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O DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT. CORPS OF ENGINEERS

1,

i. NIPLY NI,,. ~O

NAPEN-D
12 SEP 1979

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

Dear Governor Byrne:

Inclosed is the Phase I Inspection Report for Lake Parsippany Dam in
Morris County, New Jersey which has been prepared under authorization
of the Darn Inspection Act, Public Law 92—367. A brief assessment of
the darn’s condition is given in the front of the report.

Based on visual inspection, available records, calculations and past
operational performance, Lake Parsippany . Dam, initially listed as a
high hazard potential structure, but redtic’ed to a significant hazard
potential structure as a result of this inspection , is judged to be in
fair overall condition. Lake Parsippany Darn is one of three
embankments that impound Lake Parsippany. In addition to the darn, Lake
Parsippany Dyke No. 1 and Dyke No. 2 impound the lake. The darn’s
spillway is considered inadequate since 83% of the Spiliway Design
Flood —SDF— would overtop the darn. (The SDF, in this instance, is
equal to one—half the probable maximum flood.) To insure the adequacy
of the structure, the following actions, as a minimum, are recoamended:

a. The spillway’s adequacy should be determined by a qualified
professional coniultant 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 spillway and to prevent overtopping should be initiated
within calendar year 1980.

b. The following remedial actions should be completed within six
months from the date of approval of this report:

(1) Trees, brush and weeds should be removed from the
embankment and an adequate ground cover established.



NAPEN-D
Honorable Brendan T. Byrne

(2) Riprap on the upstream face of the darn should be
thoroughly renovated to form a uniform surface and provide adequate
slope protection.

(3) The darn crest should be protected from pedestrian traffic
by an appropriate surfacing.

(4) The deteriorated concrete spiliway, wingwalls and apron
surface should be thoroughly inspected and repaired.

(5) Repair the railing and steps of the walkway over the
spiliway where necessary.

(6) Trees and debris in the downstream channel and the outlet
works discharge channel should be removed.

(7) Measures should be taken to allow the low area at the
downstream toe of the dam at the bend point to drain property.

c. The owner of the dam should initiate a program of periodic
inspection and maintenance, the complete records of which should be
kept on file. A visual inspection should be made annually and reported
on a standardized check—list form. Repairs should be made as required
and necessary maintenance should be performed annually.

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

Additional copies of this report may be obtained from the National
Technical Information Services (NTIS), Springfield, Virginia 22161 at
a reasonable cost. Please allow four to six weeks from the date of
this letter for NTIS to have copies of the report available.
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NAPEN-D
Honorable Brendan T. Byrne

An important aspect of the Darn Safety Program will be the

implementation of the recoemendations made as a result of the

inspection. We accordingly request that we be advised of proposed

actions taken by the State to implement our recommendations
.

Sincerely,

l lncl A~ES G. TON

As stated olonel, Corps of Engineers
District Engineer

Copies furnisheâ
Dirk C. Rofiun, P.E., Deputy Director
Division of Water Resources
N.J. Dept. of Environmental Protection

P.O. Box CN029
Trenton, NJ 08625

John O’Dowd, Acting Chief
Bureau of Flood Plain Management
Division of Water Resources
N.J. Dept. of Environmental Protection

P.O. Box CN029
Trenton, NJ 08625
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LAKE PARSIPPANY DAN (NJ00355)
-I.

CORPS OF ENGINEERS ASSESSMENT OF GENERAL CONDITIONS

This darn was inspected on 23 April 1979 by Storch Engineers under
contract to the State of New Jersey. The State, under agreement with
the U.S. Army Engineer Distric t, Philadelphia , had this inspection
performed in accordance with the National Dam Inspection Act , Public
law 92—367.

Lake Parsippany Darn, initially listed as a high hazard potential
structure, but reduced to a significant hazard potential structure as
a result of this inspec tion , is jud ged to be in fair overall
condition. Lake Parsippany Dam is one of three embankments that
impound Lake Parsippany. In addition to the dam, Lake Parsippany Dyke
No. I and Dyke No. 2 impound the lake. The dam ’s spillway is
considered inadequate since 83% of the Spil iway Design Flood —SDF—
would overtop the darn. (The SDF, in this instance, is equal to
one—half the probable maximum flood.) To insure the adequacy of the
struc ture , the following ac tions, as a minimum, are recommended:

a. The spillway’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 sp illway and to preven t over topp ing should be
ini tiated within calendar year 1980.

b. The following remedial actions should be completed within six
months f rom the date of approval of this repor t:

(1) Trees , brush and weeds should be removed from the
embankment and an adequate ground cover established.

(2 )  Riprap on the upstream face of the dam should be
thoroughl y renova ted to form a uniform surface and provide adequate
slope protection.

(3) The dam crest should be protected from pedestrian traffic
by an appropriate surfacing.

(4) The deteriorated concrete spiliway, wingvalls and apron
surface should be thoroughly inspected and repaired.

(5) Repair the railing and steps of the walkway over the
sp illway where necessary.

(6) Trees and debris in the downstream channel and the outlet
works discharge channel should be removed.
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(7) Measures should be taken to allow the low area at the
downstream toe of the darn at the bend point to drain property.

c. The owner of the dam should initiate a program of periodic
inspection and maintenance, the complete records of which should be
kept on file. A visual inspection should be made annually and
reported on a standardized check—list form. Repairs should be made as
required and necessary maintenance should be performed annually.

APPROVED ,
“ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~

SG. TON
olonel, Corps of Engineers
District Engineer

DATE:_____________________
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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

Hame of Dam: Lake Parsi ppany Dam, N.J.00355
State Located: New Jersey
County Located: Morris
Drainage Basin: Passaic River
Stream: Eastmans Brook
Date of Inspection: April 23, 1979

Assessment of General Conditi on of Dam

Based on visual inspection , past records and Phase I eng ineering analyses,
Lake Pars i ppany Darn is assessed as being in fair overall condition .

- Based on Investigations of the downstream flood plain made in connection
with this report, it is recommended that the hazard potential classification
be downgraded from high to significant hazard.

Hydrdulic and hydrologic analyses indicate that the spillway is inadequate.
The spiliway is not capable of passing the designated Spillway Design
Flood (SDF) wi thout an overtopping of the dam . (The SDF for Lake Parsippany
Dam is equal to one-half the probable maximum flood.) The spillway Is
capable of passing approximately 41 percent of the probable maximum
flood or 82 percent of the SDF.

Therefore, the owner should engage a qualified professional engineer in
the near future to perform accurate hydraulic and hydrologic analyses
relating to spiliway capacity. Based on the findings of the analyses,
remedial measures should be undertaken to correct the inadequate condition
of the spiliway . One possible remeial measure to be considered Is a
regrading of the entire dam to form a level crest wi th elevation equal
to 297.0 whic h is the original design elevation of the dam crest.
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Trees and brush on the embankment should be removed in the near future.

Ri prap on the upstream face of dam should be thoroughly renovated in the
near future to form a uniform surface and provide adequate slope protection.

The spillway , wingwalls and apron surface are in deteriorated condition.
In the near future they should be thoroughly inspected and renovated by
sand blasting , patching , grouting and coating wi th epoxy.

The railing and the steps of the walkway are in hazardous condition and
should be repaired in the near future.

Trees and debris in the downstream channel should be removed in the near
future.

Measures shoul d be taken in the near future to allow the low area at the
downstreain toe of darn at the bend point to drain properly.

The owner should , in the near fu ture, implement a program of periodic
inspection and maintenance for the dam. Repairs should be made as
requ ired and the following maintenance should be performed annually:
remove adverse vegetation from the embankment and fill and sod any
eroded surfaces and clear the downstream channel . The current practice
of lowering the lake for maintenance purposes should be continued and at
least once every five years the lake should be lowered completely at
which time the lake should be cleaned and submerged portions of the dam
and spillway inspected and repaired.

Lake Parsi ppany Dam is one of three embankments that impound Lake Parsippany.
In addi tion to the dam, Lake Parsippany Dyke No. 1 and Dyke No. 2 impound
the lake . Remedial measures to correct the inadequate condition of the
spiuiway of Lake Parsippany Dam should be performed in conjunction wi th

ti
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remedial measures for the two dykes as specified in the “Phase I Inspection

Report, National Dam Safety Program fo1 Lake Parsippany Dyke No. 1,

Morris County, New Jersey, Fed. Inventory Number NJ00356,” dated June 1979.

Richard J.- McDermott, P.E.

(2L~~I6~John E. Gribb in , P.E.
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PREFACE

This report is prepared under guidance contained in the Recommended
uuiciel ines for Safety Inspect ion of Dams , for Phase I Investigations.
Copies of these ~juidelines may be obtained from the Office of Chief
of ulu ineers , Washington , D.C. 30214. The purpose of a Phase I
Investi gation is to ntify expeditiously those dams which may
pose hazards to human life or property . The assessment of the
yenerdi condition of the dam is based upon available data and
visual inspections. Detailed investigaticn , and analyses involving
topographic mappin g, subsurface investigations , testing, and detailed
compu tational evaluations are beyond the scope of a Phase I investigation ;

• however , the investi gation 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 wi th data available to the inspection
team . It is important to note that the condition of dam depends on
numerous and constantly changing interna l and external conditions ,
and is evolutionary in nature . It would be incorrect to assume
that the present condition of the dam will continue to represent
the conaition of the dam at some point in the future. Only through
continued care and inspection can there be any chance that the
unsafe conditions be detected .

Phase I inspections are not intended to provide detailed hydrologic
ana hydraulic analyses. In accordance with the established Guidelines,
the Spillway Test flood is based on the estimated “Probable Maximum
Flood~ for the region (greatest reasonably possible storm runoff),
or fractions thereof. The test flood provides a measure of relative
spillway capacity and serves as an aid in determining the need fc:
more detailed hydrologic and hydraulic studies, considering the
size of the dam , its general conditi on and the downstream damage
potential .

vii



PHASE I INSPECTIO N REPORT
-

• NATIO NAL DPJI SAFETY PROGRAM

LAKE PA RS IP~A NY DAM , I.P. NJ00355

SECTIO N 1: PROJECT INFORMATION

1.1 General

a. Authority

Public Law 92—367, August 8, 1972 authorized the Secretary of
the Army , throug h the Corps of Eng i neers , to initiate a Nationa l
Program of Dam Inspection throughout the Un i ted States. The
Div i s i on of Wa ter Resources of the New Jersey Depar tmen t of
Env ironmental Protection (NJDEP) in cooperation wi th the
Philadelphia District of the Corps of Eng i neers has been
ass i gned the responsibility of supervising the inspection of
dams wi thin the State of New Jersey . Storch Engineers has
been retained by the NJDEP to inspect and report on a selected
group of these darns . The NJDEP is under agreement with the
Philadelphia District of the Corps of Eng ineers.

b. Purpose of Inspection

The visual inspection of Lake Parsippany Darn was made on
April 23, 1979. The purpose of the inspection was to make a
general assessment of the structural integrity and operational
adequacy of the dam structure and its appurtenances.1
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1.2 Description of Project

- ø
a. Description of Dam and Appurtenances

La ke Parsippany Darn is an earthfill darn with a free overflow
concre te weir spillway . Two rectangular notches are located
i n the wei r. Dry we ather ou tfl ow can be controlle d by two

• steel flashboards acting as stoplogs when placed in each notch
(one in place during inspection).

• The earthfi l1 embankment is 13 feet high at the outlet works -

and about 800 feet long wi th its crest at elevation 296.0
(N.G.V.D.). The embankment crest varies from 8 feet to 13
feet wide . Both the upstream and downstream slopes are about
2.5 horizontal to 1 vertical. The embankment is covered with
s parse grass and trees ‘and brush growth . The upstream slope
is covered with riprap with a concrete cap.

A concrete corewall is l ocated within the embankment for its
entire length. The top of the embankment is seriously eroded.
At some locations the corewall is exposed as much as 0.3 feet.

Discharge from the spiliway flows into a channe l 40 feet wide
with bank slopes of 1:4 on both sides. It then flows through
two 42—inch reinforced concrete pipes under a local road
(Halsey Road) and continues for about 600 feet before crossing
un der Interstate Route 287.

The outlet works consists of a 24—inch cast i ron pipe controlled
by a lift gate located in a reinforced concrete manhole.

2
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A timber pedestrian walkway spans the full length of the

spiliway. It is supported by the two concrete wingwal ls and a
concrete center pier. The bottom of walkway is approxima tely
3 to 3.5 feet above the spiliway crest.

Lake Pars-ippany Darn is one of three ernbankments that impound
Lake Parsippany . In addition to the darn , Lake Parsippany
Dyke No. 1 located to its west and Dyke No. 2 located to its
east impound the lake. Each of the three embankments has
crest elevation equal to 296.0.

b. Location

Lake Parsippany Dam is located in the Township of Parsippany—Troy
Hills, Morris County , New Jersey. The east/west oriented dam
impounds Lake Parsippan ’y which is the recreational center of a
residential community . The spillway discharges into Eastnans
Broo

k . 3
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c. Size and Hazard Classification

Size and Hazard Classification criteria presented in
“Recommended Guidelines for Safety Inspecti on of Dams ” ,
published by the U.S. Army Corps of Eng ineers are as
fol lows :

SIZE CLA SSI FICATION

I~poundmen t
Category Storage (Ac-ft) Height (Ft)
Small < 1000 and �5O < 40 and �25

• In teri~iediate � 1000 and <50,000 � 40 and < 100
Large � 50,000 � 100

HAZARD POTENTIAL CLASSIFICATION

Category Loss of Life Economic Loss
(Extent of Development) (Extent of Development)

- • 

• Low None expected (no per- Minimal (Undeveloped
manen t struc tures for to occas iona l structures
hu man habitation) - or agriculture )

Significant Few (No urban develop— Appreciable (Notable
ments and no more than agriculture ,industry
a small number of or struc tures)
inhabitabl e structures)

High More than few Excess ive (Ex tens ive
commun i ty, industry
or agr

iculture)4
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The fol low i ng data rela ti ng to s i ze an d dow n stream hazard for
Parsippan y Lake Darn have been obtained for this Phase I assessr’2nt:

Storage: 862 acre—feet

Height: 13 feet

Potential Loss of Life :

a. Real estate office immediately downstream of dam

would be inundated by approximately 4 feet by outflow

due to overtopping failure of dam.

b. Four homes within 270 feet of dam would be inundated

by 1 to 2 feet above ground elevation by outflow due

to dam failure .

Poten ti al Econom ic Loss :

a. Real estate office could sustain structural damage

by outfl ow due to dam failure .

5
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b. Four homes could sustain water damage by outfl ow due

to darn failure ; no structural damage anticipated .

c. No damage to Hal sey Road or Route 287 anticipated

as a result of darn failure outfl ow.

There fore , Lake Parsippany Darn is classified as “Small” si ze
and “Significant” hazard potential .

d. Ownership

Lake Parsippany Darn is owned and operated by Lake Parsipparry
Property Association , P. 0. Box 62, Parsippany, N.J. 07054.

e. Purpose of Dan

The purpose of the darn i s the im poun dm en t of a recrea ti onal
lake facility for a residential development.

f. Design and Construction History

Lake Parsippany Darn was constructed in 1933 as part of a real
estate development. The darn was constructed in conjunction
with two dykes at Lake Parsippany by W. Wickstrorn, who was
both the engineer and builder. All work on the dam and dykes
was comple ted by the end of Jul y 1933. In September 1933 it
was reported that part of the darn had settled . Al so, fill had
been eroded behind the wingwall of the spillway . Repair work
was completed by the end of October 1933.

6
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y. Norma l Operational Procedures

The darn and appurtenance are maintained by the Lake Parsippany
Property Owners Association. There is no fixed schedule of
maintenance; repairs dre made as the need arises .

The outlet works is used to drain the lake for lake nainten—
ance purposes. The lake is reportedly outletted in the fall
of every year.

1.3 Pertinent Data

a. Drainage Area 1.12 square miles

b. Discharge at Damsite *

Naxirnum known flood at damsite May 1968 hurricane —

infl ow magnitude unknown .

Ou tle t works at norm al pool

elevation 48 c.f.s.

Spillway capacity at top

of dam 514 c.f.s.

c. El evation (Feet above MSL)

Top of Darn 296.0

Max imum pool -desi gn surcharge 296.1

Full flood control pool N.A.

Recreation pool 293.7

7
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Spiliway crest 293.4

Stream bed at centerline of darn 285.0

Maximu m tailwater 294 (Estimated)

d. Reservoir

Length of maxjmum pool 3,000 feet

Length of recreation pool 2,800 feet (scaled)

Length of flood control pool N. A.

e. Storage (Acre—feet)

Recreation pool 459 acre-feet

Flood control pool N.A.

Design Surcharge 887 acre-feet

Top of dam 862 acre-feet

f. Reservoir Surface (Acres)

Top of dam 219 acres (Estimated)

Maximum pool 230 acres (Estimated)

Flood control pool N.A.

Recreation pool 151 acres

Spillway crest 151 acres

8



r ~~~~TT~T~~~ ’~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- ‘-• - - ‘-- •-—- •- -—•

g. Dani

Type Earthfi ll

Length 800 feet

Hydraulic height 13 feet (at outlet works)

Side slopes — Upstream 2.5 horiz. to 1 vert.

— Downstream 2.5 horiz. to’1 vert.

Zoning Clay fil l

Ir~ipervious core Concrete corewall

Cutoff N.A.

• Grou t curtain N.A.

h. Diversion and Regulating Tunnel N.A .

i. Spillway

Type Con trol le d concre te we i r

Length of weir — primary 4.9 feet

— secondary 1.9 feet

- tertiary 41.7 feet

Crest elevation - primary 294.0

— secondary 293.7

- tertiary 294.0

Gates N.A.

Upstream channel N.A.

Downs tream channel 40’ wid e natural

channel

9
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j. Regulating outlets

24” dia. Sluice ga te in manhole.

t
10

-

~ 

- - J



- -.- -~~~~~~~,-- - -.~~ ~- - - -~~- ~~~~~~~~~~~~ -~~~~~~~~~-~~~~~—-~ -~~• - -~~~~~~~~~~~ - 
_ _  _ _ _ _ _ _ _ _

a -

SECTIO N 2: ENGINEERING DATA

2.1 Desi~~

The followiny plans are av~ilab le: “Plan of Proposed Dan and Dykes;
}-lalseytowri , Parsippany—Troy Hills Township ” by N. Wickstron , dated
January 6, 1933. The pla ns include the following:

1. Plan of darn
2. Location map
3. Drainage basin map
4. Typical sections
5. Elevation

Ca l culations showing drainage area and peak runoff are available in
the UJDEP file. A soil description of the foundation at the dam
site by Wickstro rri is: “loam and decayed vegetation on 6 feet of
yellow clay .” Foundation clay is described to be “in good condition
witn no sand pockets.”

A soil investigation of the darn site by Joseph S. Ward Inc . in 1975
indicated ~chat the soil upon which the dam is founded consists of
approximately 5 feet to 10 feet of silt and clay overlying till.

A topograp hi c survey of the darn pre pared by Bowe , Walsh and
Associates in 1974 is reported to be available.

22 Construction

Two inspection reports during construction reported that foundation
cla y was “in good condition. ” Two additional site inspections
indicated construction was progressing satisfactorily. It was
reported that construction was totally completed on July 31, 1933.

11
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Ins~iection report dated September 19, 1933 indicated settlement of
the e. ibai k ’~e i t  and loss of fill at junction of embankment and
w i n ~jw al l  of spi l iway . This situation was reported to have been
corrected by the end of October 1933. In September of 1935 , it was
reporteu tnat embankment again settled 0.5 feet. In the same
inspection report , disintegration of the concrete spi llway and
win ywa ll was also noted. However , no record of repair work as a
result of this inspection is avai lable in the £IJDEP file.

An inspection report prepared by W ilbur F. Downing, Jr. in
October 1963 recom iended minor maintenance to correct spal ling.
This repair work was reportedly done in 1969 according to the
owner.

2.3 ~j~~’ation

Records in the NJDEP file indicate that from 1968 to 1972 the lake
was drawn down every year for the purpose of dock repair and cleaning.
Maintenance personnel indicated that it is current practice to
lower the lake for same purpose in the fall of every year.

2.4 Evaluation

a. Availability

Available engineering informati on is limited to that which is
on file at the NJDEP, the Lake Parsippany Property Association
and the Township of Parsippany- Troy Hills. The NJDEP file
con ta i ns cop ies of plans , correspondence and inspection
reports . The file is available for inspection at the offices
of the Bureau of Flood Plain Management, 1474 Prospect Street,
Tren ton , N.J. The Lake Parsippany Property Associati on file
con tains a report on structural analysis. The Township of

12 
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Parsippany—Troy Hills file contains reports on structu ral

analysis and soil investigatio n as well as a topographic

survey.

b. I~deguacy

The available information forms a fairly complete description

of the subject dam and is considered to be of significant
assist a nce iii the performance of a Phase I evaluation. A list
of absent information is included in paragraph 7.1.b.

c. Validity

Most information that could be verif ied is valid wi thin a
reasonable allowance for error. Absent data and data found in
the NJDEP file which is at variance with the findings of this
investigation are noted in paragraph 7.1.b.

13 
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SECTION 3: VISUAL INSPECTION

3.1 Hndi~j~

a. Genera l

The inspection of Lake Parsippany Dan was performed on
April 23 , 1979 by staff i;ieinbers of Storch ~ng ineers. A copy
of the visual inspection check l ist is contained in Appendix I.
The following procedures were e~ploye~i for the inspection :

1. The embankmen t of the dam, appurtenant structures and
adjacent  areas were examined .

2. The embankment and accessible appurtenant structu res were
measured and key elevati ons determined by surveyors
level .

— 
3. Key elevations of downstream channel , typical section and

elevations of adjacent areas were determined by a level.
4. The embankment , appurtenant structures and adjacent areas

were photographed

b. Dam

The dam embankment appears to be uniformly aligned horizontally
with a bend point near the center as shown on the construct ion
drawings. The vertical alignmen t is irregular wi th significant
depress i ons no ted throughout , mos t no ticea bly near the east
(spillway ) end . The concrete corewall is exposed for about
half the length of the darn due to pedestrian traffic and
erosion and possibly settlement. The exposed part of the wall
does not show any sign of disintegration or spalllng. The
crest of embankment is bare for most of its length due to
pedestrian traffic.

14
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Most of the upstream face of darn is covered wi th riprap. The
condition of the riprap appears to be satisfactory below the
water line and fair to poor above the water line. In an attempt
to protect the riprap, a concrete capping was placed on the
upstream slope down to norma l pool level . (There is no known
record of this repair. ) This non—uniform concrete capping is
cracked extensively and is generally in a deteriorated condition.

Trees and brush are allowed to grow freely on both faces of
the embankment. Some of the trees are very large (caliper
greater than 24 inches). Grass on the downstream face is
generally sparse and eroded to form pedestrian paths except
where the downstream face forms the rear of homesites. No
evidence of settling or seepage was observed . No an imal hol es
were observed .

The generalized soils description of the dam site consists of
al luvial soil composed of a wide range of grain sizes sorted
into rough , intermingled layers by successive stages of water
action. The alluvial soil overlies assorted , rela tivel y
homogeneous ma terial, predominantly silt and clay laid down in
the bed of the extinct Glacial Lake Passaic during the Wisconsin
glaciation.

Previous on—site soil investi gations indicate that soil in the
v icinity of the dam is composed of a layer of silt and clay
overlying till.

c. Appur tenant Structures

The spiliway and the wingwal ls are in fair condition. Two
lon gitudinal cracks were observed near the crest and trans-
verse cracks on both the upstream and downstream faces.

15 
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~~~~ The apron appears to be in structu rally sound condition wi th

l ittle or no settlement observed . However , si g n i f i c a n t  s p a l l i n g

was observ ed on it s sur face. The timber wa l kway over the
spillw ay is structurally sound; however , one ra ili ng is loose
and is considered hazardous. The step—down from the west end
of the walkway to the embankment surface is greater than 1
foot and is considered hazardous.

The east wingwa ll of the spiliway is severely spalled over its
entire surface and there is evidence of previous patching
whi ch now has become deter iora ted . The wes t w ingwal l is
spalled on its downstream end and cracked near the center.
The upstream portion of the wingwal l is broken off completely

and reinforcing rods are protruding. The center pier is
— spalled on its upstream side from the waterline upward for

approximately 1.5 feet. The downstream side of the pier has
been patched extensively.

The ou tle t works man hole an d the gate opera ti ng stern appea r to
be in good condition. The 24” cas t i ron p ipe could not be
observed except at the outlet which was almost totally submerged

• by tailwater that had very littl e movement. The grouted stone
endwall is in deteriorated condition and the outlet channel is
silted and contains accumulated debris.

d . Reservo ir Area

Lake Parsi ppany is approximately triangular in shape wi th
maximum width approximately 2800 feet. It is surrounded by a

densely populated residential area . The overal l topography of
the watershed area is rolling. Many hornesites surrounding the
lake have docks and other lake related structures.

16 
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e. Downstream Channel

The spillway discharges into a well defined natural stream
littered with rocks and debris and overgrown with trees. The
channel discharges into two 42” culve rts un der Halsey Roa d
approximately 200 feet downstream. Three houses are l ocated
in this area and they are four to six feet above the stream
bed .

Two 21-inch re i nforced concre te p ipes convey wa ter from the
outlet works discharge channel to the main downstream channel
j ust upstream of Halsey Road culverts . Downstream from Halsey
Road the stream passes through commercial and residential
areas and eventually into Troy Brook.

17
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SECTION 4: OPERATIONAL PROCEDURES

4.1 Procedures

• The level of wa ter i n Lake Pars i pp any is regulated naturally by
— discharge over the concrete weir. Th~ lake is reportedly lowered

every year in the fall for cleaning of debris and repairing of

docks. The time requ i red to lower the lake 3 feet is reported to
be 3 months. This 

•
is the rate wi th the gate opened halfway to

avoid flooding downstream properties. The gate reportedly is not
- • opened at times of severe storms to augument the capacity of the

spiliway .

4.2 ‘iaintenance of the Dan

There is no program of regu lar inspection and maintenance of the
dam and appurtenant structures. Maintenance is performed on an “as

needed” basis. Information in the NJDEP file indicates that concrete
patch work was done on the spi liway pier and wingwal l in 1969. The
pedestrian walkway was reportedly replaced in 1952.

4.3 J~1aintenance of Operating Facilities

Maintenance of operating faci lities such as outlet works is performed
on an “as needed” basis. A new sluice gate was installed about
three years ago.

4.4 Description of Warnin g System

Reportedly, there is no wa rning sys tem in use at the present time .

4.5 Evaluation of Operational Adequacy

The operation of the dam has been successful to the extent that
reportedly It has never been overtopped since it was constructed in
1933.

18
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~iaintenance documentation is poor and the maintenance program for

-~~~~~~~ the dam appears to be insufficient in the following areas:

1. Trees and brush on embankment.
2. Erosion and possible settlement of embankment resulting in

exposure of core wall.
3. Erosion at junction of e nbankment and spil lway wingwa lls.
4. Spal ling of spiliway pier , wingwa ll s and apron.
5. Accumulation of debris and rocks in outlet works discharge

channel and spil lway downstream channel .
6. Poor condition of concrete capping on riprap on upstream face

of embankment.
7. Riprap fallen out of place on upstream face of embankment.
8. Flashboard support broken off.

19 



• SECTLO N 5: HYDRAULIC /HYDROLOGIC

~.1 Lvalu ation of Features

a. Des i gn Data

Size and hazard classification were used in conjunction wi th
“Recommended Guidelines for Safety Inspection of Dams ” published
by the U.S. Army Corps of Engineer s to establish the SDF
(Spillway Desi gn Flood) for Lake Parsippany Darn. The appropriat e
SDF range for this facility is 100-year to 1/2 PMF (Probable
Maximu m Flood). Since the characteristics for Lake Parsippany
Dar,i as described in paragraph 1.2.c, fall in the higher end of
their prescribed ranges , 1/2 PMF is used as the SDF.

The inflow hydrograph for Lake Parsippany Dam was calculated
usin g the Soil Conservation Serv i ce Triangular Unit Hydrograph
with the curvflinear transformation and the HEC-1-DB computer
program. General hydrol ogic characteristics used in this
method were computed using USGS quadrangles and aerial photographs.
The drainage area contribu ting to Lake Parsippany is 1.12
square miles. Most of the watershed is completely developed .
The SOF peak was computed to be 3025 c.f.s.

Reservo i r stora ge ca pac iti es were es tima ted us i ng sur face
areas measured from USGS quadrangles. Discharge rates for the
spillway were computed by the use of a weir formula appropriate
for the configuration of its overflow section. (See Appendix 4).
Spiliway discharge wi th lake level equal to the top of dam was
computed to be 514 c.f.s.

When the lake level reaches elevati on 296.0, ou tflow from the
la ke will occur over the dam as well as over Dyke No. 1, Dyke

20
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No. 2 and adjacent level areas of the lake shore. The combined
length of overfl ow used in the HEC— 1— DB prog ram for routing
the S[JF through the spillway at Lake Parsippany Dam was 2535
feet. The routing indicated that the dam would be overtopped
by the SDF. Computations show that overtopping in a non—breach
cond ition would occur for about 2.3 hours with a maximum flow
height above the dam crest of approxir”ately 0.1 foot and a
maximum overall discharge of 830 c.f.s. This overall discharge
includes flow over the three embankments and lake shore mentioned
above.

b. Experience Data

Reportedly, Lake Parsippany Dam has not been overtopped since
it was constructed in 1933. Reportedly, in r-’~ay 1968 a hurricane
resulted in lake stage within approximately 8 inches of the
darn crest. At that time , tailwa ter reached the foundations of
some downstream homes but caused no damage.

c. Visual Observation

At the time of the field inspection there was no evidence of
recent overtopping the dam .

d. Overtopping Potential

As indicated above , a storm of magnitude equal to the SDF
would cause overtopping of the dam to a hei ght of about 0.1
foot in a non-breach condition. The spiliway is capable of
passing approximately 41 percent of the PMF with lake level
equal to the crest of dam .

21
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SECTION 6: STRUCTURAL STABILITY

b .1 Lva ludtion of Structural Stability

a. Vi sual Observations

At the time of inspection , considerabl e deterioration was
observed on the concrete surface of the spi ll~.iay . The uneven
vertical align r~ent of the crest of darn appears to be a result
of pedestrian traffic , erosion and possibly settlement.
Overal l condition of the corewall cannot be precisely determined
at the present time; however , the exposed top appears to be in
good condition. In general , the dam appears to be structurally
stable.

b . Design and Construction Data -

A structu ral analysis by Alpern and Soi ter in 1975 indicates
that the darn is bas ically stable for water levels up to 2 feet
below top of darn and that basic stabili ty would theoretically
exist when water surface is at the top of dam.

c. Operating Records

Records of drawdown permits issued from 1966 to 1972 can be
found in ~1JDEP file.

d. Post Construction Changes

Si nce La ke Pars ipp any Dam was cons truc ted , the following
chan ges hav e ta ken place:

22

~

--——-.-•---

~

—

~

-- --- - L  ~~~~~~~ -- - - A



- — —

1. Additional fill placed approximately 425 feet west of the

I:; spiliway on the downstream slope and at junction of
spiliway wingwa ll and embankment.

2. New timber wa l kway installed in 1952.

3. New sluice gate installed in 1976.

e. Seismic Stability

Lake Parsippany Dam is located in seismic Zone 1 as defined in
“Recommended Guideline s for Safety Inspection of Dams ” which
is a zone of very low seismic activity . Experien ce indicates
that darns in Seismic Zone 1 will have adequ3te stabili ty under
seismic loading conditions if stable under static loading
conditions. Lake Parsippany Dam is considered stable under j
static loading conditions.

23
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— SECTIO N 7: ASSESS r- IENT AND RECOMME NDATIONS
I. .

pP 7.1 Di~~-~ssess~ent

a. Safety

Based on hyd raulic and hydrolog ic analyses outlined in Section
5 and Appendix 4, the spillw ay of Lake Parsippany Dam is
assessed as being inadequate. The spil lway is not able to
pass the SDF desi gned for the dam without an overtopping of
the dam .

The structural integrity of the dam appears to be adequate
based on field inspection. The Alpern and Soiter report on
structural stability supports this assessment.

b. Adequacy of Information

Information sources for this study include: 1) field inspection ,
2) plans , reports and correspondence in NJDEP file , 3) USGS
quadrangle , 4) aerial photography from ~1orris County , 5)
structural report in Lake Parsippany Property Associatio n
file , 6) soil report by Joseph S. Ward Inc. and 7) consulta tion
with the Lake Superintendent of Lake Parsippany Property
Owners Assoc iation.

The information obtained is sufficient to allow a Phase I
assessm en t as ou tl i ned i n “Recommended Guidelines the Safety
Inspection of Daris. ”
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Some of the absent data are as follows :

1. Stream and lake elevation gauging records.

2. Maintenance documentation.

• One datum contained in the NJDEP file at variance with the
findings of this report is as follows : overall length of dam ,
reported to be 925 feet, was measured to be 800 feet.

c. Necessity for Additional Data/Evaluation

Althoug h some data pertaining to Lake Parsippany are not
available , additional data are not considered imperative for
this Phase I evaluation. 

-

7.2 Recommendations

a. Remedial Measures

Based on hydraulic and hydrologic analyses outlined in paragraph
5.1.a and Appendix 4, the spillway is considered to be inadequate.
Therefore, it is recommended that a qualified professional
eng i neer be engaged in the near future to perform more accurate
hyd raulic and hyd rologic analyses relatin g to the spillway
capacity . The analyses should more accurately determine
runoff characteristics of the drainage basin and the downstream
channel capacity .

Based on the fi ndings of these analyses , the dam and the
spiliway should be modifi ed to prevent overtopping of the dam
resulting from a storm equivalent to the SDF. One possible
remedial measure to be considered is a regrading of the entire

25
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dam to form a level crest wi th elevation equal to 297.0 which
is the desi gn elevation of the dam crest. The regrading
should be based on a detailed design by a qualified professional
engineer.

In addition to the above , it is recommended that the owner , in
the near future , undertake the following remedial measures.

1. Trees, brush and weeds should be removed from the embankment
and an adequate ground cover established .

2. Riprap on the upstream face of dam should be thoroug hly
renovated to form a uniform surface and provide adequate
slope protection.

3. The dam crest should be protected from pedestrian traffic
by and appropriate surfacing.

4. The concrete spiflway should be thoroughly inspected and
repai red as outlined below :

a. Drain the lake to an elevation equal to the
bottom of the weir.

b. Sand blast all concrete , pressure grout all
major cracks and patch any observed spalls and
eroded surfaces.

c. Apply an epoxy preservative coating to all
surfaces.

5. Trees and debris in the downstream channel and the outlet
works discharge channel should be removed.
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6. fleasures should be taken to allow the low area at the
pP 

downstream toe of darn at the bend point to drain properly.

The irnpler~ientation of each of the above remedial measures will
require proper detailed studies and desi gn as well as the
obtaining of applicable NJDEP approvals.

Lake Parsippany Dam is one of three embankrnents that impound
Lake Parsippany . In addition to the darn , La ke Pars i ppan y Dyke
No. I an d Dyke No. 2 impound the lake. Remedial measures to
correct the inadequate condition of the spillway of Lake
Parsippany Darn should be performed in conjunction with remedial
measures for the two dykes as specified in the “Phase I Inspection
Report, National Darn Safety Program for Lake Parsippany Dyke
No. 1, Morr i s Coun ty , New Jersey, Fed. Inventory Number NJ00356,”
dated July 1979.

b. Maintenance

In the near future , the owner of the dam should i n iti a te a
program of periodic inspection and maintenance , the complete
records of which to be kept on file and ma de ava i lable  to the
public. A visual inspection by a qualified professional
engineer should be made annually and reported on a standardized
check—l ist form. Repa i rs should be made as required and the
follow i ng mai n tenance should be per forme d annual l y : remove
trees an d brush from the emban kmen t, repair the riprap, fill
and sod any eroded surfaces and clear the downstream channel .
The current practice of peri odically lowering the lake for
ma i ntenance pur poses shoul d be con ti nue d an d at least once
very fi ve years the la ke shoul d be l owere d completel y at wh ich
time the lake should be cleaned and submerged portions of the
dam and spll lway should be inspected and repa ired .
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SPILLWAY
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PHOTO 2
DETERIORATION OF CONCRETE AT SPILLWAY
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PHOTO 3
CREST OF DAM - EAST END
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CREST OF DAM - WEST END
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PHOTO 5
UPSTREAM FACE OF DAM - WEST END
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PHOTO 6
DOWNSTREAM FACE OF DAM

LAKE PARSIPPANY DAM
23 APRIL 1979
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PHOTO 7
OUTLET WORKS OPERATING MECHAN I SM

PHOTO 8
OUTLET WORKS DISCHARGE PIPE

LAKE PARS IPPANY DAM
23 APRIL 1979
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PHOTO 9
DOWNSTREAM CHANNEL AT SPILLWAY

PHOTO 10
DISCHARGE CHANNEL FOR OUTLET WORKS

LAKE PARSIPPANY DAlI
23 APRIL 1979
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CHECK LIST
HYDROLOG iC AND HYDRAULIC DATA

ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS: Predominant ly Resioentia i

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY):293.7 (500 Ac-ft)

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): N A .

ELEVATION MAXIMUM DESIGN POOL : 296.1

ELEVATION TOP DAM: 296.0

SPILLWAY CREST: Overfl ow concrete weir with notched flash board
293.4 (Primary ) 293.7 (Secondary )

a. Elevation 294 (Tertiary )
b Type Triangular cross section
c Width N.A.
d. Length 48 .5 ft (Total)
e. Location Spillover Over crest of so i liway
f. Number and Type of Gates N.A .

OUTLET WORKS : 1-24” CIP -

a. Type Cast Iron Pipe wi th control gate

b. Locatior~Approx 400 f t .  w~ ct  nf cpillw ~y

c. Entrance inverts 284.4

d. Exit inverts 283 .7

e. Emergency dra indown facilities : Raise control gate

HYDROMETEOROLOGICAL GAGES: None 
-

a. Type N.A .

b. Location N.A.

c. Records N ,A .

MAXIMUM NON-DAMAGING DISCHARGE :

(Lake stage equa l to top of dam) 514 c.f.s.
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a’,

C NO—O F— P CRIO D FLQV -

MO.D* HR.MN PERIOD R A I N  ~XCS LOSS - COMP 0
.0 1 .05 1 .01 0 . 0 0  .01 1.
.01 .10 2 .01 0 .0 0  .01 1.

________ .01 .15 3 .01 0 . 0 0  .01 1.
.01  .20 4 .01 0 . 0 0  .01  1.
.01 .25 5 .01 0 .00  .01 1.
.01 .30 6 .01 p .00  .0 1 1.

- .01 .35 7 .01 .00  .01
.01 .40 8 .01 .00  .0 1
.01 .45 9 .01 .00 .0 1 1.
.0’  .50 10 • 1 .00  .01 1._____________ - .0 .55 1 .0 .00 .01 - I.
.0 1.00 12 .0 .00 .01 0.
.0 1.05 1 .0 .00  .01 0.
.0 1.10 1 .01 .00 .01 0.

_______— .0 1.15 1 - .01 .00  .01 0.
.0 1.20 1 .01 .00  .01 0.
.3 1.25 1 .01 .00 .01 0.
.0 1.30 1 .01 .00 .01 0.

__________—- .0 - 1.3 5 19 .01 .00  .01 - - - 0. —.0 1.40 20 .01 .00 .01 0.
1.0 1.4 5 21 .01 .00 .0’ 0.

.0 1.50 22 .01 .00 .0 0.
~ .O 1.5 5 23 .01 .00 .01 0.
i.0 2.00 24 .01 .00 .0 0.
1.0 2.05 25 .01 .00 .0 0.

.01 2.10 - 26 .01 .00  .0 0.
___________ .31 2.1 5 27 .01 .00 .0~ 0.

.31 2.20 -— 28 - .0 1 .00 .01 - - 0.

.01 2.2 5 29 .01 .00 .01 0.

.0 1 2.30 30 .01 .00 .01 0.
______ - - .01 2.3 5 31 .01 .00 .01 0._____ — - .0 1 2 .40  - 3 2 .01 .00 - .01

.01 2 .45  33 .01 ...00 .01 0.

.0 1 2.50 34 .01 0 . 0 0  .01 0.
_________- — .01 - 2.55 35 .01 0.00 .01 0._________ - .01 3 .00  - 36 - - .0 1 0 . 0 0  .01 0. - -

.01 5.05 3? .01 0.00 .01 0.

.01 3.10 38 .01 0 . 0 0  .0 1 0.
_________ .01 3.15 39 - . 0.00 .01 - -  

0.
.01 3.20  40 • 0.00 .01 - — -  - 0.
.01 3.25 41 • 1 0 . 0 0  .01 0.
.01 3.30 42 .0 0.00 .01 0.1 

— .01 — - 3.3~ 43 .0 0 .00  .01 - - 0.
.01 3.4u 44 .0~ 0.00 .01 0.
.01 3.45 45 .01 0.00 .01 0.
.01 3.50 46 .01 0 . 0 0  .01 0.

_____ .01 3.55 47 .01 0.00 .01
.0 4.00 — 48 - -  .01 0 . 0 0  .0 1 0.
.0 4 .05  49 .01 0 . 0 0  .01 0.

1.0 4 .10 50 .01 0 . 00  .01
______ .0 4.15 51 .01 0.00 .01 0.______ - .0 4. 20 - - 52 .01 .00  .01 - 0.

.0 4 .25  53 .01 .00 .01
1.01 4 . 3 0  54 .01 .00  • 1 0.

.0 4.35 - 55 .01 .00 • 1 0.
- 1.0 4.40 56 •01 .00 • 1 . 0.

.0 4.45 57 .01 .00 • 1 0.

.0 4).50 58 .0i .00 • 1 e.
- 1.01 .5 5 -- 59 .01 .00 • 1 - - 0.

1.01 .00 60 .01 .00 • 1 0.
1.01 5.05 61 .01 .00 • 1 0.
.0 .10 62 .01 .00 • 1 0.

—- - 1.01 5.1~ 63 .01 .00 • 1 0. -1.01 5.2u 64 .01 0.00 • 1 s
.0 5.25 65 .01 .00 • 1 0.
.0 5.30 66 .01 .00 • 1 0.
.01 5.35 67 .01 .00 • 1 0.
.0 5.40 68 .01 .00 • 1 0.
.0 5.45 69 .01 .00 • 1 0.
.0 5.50 70 .01 .00 • 1 0.

__________ 1.01 5.55 — 7 1 .01 .00  • 1 - -  - 0.
1.01 6.00 72 .01 .00 ...1 0.
1.01 6.05 73 .03 .00 .03 0.
1.01 6.10 74 .03 .00 .03 0.

- - - - 1.01 6.15 75 .03 .00 .03 0. - 

———-~~~~~~~~ —~~~
- —-——

~~~~~~~
- --



.~~~—~ - - -

NO.0* tt * .~~N PERIOD R A I N  ~ xcs LOSS 
- 

~ OM P 0

1.0 1 6.20 76 .03 0 . 0 0  .03 0.
1.0 1 6.25 77 .03 3 . 0 0  .03 0.
1.01 6.30 78 .03 0.00 .03  0.
1.01 6.35 — 79 .03 0 .00  .03 - 0.
1.0 1 6 .40 80 .03 0 . 0 0  .03 0.
1.01 6.45 81 .03 0 . 0 0  .03 0.
1.01 6 .50 52 .03 3 . 0 0  .03 0.

______ 1.01 6.55 83 .03 0 .00  .03 0.
1.01 7 .00  84 .03 0 .00  .03 0.
1 .01  7.05 85 .03 0 .00  .03 0.
1 .01  7.10 86 .03 0 . 0 0  .03 0.

________ - - 1 .31  7.15 -- 87  .03 .01 .0 2 1.
1.01 7. 20 98 .03 .02 .01 3.
1.01 7.25 89 .03 .02 .01 7.
1.01 7.30 90 .03 .02 .01 15.
1.01 7.55 9) .03 .02 .01 26.
1 .0 1  7.4 0 92 .05 .0 2 .01 41.
1 .01 7.45 93 .03 .02 .01 56.
1.01 7. 50 94 .03 • 02  .01 71.

_________ 1.01 7.55 .. 95 .03 .0 2 .01 - 85.
1.01 8 .00  96 .03 .0 2 .01 97.
1.01 8.05 37 .03 .02 .01 108.
1.01 8.10 98 • D 3  .02 .01 115.
1.01 8.15 99 .03 .02 .01 iz i.
1.01 8.20 100 .03 .02 .0 1 126.
1.01 8.25 101 .03 .02 .01 331 .
1.0 1 6 .30 102 .03 .02 .01 133.
1.01 8.35 103 - .03 .02  .01 135.
1.01 8 .4 0  104 .03 .02 .01 137.
1.01 8.45 105 .03 .02 .01 159.
1.01 8. 50 106 .03 .02 .01 140.
1.01 8.55 107 .03 .02 .01 141.
1 .01  9 .00  108 .03 .02  .01 142.
1.01  9.05 109 .03 .02 .01 142.
1 .01  9.10 110 .03 .02 .0 1 143.

______ — - 1.01 9.15 111 - .05 .02 .0 1 143.
1.01 9.20 112 .03 •02  .01 144 .
1.01 9.25 113 .03 .02 .01 144 .
1 .01  9.30 114 .03 .0 2 .01 144.

________— 1.01. 9.35 -—  115 .05 - .02 .01 - 144.
1.01 9.40 116 .03 .02 .01 144.
1.01 9.45 117 .03 .02 .01 144.
1.01 9.50 118 .03 .02 .01 )44.________ — 1.01 9.55 119 .03 .02 .01 - *44.
1.01 10.00 120 .03 .02 .01 144.
1.01 10.05 121 .03 .02 .01 144.
1.31 10.10 122 .03 .02 .01 144.
1.01 10.15 123 - .03 .02 .01 144. -

1 . 0 1  1 0 . 2 0  124 .03 .02 .01 14)4.
1.31  10 .25 125 .03 .02 .01 144 .
1.01 10.30 126 .03 .02  .01 144.

___________ 1.01 10.35 _ . 127 - .03 - .02 .01 144.
1.01 1 0 .4 0  128 .03 .0 2 .01 144.
2 .01 10.45 129 .03 .02 .01 144.
1.01 10.50 130 .03 .02 .01 144.

_____ 1.01 10.55  131 .03 .02 .01 144.
1 .31 11.00 132 .03 .02 .01 14~~.1.01 11.05 133 .03 .02 .01 144.
1.01 11.10 134 .03 .02 .01 144.
1.01 11.15 135 .03 .02 .01 144 .
1.01 11.20 136 . 03  .02 .01 144.
1.01 11.25 131 .03 .02 .01 144 .
1.0 1 11.30 *38 .03 .02 .01 144.
1s91 )1.55 __ 139 .03 .0 2 .01 144 .
1.01 11.40 140 .03 .02 .01 144.
1.01. 11.45 141 .03 .02 .01 144.
1.01 11.50 142 .03 .02 .01 144.

— -  - 1504 11.~~~  
143 .03 .02 .91 444 .i .O i  i2. vu 144 .03 .02 •u l  144.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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nO.0* HR.NN PERIO D R A I N  O X C S  LOSS 
- COMP 0

:4’

1.3 12 .05  14 5 .17 . 36  .01 152.
1.0 12.10 146 .17 .16 .01 176.
1.3 1 2 . 1 5  ‘ 4 7  .17 .16 .3 1  2 2 3 .  

______

1.0 12 .20  - 48 .17 - .16 - - .0 1 303 .
1.0 12.25 49 .17 .16 .31 414 . -

1.0 12.33 50 .17 .16 .31 541 .
0.00 0.00 51 .17 .16 .01 673.
3 .30  0.0) 52 .17 .16 .01 — 799.
0.00 0.03 53 .17 .16 .01 914.
0.00 0.00 54 .11 .16 .01 1012.
0.00 0.03 55 •17 •16 .01 1090. 

_________

0.00 0.00 56 •17 .16 - .31 — -  1149.
0.30 0.03 57 .20 .19 .31 1197 .
0.00 0.00 58 .20 .19 .01 1239.
0.00 0.00 59 •20 .19 .31 1280.
0.00 0.03 60 .20 .19 .01 - 1322.
0.00 0.03 61 •20 .19 .01 1367.
0.00 0.03 62 .20 .19 .01 1411 .
0.00 0.00 - 63 .20 .19 .01 - 1454.
0.00 0.00 64 .20 .19 .01 1493.
0 . 0 0  0 . 03  65 .20 .19 .31  1527 .
0 . 0 0  0 . 0 0  66 .20  .19 .01  1556.
0.00 0.03 6.’ .20 .19 .31 1579.
0.00 0.00 6- . •2 0 .19 .01 1596.
0.00 0.00 6~ •25 .24 .01 1613.
0.00 0.03 7-~ .25 .24 .31 1632.
0.00 0.00 7 •25 .24 .01 1658 .
0.3 0 0 .03  7~ .25 .24 .01 1693.
0.00 0.00 7. .25 .24 .01 1737.

. 00  0 .00  7- .25  .24 .01 1787.

.00  0 .03  7~ .25 .24 .31 1837.

.00 0.00 7~ •25 .24 .01 1884 .  -- -

. 33  0 . 0 3  fl .25 .24 .01 1927.

.00 0.00 1. .25 .24 .31 1963.

.00 0.00 71 .25 .24 .31 1991.

.30 0.00 80 •25 .24 .31 2013. - - -—

.00 0.00 81 .15 .14 .01 2025 .

.30 0.03 82 .30 .30 .51 2030.

.00 0.03 83 •30 .30 .01 2034.

.00 0.00 94 .46 .45 .31 2046..00 0.03 85 .53 •52 •31 2092.
0 . 0 0  0 . 0 0  186 1.29 1.28 .01 2 2 3 4 .
0 . 0 0  0 . 03  87 2 .13  2.12 .01 2~~67 .
0 .0 0  .00 88 .84 .83 .01 3105.
0.00 0.00 89 .5 3  .52 .31 3838.
0.00 0.03 90 .46 .45 .01 4685 .
0.00 0.00 191 .30 .30 .01 5426.
0.30 0.33 192 .30 .30 .01 5989. -

0.00 .03 93 .23 .23 .01 6050.
0.00 0.00 — 94 .23 .23 .01.  5941.
0.00 0.03 95 .23 .23 .01 5619.
0.00 0.00 96 •23 .23 .01 5152. - - -

0.00 0.03 97 .23 .23 .01
0.00 0.00 190 .23 •23 .01 4073.
0.00 0.00 99 .25 .23 .01 3649.
0.03 0.03 OC .23 .23 .31 3303.
0.00 0.00 01 .23 • 23  .01 3 3 3 0 .
0.30 U .03 02 .23 .23 •31 2636.
0.00 0.00 03 .23 •23 .01 2625 .
0 . 0 0  0 . 0 0  2. 04 • 2 3  .23 .01 2 4 8 5 .
0.00 0.03 05 .18 .18 .31 2372.
0.00 0.03 06 .18 .18 .01 2274 .
0.3~ 0 .0)  07 ‘ .19 .18 .01 2 187.
0.00 0 . 03  08 .18 .18 .31 2 10 4 ) .
0.0 0.00 09 .18 .18 .01 2072.
0.00 0.00 21 0 .18 .18 .01 1942.
0.00 0.00 211 .18 .18 .01 1568.
0 . 3 u  0 .0 7  12 .18 .18 .01 1802 .
0.00 0.03 213 .18 .18 .31 1745 .
0.00 0.00 14 .18 .18 .31 1897.
0.00 0.07 15 .18 .18 .01 1680.
0.00 0.00 216 .18 .18 .01 1630.
0.30 0.03 17 .01 .00 .01 1596.
0.00 0.03 218 .01 .00 .01 1548 .
0.00 0.00 219 .01 .00 .01 1475.

• —a

~~~~~~~~~~~~~~~~~ -— - - ~~~~~— —~~—~~~~~~~~



NO .Di HR. W N PERI OD RA IN EXCS LOSS 
- 

COM P 0

0.30 0.03 220 .01 .00 .01 1365.
0.00 0.00 221 .01 .30 .31 1222 .
0.30  0 .03  222 .01 .00 .31 1062.
0 . 0 0  0.03  223 .01 .00 .01 899. —
0.00 0.00 224 • 1 .00 .01 743.
0.00 0.03 225 .31 .00 .31 603.
0 . 0 0  0 . 0 0  226 .01 .00 .01 4 0 5 .
0.30 0.03 227 .01 .00 . .01 3-8. -~~~0.00 0.03 228 .31 .00 .31 316.
0 . 0 0  0.00 229 .0 . 0 0  .3 1  20 7 .
0.00 0.03 231 .3 .00 .31 268.
0 . 0 0  0 . 0 0  231 .0  .0 0  .31 25 0 .
0.30 0.03 232 - .01 .00 .3 1 233 .
0. 0 0.00 233 .01 .00 .01 218.
0. 0 0.03 234 .0 .30 .31 205.
~~~~ 0.03 235 .3 .53 .31 189.
0.00 0.00 256 .0 .00 .01 177.
0 .33  0.3 2 3 7  .0 .00 .31 1.65.
0.00 0.0 238 .3 .00 .31 154.
0.00 0.0 39 .0 .0 .33 344. .
0 . 0 0  “.0 40 • .0 .71 134.
0 . 0 0  .0k. 41 • 1 .0 .31 125. - —

0.30 .03 42 .01 .0 .31 117.
0.00 .00 43 .01 .0 .01 109.
0.00 .00 244 .01 .0 .01 1C2 .
0.00 .03 245 .0 .30 .31 95.
0.00 .00 46 .0 .00 .01
0.03 .03 ~47 .0 .00 .01 b2. - - 

-

0.00 .00 248 • .0 .01 77. -

0.00 .00 249 .uj .3 .01 12.
0.00 .03 250 .01 .00 .31 67.
0 . 0 0  .00 251 .01 .0 .01 63.
3.00 .03 252 .01 .00 .31 58.
0.00 .00 255 .01 .0 .02 54.
0.00 .00 254 .01 .3 .01 51.
0.00 .03 255 .01 .0 .31 47. —0.00 .00 256 .01 .0 .01 44.
0.00 ...03 257 .01 .00 .01 43 .
0.00 0.00 258 .01 .00 .01 4) .
0.00 0.0 59 .01 .00 .01 4 •
0 . 0 0  0 . 0  63  .01 .00 .31 4 . —
0.00 0.0 61 .01 .00 .31 4 .
0.00 0.0 62 .01 .00 .31 43.
0.00 0.0 63 .01 .00 .01 4 • —
0 . 0 0  0 . 0  64 .01 .00 .01 4 .
3.00 0.0 65 .31 .30  .01 4 .
0.00 0.0 66 .01 .00 .01 4 •

- 3.30 0.0 67 .01 .00 .01 4 .
0.00 0.0 68 .01 .30 .31 4 .
0 . 0 0  0 . 0  69  .01 .00  .31 -a
0 . 0 0  0.03 70 .02  .00 .72  4....
0 . 0 0  0 . 0 0  71 . 01  . 0 0  .0 1  4 .
0.30  0 .03  72 .01 .00 .01 4 •
0 . 0 0  0 . 0 0  73 .01 .00  .01 4 3 .
0.00 0 . 0 0  74 .01 .00 .01 43.
0.00 0.03 75 •01 .00 .01 43.
0 . 0 0  . 0 0  76 .01 .00  .31 4 3 .
0.30 .03 277 .01 .00 .01 43.
0 . 0 0  . 0 0  78 . 0 1  . 0 0  .31 43.
0.00 .00 279 .01 .00 .31 43.
0.00 .03 280 .01 .00 .01 43.
0.00 0.00 81 .01 .00 .01 43.
0.30 0.07 82 .01 .00 .01 43.

.0 0  0 . 0 0  83 . 0 1  . 0 0  .31  4 3 .  - —
0 . 0 0  0.00 84 .01 .00 .01 43.
0.00 0.00- 85 .01 .00 .01 43.
0.00 0.00 86 .01 .00 .01 4 .
0 .00  0.03 87 .01 .00 .01 4 .
0.00 0.00 88 .01 .00 .01 43.

SUM 23.40 20.72 2.68 180713.
594.)( 526.)( 68.)( 5117.22)

PEAK 6—M O U~ 24 - I -S O UR 72-HOU R TOTAL  VOLUME
CFS 6050.  2270. 628. 628. 180722 .

_____ -   CMS 171. 64. 18. 18. 5317.____  

INCHES 18.86 20.85 20.85 20.85
MM 478.95 529.52 529.52 523.52

AC—FT 11 26. 124 5 .  1245.  1245.
- ________  

_ JHOUS CU ~ 1389. 1535. 1533. 1535.

- H Y D R O G R A ’ H  AT S TA LA K E FOR PLAN 1, RT IO 1

PEAK 6—HOU ~ 24 —I -~0UR 7 2—HOU R TOTAL  VOLUM E
CF5 30 25 .  1135. 5 1 4 .  314.  90361.

— _________ . - - 
CTM S 96. 32. 3. ~~. 2559.

INCHES 9.43 10.42 10.42 10.42
MM 239 .47  264 .76  264 .76  264 .76

~C F T  563. 622.  522. 522.
- - THOUS CU N 694. 768. 168. ‘68.

,
~~~~~~ 

I



I’-

... . . .•. .. . . ..• . •.  • I~~~~• . .  •• .  •
1).0W)4 0C55 4- -~C’ J~~~lw *4-0(0* 4WIWIVI

*
* 00
• I— -
I
5 14 -• .4 - ..• • • ... . . . • .. • •... ..•. • 1 • • •
• ~~~~~~~~~~~~~~~~~~~~~ *0’13e)0’..... 10...0’0*(00’

. 4 . 5 . 4 W I  .04’J...P.-. ‘0 ’*4- .ac .0 —
• .-14~S- P.-14(05 *WIW~.W)

4_bO a0 5—.4
(3 — *5
14 (0
4- _J
(4 (4 .40
— as 0.•

no . . . • . . . . . . . S • • • • S • • • • • S • • • • S
4.4 W)~~~~~~~’.-.*4- *. * 4-4a~~ 1414J(4’

(.4.4 14 5
£ 24 4(45 4 4-~~~ &fl 2
14 00’

• S 4-544
• 1.4 1 4 5  *0
S 4_ i •  10
• 0 0 20 5.4
I 0 0- 14 ..( 4-
S 4-0 0.0 no S • 0 0~~ C
• a via 1’- 0 1-110 0 Z ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
* 0 0. 1—0 0’ I— 3W) .-. — .-a.1.. I 500 0- .o0’14s0’ 0 ~ .3145 5,’
• . 5 (4s 14 25(1 P.. 0 —.—.* .02.0* *WIWI 145
S 0 .40 41.1 14 2

0 5  0 . 0
00
U I S

1-0 4-0 *0 05(1 -. 0.
.4 0. 0 0 . .  *0. 0 0 0 0 CX..b 1 2

(3 ~~ . ~ 0 0 4-4.1 14 ID
2 13 5 5 .40 14 .1 0
— 40 2 3. 5 0 0. 2 ~~~ .314.0 * 5- *W4p)145
4- 14 0’ — .40 0

• ~~ 4- 10 .4 5 . 4-.
• 0 4.404 5.4.4 ~~Q 4.4 40.0 £ 5 3
S 2 0. 05 0 0 5  14 0
S 14 14 100 Ocas 0 0
I 5 5 I— (31) I U 0 II.
S 0. 4 — 51 *0 30 —
• 14 0 as A. ~• 2 5 0 0 *0 5. C .4~~~ ..14lIC-0 1-. 14 0W).0 0’ 10.-.4-W)0’
* (3 I ~~ 0 0 I~i 2 0. .-IV. .314(3*4-2WIWIC45
* 0 (3 50053.4 (30 5 S S ~ 5 .40 0 I

2 ~ 0 25.4 4 Ill WI (3 (3 0 5.4 • — 5..
0 0 0 2 .4 0’ 0’ (4’ WI (44 0. .0 I- 0
4-- 2 4.4 — (44 . * * 1.) 00’ *5 5. 1  0 30 4 - 1 4 14 - 0

— O s  (0 P
00 ~~. • S • S • S S • • S • • S S • S • • • • I • • 5 • S S

4.4 4 U W ) W )WI W ) W)W) 4-0W)10100C54WI~~~~~~~~014104 .3144
(3 0.... (30 JO
5- 2 3-0 0
* 0 * s  4- 0 0 I S I

• I 0 0 (4 U4 0 * .a a
I U 1.5 2 5 • 41 P.- 0 00
• (0 5- P. 53 IP WI 1.4.

• — 0’ 4- 1 30
* 0 (II 0.
• 02 (40 (43.4 14
• 4_i 4* 530 0. #4-0 1 4 5 3 4- 4 - 1 4 4(1-14041
• 4- 4-0 00
S 1(3 _i (4)
I 0 as 00 2 S • • .44

2 53 • 5.4 .
0 0 4 10 0’ 21.) - I

4- 0 .4 50 (45 00’140 5 • (%J
( 0 5  - WI WI
00 0’ 5 • S I S S S S S S S • S S S S S • S S • S S S S • S S S
_i -(45o - sl ..I (4441-. *00.5.30.410.2*0- .414510534-1045-531.11.3

• S S
S 0 0 4 -
S - m
• I I
S 0 0• • 0
* . .
* WI 0

0’S (44 -
I II SI 55 -- 4 3 - P

U P-  0 - -

* 0 4-  -
4 *  - -

4.4 3 4_i 0 . 4-  -
( 3 0 0 4 4 . 4  I I
14 ~~~~* U .4 - I
4 - 1 5 . 5. 4.4 -
14 2 -3 I - I

- (4)

-~~~ - I - -
J L I - - ___- - - I L. - - _____ -

•

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

~~~~~~~~
--

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

j__
~~ _~~,~__ --- -~~~~~~~~~~~~~

-
~~~~~~~~~~ —~~~---  -~~~~~~~~



-~~~~~~~~~~~ - -~~~~~~~~~ -~~~~~~ -— - -~

s • • • • S • S S • S . I • • S S • • S I • S s ~~~~. . s
0’ 0’ 0” 0 1 4 1 4 1 4 1 4 1 4 1 4  --~~0’ 534-~~~ 4- 5 0  .- 401.44. 40 4r— ~ - 1414 . . S S • • I S I S I ~ I S S 0
50.0(0(0(0(050414140 -C~~~4 -4 - 1 4 —4 0 c’J 0 5- 1 4 2 4 0 5 3 1 3 1 4 -~~~) 53535353531 . ) - )5353535353535344410504040.01050(01(I10
4 4 4 5 - 4 4 5 - 4q - q 4 4 f 4 4 ( 0 (0 4 0 4 0 5 3 1 4 1 41 4 4 1 4 1 4 4 -1’-4- 0~~~~~~~~~~0 Th- 0-0 ’00O-0 ’0 ’0 ’0 ’0 ’00 ’0 ’

S I S S • • S S S S S I 5 5 5 5 I S • S S I S S S
0’ ~‘ 0’ 014 141414 14144 ~~ 534-  (SjWIO (0Y450.) 4 0 4 0 0 4- 4 0 4- 1 4  . • 5 • . . . S s . • s . ~ -
.0 5 0 ( 0 f l I D .~~~~4- *40 .525321440~~~~~~~~~ 4 •) 53 ##41&040.340IA(05050I(1
5 - 5 - 5 - 4 4 4 5- 4 4 4 4 4 4 4 4014534014140 4- P’- 0 0 0 0’0 0 0 0 0 0’0 0 ’5,’0Q’Q.C’0O’000000000

145(444-4-4- 4(4514514

S S • I I S ~ I I S S I S I I • S S S I S S I S S I 5 4 - 4 - 4 -4 -4 - 4 - 4 -4 -4 - 4 -  p. 5353531414534-co...—. 00’ 5340(05-53 5.1 • 5.40 • S
0’ 0’0141414531405-24-40.-.0’(00’4-.—.4-04-(01441.J53 I 5 5 5 5 5 5 5 • S S S S ~ 5 • £4 4 004- O W)
504  .~ 5 0 5 0 5 0 5 0 5 0 ( 0 5 0 . .~~40 4 - 4 - 5-0 ( 0 0 4- 4 - 5 3 1 440 4 0 4 4 -  5 3 5 3 5 3 5 3 5 3 5 3 5 3 5 3 4 4 4( 0 ( 0 4 0~~~ 40 504lI(fl50 3.44- 5 550*
•5 -4 4*# 4 2 4 4 4 4 4 5-# 5 0 (04040(014141414,5,I4-4-4-4- 000 0005,-000’0’O-mO5,-0f l -5,-0000’,1-0’0’5,’ .4.44.0(4453*

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ C44C454-C.1C45 134-as 4(1
3-In -4

-5
*5.-

5 I S • S 5 S S S I S I I • • • • 5 I I 5 5 I S • S S 5 S P . 4- 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 5 3 5 3 1 4 5 3 1 4� I4 0 0 5 3I.400’534-50*53 0
000 141401414053144-400(0053#5304-14(014—.40(t1(0 S 5 5 5 5 5 I 5 5 5 0 5 5 • 5 1-
50.0(0(0,145050(0504n .1~ 404-4-a’0.0o ~0...4-144-4. ~.m4044- #4 4 ( 0 4040 .3sn10in(0II51(I
•5-2 4 2 4 4 4* *4 4 5- 5- 5 - 1 0 ( 0 4 0 4 0 5 3 5 3 1 4 1 4 2 5 3 4-4 -4 -4 -  0000000000000000000000’0000000

1451454-4 -4-4 - 144-1454-4-
Q S S S 0 S S
3145004-01.1
014 5 .50*
~~~~ .01453*
• .15

5 5 5 . S • S S S S S • I I S S • S S S • 5 I I 5 5 • I I 4-P--P--4-4-4-P--N-P---4-P-- C531414053405,4h- .-.14.-4053p--.(0*WI (44 —
0000014040140534-14400.4(0P.—4-0’404-*C0,’4”P-.P-- • • • • • • • • . . . . . . 4-
(050(050,14505050(0 I D 4-4 - 1 4 0 4 0 ( 0 0’4- 5 34-4~~ s0 4 0 2 4-  5353 5353 53 24.4* D404050OIOIO10SII
5 - 2 2 4 2 5 -* 4 5 -* # 2 2 # 2 5 0 ( 0 ( 0 4 0 4- 5 3 1 4~14 A . a P — 4 - 4-4 -  C’000- c,s 00’00’c-00000 00000000000’000

a S Saso S •
5.4 3.-(fl04-0’I0
53 ISi 053 5 550*
14 (3 ~~— 40(•,5WI*
5- * I 1(3
14 5 5 5 5 5 • S S 5 I S • • 5 5 • 5 • S I 5 5 5 S I 5 5 5 5 P-P.4-4-4-4-4-4-4-4-4-4-14535353014530’..nO—..-I0’534-’.C*WI 5- —
4-000’ C’fl’ 14 1414144-4- .4(004-14(-.53A,4-4-1353 40.-nO 0’ ~0 S S I S • • I I S • S S S S S S S S S S S 5 (44
(
~~~~~~~~~~~~~~~~~~~~~~U’40’~ 4 -4 - 4 - 0 5 -1 (0144-144- I r4-0’4-4(’. - 4 # 4 - .4- .340.3(0~(1ifl50(04~* *4 4 2 2 2 5-4 # 5-* * *#*5 0 5 0, (44-53535314014-4-4-4- 00000000000000000’000000000000’

14 454-14(4514514(44
5- • 5.15(3 I S
314.0(050(44(0
04.4 5 54-1.)

50 *454-WI

S • • I S S I I • I I 5 5 5 5 • s S • 5 I S I S S S I S 4 - 4-4 -4 - 4 -4 -4 -4 -4 -v — 4 - 4 - 2 1 4 1 4 03Ous o—. .—Q534-40*53 -0 —
C’ 00’ 00145314141414540—51(50’ 45040(0.3534-053 .14 0~ 4s4.I S S I I I S S S S I S • • S S S S S S 5 5 S S I S • S •(0(010 (0 (0 (0 (0 (0 (05040404-4 -4-O-53145-4040534- Ig3e,4C’4-5fl1() 4 53 4(040.040 15115105(11(5
4 5-# *# #*# *# 4*4 *2 # 5 0 5 0 ( 3 4- 5 3 5 3 5 3 5 3 1 4p- 4 - 4 - 4 -  000000000r1’0000e,.0000,1-000000000 (4)

a
3
O *0*
I

0.53
(4’

S I S S S S • I S S S S S S S S S • S S • S S S I S I S 4 - P . 4 -4 - 4 - 4 -4 - 4 - 4 - 4 - 4 -4 - 5 3 5 3 5 3 0 4- ( 0 5 3* -0., .-414534-4050WI a’
0000 0 145301414 fl0#t...0.4O. ~~~W)r..-.I.fla.,.~..pW4N5 S S S I S I I • S S S I S S S S S • S S 5 5 5
(0 40401-- W) 5-401414.nc.Jo , ’-lr 53 535353 5353 5 3 5 3 5- 4  4-
* * *4 * 5 - *# 4 4 4 4 2 4*4 ( 0 ( 0 4 0 4- 1 4 5 3 5 3 5 3 1 4 1 4 4-4 -4 -  00000’0’0000’000’ 0 000000000000000 —

4441451454- 1441454-1454-4-
14(0(051-2

~~i 5.21.4251.
5 05.45 I 5

0 (345.4
5.. 2 1 4

S s 5 5 5 5 5 • S I S • S 5 5  S S • I S S I S S S I P .4-4 -4 -P .4 -P .4 -P .4 - 4 - 4 - 2 5 3 5 3 0 . - I ( 0 O v sO—..-.00-P.(3(0* — 10
5 5 5 I S S I S 5 I I S S S I S I S S S S I S • S S S 5 1- 3

5 0 0 0U O(050(050,fl P.4-4- 14454-534-(01414.145304-Ifl53 535353 53 5 3 5 3 5 3 5 3 5 3 5 3 5 3 5- 5 -# , f l 4 0 f l 4 0 4 0~fl~fl5t5~534fl .4 0
•* *# 4*4 4 # 5- 5-5- * *4 4 ( 0 5 0 4 0 4- 1 4 5 3 1 4 1 4 0 1 4 4- 4 -5 I  000’000’0’C’000’00’C0000’000000000’O%5,’— 4-4 -4 -144 -4 -N4-4 -4 -4 - 4 -144 -4 -4 -4 -144-4 -4 -4 -14141414 I14  5 4-

0
1.)
53

• . . . . • . I S S S S • • s S S S S S S I S S S S S S S
000005314141414—(00*5340-4c4-.-. .-I40Ir..--I4-4- 4-(3 I S S 5 • S 5 5 5 5 5 I 5 I • 5 5 5 • 5 5 5 5 I S S S S

353(314(053 535353535353535353531.
• *4 * 5 -* 5 -# 2 5-4 *# f*4 5 0 (0 4 0 4-5 3 5 3 1 4 1 4 1 4 1 4 4 - 4-1’ .  000000000-D’ C’000’00’ 00’00000000000

3
- 

- 0
-4
15.

- - P.-
3

- 0

- *
- - 

- 

I-i
- - - I

L _  L~~~ L~~ ~~~~~ ~

- -



~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - -  .- -~~~ -— - - - - ---- - - ---.~---.--—---_ -- ---,- ---- — --- —‘-- - —----,-- — - - ----—-—-—.-—-—-~~~ —-- - -

IL Li
0a:c,~ CD ’3C)3C~)

~~ ~y CD (3 CD 4343
Lj J D  S S S S 5
%- _ ,_:) CDeDr c 1)

4.

~1
0

U. -’01.i_ (/) C’JCDC)~~~ (5

4--4~~ ~‘.nJ )Ln r-

~~~~~~~ • S I S I

~ -rs r) P-~~~m~~~os
43 * 5 -.4 i — — _4_ _45

043~~~4- S— )(
.4_ n — 40

00”
C’J

o
5- 00

~~ 5- (,) ~~ 43C’4343
5- Cl.. ‘-143 r~44 3 C D

(_‘~ .xr~~~ .....
— X Ui’.: ’ (‘~ 4343~~~43
C.’)
)- I-.
_4 (/1
.4 U.S
Z 0 .43  S S
40

S_  ~~ :* S . . . .
).. >- 5’) 40- o o ~~ r- ~ ~I- 40 C’ 3: JUi 5’) I t)  .-S~ - ~C)
Li C C\i 5.4 I~ Li. 40 5’)

Li. ..i
-d ~i 40 .:,
C.’) -I 3~ C)

0.
3:
.40
0

)~LJ • I 5 S 5
Li. ~~~~~5-
0 ~~ .14IL ~~ c\J 4- S r)tn

U.s —0-- I  C W ’ -~ sfl i1
)— ~~
~~
40 ‘40 1-) 5 S ~~ (.‘)
3:
3: Sin

~~U) ‘40~~’

4-- = -40 C’-J C-) CD CD CD
I—I T1— 0 .—s c~43CDr,

5_Q~ S S I S S
4-1 ~~~~~~~ 04343 CD

40 0LJ
~~

- 5-

0
CL>

S — ( ) Q  5 - 4 I , I  ‘,J .-45 C7 .-4 (1
-1~-.Z _J D 4 3 J  ~~,‘~) C
> 2 Li. - > I_i S S S S S
U.S CD 5— — 0 I ‘0 (n LC) 4 4
_15— D )< ~ j (.’) 0’-0’ C)- II’ CT’-
Lii C.’) 0 40 1/) 5 C\S C”j (‘.5 (‘.11’;

S
S
• C-
S 1.4~~~ t _ ,  c-).DcD43 43
• I— -~~:- s. 4-~~)c-~j .-.
I 40 CL. 5 5 5 5 5

•
S
S
S
S

P.



—--_-, -
~

.-‘—- ——
-—— --—-_-—----‘-—-- .5- -~~~~ -— --- —- -~~~~~ -,—-—--------.-----,-‘--.-_------. ~ — — .—..-——,-—-- .-—,-—~,5--’ 

—5-—-—- ‘—.- ~~~~~~~~~~~~~~~ — ... ‘- ~~~~~~~~~ ~
-.. . _ - _ -  I~~ _-._ ._____. _5_ .___ __ ._____ — — 

—

APPENDIX 5

Bibl iography 
- 

— - - - 



P AD~AO71e 271 NEW JERSEY DEPT OF ENVIRONMENTAL PROTECTION TRENTON FIG 1312
NATIONAL DAM SAFETY PROGRAM. LAKE PARSIPPANY DAM (NJ—00355). PA——E TC (U )
MAY ‘79 P J MCDERMOTT, J E GRIBBIN DACW bI 79 C—O011

ISCLASSIFIED NL
20r2 fl END

ILan
0—19. ~~~~~~ 0DC

I
I

II



I

1. ~~~~~~~~

of the

2. ~~sigr~
the Ir
Printi

3. Holmar
Surve~
New Br

1 4 °(ieolc
Henry

5. Chow,
Compar4 6. Herr,
Culver
Mdmi n I

7. Safet~
Confer

8. King,

~~~~~~~~ 
Fifth

-

L 9. Plans

I L I  
. 

Hills
1.8 Wi cks l

JIl~
25 iii~ ii~i

d

MICROCOPY RESOLUTION TEST CH~~1
NMIO4AAE BUREAU Of STARDARDS-1963. ,4



-~ .-—~ -~

1. “Recommended Guidel ines for Safety Inspection of Darns,” Department
of the Army, Office of the Chief of Engineers, Wash ington, D.C. 20314.

2. Design of Small Darns, Second Edition , United States Department of
the Interior, Bureau of Reclamation, United States Government
Printing Office, WashIngton, 1973.

3. Holman, William W. and Jumikis, Aifreds R., En~ineerlng Soil
Survey of New Jersey Report No. 9, MorrIs County, Rutgers University,
New Brunswick, N.J. 1953.

4. “GeologIc Map of New Jersey,” prepared by J. Volney Lewis and
Henry B. Kuninel , dated 1910 — 1912.

5. Chow, Yen Te, Ed., Handbook of Applied Hydrology, McGraw-Hill Book
Company, 1964.

6. Herr, Lester A., Hydraulic Charts for the Selection of Highway
Cu l verts, U.S. Department of Transportation, Federal Highway
AdmInistration , 1965.

7. Safety of Small Dams, Proceedings of the Engineering Foundation
Conference, Mierlcan Society of Civil EngIneers, 1974.

8. King , Horace Williams and Brater, Ernest F., Handbook of Hydraulics ,
Fifth Edition , McGraw-Hill Book Company, 1963.

9. Plans titled “Proposed Darn and Dykes, Halseytown, Parsfppany—Troy
Hills Township, Morris County, N.J.” (4 sheets) prepared by W.
Wlckstrom , dated January 6, 1933.

— 

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


