roe of the
Eighth District. Under the provisions of the Freedom of Information
Act, the inspect ion report wil l be subject to relea se by this off ice,
upon request, thirty days after the date of this letter.
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NAPE N- D
Honorable Brendan T. Byrne

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

An important aspect of the Dam Safety Program will be the Implementation
of the reco~~endations made as a result of the inspection . We accord ingly
request that we be advised of proposed actions taken by the State to
implement our recoimnendations.

4

incere y yours, /1

/J~77~1 ~~~~~~~~~~~~~1 m c i  /~ARRY V. DUTCHYSHYN 1/
As stated / Colonel , Corps of Engine~&sDistric t Engineer

Cy furn :
Mr. Dirk C. Rofman , P,E.
Department of Environmental Protection

___ 
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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: Charlotteburg Dam, ID . NJ 00316
State Located: New Jersey
County Located: Pass ai c
Stream: Pequannock River
Date of Inspection : May 1 and 6, 1978

Assessment of General Conditi on of Dam wi th resp~ct to Safety and

Recommended Action with Degree of U~~ency

The general condition of Charlotteburg Dam is good. It is mainta ined
and operated in conjuncti on wi th a water treatment facility approximately
one hal f mile downstream, and is visited daily by a canpetent and ex-
perienced staff. The major condition requiring action Is the possibility
of increased spiliway flow in case of failure of the hydraulic piping
operating the auta~ttlc crest gate, of bascule design . This gate , If
suddenly 1c~,ered could discharge stream flows of approximate ly 10,000
cubic feet per second which Is significantly higher than the flood of
record which occurred in 1903 and had an estimated flow at the dam s ite
of 5,850 cfs. The auta~atic gate operating mechanism should be modified
to prevent sudden and possible violent openings of the gate wi th conse-
quent large stream discharges. Plan formulation should be completed
within 6 months and the modifica tion Implemented within 12 months .

Until the gate is modified , the reservoir level should be lowered Imme-
diately to elevation 741.2, corresponding to a discharge of 4,000 cfs over
the spillway in case of hypotherical gate piping failure.

Au automatic warning system should be installed for the plant and dam

—

~

-- -~~~~~- ,~~~~ - -~~ -



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

operating staff and to the downstream communities of Ki nnelon and
Butler with in 6 months.

Other actionable conditions are listed in Section 7.1 and these
conditions should be corrected within 12 months.

C 1~i22;4~t ‘~~k~~4~,’P~•
Robert Ger$~owi tz, P.E. ~iY

~~~~~~~~~~~~~~~~ ~~f~~~~~(
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Based on visual inspection , available record s, calculations and past
operational performance, Charlotteburg Dam is judged to be in good
condition. To insure adequacy of the structure , the following
actions, as a minimum , are recommended :

a. Modification of the automatic operating mechanism for the
large bascule gate at the dam ’s crest is essential to preclude the
possibility of sudden , high downstream flows due to failure of the
mechanism. When the dam ’s reservoir is full , this sudden , high flow
would be approximately 85 percent greater than 1903 flood of record .
Modification planning should be completed within six months from the
date of approval of this report and the modification Implemented within
the next six months. Until the modification is completed , the reservoir
level should be immed iately lowered to elevation 741.2 to negate the
consequences of any possible fa i lure  of the gate ’s automatic  operating
mechanism .

b. An automatic warning sya t .~rI , in case the gate  lowers due to
an operating fa i lure , should be installed within six months from the
date of approval of this report .  The automatic  warning system should be
comprised of , as a min imum , visual and audible alarms for both the
dam and downstream water treatment plant operators , togethe r with an
automat ic  warning tie line to police and civil  defense o f f i c i a l s  in
the downstream communities. U n t i l  the automatic system is operational ,
other means of quickly  warning all concerned par t ies  should be immed iately
employed .

/
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c. The following corrective acr ion s  should he under taken wi thin
twelve months ftom the date of approval of tb t s  repor t .

(1) Inv est igate through d~im leakage in hor izont a l  l i f t  jo in t
in non-overflow monolith No. I] . and formulate plan for
repair. Repair of this  jo in t  should be i n it i a t ed  in
calendar year 1979.

(2) Repair l i f t  b lat in overf low m o n o l i t h  No. 9 at elevation
685 to 690 *.

(3) Dewater stilling basin and inspect floor , chute blocks
and end sill for erosion of concrete su r faces .  Repa irs ,
if r equired , shou ld be initiated in calendar year 1979.

(4) The bascule gate should be repainted . The gate ’s
operating piston rod seal should repacked to prevent
loss of hydraulic fluid . The scales on the r ight
side of the gate should be checked and r epair ed to
eliminate large volume leakage water when the gate
is closed .

( 5) Repair automatic pool level recorder and restore
plugged sump pump leading from cone valve pit in
Intake and Gate House .

(6) Initiate a program to control brush and tree growth
in the channel area immediately downstream of the
stilling basin.

d.  St ud ies to ve r i fy  the adequacy of the dam ’s f oundation
de sign parameters should be made.  Any remed ial mea sures found necessary ,
as a results of the se studies, should be initiated in ca lendar  year 1979.

I’!  ~~~ ~~~~~~~~~~~~~~~~~~~~~~~ /
APPROVED :~I~ I/~ t k~C ~~~ ~

~ H’ARY V ./DUTC}~YSMYN /
Colnne~~ Corps of Engineer
Distr i~ t Engineer
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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

CHARLOTTEB IJRG DAM, I.D, NJ 00316

S E C T I O N  1

1. PROJECT INFORMATION

1.1 General

a. Authori ty
The Dam Inspection Act, Public Law 92-367 of August 1972 authorizes the
Secretary of the Army, through the Corps of Engineers to initiate a

national program of dam inspections. Inspections for Charlotteburg Dam
were carried out under Contract DACW61-78-C-0l00 to the Department of
the Army , Philadelphia District, Corps of Eng ineers, by the engineering
firm of Ilarris-ECI Associates of Woodbridge , New Jersey.

b. Purpose of Inspection
The purpose of the inspection and evaluati on is to identify conditi ons
which threaten the public safety and thus permit the correc tion of the
conditi ons in a timely manner by the owners.

1.2 Description of’ Project

a. General Description of Dam and Appurtenances
Charlotteburg Dam isa concrete gravity darn with a maximum height of 102
feet and an overall length of 675 feet. The central 200-ft long spill-

_ _ _ _  ~~~~~~ 
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way is flanked by two gravity non-overflow sections, termed the east and
west bulkheads. The spillway is gated by means of a single 200-ft long
bascule gate operated automatically to maintain the reservoir level at
certain predetermined elevations. The downstream channel is protected
fran the high velocities of the water discharging over the spillway by
a stilling basin 200-ft wide by 107-ft l ong which reduces the discharge
velocity by creating an hydraulic jump. Low level outlet features in-
clude a 48-in, diameter bypass line at centerline elevati on 677.0 that
discharges into the stilling basin through a 30-in, di ameter hollow cone
valve. Normal treatment plant water needs are drawn off by means of
two 48-in, diameter lines that unite into a single 54-in, diameter line
which conducts the water to a treatment and aeration plant. The inlet
to the 48-in, bypass and 54-in. ra~i waterline consists of a trash rack and
a stop log arrangement that allows water to be drawn off at any desired
elevation. At the inspection date, the stop logs and its spaced aper-
ture were so arranged as to draw water from elevati on 725 in the
reservoir.

The dam is founded on sound granite and gneiss rock formations. A grout
curtain has been established and a system of drains has been installed
downstream of the grout curta in dri lled from a foundation gallery. The
reservoir created by Charlotteburg Dam is U shaped and covers 350 acres.
Its maximum depth is , 80 feet, and the impounded volume is 2.9 billion
gallons or 8,950 acre feet. At the upstream end of the reservoir, a
concrete gravity river wall2,050-ft long by 26-ft maximum height has
been bui lt to avoid inundation of rai lroad trackage originally belong-
ing to the New York , Susquehanna and Western Railroad . This structure
has been designa ted as a New Jersey Dam 00547 which will require an
independent Phase I Report.

2
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The reservoir rim slopes are generally mildly to moderately sloping
with no apparent sloughi ng or slumping. The soil cover is rela tively
shallow underlain by competent rock formations covered by deciduous
trees. Charlotteburg Dam lies downstream of another reservoir on the
Pequannock River , Oak Ridge and is also fed by waters of Clinton Re-
servoir on Clinton Brook and by Canistler Reservoir on Pacock Brook.
D ownstream of Charlotteburg Reservoi r, the Pequannoc k is impounded at
Macopin Dam. All these reservoirs are part of the City of Newark
Water Supply System.

b. Location
Charl otteburg Dam is located on the Pequannock River in Passa ic County,
New Jersey, approximately ‘12 miles upstream from its confluence with
the Pompton River and approximately 6 miles upstream of Butler, New
Jersey, the nearest downstream population center. Pequannock River is
part of the greater Passa ic River Bas in. The reservo ir is adjacent
to State Route 23.

c~ Size Class ifi cation
According to the “Recommended Guidelines for Safety Inspection” by the
U.S. Department of the Army, Office of the Chief of Engineers , the dam
is classified as Large based as its height exceeds 100 feet.

d. Hazard Classifi cation
The dam has been class ified as hav ing Hi gh Hazard Potential by the
Philadelphia District, U.S. Army Corps of Engineers , on the basis that
in the event of failure of the dam and its appurtenances or its mis-
operation, signifi cant damage could occur to the water treatment faci’I-
ivies belonging to the City of Newark located within a half mile down-
stream of the dam site. The community of Butler, New Jersey, 

would3
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also suffer significant coninunity damages and possible high los s of
life by the released reservoir waters in case of dam failure.

e. Owners hip

The dam and reservoir are owned by the City of Newark .

f. Purpose of Dam
The purpose of the dam i s store water for use by the Ci ty of Newark in
its Water Supply System. The water is treated in an aerati on and
chlorination facility within a half mile downstream of the dam site.

9. Design and Construct i on History
The dam was designed for the City of Newark by the private engineeri ng
finnof Parsons , Brinkerhoff,Hall,and MacDonal d, New York , New York , in
the period 1957-1958. Construction started in 1959 and the dam was
put into service in 1961.

h. Normal Operationa l Procedure
The purpose of the dam is to store water for subsequent treatment and
use by the City of Newark. On the day of inspecti on, 82 mill ion gallons
per day were being drawn off for this use. Normally, the reservoir level
is kept at a level designed to capture the maximum volume of water from
the Pequannock River. Normally , the 5-ft high bascule gates are kept
closed above the fixed concrete spiliway crest at elevation of 738.0
above M.S.L. , so that the top of the bascule gate extends up to
elevation 743.0. With increasing flood waters, the gate is
automatically lowered, so that the reservoir level remains between
743.5 and 744.0 until discharges reach 11 ,000 cubic feet per second.
At 11,000 cfs , the bascule gate is comp letely lowered automatically,
and rests on the fixed concrete spiliway forming a smooth ogee shaped

crest profile. During the summer low flow periods, the reservo ir level
is drawn down according to the water needs of the Newark Water Supply
System, and can be down as much as 8 to 10 feet below top of gate

4
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level for extended periods of time. Water level records are recorded
and kept; currently being recorded manually from a staff gage on the
left abutment. A review of the recorded reservoir water levels for
the sampl e year 1971 , show that the water level did not exceed
743.30 at any time. The sample year 1971 included the extratropical
storm Dor ia, a significant storm event in Passaic County. The amount
of water being discharged over the spiliway at Charl otteburg is not
being recorded. Stream gaging records are available at the U.S.G.S.
gage at Macopin Dam some 1.3 mi les downstream of the Charlotteburg
Reservoir.

1.3 Pertinent Data

a. Drainage Areas
At dam axis , drainage area is 56.3 square mi les.

b. Discharge at Dam Site
Max imum known flood at dam s ite: 5,850 cfs on October 10, 1903

Wa rm water outlet at poo l eleva tion: NA

Divers ion tunnel low pool outlet
at pool elevation: NA

Divers ion tunnel outlet at pool
elevation: NA

Gated spillway capacity at pool 743; capacity 5,600 cfs
elevation: 744;capacity 11 ,000 cfs

Gated spiliway capacity at
maximum pool elevation: 747.2; capacity 20,500 cfs

5 
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Ungated spillway capacity at
max imum pool eleva tion: NA

Total spiliway capacity at
max imum pool eleva tion: 747.2; capacity 20,500 cfs

c. Elevation ( feet above MSL)
Top of Dam: 750.0

Max imum f lood control pool: NA

Full flood control pool : Elevation 743 (elev. of gate lip)

Recreation pool : NA

Spillway crest (gated): Elevation 738 (bascule gate in fully
lowered positi on)

Upstream portal invert diversion
tunnel: NA

Downstream portal invert
diversion tunnel: NA

Streambed at centerline of dam: Elevation 667±

Maximum tailwater: Elevati on 675.5± (Q = 20 ,500 cfs )

d . Reservoir
Length of maximum pool : 12,730 feet
Length of recreat ion pool: NA
Length of flood control pool :

_ _ _  
_____ i~~~~~~~



— -- 
_ 

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

e. Storage (acre-feet)
Recreation pool : NA -
Flood control pool: NA
Design surcharge: Elevation 747; (storage 10,400 AF)
Top of dam: Elevation 750; (storage 11 ,500 AF)

‘f. Reservoir Surface (acres)
Top Of Dam: Elevation 750; (area = 575 acres)
Maximum pool: Elevati on 748;(area = 450 acres)
Flood—con trol pool : NA
Recreation pool : NA -

Spillway crest: Elevation 738 (area = 312 acres)

g. Dam
Type: Gravity concrete
Length: 675 feet
Height: 102 feet max imum
Top width: 15 feet (non- overflow section)
Side slopes - Upstream: vertical

- Downstream: 0.775 H on 1.0 V .
Zoning: NA
Impervious core: NA
Cutoff: NA
Grout curtain: Grout curtain from Inspecti on Gallery

- @ 5’-6’ 0/c; depth unknown

h. Diversion and Regulating Tunnel
Type: NA
Length: NA
Closure: NA
Access: NA
Regulating Facil ities NA

7 
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i. Spillway
Type: Concrete ogee surmounted by bascule

gate
Length of weir: 200 feet
Crest elevation : 738.0
Gates: 200-ftiong x 5-ft wide , single leaf
U.S. Channel: NA bascul e
D/S Channel: Stilling basin

j. Regulating Outlets

• Bypass Outlet: 48-inch

Controls: 48-in, square slide-gate , electrically
operated from floor elevation 750.5

Emergency gate: 48-in, square Broome gate wi th lifti ng
beam placed with aid of crane located
above operating floor, elevation
750.5

Outlet: 30 in. hollow cone valve di schar gi ng
into stilling basin through left
stilling basin wall; centerline
elevation of the pipe is 677 at the
upstream end and 675.5 at the dischar—
ing hollow cone va lve

• Raw Water Conduit: Diameter twin 48-in, diameter passages
converging into a single 54-in.

- diameter pipe

Controls: 30-in, diameter cone valve and 48—in.
square sl ide gate on each 48-in. dia.
pass

Emergency gate: Same Broane gate used for 48-in, by-
pass line (One Broome gate for three
passages)

Outlet: 54-in, diameter line to water treatment

plant8



S E C T I O N  2

2. ENG INEERING DATA

2.1 Design

A complete set of as-built drawings exists for Charlotteburg Dam showing
in detail all the pertinent features on which a safety evaluation can
be based on. The only feature not clearly shown on the as-built drawings
is the final configuration of the consolidation grouting at the base of
the dam and the grout curtain drilling pattern and depth . A visual
inspection gallery revealed that grout curtain holes have been drilled
at a 5 to 6-foot spacing. The grout curtain combi ned with the competent
rock formations underlying it have effectively cut off the head water,
since very little drainage water is emanating from the drain hole system
imediately downstream of the grout curtain holes.

In addition to the contract plans , a “Memorandum of Design of’ Charl otte-
burg Dam” dated December 3, 1957, exists and is available , describing
the derivation of the spilIway design flood.

A sumary of stability analyses for the maximum bulkhead (non-overflow)
and spiliway (overflow) section exists and was available for analysis.

2.2 Construction

The only available data on constructi on uncovered for this report are
the reports in the files of the N.J. Department of Environmenta l Protec-
tion relating to the quality of the rock in the foundati on . A first
report described decayed rock being exposed , but a later report tells
that the decayed rock had been removed and that the foundation “rock is
sa tisfactory for construction” according to the inspector from the 
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Jersey Bureau of Geology . The river wall , according to another report,
is founded on materials of a “sound nature” consisting of large boulders ,
various sized stones,and a silty soil mixed wi th fine sand materials.

2.3 Operation

Daily records are kept of the water level behind the dam. The recording
device at the time of the inspection visit was not operating and water
levels were read from a staff gage on the left abutment. Rainfall amounts
at the dam site are also recorded on a daily basis.

The operation of the dam is based on keeping the reservoir at a level
designed to capture the maximum volume of water. The automatic operation
of the bascule gate limi ts the level of the reservoir, and an inspecti on
of the water level records , for a sample year 1971 , showed that a pool
elevation of 743.3 was not exceeded during the year. Typically, 82 mgd
of raw water is being withdrawn from the reservoir for water supply use
for the City of Newark.

The Charlotteburg Reservo ir receives water from the Pequannock Ri ver and
its tributaries. There is another reservoir upstream of Charlotteburg
Dam on the main stem of the Pequannock River , at Oak Ridge, at elevation
852.5, having a drainage area of 21.7 square ,niles ,a storageof 12,000 AF
and a reservoir water surface area of 482 acres. A reservoir ex ists
on Pacock Brook, a tributary of the Pequannock Ri ver flowing into it
some 3 miles above the Charl otteburg dam axis , at elevati on 997.5 wi th
a drainage area of 10.5 square miles , a storage capacity of 10,800 AF
and a lake surface of 423 acres. Charlotteburg Reservoir can drawwater
from Echo Lake Reservoir on the Macopin Creek at elevation 902, having
a drainage area of 4.6 square miles , a storage capacity of 4,850 AF ,
and a water surface area of 280 acres. The overflow water from Echo
Lake Reservo ir however, flow into Macopin Brook downstream of the
Charlotteburg Dam axis.

10
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During the dry summer months the water supply demands deplete the re-

servo ir, and pool levels 8 to 10 feet below the crest are not uncommon
according to the operators.

2.4 Evalua ti on

a. Avail ability
The availability of engineering data has been adequate to assess the

safety of the structure for the Phase I inspection . Missing data per-

tains to the depth of curtain grouting and consolidati on grouti ng at

the contact plane between dam and foundation rock. A check list of

engineering construction and maintenance data is incl uded in Appendix A.

b. Adequacy
The engineering data assembled is considered adequate . Additional
desirable data would have been grouting records at the time of construc-
tion , which would give a further indication of the tightness of the
underlying foundati on rock.

c. Vali dity
There isno reason to suspect that the engineering data acquired is not
val id or representative of the dam as it stands. We have checked the
contract plans visually with what is actually buil t and cannot detect
any significant deviations wi thout a full scale detailed as built survey.

11 
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S E C T I O N  3

3. VISUAL INSPECTION

3.1 Findings

a. General
This dam and its appurtenances are in good conditi on having been designed
according to modern cri teria and controls,being of relatively recent
construction , and being attended to,and worked out of,all year round .

b. Dam

1. Seepage and Leakage
No seepage or leakage could be detected at the toe of the dam because
of backfill at the toe. The inspection galleries showed that here was
very little water emanating from the foundation drain holes on the ri ght
abutment and virtually none in the left abutment. Of the estimated 3-5
gallons per minute drainage water in the right abutment inspection gallery
drainage gutter, 1-2 gallons were coming out of the vertical monolith
joint drain between monoliths 11 and 12. This amount of water, though
not serious~ should be checked periodically to determi ne its stability .

The upper service gallery located in the spiliway at approximately eleva-
tion 675.5, had evidence of lift joint seepage on the downstream face in
many places. The amount of drainage was not significant, but seepage
mineral deposits coat the walls of the gallery wall below the joint plane.

In Monolith 11 , there appears to be a defective horizontal lift joint
which exhibits through-the-dam leakage for about a 10-ft. width This
l ocation is in the right bulkhead (non-overflow) section at approximately
elevation 738. The low head on this joint at the time of inspecti on ,
(approx. 3 to 5 feet) indicates that the defect must be fairly wide
spread in order to leak right through the whole thickness of the con-

crete,which is 15-ft. thick at this level.
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2. Structural Cracking
There is no visible evidence of structural cracking .

3. Monol i th Joints
All vertical monolith joints are clearly formed on the outside with no
signs or spalling. On the interior , the monolith joints have not been
beveled at the inspection and service galleries ; as a result these
joints present a ragged appearance which does not detract from their
uti 11 ty.

4. Horizontal Construction Joints
In addition to the poor lift joints described in Monolith 11 at elevation
738±, and the accumulation of seepage minerals on the wall surfaces below
the lift joint cutting the upper service gallery in the spiliway monol i ths,
there is one other location where there has been deteriorati on . This is
a horizonta l lift joint at the approximate elevation 685-690 in spillway
Monolith 9. This joint has deteri orated probably due to poor l ocal
original concrete quality, aggravated by the erosive action of the water
coming down the spiliway. The condition , while not seri ous now , should
be attended to wi thin the next cycle of maintenance , preferably within
24 months. There was minor lift joint seepage observed in the gate shaft
and upper service gallery.

5. Water Passages
Due to the nature of the des ign and operati on, the water passages were
not available for inspection. This included the 48-inch diameter by-pass
line and the twin 48-inch lines leading to the 54-inch diameter raw water
line . The 30—inch cone valves on the 54-inch raw water line were in a
dry wel l,and could be inspected and operated,and are described below.

6. Foundation
The dam has been grouted from the inspection gallery at a spacing varying
from 5 to 6 feet on centers . The grouting appears to be very effective
in reduc ing seepage.

13
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7. Concrete Surfaces
Exter ior ma in dam concrete surfaces appear to be wel l formed and al igned.
The surface on the dam ’s downs tream face are good with less than one percent
of local concrete popoff areas over 3-inch aggregate pieces near the formed
surface , due to freeze-thaw effects. The ogee crest is well formed and smooth.

The stilling basin wailsar e smoothly formed. The stilli ng basin floor was
not available for inspection since tailwater co~ered the dentated end sill ,
the chute blocks and the floor itself. An inspection of this area is ad-
visabl e to be done by the owners forces at a convenient time in their
maintenance cycle within the next 24-month period .

All interior concrete surfaces were considered to be in good condition.

8. Mechanical Equipment

• Bascule Gate
The major mechanical feature of the dam is a s i n g l e  leaf bascule gate,

200-ft wide by 5-ft high , located on the crest of the spilway . This
gate is designed to automatically maintain the reservoi r level at a
certain preset value, described in Section 1.2

The gate is hydraulically operated by two double acting cylinders ; one
at each end of the gate . Normally the reservoi r water pressure provides
the force to open (lower) the gate; however, the cyli nders are des igned
to be double acting so that the gate can be operated ( for maintenance
purposes) when the reservoir is below the level of the gate.

The bascule gate operating equipment is located in the Intake and Gate
House on the l6ft abutment of the dam , adjacent to the spillway . A
pressurized holding tank stores sufficient hydraulic fluid to operate
the gate through two complete open/close cycles.

14
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Two vickers high speed vane pumps,rated at 5 gpm at 1000 psi, automatic-
ally maintain the fluid level in the holding tank . Pressure is maintained
in the holding tank at 950-1000 psi by an Ingersoll-Rand two stage reci-
procating air compressor. Both hydraulic pumps and the air compressor
are driven by electric motors. There is a diesel generator set which
can provide power in case of local power failure .

The gate is normally in the automatic mode where control is achieved by
a system of float operated high pressure control valves . The gate can
also be positioned manually by overriding the float control.

• Water Supply and Drawdown Features
Charl otteburg Reservoir serves as a municipa l water supply for the City
of Newark. Water is drawn from the reservoir through the intake struc-
ture and flows by gravity through a 54-in. concrete coated steel raw
water supply line . Water can be drawn from various elevations and is
controlled by placement of a spacer among the stoplogs in the intake
structure.

There are two intakes for the 54-in, raw water supply line . Each has
guides and a seat for a 48-in. Broome gate followed by a 30-inch motor
operated cone valve and a 48-inch motor operated sluice gate after which
the two lines converge into the single 54-in, raw water line . The level
of gate control redundancy is adequate.

The third intake leads to a 48—in, by-pass line for reservoir draw-down.
This intake also contains a stoplog slot and guides and a seat for a
Broome gate. The line then leads through a 48-in, motor operated sluice
gate and to the outlet niche in the left stilling basin wall. In the
outlet niche , there i s a 30-in, manually operated hollow cone valve.

Also contained in the outlet niche is a 24-inch diameter hollow cone
valve leading off the 54-inch diameter raw water line , allowing this line
to be dra ined.

15

________ A



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -

• Additional Mechanical Equipment
A sump pump is provided in the valve chamber to handle any leakage from
the cone valves or the chamber walls.

A 10-ton bridge crane is installed below the roof of the Intake and Gate
House. This crane handles the stoplogs and the Broome gate for all three
intakes. It can also be used to service any of the other heavy equipment
in the Intake and Gate House.

A water supply pump located in the valve chamber draws from the reservoir
and provides cooling water to the diesel generator.

The Broome gate is stored on the floor of the Intake and Gate House at
elevation 750.5. The lifti ng beam for the Broome gate and stoplogs are
stored in recesses in the floor of the Intake and Gate House.

Inspection Check List - Mechanical Items - A summary check list of the
mechanical equi pment items is given in Table 1.

16
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TABLE 1

CHARLOTTEBURG DAM

MECHANICAL E QUIPMENT INSPECTION - MAY 1 , 1978

SUMMARY CHECK LIST

Item Condition Operation R kRating Witnessed 
- 

emar 5

Bascule Gate S NO No backup, see Item 1
Gate S NO Slight corrosion , see Item 2

Seal leakage , see Item 3
Torque Tube S NO
Sadd le Bear ings S NO
Hydraulic Cylinders (2) S NO Slight leak , see Item 4
Oil Pumps (2) S YES
A ir Compressor S YES
Holdi ng Tank S NO
Float Controller S NO

Water Supply Faciliti es S YES System contains high level
of control redundancy

Stop Logs S NO
Broome Gate S NO
Cone Valves (2) S YES
Sluice Gates (2) S YES
Hollow Cone Drain Val ve S NO

Reservo ir Dr~wdow n Fac. S NO
Stop Logs S NO
Sluice Gate S NO
Hollow Cone OutletValve S NO Lubri ca ti ng oil leak, see
Outlet Valve S NO Item 6

Misc. Equipment
Bridge Crane S YES
Emergency Diesel Gen. S YES
Wa ter Supply Pump S YES
Valve Chamber Sum Pump S YES Dischar ge piping bloc ked,

S = Item is satisfactory for performing its intended functi on

17
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REMARKS TO SUMMARY CHECK LIST OF MECHANICAL ITEMS INSPECTION

General

Al l mechanical equipment and operating systems on the Charlotteburg Dam
are in very good condition and have been well maintained.

Item 1

Bascule Gate: The only notable deficiency lies in the lack of a second-
ary means of holding the bascule gate in a closed positon . Normal ly, the
gate is held closed by the hydraulic operating system which constantly
maintains a pressure of 950-1000 psi in the operating cylinders on each
end of the gate. If the system were to develop a leak of a greater capa-
city than the two high pressure oil pumps can supply (10 gpm), then the
gate would eventually open . This could cause the reservoir level to drop
to elevation 738.

This situation is believed to be potentially dangerous to persons and/or
property. The effect of a failure in the gate operating system would be
loss of a considerable amount of water from the reservo ir, releasing up
to 10,000 cubic feet per second of water wi thout warning . The downstream
channel does not have the capacity to handle the resulting flow without
flooding the overbank area. Should it occur at a time then the dam is
temporarily unattended , this condition could be dangerous to life or
property downstream.

It is to be noted that a spillway discharge in the order of 10,000 cfs
is much greater than the discharge for the 1903 flood of record which
passed 5,850 cfs at the dam site.

There are several poss ible means of safeguarging agains t uncontrolled
opening of the bascule gate, such as installation of restrictive orifices
at critical locations in the hydraulic piping or installation of a ratchet
device which would be activated to lock the gate position in the event of
a leak. The gate manufacturer, however , should be consulted.

L _ _  _ _ _ _  _ _ _  
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In this way, should a signigicant system leak develop , the rate
of gate opening could be limi ted so that the gate itself would not be
damaged by opening too rapidly and slamming against the supports on
top of the spiliway .

Item 2

The bascule gate shows minor surface corrosion occurring over approximate-
ly 10 percent of the visible surface area. At the next available oppor-
tunity the enti re gate should recei ve a coat of protective paint.

Item 3
The bascule gate seals in the closed positon leak a considerable amount
of water on the right half of the spillway. This conditi on, while not
objectionable in the summer, could lead to excessive ice build-up on the
ogee and gate in a severe winter which would exceed the ability of the
heaters to control the problem. This would reduce the spiliway capacity.
This leakage would make dewatering of the stilling basin difficult. The
cause for leakage should be ascertained and corrective measures taken.

Item 4

Prior to this inspection , the hydraulic cylinder on the east end of the
bascule gate had developed a small leak at the piston rod seal. Oper-
ation of the gate was not affected, and the leak eventually stopped.
The local operator stated that Allis Cha lmers,the original manufacturer
of the gate, was scheduled to replace the piston rod seal duri ng July
l978(when the reservoir level is down below the concrete crest).

Item 5

The valve chamber sump pump discharge piping was blocked. The pump at
the time of the inspection was temporarily set up to discharge through
a hose into a nearby floor drain. The discharge piping was in the
process of being repaired .

19
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Item 6

The outlet hol low cone valve for the 48-inch by-pass line located on the
left side of the stilling basin had a crack in the operating mechanism
housing. As a result, if lubricating oil were placed in the drip feed
reservo ir, it would run out through the housing . The leak in the housing
should be repaired so that proper lubrication can be provided for the
operating mechanism.

All remaining equipment was in very good operating condi tion and in
excellent state of preservation .

9. Inspection of the Electrical System
The dam is supplied with electrical power by Jersey Central Power and
Light with a 4800V., 3$ overhead line . The line terminates at potheads
on a wood pole and continues with underground cables to a transformer
vault adjacent to the intake bui ldin g . The transformers step the volt-
age down from 4800V. to 240/120V. which then enters the intake building
to a 400 a. main disconnect switch.

Before supplying the main power panel , the circuit passes through a
manua l transfer switch. This transfer switch provi des flexibility so
that the dam can be supplied either by the normal utility line or an
emergency diesel generator.

The main power panel consists of 15 circuits supplying the following
loads:

Circuit No. Descripti on
1 Unit heater 3/4 HP motor
2 Roof exhaust fan 3/4 HP motor
3 Uni t  heater 3/4 HP motor
4 East and West a rmature plate heaters,

3.5 kw. with automatic timer

20
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I
Circuit No. Descripti on

5 Cone Valve #1,2.6 HP motor
6 Cone Va lve #2,2.6 HP motor
7 Air Compressor 5,HP motor
8 Water Supply for diesel generator,5 hp motor
9 Sluice gate #1 operator,3.9 HP motor
10 Sluice gate by-pass operator,3.9 HP motor
11 Sluice gate #2 operator,3.9 HP motor
12 Lighting Pannel
13 Oil pumps,2-5 HP motors
14 Bridge Crane, 20 HP motor
15 Bascule Gate Heater,60.2 kw. wi th automatic

timer

The lighting panel supplied power for al l the lights on the main operating
floor, the three inspection tunnels , outside lighting and sump pump .

The diesel generator is a Jetapower generator set rated at 100 kw., 125
kva., 120/240 volts , 301 a., 60 Hz., 1800 RPM, PF .8, 30 4w. temp. rise
50°C Model #CD-lOOl81Serial #1520-1. The diesel generator was started
and operated for several minutes during the inspecti on. It was observed
during the operation of the diesel generator, that the water supply pump
went on automatically providing constant water circulati on to the system.
The water supply pump stayed in operation unti l the generator stopped.

It was apparent that the original batteries supplied with the generator
had been replaced wi th two larger ones which were located on the concrete
floor rather than in the rack furnished with the generator. It was re-
coninended that these batteries be installed on a rack , keeping them off
the concrete floor.

The control panel for the diesel generator contains a battery charger
which supplies a trickle charge to the batteries while the diesel gene-
rator Is not in use.

21
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The cone valves were operated during the inspection and the sluice gates
were raised and lowered without any apparent difficulty .

The facility had only one sump pump which was in operation during the in-
spection . However , the sump pit has an overflow drain line and in the
event the pump fails , the water level will rise in the pit unti l it
reaches the drain and then flow back into the stilling basin. There is a
portable spare sump pump available at the site which can be installed
for emergency conditions.

The bascule gate on the dam was not operated during the inspecti on. The
gate is operated by a hydraulic system. The gate has two heaters, one
runs through the enti re length of the gate and the other is installed at
each end where the gate comes in contact with the concrete wall of the
dam. The purpose of the heaters is to prevent ice building up where the
rotating parts of the gate come in contact wi th the dam.

The bridge crane , which was located on the main operating floor of the
intake building, was used primarily for lower ing the emergency stop l ogs
or the Broome gate for the cone valves. These gates are located between
the valves and the reservoir. The crane was operated during the inspec-
tion utilizing the controls to indicate the vari ous speeds and modes of
operation.

The lighting in the inspection tunnels was found to be in good conditi on
providing adequate illumination . The lighting in the stairwells, intake
building upper and lower floors was all in good condition .

The alarm system consists only of an alarm to warn of unauthorized entry
into the building. There are no alarms for any of the equipment in the
intake house. The operators make a visual check each day to verify that
all equ ipment is operational .

In general , all the electrical equipment appears to be in good conditi on.
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10. Review of the Geol ogical Setti ng

The general geological setting is shown on Drawing 8, see Plates.

Hornblende granite and gneiss comprise the foundation for the dam. Out-
crops examined on the right abutment indicate that the foliation strikes
nearly due north and dips between 30° west and vertical.

Jointing has broken the rock into varying-sized blocks averaging over
2 feet in the longest direction . Joint planes are parallel and at
diverse angles and dips to the foliation . Joint lengths also vary and
are control led to some degree by the different mineralogy in the gneissic
layers .

Results from previous exploration drilling have defined the foundati on
conditions adequately. The foundation “as-built”drawing indicates that the
stream channel and right abutment sections were excavated to fi rm and
hard bedrock. However, the left abutment excavation line intercepted
“weathered” bedrock as determined from the drilling program . It is
highly likely that the excavati on for the left abutment found good
foundation rock. This discrepancy between the poor rock indicated in
the drill logs and the excavation depth line may be due to a relatively
narrow , weak zone parallel to the foliati on that was penetrated by a
vertical drill hole. A zone(s) of weak rock indicated by drilling may
have received dental treatment during foundation preparati on .

The water-test information on the drill logs indicate that the rock is
relatively watertight. No information was available on the results the
grout curtain program. The drains are relieving a very minor subsurface
flow indicating that the drains are working and that underseepage
quantities are low. No seeps downstream of the dam were observed.

The relatively steep hills along the reservoir show no signs of major
instability problems . The steeply di pping metamorphic rocks are
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favorably oriented against major slides although toppling-type failure
of joint-defined blocks may occur .

The retaining wall structure at the upstream end of the reservoi r is
founded on sands and gravels. No seepage through the foundation mate-
rials was observed.

c. Appurtenant Structures

• River Wall
The Ri ver Wall has been designated at N;J . Darn #00547 and will be the
subject of an independent safety report.

• Reservoi r Area
The reservoir riveris generally gentle to moderately sloping, up to about
4 feet above normal maximum pool level , and moderately steeply sloping
above that. The river of the reservoir is lightly vegetated wi th deci-
duous trees on a relatively shallow soil cover underlain by competent
rock formations. The normal high water reservoi r line is clearly dis-

cernable at approximately elevation 743.5 ± 0.25.

The sedimentati on in the reservoir is said to be light because of the
upstream reservoirs (Canist-l er, Echo Lake, Clinton and Oak Ridge) which
intercept and detain the run-off from the Pequannock River and its
tributaries .

• Downstream Channel
The channel is well defined with a rocky and stony stream bed. There
is no sign of erosion and undercutting of the banks downstream of the
stilling basin.
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The overbank slopes are moderately to steeply sloping , solidly covered
with grass, and at higher elevations , by brush trees. No recent evidence
of water caused damage is visible. A program of controlling excessive
bush and tree growth adjacent to the stream channel is recommended .

3.2 Evaluation

The visual inspection revealed that the dam and appurtenances are in
overall good condition . Conditions which affect dam ’s safety are listed
below:

1. Non-overflow Monoliths:
Through-dam leakage in the horizontal lift joint in
Monol ith 11.

2. Overflow Monol i th:
Eroded and deteriorated lift joint in Monoli th 9 at
elevation 685_690±.

3. Stilling ~3asin:
Unknown condition of the concrete in the floor , chute
blocks and end sill.

4. Bascule Gate
• Deteriorated paint and local rust spots.

• Possibility of sudden bascule gate opening caused
by failure of hydraulic system.

• Leaking operating pi ston rod seal.

• Deteriorated or misaligned gate seals on right
side of gate causing objectionably large volume
of leakage water flowing down spillway when bascule
gate is fully closed.
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5. Miscellaneous:

• Non-functioning automatic pool level recorder.

• A plugged sump pump discharge line leading from
cone valve pit in Intake and Gate House.

• Lack of a recorded daily bascule gate position ,

and calculations of discharges going over the
spiliway.

• Lack of a program to control bush and tree growth
in adjacent area of the stream channel downstream
of the stilling basin.

• Lack of a warning system in case of hydraulic
failure of the bascule actuating system to
visually and audibly warm the dam tender or
water treatment facility operator that the
hydraulic system has failed and that the gate
is lowering. An automatic warning system to
police or civil defense officials in the
downstream comunity of Butler is recommended.

The visual inspection check list is included in Appendix A.

Photographs taken during the site inspection are included in Appendix B.
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S E C T I O N  4

4. OPERATIONAL PROCEDURES

4.1 Proc edures

Charl otteburg Dam was built to increase the fi rm yield of the Pequannock
River basin for water supply purposes and to improve the water quality
before it enters the Pequannock Aqueduct. The existing impoundments ,
prior to construction of Charlotteburg Dam, did not have the proper
impounding capacity in relation to the size of their drainage areas.
As a result, water was wasted over the Macopin Dam before the reservoirs
upstream were filled . Water from the existing dams was transmitted to
Macopin Dam in open channels , wi th the result that the water quality in
the Macopin reservoir was poorer than that on the upstream reservoirs .
With the construction of Charlotteburg Dam a properly sized impoundment
was installed to capture as much water as possible from the Pequannock
watershed. The water quality was maintained by extending the Pequannock
Aqueduct upstream from Macopiri Dam to Charl otteburg Dam , and interposing
a screening chamber and an aeration and chemical conditi oning facility

— along the extension . -

Charl otteburg dam and reservoir are operated and maintained in conjunction
with the screening, aeration and chemi cal treatment facilities downstream
of the dam ax i s. The dam i s visited daily to record wa ter levels.

4.2 Ma intenance of Dam

The dam maintenance consists of a weekly walkthrough of the service and
inspection galleries . Drainage gutters are cleaned out when the neces-
sity is indicated . The area in back of river wall appears to be main-
tained by mowing and maintenance of the paved drainage gutter. The
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stilling basin has never been dewatered for inspection according to
operating personnel at the site.

4.3 Maintenance of Operating Facilities

The dam is visited on a daily basis to read the reservoir gage and to
perform routine lubricating and maintenance on the mechani cal and
electrical equipment. The emergency generator is run once a week to
check its operational readiness. The Broome gate is l owered into all
three 48—inch water passages once or twice ~ year to keep the gate guides
clear and ready for emergency situations.

4.4 Description of any Warning System in Effect

An emergency procedure has been set up for telephonic notification of
officials in Kennelon and Butler in case any unforeseen or unexpected
bascule gate opening occurs that would significantly i ncrease the flow
over Charlotteburg Dam.

4.5 Evaluation

The operati ona l procedures are based on common sens e and are carr ied out
by competent persoriel under the supervision of an experi enced water
supply organization . Operational and maintenance procedures should be
more formalized and documented in line wi th the concern expressed re-
cently over the safety of water impounding structures .

The warning system currently in effect should be improved and made auto-
matic, by actuating a warning system at the dam , at the downstream water
treatment plant, and at the downstream communities of Kinnelon and Butler.
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S E C T I O N  5

5. HYDRAULIC / HYDROLOGIC
5.1 Evaluation of Features

a. Design Data
The Probable Maximum Flood (PMF) hydrograph for the Charlotteburg re-
servoir in this study was obtained by modifying the publish ed PMF for
the Intake Dam on the Pequannock River. The PMF for the Macopin Intake
Dam is published in the “Passaic River Basin - New Jersey and New York -
Survey Report for Water Resources”, dated June 1972, by the New York
District, Corps of Engineers as 16,100 cfs, having a drainage area of
63.7 square miles .

The Charlotteburg Dam PMF peak discharge is calculated to be 14,900 cfs
as compared with 21,000 cfs adopted in the original design of the dam.

The caluclated PMF hydrograph is presented in Appendix D. This PMF
hydrograph has the following characteristics: 

-

Peak discharge = 14,900 cfs
T ime of peak = 47 hours
Runoff = 19.47 inches

No reservo ir rout ing was performed s ince the or igi nal Spi llway Des ign
Flood (SDF) is 1.4 times greater than the calculated PMF.

Accord ing to “Memorandum on Design of Charlotteburg Dam”, dated December
3, 1957 by Parsons , Brinckerhof, Hall and MacDonald , the operating
procedure for the bascule gate is that the gate will maintain its vertical
position and impound waters to elevation 743 except intimes of flood.
During a flood, the gate will remain vertical unti l an elevation between
743.5 and 744 is reached. With increasing flood waters, the reservoir
level woul d tend to rise above this eleva tion. The gate is then
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automatically lowered so that the reservoir level remains between
elevation 743.5 and elevation 744 until the spillway discharge equals
about 11 ,000 cfs; at this point , the gate is completely l owered. Should
the flood flows increase beyond 11 ,000 cfs, the reservoir l evel would
rise until the peak of the flood occurs. For the design maximum pro-
bable flood of 21,000 cfs, the reservoir level would rise to a maximum
elevation of 747.1 feet. As the flood recedes, the gate will remain
in the lowered position until the reservoir level returns to an elevation
between 743.5 and 744, at which time the gate will automatically start to
rise to maintain this elevation. At the end of the flood , the gate will
once again be vertical and the reservoir full.

The bascule gate consists of a steel torsion cylinder extending the full
length of the spiliway with steel ribs attached at intervals supporting
the plain steel skin on the upstream side. The torsion cyl inder extends
through armature plates at each end of the gate. The control mechanism
is located in the gate chamber. Seals are provided at the end and
bottom of the gate so that watertightness is obtained in the vertica l
position. Electric heaters prevent freezing of the seals. The operating
mechanism and controls are hydraulically operated and consists of steel
hydraulic cylinders designed for oil pressure not less than 500 pounds
per square inch. The oil pressure pumping system consists of dupl icate
motor driven oil pumps complete wi th pressure switches and anaccumulator
sized to hold the gate in position for 24 hours after the loss of electric
power supply. While the gates are normally operated automatically, con-
trols have been provided for manual operation . Failure of the operating
mechanism will cause opening of the gate resulting in the maximum spi l l—
way capacity .

In the origina l design, probable maximum rainfall values were taken from
Hydrometeorological Report #33 with the following distributions :
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Duration of Storm Maximum Probable Rainfall

Hou rs Inches
3 18.4
4 20.9
12 23.7
24 25.7

An initial loss of 0.3 inch and an infiltration loss of 0.02 inch per
hour were used to determine the runoff producing rainfall.

A one-hour unit hydrograph was derived from analysis of the records
availabl e for the floods of October 1903, March 1936 and August 1935 for
the entire drainage area and adjusted for application to the area upstream
of the Charlotteburg Dam. However, this unit hydrograph has not been
included in the design report.

The Reservoir Inflow Hydrograph for the probable maximum flood was obta ined
by applying the unit hydrograph to the maximum probable rainfall for the
storms of 3, 4, 12 and 24 hour durations with initial and infiltration
losses rates as mentioned earlier. This PMF inflow hydrograph is given
in Appendix 0. The peak discharge is 21 ,100 cfs.

The routing of the PMF through the reservo ir, according to the same design
memorandum, indicates the maximum outflow through the spiliway is 20,500
cfs with the reservoir elevation at 747.1.

b. Experience Data
Records of daily reservoir stage level are maintained since the reservoir
was in opreation since 1961. The reservoir water l evel usually is lower
than 743 , with only a few occasions where the water level in the reservoir
was above 743.25. There is not any record of the water surface exceed i ng
elevation 744 .
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Stream flow records of the U.S. Geological Survey indicate that the
maximum recorded discharge over the Macopin Intake Dam was about 6,,100
cfs and occurred on October 10, 1903. Charlotteburg Dam spiliway was
designed to pass safely a probable maximum flood ‘inflow ” of 21 ,100 ci S
which is considerably greater than the 1903 flood , and the probable
maximum flood inflow of 14,900 cfs calculated in this report. The 1903
flood was the most severe of record on the Pequannock River watershed.

c. V isual Observa tions
It was noted that the automatic level recorder inside the gate chamber
was not functioning and all the water level readings were taken manually
in the reservoir. The sedimentation does not appear to be excessive and
recent developments in the drainage basin should not cause an increase in
the sediment load.

The channel immediately downs tream of the dam poses no apparent hazards
to the safety of the dam or to the stilling basin. However, cleaning of
the brush and small tree growth along the river channel is recommended .

d. Overtopping Potential
Since the flood inflow used in the original hydrologic and spiliway design
is significantly greater than the PMF, the overtopping potential of the
Charlotteburg Dam i s extremely remote.

e. Reservo ir Drawdown
The reservoir drawdown below the spiliway crest elevation 738.0, is accom-
plished by permitting discharge through the 48-inch steel blowoff pipe
into the stilling basin and through he 54-inch water supply pipe which
discharges approx imately 1,500 feet downstream at an approximately invert
elevation 670.0. Assumi ng drawdown to the top of this outlet pipe at the
dam which corresponds to eleva tion 679.5, and an infl ow rate of 107.4 cfs
(2 cfs/acre) the total drawdown time is approximately 16.8 days. Assuming
no inflow into the reservo ir, the drawdown time is reduced to approximately
11.6 days.
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S E C T I O N  6

6. STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Vi sual Observati ons
The features determining the stability of a gravity dam are the drain-
ag~ and grouting details designed to limit seepage under the dam and the
uplift forces under it. In the case of Charlotteburg Dam a cut-off
grout curtain has been provided together wi th a dri l led drainage system
downstream of the grout curtain. The amount of seepage water entering
from the drainage hol es is a measure of the efficiency of grouti ng
curtain. As observed , the amount of water emanating from the drains
in the right non-overflow and spiliway sections is very low, estimated
at between 3to 5 gallons per minute , which included leakage from
vertical monolith drains. In the left non-overfl ow secti on, there was
virtually no drain water in the gutter. These signs indicate that the
curtain grouting program was effective in cutting off the reservoir
head water and that the drains are limiting uplift according to the
design assumptions .

b. Design and Construction Data
A summary of desi gn stability loading cases and results was available
for review . The loading cases analysed in the design are given below :

1. Spiliway Section

Case 1: Dead weight of dam , reservoir empty, earthquake
acting in the upstream direction (0.lg).
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Case 2: Deadweight of dam, reservo ir level at elev ati on
736.0, ice sheet 2—foot thick floating on top
of elevation 736, no taliwater, two thirds head
water uplift , backfill to elevation 668.

Case 2a: Same as Cas e 2, but earthquake forces added in
the downstream direction (O.lg).

Case 3: Deadweight of dam, reservoir at elevation 747
(spillway design flood), tailwater at elevati on
676, two thi rds head water uplift, full tail-
water uplift backfill to elevation 668.

2. Non-overflowSection (Bulkhead Section)

Case 1: Same as for Spiliway Secti on,

Case 2: Deadweight of dam , reservoir leve l to elevation
741.0, ice sheet 2-foot thick floating on top of
elevation 741.0 (full pool condition), no tail-
water , two thirds head water uplift , backfill to
elevation 695.

Case 2a: Same as Case 2, but earthquake forces added to
the downstream directi on (O.lg).

Case 3: Deadweight of dam, reservo ir level at eleva tion
747.0, tailwater at elevation 671.4, two thirds
head water up lift,backfill to elevation 695.
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The resul ts for the max imum sec ti on analysed are gi ven below :

SDillway Section: Analysis for a horizontal plane at elev. 643.0.

Case 1 Cas e 2 Case 2a Case 3
Ver tical Stresses , psi

Upstream face - 21.5 -9.3 3.0
Downstream face - 67.0 95.5 67.5

Resultant in Middle 1/3 1/3 1/2 1/3
Sliding Factor ~.H/~~:V 0.1 0.53 0.805 0.80
Shear Friction Factor 33.0 8.0 5.2 6.15of Safety

Non-overflow Section

Vertical Stresses , psi
Upstream face - 12.5 -7.2 4.7
Downstream face - 73.5 92.3 73.5

Resultant in Middle 1/3 1/3 1/2 1/3
Sliding Factor .~ -H/ ~~y 0.1 .578 0.762 0.673
Shear Friction Fact. 36.5 7.25 5.55 6.75of Safety

Notes on Stability Computations:

1. The maximum reservoir elevation assumed, elevati on 747.0 ,
is conservative since it was predicated on a SDF of
20,500 cfs. The SDF calculated is 14,900 cfs~r e su l t in g
in a maximum pool elevation of approximately 745.5.

2. According to the original NJ-DEP design review , the assump-
tion of a 2-ft. sheet of ice exerting 10 kips per foot is
conservative, since ice pressures of this magnitude are not
usually considered in these geographical locations .

_ _ _ _ _ _  ~~~~~~~~ ~~~~~~~~~II~~~
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3. The uplift assumption of 2/3 head water at the heel
of the dam)varying linearly to full tailwater is fully
justified in view of the grout curtain and downstream
drainage holes drilled from the inspection gallery ,
and the open , ungrouted monol ith joints .

4. Seismic analysis included 0.lg earthquake forces on
the dam concrete and reservoir water. The dam is
located in a Zone I Seismi c Region for which seismi c
loadings are usually not considered.

5. The sliding factors for the maximum pool condition
at elevation 747 are given as 0.80 for the spillway
section and 0.673 for the non-overfl ow section .
Assuming that the contact place between dam and the sound
rock formation has an internal angle of friction 0 = 450 ,

whereby tan 0 is equal to unity , the calculated safety
factors against sliding are 1.25 and 1.33 respectively.
These factors are considered acceptable for the
condition listed.

6. The shear friction factor of safety listed are in
excess of the minimum factor of 4 required by the
Corps of Engineers. In computing the shear friction
factors of safety, a unit shearing strength value
of 125 to 150 psi has apparently been used which is
considered acceptable.

7. The actual foundation elevati ons of the as-built dam
correspond closely to the maximum design sections
analysed.
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8. . The stability calculations were spot checked, and
reasonably close agreement was arrived wi th listed
values in the design stability summary.

In summary, the stability analyses were carried out according to current-
ly accepted loadings and satisfy currently accep table cri teria. Con-
servative assumpti ons were used in regard to the pressures and seismic
loadings .

c. Operating Records
As far as is known ,the max imum reservo ir level has never reac hed level
above elevation 743.4. An interview with the Chief of Water Plant
Operation disclosed that the leakage and seepage observed in the inspec—
tion gallery is typical of the condition s since the completi on of the
dam. No records have been kept of seepage and leakage vol umes to
document his claim.

d. Post Construction Changes
There are no known post construction changes that affect the stability
of the dam.

e. Seismic Stability

Even though the dam is l ocated in Zone 1 Seismic Probability Region
which does not require seismic loadings analysis , it was analysed by
the designer for 0.lg pseudo static seismic load and satisfied conven-

tional stability criteria under these loadings.
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S E C T I O N  7

7. ASSESSMENT / REMEDIAL MEASURES

7.1 Darn Ass essment

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

• The geol ogic formation on which the dam is built is
competent and , in combination wi th the curtain grouting
and drainage holes installed , has effectively produced
a tight headwater barrier. No signs of unusual
foundation leakage could be detected visually .

• The hydrologic investigati ons have determined that
the spillway design flood used is in excess of the
PMF by about 38 perce nt. (SDF 20,500 cfs;PMF 14,900 cfs).

• The review of stability investigations showed that
acceptable loadings cases have been considered and
that the results of these loading cases meet currently
acceptable stability cri teria. The stability cri teria
have been met on the assumption that the concrete and
rock have a minimum internal fricti on angle 0 of 45
degrees and that the unit shear strength of concrete ,
rock and their mutual interface have a unit shear ing
strength of at leas t 150 pounds per square inch.



- .  .

• The automatic bascule gate could l ower in a short time
span in case of a hydraulic piping system failure. 

-

If the reservoir is full at the time of such a
hypothetical failure , the stream flow would exceed
the flood of record by approximately 85 percent.
Such high stream stages, starting suddenly and
possibly without adequate warning could result in
property damage and possibly loss of life downstream.

It is recommended that the owner , in concert wi th the manufacturer
of the gate, devise a suitable modification to the gate operating
mechanism to prevent the sudden opening of the gate in case of hydrau-
lic piping failure. It is further recommended that until such a modi-
fication is installed , that the reservoir level be maintained at a
lower elevation.

For preliminary evaluation purposes, it has been assumed that sudden
stream flows exceeding the current 50-year river flow would be dangerous
to downstream residents. For the Pequannock River , the 50-year discharge
at Mocop in Reservo ir i s 4,000 cfs. The corresponding head on the spill-
way of Charlotteburg Dam required to pass 4,000 cfs is approximately 3.2
feet, assuming the gate is in the fully lowered position by failure of

its hydraulic operating system.

Accordingly, it is recommneded that the reservoir be maintained at no
higher than elevation 741.2 until the gate has been modified to prevent
its sudden opening by failure of its hydraulic piping system.
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Other recomended actions are:

1. Non-Overflow Monoliths:
Investigate through dam leakage in horizontal
lift joint in Monol i th 11 and formulate plan
for corrective action.

2. Overflow Monolith:
Repair lift joint in Monolith 9 at elevation
685_690±.

3. Stilling Basin:
Dewater basin and inspect floor, chute blocks
and end sill for erosion of concrete surface.
Inspect and determine if repairs are required .

4. Sascule Gate:

• Repaint gate.

• Repack operating piston rod seal to prevent
loss of hydraulic fluid.

• Check bascule gate seals on right side of
gate to eliminate objectionably large volume
of leakage water flowing down spillway when
bascule gate is fully closed.

5. Miscellaneous

• Repair automatic pool leve l recorder.

• Restore plugged sump pump discharge like
leading from cone valve pit in Intake and
Gate House.
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• Record daily bascule gate position and
calculate and record discharges going over
spillway.

• Initiate a program to control bush and tree
growth in adjacent area of the stream channel
downstream of the stilling basin.

• Install a warning system in case of hydrauli c
failure of the bascule actuating system to
visually and audibly warn the dam tender or
water treatment facility operator that the
hydraulic system has failed and that the gate
is lowering . An automatic warning system to
police or civil defense officials in the
downstream community of Butler is recommended.

b. Adequacy of Information
Additional information desirable to fully evaluate the safety of the
Charl otteburg Dam are:

• Grouting records for the main dam both for curtain
grouting and contact grouting.

• Analysis of rock cores taken at the main dam site
to verify the assumed angle of friction , unconf ined

• compressive strength and unit s~ earing strength .

Outside of these items , the information uncovered duri ng the current
investigation appears adequate.

c . Urgenc y
The recommended actions based on the visual examination are listed in
above. Of these, an automatic warning system is case the bascule
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gate lowers due to hydraulic piping failure is considered the mos t
urgent. The installation of visibl e and audible alarms to the dam
or treatment plant operators, in case of such a failure , should have
the highest pri ori ty, together wi th installati on of an automatic warning
tie line to police and civil defense officials in the downstream
colmiunity of Butler. These modifications should be completed wi thin
6 months.

• The reservoir level should be drawdown to elevation 741.2
immediately and maintained at that maximum level until
modifications to the bascule gate are completed.

• The modifications to the bascule gate should be formu-
lated within 6 months and implemented within 12 months.

• All other recommneded actions should be implemented
wi thin 12 months.

d. Necessity for Further Investigations
From the standpoint of dam safety wi th regard to the adequacy of the
hydrologic design data used and the procedure and methodol ogy in den -
ving the spillway design floods , routing of the PMF and the capability

- 
- 

of the flood di schar ge structures , the Charlotteburg Dam is safe from
overtopping due to a probable maximum flood infl ow into the reservoir.

Since the Chanlotteburg Dam has a hydrologic capability which exceeds
that requi red by the Corps , it is our opinion that the hydrologic risk
failure of this structure as a result of overtopping is extremely
minimal.

From the standpoint of stability , the owner should be asked to submi t
further geologic and foundation grouting data that could veri fy the
assumptions made tothe stability analysis.
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Further investigations should be made by the owner to ascertain the
causes of the through-dam leakage observed in Monolith 11.

Additional investigations to the extent described above are recommended .

7.2 Remedial Measures

a. Al ternati ves
The recommneded actions listed in Section 7.1 - a., should be considered.
There are no recommneded alternatives.

b. 0 & M Procedures

Existing 0 & M procedures should be formalized into a peri odic 0 & M
check list and log. Items covered in suc h a list should be:

• All mechanica l and electrical equipment

• Foundation drains

• Seepage and leakage surveys at monol i th and lift joints

• Surveys of concrete surfaces for surface deterioration
and/or crac king. The stilling bas in floor shou ld be
included in this survey at a 5 to 10-year interval.

It is recommended that the owner formulate an appropriate 0 & M check
list and log.
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PHOTOGRAPHS -

PHOTOGRAPHS TA KEN DURING MAY 1978
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CHARLOTTEBURG DAM
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Photo 1 - View of spiliway and bascule crest gate
- looking toward ri ght abutment
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Photo 2 - Close-up of bascule crest gate in fully
.1. closed positio n
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CHARLO TTEBURG DAM
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Photo 3 - Stilling bas in and right still ing basin
wall
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Photo 4 - Downstream end of right stilling basin wall ;
end sill and baffle blocks are submerged by
norma l tailwater 
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CHARLOTTEBURG DAM
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Photo 5 - Spillway , ri ght abutment and right stilling
basin retaining wall. Note wet spot on
dow ns tream face of non-over flow monol i ths
indicating poor lift joint
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Photo 6 - Close-up of wet spot on
monolith 11 indicating
leakage through bad
hor i zonta l li ft joint
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CHARLOTTEBURG DAM

Photo 7 - Left sti ll i ng basi n wall showin g recess for
3O~inch diameter hol low cone valve from 48-inch
di ameter by-pass line (left) and 24-inch diameter
hollow cone valve for drainin g of 54-inch diameter
raw water line (right)
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Photo 8 - Upstream view of left abutment, showing the
In take and Gate House
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CHARLOTTEBURG DAM
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Photo 9 - General view of dam from downstream

~

Photo 10 - Sp illway l ooking toward right abutment
showing poor li ft joint in monolith 9
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CHARLOTTEBURG DAM
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Photo 11 - Ri ver Wall - General v iew of Ri ver Wal l
l ooking upstream and north-west along the
Pequannock Ri ver
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Photo 12 - River Wall — Leaking
vertical monolith joint
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CHARLOTTEI3URG DAM

Li
I ____ Photo 13 - Spiliway bascule gate

actuating cylinder on
• 1 left abutment

Photo 14 - Valve shaft and 30-inch diameter cone valve
on right side 48-inch diameter pass of raw
water l i ne ; look i ng upstream
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CHARLOTTEBUR G DAM
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Photo 1 5 - In take and Gate House - Overhead crane for
li ft i ng of emergency Broome Ga te

IH 
-

,

Photo 16 - Intake and Gate House -Floor at Elevati on 750.5,
Broome gate f or emergency closure of the twin
48-inch raw water passes and the 48-inch by-pass
line . Lifting beam for the Broome gate is stored
below the floor at elevation 750.5.
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CHARLOTTEBURG DAM

•.. -

Photo 17 - Intake and Gate House-Floor at elevation 750.5,
Motor operated 48-inch slide gates downstream
of the 30-inch diameter cone valves for closure
of the twi n 48-inch passes of tne 54-inch raw
water l ine
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Photo 18 - Intake and Gate House -Floor at elevati on 750.5,

Emergency motor generator set
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CH.4RLOTTEBURG DAM
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Photo 19 - Lower Inspection Gallery - Typical joint drain;
look ing upstream at joint (to left of drain)

Photo 20 - View of downstream channel below darn; stony
invert, well defined overbank valley
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APPENDIX C

SUMMARY OF ENGINEERING DATA
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CHECK LIST
HYDROLOGIC AND HYDRAULIC DATA

ENGINEERING DATA

Name of Dam: CHARL OTT EBtJR G DAM

Drainage Area Characteristics: On Pequannock Ri ver with drainage area of
56.3 square miles

Elevation Top Normal Pool (Storage Capacity): 743

Elevation Top Flood Control Pool (Storage Capacity): Not provided

Elevation Maximum Design Pool : 748

Elevation Top Dam: 750 (Length 675 ft.) 
—

SPILLWAY CREST:
a. Elevation 138
b. Type Concrete overflow, ogee weir wi th bascule gate

c. Width Bascule gate is 5 feet total width

d. Length 200 ft. 
-

e. Location Spillover Center of gravity dam
f. No. and Type of Gates One bascule gate 5 ft. by 200 ft.

OUTLET WORK:
a. Type 48”ø steel pipe biow off and one 54”Ø steel pipe for water supply

b. Location Gate chamber on left abutment next to spiliway crest
c. Entrance Inverts 675.0 —
d. Exit Inverts 674.0

e. Emergency Draindown Faciliti es 48-inch steel pipe blow-off line with
30-inch hollow cone valve discharging into st~llin gbasfnHYDROMETEOROLOGI CAL GAGES:

a. Type USGS gaging station 3825.0 Water level recorder

b. Location Pequannock Ri ver at Macopin Intake Dam (8000 ft. from Char-
c. Records January 1898 to current year lotteburg

MAXIMUM NON-DAMAGING DISCHARGE Not available
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Ui 
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- - S S MAIN OVEKI-LUW
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2 U 721.33 0. 0. 4 72 ,
U.

- 
2 12 717,’49 0. 0.
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DISCHARGE UISCHA HbL UISCHAXGE

• DAY I-~r~ CFS FT CFS CFS CFS

0.

• 9 683 ,26 0 . 
. U. 145.

0 .
9 1~~ 682. 17 0 . 0. 119 .

$ 0.
LU 681,26 - 0 . 0. . 97.

0.
• i~ 1~ - 

6ao, s6 0, 0. 78.
0.

LI 0 - - 679 ,97 0, 0. 63.
• 0.

Al 679, 50 0, 0. 1
~1,

* * * * 4 * 4 *  * * * * $ *4*  * * * * * * * * *4*  * *4*  * * * *  a * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
SL~ V~~I~ ELEVAT iON WENT Ui~cjER MiNIMUM WATERSURFACE ELEVA 1I O’~

• AF1E-R 11 0~~ s AND 12 HOURS

TJ IA , . .  1I~~~LO~~ VULULIE 
5 5 

o .  A C F T

• T U IA L ~i~~CriARuE VOLUI’1[ - 73j 9,

$ M~ XIi’s%J r-i iiAT1,~ SU1IFACE ELEVA t IO N 738,00 Fl

- 5-5 - 55-- S S
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MAX IP.u~. TOTAL DISCHARGE 533. CfS S

. 
S

• r - •  • • - -:. - = ——-— i
~~ 

I •~~~I j j  -_______

- - 5-- - 5 S S - - - S ~~~~~ 5 s 5~

- - — ---55 .S - 55- —- --S ~~~~~~~~~~~~~~~~~~~~~~~~~~ S - ~~~ ~~~~~~~~~ - -~~~



• 5 • 5~5 5 5 5~~~5 5 5 ~ . 555 5 ~ 5~ 

S

FL’~)OU R J U 1 L I~G siuuY 24
4* 4 * 4  *4 *4  *~~ 4 4 4 4 ,~ $* *.

PAI ,E
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S DISCHARGE u1ScHAH~ t- DiSCHARGE .

OAT 11. FT CFS CFS CFS
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1 12 727.~~~ Cs, 0. ‘497,

~ 07,

• 2 U 72k .66 0. 0. LiBä ,
1U1.
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~
1j.. A .IIJI LOW IQSk t~VojIt  EL SI- ’tLL WA Y SPILLWA Y Outlet

DI~ CHARGL DISCH A K(~iL DISCHARGE

• UMY i-IR CFS Fl LFS CF~~

1u~i.

* 9 U 691,98 0, 0. 296.
iOT. S

9 12 690,149 0-. 0. 278.
• I V  S 689,1~ - a, 0. 259,

107.
• LU 12 667 ,97 0. 0. 240.

107.
ii a b86 .9~1- o. 0. 222,

• 107. 
-

11 12 6d6.Ob 0, 0. 206.
tO? .

$ 1c~ 0 685, 30 U. 0. 19~.1.

£2 - 
6dt+,66 0. 0. 177.
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$ iS 12 - 633,70 0. 0. 1 5 .
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6ó3.3~l 0. 0’ 1146.
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- 14 12 b85,014 0, U. 139 .
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• lb 12 682, 29 0. 0’ 122.
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• 17 U 682 ,18 5 0, 0. 119,

• - 107. S S
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P 18 C - 682.02 0. o’ 115.
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O Cr1~~~~E UISCH~ RbL DISCHAR GE

OAT Hi”. LFS FT CFS Cl -S CFS

-LU?.
20 12 681, 81 0 . 0’ 110.

107.
21 0 681 ,79 0 , 0. 109,

107.
12 681.78 - S _ S O .  o. 109,

107.
22 0 

- 

- 681.76 - - 0. o. 109.

107.
22 12 

5 

681,75 0. 0. 108.
107 , -

25 (1 681,714 o , 0. 108.
107 ,

12 631,73 0, 0. 106.
107,

24 0 
- 

681,73 0. 0’ 108.
107.

24 12 681,72 0, (1. 108.
107 .

2s 6 681.72 0, o. 107.
107 ,

25 1~ 681,71 0. 0’ - 
1(11.

- 107. S 
-

C 681,71 0. 0. 107 ,

107,
12 682 ,71 0. 0. 107.

LOT .
27 u 681,71 0, 0. 3 ( 7 .

101. -

27 14 5 681,72 0, 0. 107.
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lO P S. 5
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