
• 
- 

AO—A073 971 IC .1*5(7 STATE DEPT OP ENVIRONIENTAL PROTECTION TRENTON flS lSfl
NATIONAL DAM SAFETY PROSRAM. LAKE PARSIPPANY DYKE POSER S (NJ—ETC (U)
aM 79 ft .1 NCOCSIOTT. .1 £ SRISSIN DACWbI—79—C— OOSS

W*C1.AUIFItD It

___ 
U

I

11Th! U1 I .I..



I P~ I~ ~f l2.8 1U2.5
I .V L ~~~~ ~~~~

_ _ _ _  
~ ~ 32

H L ~IIII~HID’ 25

MICROCOPY RESOLUIION TE ST CHART
NAIION M Efli H~ AL ’ ~ f St A NUA kL,S- l~~~~- A



Approved for public release ;
d1str ibuti~n unlimited

PASSAIC RIVER BASIN
EASTMANS BROOK . MORRIS CQ1, NTY~,

NEW JERSEY

LAKE PAR SI PPAHY DYKE
HO 1

i c ~~~~

H J 00356
PHASE 1 INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

~~~~~ I%~~~~~~~~ ~~r ‘

DEPARTMENT OF THE ARMY
PhiI~deIph ie Distr ict
Corps of Engin eers

PhiI~deIphia. Pennsy Iv~ nie

June , 1979
79 09 19 024

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

‘‘~~~~~~~~~~~ , 
______ - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-



DISCLAIMER NOTICE

/ I

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DDC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT -:

REPRODUCE LEGIBLY.

)

- - - --~~~~~~~~~ 
----_________________ 

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

________ 
— ~~— ~~~~~~~~~~~~~~~~~~~~~~ 

i~~-w ~~~ — ____________ - -



SECURITY CLASSIF ICATI ON C~ THIS PA G E (ITh en D.ta Bnt.r.d)

READ INSTRUCTIONS
~REPQRT DOCUMENTATION PAGE BEFORE COMPLETIN G FORM

C AT A LOG N U N  B ERI. REPORT NUMBER

NJ00356 
12 

GOVT ACCESSION NO. 

~~~~~~~~~~~~ RE PORT & PERIOD COVERED4. TITLE (.i d Subtiti.)

Phase I Inspection Report
National Dam Safety Program ( 

-/ 
~JNAL \

Lake Pa r sippa ny Eyke No . 1 6. P W or M t~~~~~~~ e. Re.-uwT wI1~~~~~R
Morris County, N.J. ___________________________

1. AUTHOR (.) S. CONTRACT OR GRANT NUMBER(S)

McDermott, Richard J. P.E. ij~ ~
D~CW 1_79~~.~~9Uj/Gribbin, John E. P.E ___________________________

9. PERFORMING ORGANIZATION N A M E A N D  ADDRESS - 10. PROGRAM ELEMENT . PROJECT . TA SK
AREA & )GR%.~~N I T  NUMBERS

Storch Engineering / / ,__) /220 Ridgedale Ave . L~~:—~ ~~~~Florham Park, N.J. 07932 ___________________________
II. CONTROLLING OFFICE NAME AND ADDRESS ,- /
U. S . Army Engineer District , Philadelphia ( j
Custom House , 2d & Chestnut Streets ~‘—_ ~~~~~~~ER QF PAGES

Philadelphia. Pennsylvania 19106 65 -

14. MONITORING AGENCY NAME & AOORESS(U diffti.ni from Controllind Office) IS. SECu RITY CLASS. (of this report)

Richard J, /McDermott 
- 
John E, /Gribbin Unclassified

-- IS.. DECLASSIFICATION/ DOWNGRADING
SCHEDU1.E

IS. DISTRIBUTION STATEMENT (of this Report) ~~~~4r

Approved for public release; distribution unlimited.

SEP 192~~
1 ~

17. DISTRIBUTION STATEMENT (of lb. .b.fract ~~f.r.d in Block 20. ii dlfI .r.n t ~~ m Report) 
~~~~~~~~~~~~~ L~

(.. t National Dam Safety Program. Lake
I Parsippany Dyke N~~ber 1 (NJ-~~356),I Passaic River Basin, Eastmans Brook,

_______________________________ I Morris County, New Jersey. Phase IIS. SUPPLEMENTARY NOTES 

~~~~~~ Report. -

Copies are obtainable from National Technical Information Service, Springfield,
Virginia, 22151.

19. KEY WORDS (Conhlnu. on r.v.ra. aid. ~t n.c..a~~y ud hd.nthty by block numb.r)

Riprap Visual inspection
Dyke Structural Ana lysis
Embankments National Dam Inspection Act report

Lake Pars ippany Dyke No 1

- 
so. ASSTNACT ~~~~~~~ ~~ 

rev .,.. .9~~ If i,..... ~~~~ ~~d idsnhhfr by block m ,~ s,)

This report cites results of a technical investigation as to the dam’s ade-
quacy. The inspection and evaluation of the dam is as prescribed by the
National 1~m Inspection Act, Public Law 92-367. The technical investigationincludes visual inspection, review of available design and construction records,
and preliminary structural and hydraulic and hydrologic calculations , as
applicable. An assessment of the dam ’s general condition is included in the
report . ~

F OWNDO I JAM ~~ 
.473 EDiTION O F t  piOV SS IS OSSOLETE

L / ~ /]SECURITY CLASSIFICATION OF ¶MIS PAGE (Sturu Dde Entered)

— .... - - -— ——- -—-— 1_I- ~_1~
- 

~ — ~~~~~~~~

#~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ----~~~~~~ w.PW’~~~~~~w -w w - :. -



NOTICE
THIS  DOCUMENT HAS BEEN REPRODUCED
FROM THE BEST COPY FURNISHED US BY
THE SPONSORING AGENCY.  ALTHOUGH IT
IS R E C O G N I Z E D  THAT C E R T A I N  PORTIONS
ARE I L L E G I B L E , IT IS BEING RELEASED
IN THE INTEREST OF MAKING A V A I L A B L E
AS MUCH INFORMATION AS POSSIBLE.

~~ 1 - . -~ .

Di.~t . - .

/

_ _  
___  /

f l _ c  ~~1_ - ~~~~~~~~~~~~~~~~~~~~~~~~~ 
..

_ _ _  - _ _ _ _  

~~~



DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT . CORPS OF ENGINEERS

cusToM Hou:~~-aD& ::zsy NuT sTn ccys

N NIPLY CUPId TO

NAPEN-D

- 12SEP~979
Honorable Brendan T. Byrne
Governor of New Jersey
Tren ton, NJ 08621

Dear Governor Byrne:

Inclosed is the Phase I Inspection Report for Lake Parsippany Dyke No. 1 Dam
in Morris County, New Jersey which has been prepared under authorization of
the Darn Inspec tion Ac t, Public Law 92—367. A brief assessment of the dam s s
condi tion is given in the front of the report.

. 
Based on visual inspection , available records, calcula tion s and pas t
operational performance, Lake Parsippany Dike No. I, ini tially l isted as a
high hazard potential structure but reduced to a significant hazard
potential structure as a result of this inspection , is judged to be in fair
overall condition. Lake Parsippany Dyke No. 1 is one of three ernbankments
that impound Lake Paraippany. In addition to this Dyke, Lake Parsippany Dam
and Dyke No. 2 impound the lake. The spillvay f or Lake Parsi ppany is
located at Lake Parsippany Dam (NJ00355). To insure adequacy of the
structure, the following ac tions , as a minimum, are recoamended:

a. 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.

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

(3) The dyke cres t should be pro tected from pedes trian tra f f ic  by
an appropriate pavement.

b. The owner should upgrade the operating and maintenance procedures by
issuing a manual and check list for recoimuended procedures. Inspection and
maintenance visits should be logged. An annual site inspection should be
conducted using a visual inspection check list similar to the one used in
this report.
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NAPEN-D
Honorable Brendan T. Byrne

c. A detailed topographic survey of the dyke and the area around the
dyke should be made within one year from the date of approval of this
report. The survey should be related to existing construction drawings and
should become part of the permanent records of the dyke.

A copy of the report is being furnished to Mr. Dirk C. Hofman , New Jersey
Department of Environmental Protection, the designa ted State Off ice  con tac t
for this program. Within five days of the date of this letter, a copy will
also be sent to Congresswoman Millicent Fenwick of the Fifth District.
Under the provision of the Freedom of Information Act , the inspection report
will be subjec t to release by this o f f i ce, 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 , Vi rginia 2216 1 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 aspec t of the Dam Safe ty Program will  be the implementa tion of
the recommendations made as a result of the inspection. We accordingly
request that we be advi sed of proposed actions taken by the State to
implement our recommendations.

3 

Sincerely,

P2~~~1 m d  /~~1ANES G. TON
As stated //~~~olonel , Corps of Engineers

District Engineer

Copies furnished:
Dirk C. Hofman, P.E., Deputy Director
Division of Wa ter Resources
N.J. Dept. of Environmental Protection
P.O. Box CN029
Tren ton , NJ 08625

John O’Dowd, Ac ting Chi ef
Bureau of Flood Pla in Managemen t
Division of Water Resources
N.J. Dept. of Environmental Protection
P.O. Box CN029
Trenton , NJ 08625
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LA1~E PARSIPPANY DYKE NO. 1 (NJ00356)

CORPS OF ENGINEERS ASSESSMENT OF GENERAL CONDITI ONS

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

Lake Parsi ppany Dyke No. 1, ini tially listed as a high hazard
potential structure but reduced to a significant hazard potential
structure as a result of this inspection , is j udged to be in fair
overall condition. Lake Parsippany Dyke No. 1 is one of three
embankments that impound Lake Parsippany. In addition to this Dyke,
Lake Par sippany Dam and Dyke No. 2 impound the lake. The spillway for
Lake Parsippany is located at Lake Parsippany Dam (NJ00355). To
insure adequacy of the structure, the following ac tions , as a minimum,
are recommended:

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

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

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

slope protection.

(3) The dyke crest should be protected from pedestrian
tra f f ic  by an appropriate pavement.

b. The owner should upgrade the operating and maintenance
procedures by issuing a manual and check list for recommended
procedures. Inspection and maintenance visits should be logged. An
annual site inspection should be conducted using a visual inspection
check list similar to the one used in this report.

c. A detailed topographic survey of the dyke and the area around
the dyke should be made within one year from the date of approval of
this report. The survey should be related to existing construction
drawings and should become part of the permanent records of the dyke.

APPR OVED : 
~

,‘~~ 4ES C. TON
)/Colonel, Corps of Engineers

Dis tric t Engineer

DATE: /7-’(~~~~ 7/

~~~~~~~~~~~~~~ 
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) PHASE I REP ORT

NATIONAL DAM SAF ETY PROGRAM

Narie of Dam: La ke Pars ippany Dyke No. I, l..D.NJ00356
State Located : New Jersey
County Located : Morris
t)rainage Basin: Passaic River
Streal;:: Eastmans Brook
Da te of Inspection : April 23, 1979

Assessment of General Condition of Dyke

Based on v i s u a l  inspect ion , avai lable records and Phase I engineering
analyses , La ke Parsippany Dyke No. 1 is ass essed as being in fair overall
condi tion.

Based on investi gations of the downstrea m flood plain made in connection
with  this report , it is recommended that the hazard potential c lassi f i cat ion
be downgraded froiii high to s ignif icant hazard .

The sp i l iway discharg ing water from Lake Parsippany is located at La ke
Parsippany Dam, approximately 2500 feet east of Lake Parsippany Dyke
No. 1.

Hydrdulic and hydrologic analyses of the spi llway indicate that Dyke
:~o. 1 would be overtopped as a resul t  of Vie Spillway Design Flood
(SOF). The SDF for La ke Parsippany Dyke No. I is equal to one-half the
probable maximu,i~ flood . The spi liway at La ke Darsi ppany Dam is capabl e
of passing approximately 41 percent of the probabl e maxirnur i fl ood or

~2 percent of the SUF.

I
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1 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 spillway . One possibl e remedial measure to be considered
is a regradiny of the entire dyke to form a level crest with elevation
equal to 297.0 which is the original design elevation of the dyke crest.
Similar measures should also be impl emented in connection with Lake
Parsippany Dyke No. 2, located approximately 3500 feet east of Dyke
No. 1.

Tree: and brush on the embank ment should be removed in the near future .

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

The owner should in the near future implement a program of periodic
inspection and maintenance for the dyke which would include a topographic
survey to provide a record of existing conditions. Repairs should be
made as requ i red and annual maintenance should include removal of adverse
vegetation from the embankment , repair of riprap and filling and sodding
of any eroded surfaces.

Lake Parsippany Dyke No. 1 is one of three ernbankments that impound Lake
Parsippany . In addition to the dyke, Lake Parsippany Darn and Dyke No. 2
i~ipound the lake . Remedial measures to correct the inadequate conditions

ii

. 4

- .



I of Lake Parsippany Dyke No. 1. and Dyke No. 2 should be performed in
conjunction with remedial measures for the darn as specified in the
“Phase I Inspection Report, National Darn Safety Program , Lake Parsippany
Dam , ~1orris County , New Jersey, Fed . Inventory Number UJ00355,” dated
Hay 1979.

~;/~ /~/~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Richard 3. McDermott, P.E.

John E. Gribbin , P.E.

q
4

1~Ii

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

—



— -~
— i

~:

‘

:•

~ 

~
_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~___  -

.c~~ ~~0~ ~~

• . • 
•

. 

_ _

L~J

~~~~~~ i:• ~~~~~~~~ 
_ _ _

I

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

- 

. 
‘.- —



3 I QLc~L1L~J~

/~~SLS~IIL IT OF GENERAL C u:~u 1T ION OF ~A M i

UVL RVI t . vI P-~uTO i V

~~~~ oF Lu~TE NTS V

P~~F~CL Vfl

ScUT 1u~ 1 — Pw. .~:CT 1n: u~. ;ATJ N 1
1.1 Ocoeral
1.2 Description of Project

1.3 Per t i n e n t  Da ta

SLLTIOE~ 2 — E~G l ;~LL~-d~ G DATA 8

2.1 u~s i gn
2.2 Construction

2.3 Upera~ i on
2.4 Evaludtion

SEeT1th~ 3 - VISUAL INSPECTION 10

3.1 Fin d in gs

SLOTIU4 4 — UPER~T l0N AL P~.DC E DURE S 13
4. 1 Proce dures
4.2 Maintenance of Dam

4.3 tiaintenance of Operating Facilities

4.4 IJescr i~ition of Warning System
4 .5 Evaluation

4

V

• -

~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _  
-



TAB L E O F CONTEN TS )~~~~~~~

Page

SL LT IUN 5 - HYD R/ -W LIC/ HYDr ~OLOGIC 15

.i Evolu at io r i  of Features

SL~T1Uu u - STRUCTUR I1L ST~~ IL 1TY 17

o .1 Lva luat ion of Structural Stabi l i ty

~L’ ~rÜ 
~ 7 — S S~~- T A ; )  i CCO rN~

T\T I uNS 19
7.1 Vc~.; Ms3~~s . : ~r1t

7. 2 Reco~~;enda ti or is

PL~TtS

1 KL Y Eii ~P
2 V IC IUTY ;t ~P

3 SOiL ;O~P

4 ~~~~~~~ PL,~N
S UY~~ sEST IUN
o PtiUTU LOCAT IO;i PLAN

MP ILES
1 Check List — Visual Inspection

Check Lis t — E n g i n e e r i n g  Data
2 Photogra~hs
3 Eng i n e e r i n g  Data
4 Hydrolo gic Computations
5 bib liography

vi

~~~ ~~~~~~~~~~~~~~~~~~~~ 
w 

-. •



PREFACE
4

This report is prepared under guidance contained in the Recommended
Ouiae lines for Safe ty Inspection of Dams , for Phase I Invest igat ions.
Cop ies of these gu i de l i n e s  may be ob t a ined  from the O f f i c e  of Chief
of ing ineers , ~iashin~ t on , D.C . 30214. The purpose of a Phase I
Inv esti g~ tiori is to identify expeditiousl y those dams which nay
pase ha zoru s to human l i fe or property . The assess me nt  of the
ycoa ra l con l it io n  of th~ dam is based upon av a il~:ble data and
visua l inspect ions. Detai led inves t iga t i on , and ana lyses iniolving
topograp hic iapirny, s ;bsu rface invest i r i t ions , tes t i  i-j , and detai led
C~j : u,utational evaluat ions ure beyond the SCOpL of a Phase I invest igat ion;
humever , the i nve s t i y~ tion is intended to ident if y any need for
such s tJ u ie~ .

in rev i cm i rig this report , it should be real i zed that the reported
con uit ion Ijf t~;~ darn is based on obs ervat ions of f ield condit ions
at the time of inspection along ~-ii t h data ava i lab l e  to the inspect ion
team . It is i..portant to note that the cond i tion of dam depe nds on
riu e rous ~nd constant ly chang ing interna l and external condi~ i on s ,
ano is evu lutiori a~~’ in nature. It wo uld be incorrect to assu me
t l tc t the present condit ion of the dam vii ll continue to represent
the condit ion of the dar n at some point in the future. On ly through
continued cdre and inspection can there be any chance that the
unsafe conditions be detected .

Phase I inspections are not intended to provide detai led hydrologic
and nydraulic analyses. In accordance wi th the establ ished Guidelines ,
the Spi] lway Test flood is based on the estimated ‘Probable ~axinun
F lood ” for the regi on (greatest reasonably possible storm runoff),
or fr czct ions thereof. The test flood provides a measure of relative
spi l iw ay capacity and serves as an aid in determining the need for
more deta iled hydrologic and hydraulic studies , cons idering the
size of the darn, its genera l cond it ion and the d ownstr eam damage

potential.
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PHASL~ I IN S P ECT ION REPORT

NATIONAL Ml SAFETY PROGRAM

LAKE PARSIPPANY DYKE NO. 1, I.D. NJ00356

SECTION 1: PROJECT INFOR~1AT ION

Li (ienera l

a. Authority

Pub l ic La~i S2 -36 7 , August 8, 1972 , aut horized the Secreta ry of
the Army , t hroug h the Corps of Eng ineers , to in it iate a

Nationa l Progra m of Dam Inspection througho ut the United
States. The Div ision of Dater Rcsources of the N?~ I Jersey
Department of Env ironmental Protect ion (NJD~ P ) in  cooperat ion
with the Ph iladelphia Distr ict of the Corps of Eng ineers has
been assi g ned the responsib ility of s uperv is in g the inspecti on
of dams wi t hin the State of New Jersey . Storch Eng ine irs has
been reta ined by the NJD~ P t inspect and report on a se lected
group of those da is. The NJDE P is under agreement with the
Ph iladeiphid Dist r ic t  of the Corps of Eng ineers.

b. Purpose of Inspection

Lake Par~ ippany DyLe No. 1 was inspected on April 23 , 1q79 to
genera lly assess the structural integrity and operational
adequacy of the d,yke and appurtenances.
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1.2 Uescrij~~ion of Project

a. Description of Dyke

Lake Pdr S iJ~~I1y Dyke No. I is an 8-foot hig h earthf i l l
embank- ic~ t ci UI no spil lway . A timber core ~ta l 1 is located
w ithin the emb~nk; rent a long i ts entire length. The embank ment
is cu ;mse d of c lay fill and is protected wi th riprap on its

upstreo r face. Concrete capp ing has been poured on the u pper
section of the ripr ap ii some areas. The overall crest

len gtb of the embank ment is 1150 feet and is aligned approxi-

mately north /south. Both upstrea m and downstream faces have

approxi ma tely 2.5 horizontal to 1 vertical slope . Imm ediately

down strea m and parallel to the dyke is a paved road 22 feet in

w idtn . Near the center of the dyk e , on its upstream side ,

there is a concrete dock strocture oriented paral lel  to the
embank ment.

b. Locat ion

La ke Parsippany Dyke No. 1 is located in the Township of
Parsipp any— Troy Hil ls , lorr is County , New Jersey . The
north/sout h oriented dyke impounds Lake Parsippany in con-

junction with Lake Parsippany Darn and Dyke No. 2. Located at

the southwest en d of the lake , Dyke No. 1 is adjacent to

Halsey Road which is a local road serving the Lake Parsippany

community .

2
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I

c. Size and ~bzard Classifica tion

Size and Hazard Classification criteria presented in

“Reco ir mended Guide l ines for Safety Inspection of garis” ,

publishe d by the U.S. Army Corps of Engineer s are as
fol b us :

SIZE CLASSIFICATIO N

Cate~~~~ Storaqe (~c-f ~J Hei ght IFt)
Small < 1000 and �50 < 40 and �25
Inter imed iate � 1000 and <50,000 � 40 and <100
Large � 50 ,000 � 100

HAZARD POTENTI A L_ CLASSIFICATION

Cate~ory Loss of Li fe Economic Loss
(Extent of Develo pment) (Extent of Development )

Low None expected (no per— Minimal (Undevelo ped

nianent structures for to occasional structur es
human habitation ) or agriculture)

Si gnificant Few (No urban develop— Appreciable (Notable

ments and no more than agricu lture ,industry

a small number of or structures)
inhabitable structures)

Hig h More than few Excessive (Extensive

community , industry

or agriculture )

_ _

~
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$
The following characteris tics relating to size and downstream
hazard for Lake Parsippany Dyke No. 1 have been determined for
this Phase I assessment:

Storage: 862 Acre-feet

Hei ght: 8 feet

Potential Loss of Life :

Eight dwe l l ings are located about 40 feet downstream from
the embankment a long Halsey Road in a relat ively f lat area .
In case of fai lure due to overtopping, the dwe l l ings and road
wou ld be inundated by aboit 1 foot above ground level .

Potent ial Economic Loss:

Ha lsey Road and all buildings downstrea m from the dyke ,
8 dwe lli ngs , one tavern and one ser v ice stat ion ,
wou ld be subject to water damage as a result of fai lure
due to overtopping.

Therefore , Lake Parsippany Dyke No. 1 is classified as “Small”
size and “Significant” hazard potential .

d. Ownership

Lake Parsippany Dyke No. u s  owned by Lake Parsippany Property
Association , P.O. Box 62, Parsippar iy , N.J. 07054

4
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e. Purpose of Dyke -

The purpose of the dyke is impoundment of a recreational lake
facility for a residentia l development. Tile lake is also
impounded by La ke Parsippany Dam and Dyke No. 2.

- 

f. Design and Construct ion History

Lake Parsippany Dyke No. 1 was constructed in 1933 as part of
a rea l estate develop ment . The dyke was built concurrently
wi th Lake P~:’cippany Dam and Dyke No. 2 by N. Wickstro ,n , w ho

was both the engineer and builder. All work on the dam and
dy kes was co~pleted by the end of July 1933. On September 16 ,
1935 it was reported that part of the dyke had settl ed and
downstream embankment had been eroded . No record is ava i lab le
to indicate that any repa ir Wa s done.

Subsequent to the constr uction of the dyke , the area immed iate ly
dow nstream was fi lled and a row of buildings was constructed .

g. Normal Operational Procedures

T he d,y ke is maintained by the Lake Parsippany Property Owners
Associat ion. There is no f ixed schedule of maintenance;
repa irs are made as the need arises.

1.3 Pert inent Data

a. Drainage area 1.12 square miles

I
5
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b. Discharge at Damsite

Max imu m Known f lood of Lake

Parsippany May 1968 hurricane —

infl ow magnitude unknown
- Outlet works at pool e levat ion N .A.

Spillway capacity at top

of darn N.A.

c. Elevation (Feet above DSL)

Top of Dyke No. 1 296.0
Top of Dy ke N o. 2 295.0
Max im~u~i poo l—desi gn surcharge 296.1
Full fl ood control poo l N.A.
Recreation poo 1 293.7
Spi l iway crest N.A .
Stream bed at centerline of darn N.A .
ldax itnu ci ta i lwa ter

d. Reservoir

Length of maximum pool 3000 feet
Len~jth 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 dyke 862 acre-feet

6
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f. Reservoir Surface (Acres)

Top of dyke 219 acres (Estimated)
Maximum Pool 230 acre s (Esti mated)
Flood control pool N.A.
Recreation pooi 151 acres
Spi l lway crest N.A.

g. D.yke No. 1

Type Earthfi 11
Length 1150 feet
Hydraulic height 8 feet
Side slopes - Upstream 2.5 horiz. to 1 vert.

— Do~’mstre am 2.5 horiz. to 1 vert.
Zoning Cl ay Fill
impervious core N.A.
Cutoff Timber sheeting
Grout curtain N.A.

h. Divers ion and Regulating Tunnel N.A .

i. Spil iway None

Type N.A.
Length of weir N.A.
Crest elevation N.A.
Gates N.A.
Upstream channel N.A.
Downstream channel N.A.

j. Regulating Outlets None

U
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SECTION 2: ENGINEERING DATA

2.1 j~~~~ n

The fol lowing plans are ava i lab le :  “P lan of Proposed Dan and
Dykes; Ha lseytown , Pars ippany-Troy Hil ls Tow nship ’ by W. Wic kstro rn,
dated January 6, 1933.

Calculations showing draina ge area and peak runoff are ava i lab le  in
HJ~m.P fi le. A soil descr ipt ion of the foundation at the dam site
by tlickstro i i is: “loam and decayed vegetation on 5 feet of grey

clay . ” Foun datiowc lay is described by Wick stromn to be “in good

con dition wi th no sand pockets. ”

2.2  Const ru c t ion

Two inspection reports during construction confi rmed that founda-
tion clay was “in good condition. ” Two more site inspections
in dicated construction was progressing satisfactorily. It was

reported that construction was completed on July 31, 1933. In
Septe iber of 1935, it was reported that the embankment had settled

Howev er , no record of repair work as a result of this inspection is

availabl e in the UJDEP file.

2.3 ç~~ -at io n

No operation of the dyke is performed by the owner due to the
absence of spillway and outlet works. The spillway and outlet
works for Lake Parsippany are located at Lake Parsippany Dam.

• 1  
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2.4 
______

a. Availability

Avai lable eng ineering information is limited to that which is
on file at tile UJUEP. Th~ UJDEP file contains copi es of
plans , correspondence and inspection reports . The file is

availa ble for inspection at the offices of the Bureau of Flood
Plain Managei~ent , lc7’~ Prospect Streut , Trento n , N. J.

b. Adequ~ç~

The ava i lab le  info rnat ~on forms a fa irly complete descript ion
of the subject dyke and is considered to be of si gnificant
assistance in the performance of a Phase I evaluation. A list
of absent infori m~tion is included in paragraph 7.l.b.

j~fldi~~

Most information that could be verified is valid within a
reasonable allowance for error.
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SECTION 3: VISUAL INSPECTION

3.1 Findings

a. General

The inspection of Lake Parsippany Dyke No. 1 was performed on
April 23, 1979 by staff mem bers of Starch Eng ineers. A copy

of the visual insp 2ction check list is contained in Appen dix I.

The fo l lo~;ing procedures were employed for the inspection :

1. The embankment of the dyke , concrete dock and adjacent
areas were examined .

2. The embank ment and concrete dock were measured and key
elevat ions determined by a surveyor ’ s level .

3. The embankment and adjacent areas were photographed.

b. Dyke No. 1

The dyke embankment appears to be uniformly aligned horizontally.
The vertical alignment is irregular w i t h  three si g n i f i c a n t

depressions in the crest resulting in an overall variation in
elevation of 0.5 feet. The lowest elevation of the crest is
296.0 (N.G.V.D.) which corresponds to the elevation of the
crest of Lake Parsippany Darn and Dyke No. 2. A 100—foot long
concrete dock is located near the mid—section of the dyke and
is oriented parallel to the center line of embankment and on
i t s  ups t rea m side. The upstream side of the dock platform is
at a l ower elevation than the downstream side. This difference

4 in elevation could be as orig inally constructed or due to
subsequent settlerrrent . The concre te surface of the platform

+ is in  good condition. The concrete sides and adjacent riprap
show significant deterioration on both the north and south

I ends.
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Riprap on the embank~cent appears to be in general ly good
condition below the water surface and in generally poor
condition above the water surface. Most of the riprap has
concrete capping on its upper portion to reduce disturbance b~’
pedestrians. Tile concret e capping is uneven in ali gnment and
extensively cracked and undermined . Numerous trees are located
on the upstrear ;i s lope of embanknient and roots ~ere observed
along the entire upstrea m slope .

The generalized soi ls description of the darn consists of
al luvial soil composed of a wide range of grain sizes sorted +
into roug h, intermingled layers by su ccessive stages of water
action. The alluvial soil overl ies strat i f ied glacial drift
deposite d by mel t waters fl owing from the Wisconsin g lacier.
Tile glac ial drift is composed of assorted , relatively llama—
geneous m~ater ials consist ing predor rinantly of sand and gravel ,
wi th some silt and clay in depressions.

A soil descri pt ion of the foundation at the dam site by

W. Wickstrom made at the time of construction is “loan and
decayed vegetation on 6 feet of grey clay ” . (Se e
paragraph 2.1.)

c. Appurtenant Structures

Oyke No. 1 is one of three ernba n kmn ents impounding Lake
Parsippany . The spillway and outlet works for the lake are
located at the ria in dam .

d. Reservoir Area

+ Lake Parsippany is approximately triangular in shape wi th
maximum width of abou t 2800 feet. It is surrounded wi th a

I densely populated residential area . The overall topography of

~~~~~~~~~~~~~~~~ r~~~~~~~~~
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the watershe d area is described as rolling hills. Ma ny home—

sites surroun ding the lake include docks and other lake related

structures .

e . Downs tream Area

Imme diately downstream of the dyke is a 22 foot wide paved

roao w h i c h  was constructed on the same embankment as the dyke
at 4in elevation 3 feet below the dyke crest .  Downstrea m of
the road is a row of 10 b u i l d in gs , with front yards at the
same grade as the road. There is no channel downstr eam from
the dyke at present nor ‘~as one present when the dyke was
constructed .

I
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SECTIO N 4: OPERATIONAL PROC EDURES

4.1 Procedures

The level of water in Lake Parsippany is regulated naturally by
discharge over the concrete -4/air located at Lake Parsippany Dam .
No regulation of the lake takes place at Dyke No. 1.

4.2 Maintenance of the Dyke

TI~ere is no pro grami of regular inspection and :iaintenan ce of the
dyke. Maintenance is performed on an “as needed” basis. There is
no known record of installati on of the concrete capping. The
concrete dock was reportedly b uilt in 1948—1949 as a diving dock.
Reportedly, it is no longer used for di ving purposes.

4.3 1~dinte na~ce of 9j~erating Facilities

Operatin g facilities for the lake are located at Lake Parsippany
Damn. Maintenance of these facilities is performed on an as needed
basis. +

4.4 Description of Warrmi n g System

Reportedly, there is no warning system in use at the present time.

4.5 Evaluation of Operational Adequacy

Reportedly, the dyke Ilas not been overtopped since it was
constructed in 1933.

13
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V
t Maintenance  documentati on is poor and the maintenan ce program for

the dyke appears to be insufficient in tile fo ll ow ing area s :

1. Trees and brus h on embankment.
2. Erosion on crest and side of embankment
3. Poor condition of concrete capping and ri prap on upstream face

of embankment.
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SECTION 5: HYDRAULIC /HYDROLOGIC

5.1 Evaluation of Features

a. Design Data

Size and hazard classifica tion were used in conjunction with
“Recommended Guidelines for Safety Inspection of Dams ”
published by the U.S. Army Corps of Engineers to establish the
SDF (Spillway Design flood) for Lake Parsippany Dyke No. 1.
The appropriate design range for this faci l i ty is 100-year to
1/2 R~lF (Probable Maximum Flood). Since the characteristics
for Lake Parsippany Dyke No. 1 as described in
paragraph 1.2.c, fall in the higher end of the prescribed
range , 1/2 P1~1F is used as the SOF .

The inflow hydrograph for Lake Parsippany Dyke No. 1 was
calculated using Soil Conservation Service Triangular Unit
Hydrograph with the curvilinear transfor mation and the
HEC—1 —DB computer program . Genera l hydrologic characteristics
used in this method were computed using USGS quadrangles and
aerial photographs. The drainage area contributing to Lake
Parsippariy is 1.12 square miles. Most of the watershed is
completely d~veloped. The SDF peak was computed to be 3025
c . f . s .

Reservoir storage capacitie s were estimated using surface
areas measured from USGS quadrang les. Discharge rates for the
spillway located at Lake Parsippany Dam were computed by the
use of a weir formula appropriate for the confi guration of its
overfl ow section. (See Appendix 4).

t
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+ 
The SDF infl ow hydrograph was routed through the spiliway at
Lake Parsippany Dam using the HEC-1-DB computer program . The
routing indicated that the dam and both dykes, No 1 and No. 2,
would be overtopped by the SDF. Al l three embankrnents have
equal crest elevations of 296.0. Computations indicate that
overtopping in a non-breach condition would occur for about
2.3 hours wi th a maximum fl ow height above the dyke crest of
approximately 0.1 feet and a maximum combined discharge of
830 c.f.s.

b. Experience Data

Reportedly, Lake Parsippany Dyke No. 1 has not been overtopped
since it was cons t r ucted in 1933. Reportedly, in May 1968 a
hurricane resulted in lake stage within approxima tely 8 inches
of the dyke crest.

c. Visual Observation

At the time of the field inspecton there was no evidence of
recent overtopping of the dyke.

d. Overtopping potential

As indicated above , a storm of magnitude equal to the SOF
would cause overtopping of the dyke to a height of about 0.1
feet wi th a peak discharge of 830 c.f.s. in a non—breach
condition. The spillway at Lake Parsippany Dam is capable of
passing approximately 41 percent of the PMF with lake level
equal to the crest of darn and dykes.

I
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SECTION 6: STRUCTURAL STABILITY
4

6.1 Evaluation of Structural Stabilit1

a. Vi sual Observations

In genera l , the dyke appeared , at the time of inspection , to
be outwardly structurally stable. Low points along the crest
of embankment appear to be a result of erosion and not -
differential settl ement. The condition of tile timber corewall
cannot be observed. The cause of the slope of the concrete
dock as described in paragraph 3.1.b is not outwardly
apparent.

b. Design and Construction Data

Analysis of structural stability and construction data for the
emimbankinent is not available.

c. Operat ing Recor ds

No operation is performed in connection with the dyke due to
the absence of a spiliway and outlet works .

d. Post Construction Changes

Since Lake Parsippany Dyke No. 1 was constructed , the
following changes have taken place :

1. Concrete capping was poured on the upper section of
portions of riprap on the upstream face.

2. The concrete diving platform was reportedly constructed
in 1948—1949.

I
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3. On the downstream side of the embankment, along its
entire length , fill has been placed for a distance of
approximately 140 feet downstream to bring the ground
elevation to that of the roadway . Building s were
constructed in the area of the fill.

e. Seismic Stability

Lake Parsippany Dyke No. 1 is located in seismic Zone 1 as
defined in “Reconunended Guidelines for Safety Inspection of
Daras ” which is a zone of very low seismic activity . Experience
indicates that dams in Seismic Zone 1 will have adequate
stability under seismic loading conditions if stable under
static loading conditions. Lake Parsippany Dyke No. 1 appeared ,
at the time of inspection , to be stable under static loading
conditions.

I
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SECTIO N 7: ASSESSMENT AND RECOMMENDATIONS

7.1 Darn Assessment

a. Safety

Based on hydraulic and hyd rologic analyses outlined in
Section 5 and A ppendix 4 the spil iway at the main dam of Lake
Parsippany is assessed as being inadequate . The spillway is
not able to pass the SDF desi gnated for the dam without an
overtopping of the main dam and two dykes.

Outwardly, the structural integrity of the dyke appears to be
adequ ate based on field inspection . No reported or written
evidence was found that would contradict this assessment.

b . Adequacy of Information

Information sources for this study include: 1) field
inspections , 2) plans , reports and correspondence in NJDEP
files , 3) USGS quadrangle , 4) aerial photography from Morris
County and 5) consultation with the Lake Superintendent of
Lake Parsippany Property Owners Association.

The information obtained is sufficient to allow a Phase I
assessmen t as ou tli ned in “Recommended Guidelines for Safety +

Inspection of Dams.”
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Some of the absent data are as follows :

1. Stream and lake elevation gaging records.
2. Maintenance documenta t ion.
3. Topographic survey .
4. Soil report.

c. Necessity for Additional Data/Evaluation

Al though some data pertaining to Lake Parsippany Dyke No. 1
are not available , additional data are not considered
imperative for this Phase I evaluation.

7.2 Recommendations

a. Remedial Measures

Based on hyd raulic and hydrologi c analyses outlined in
paragraph 5.1.a and Appendix 4, the spiliway for Lake
Parsippany Dam is considered to be inadequate . Therefore, it
is recomniended that a qual ified professional engineer be
engaged in the near futu re to perform more accurate hydraulic
and hydrologic analyses relating to the spillway capacity .
The analyses should more accurately determine runoff
characteristics of the drainage basin for Lake Parsippany .

Based on the findings of these analyses , the dyke should be
modified to prevent overtopping of the embankment resulting
from a storm equivalent to the SDF. One possible rem edial
measure to be considered is a regrading of the entire dyke to
form a level crest with elevation equal to 297.0 which is the
design elevation of the dyke crest. The regrading should be

I
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based on a detailed design by a qualified professional engineer.
Similar measures should also be impl emented in connection with
Lake Parsippany Dyke No. 2.

In addition to the above , it is recommended that the owner , in
the near future, underta ke 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 embankment should be
thoroughly renovated to form a uniform surface and
provide adequate slope protection.

3. The dyke crest should be protected from pedestrian
traffic by an appropriate pavement.

The implementation of each of the above remedial measures will

- 
require detailed studies and design as well as the obtaining
of applicabl e NJDEP approvals.

Lake Parsippany Dyke No. u s  one of three embankments that
impound Lake Parsippany. In additi on to the dyke , Lake
Parsippany Dam and Dyke No. 2 impound the lake . Remedial
measures to correc t the inadequate conditi ons of Lake
Parsipparmy Dyke No. 1 and Dyke No. 2 should be performed in
conjunction with remedial measures for the darn as specified in
“Phase I Inspection Report, National Darn Safety Program , Lake
Pars ip pany Dam, Morris County, Mew Jersey, Fed. Inventory
Number NJ00355,” dated May 1979.

q
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b. Maintenance

In the near future, the owner of the dyke should initiate a
program of periodic inspection and maintenance , the complete
records of which to be kept on file and made availabe to the
public. A visual inspection by a qualified professional
engineer should be made annually and reported on a standardized
check-list form. Repairs should be made as required and the
following maintenance should be performed annually: remove
trees and brush from the embankment , repair the riprap, fill
and sod any eroded surfaces .

c. Additional Studies

A detailed topographic survey of the dyke and the area around
the dyke should be undertaken in the near future by a qualified
licensed land surveyor or professional engineer. The survey
should be related to existing construction drawing s and should
become part of the permanent records of the dyke.

q
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AR Recent alluviu m composed of stratified materials deposited by
streams.

~S—24 Assorted , relatively homogeneous materials consistin g
predominantly of sand and gravel , with some silt and clay in
dep ress ions, deposited by me l t—waters flowing from the
Wisconsin glacier.
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PHOTO 1
CREST OF DYKE
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PHOTO 2
DOWNSTREAM FACE OF DYKE AT CONCRETE DOCK
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-~ ~~~~~~~~~~~~~~~~ if, - , ifif~~,~- 4 m  if s . - a ..-- 4. if~~~~~~~~— --- - - -

.‘ 

~~~~ 

- — 

. 

- -



/

- ~ - 

if 

S

/ 
I

if 1 4 —
~? # 

,
F , -

— 
/ I , if

- .

PHOTO 3
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PHOTO 4
$ UPSTREAM FACE OF CONCRETE DOCK
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PHOTO 5

DETERIORATION OF SOUTH END OF CONCRETE DOCK
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- if ’- -

PHOTO 6
$ DETERIORAT ION OF NORTH END OF CONCRETE DOCK

LAKE PARSIPPANY DYKE NO. 1
23 APRIL 1979
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PHOTO 7
UPSTREAM FACE OF DYKE
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PHOTO 8
I DOWNSTREAM FACE OF DYKE

LAKE PARS IPPAN Y DYKE NO. 1
23 APRIL 1979
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PHOTO 9
EROSION OF CREST OF DYKE
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PHOTO 10
CONCRETE REPAIR TO EMBANKMENT

LAKE PARSIPPANY DYKE NO. 1
23 APRIL 1979
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APPENDIX 3

Engineering Data
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CHECK LiST
H Y D R O L O G I C  AND H Y D R A U L I C  DATA

E N G I N E E R I N G  DATA

DRAINAGE AREA C HAPA CTERIST ICS:j ~~~j~~ R~~identia1 —___________
— 

ELEVATION TOP NORNAL POOL ( STORAGE CA PACITY) :  2 9 3 7j 4 ~9_Ac - f~)_______

ELEVAT ION TOP FLOOD CONTROL POOL ( STORAGE CAPACITY ) : N.A. 
_____

ELEVATION MAXI NUM DESIG N POOL: 296.1

ELEVA TION TOP DAt-I : 296 
________________

SPILLWAY CREST : r~one ___________________ _______

a. Elevation N .A. 
____________________

b. Type r-LA . 
_____ ___________ ____

c. Width N .A.  
__________ ________________________

d. Length N A .  
__________________________

e. Location Sp i l lov er N.A .
f. Number and Type of Gates N.A .

OUTLET WORKS : None (Loca ted at Ldke Pars ip~an y Dam ’
~

a. Type N .A.  —
bif Location N A .  ______________________________ 

______

c. Entrance inver ts N.A .  ______________________

d. Exit inverts N .A.

e Emergency draind o~-m facilities: N.A.

HYDRO:1ETEOROLOG ICAL GAGES: None (Located at Lake P rsjpj jy Darj

a if Type N A .  ______________________ _____

b. Location N A .

c. Records NJ\.

MAXI MUM NON-DAMAGING DISCHARGE:

(Lake stage equa l to top of darn) N..A.

_#if
_ - —
‘ -.~.ç..—--- -- - 
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APPENDIX 4

Hydrologic Co m pu tat ions
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1.01 .05 1 .01 0 . 0 0  .01 3.
1.01 .10 .0 0.00 .01 i f

- — 1.01 .15 - .0 0.10 .01 1.
l i f O l  .20 .0 0.10 .01 1.
1.0 1 .25 .0 0.00 .01 1.
1.01 .30 .0 0.00 .01 1.

-— 1.01 .35 .0 0.00 .01 1.
0.01 .‘i O  .01 0 . 0 0  .01 1.
1.01 .45 .0 0.00 .0’ 1.
1.01 .50 1 .0 0.00 • 1.
1.01 .55 - 1 .0 0 . 0 0  • 1.
0.01 1.00 1 .0 3 . 0 0  .01 0.
1.01 1.05 1 .0 0.50 • 1 0.
1.01 1 . 1 0  14 .0 0.00 .0 0.
1 . 0 1  1.15 1 i f O  0 . 0 0  • 0.
1 .01  1.2 0  1 .0 0 . 0 0  if O f

1 .0 1  1 .25  17 .0 0 . 0 0  . 0 1  0.
1. 1 1 . 3 0  1 .0 1. 0 0  .0 1  0.

— - - 1. 1 1 .35  — 19 . 03  0 . 0 0  .01  0.
— 

1. 1 1.40 
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20 .0 0.0.0 .01 0.
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1 . 0 1  2 . 0 - 0 24 .01 0 . 0 0  . 0 1  C .
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• 1 3 .50  46 .01  .0 0  .01 0 .

-- — . 1 3.55 4 7  .0 1 .0 0  . 0 1  0.
1 4 . 0 0  - 40 .01 . 0 0  .01  - 0.

• 1 ‘t . 0 5  49  .01 .0 0  .01  0.
• 1 ‘4 . 1 0  50 .01 . 0 0  .01  0.

1 4 . 1 5  51 .01 0 . 0 0  .0 1  0 .
• 1 ‘4 . 2 0 - - 52 .01 3 . 0 0  .0 1  0.
• 1 ‘4 . 2 5  53 .01 .0 0  .0 1  0.
• 1 4 . 3 0  54 .01 . 0 0  .0 0  0 .

1 4 . 35  55 .01 . 00  .01  0.
- 1 4 . 4 0  - 56 .01 .0 0  .0 1  . 

— 
0.

if 1 4 .4 5  57 .01 .0 0  .01  0 .
1 ‘4 .~~0 58 .01 .~~0 .0 1  0.

. 0 1  4 . r 5  59 • 1 • 0 .0 1  0.

.0 1  5 . 0 0  60  • 1 • 0 .01 - 0.
1 S . C - S  61 • 1 • . 0 1  0.
1 5 .1  6 2  • 1 • . 01  0.

3 .  1 5. 15 63 •u 1  • .01 0.
~ . C ,  5 . 2  64 .01 . 0  . 01  0.

I 5.~ 65 .01 • .01  0.
- 5. ~0 66 •0 1  • .01 0.

- 5. ’ 6 7  .01 .u u  .0 1  0.
• - . -- 68 .01 .0 0  .0 1  0.
- 

- . 45 69 .01 .0 0  .01  0.
5 -  5 . 0  70 .01 0 . 0 0  .01 0.
1 .3 1  .~ - 5  71 .01 . 0 0  . 0 1  0.
3 . ~~ % f. C 0  7 2  .01 0 . 0 0  .01  0.
*• ~~ I ‘ . -  73  .03  0 . 0 0  .0 3  0.
~ _~~ l c - l I  1~ .03  . 00  .0 3  0.
.11 ~ . 1S  75 .03  .0 0  . 0 3  0.

- — #  —
~~ 

—if -— 
~ ~~ ~~-if ,— .  —_ — . - — — — —-- - —-4- -—

0 p
- if - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



MO .DA IIR . P’N P E R I O D  R A I N  ~ XCS LO SS 
- C O M ~ 0

1 . 0 1  6 . 2 0  76 . 0 3  0 . 0 0  . 0 3  0 .
1 . 0 1  6 . 2 5  77  .0 3  3 . 0 0  . 0 3  0.
1 . 0 1  6 • 3 0  78 • 0 3  0 . 0 0  . 0 3  0 .

- - 1. 0 1  6 . 3 5  - 79 •0 3  0 . 0 0  • 0 3  0.
1 . 0 1  6 . 4 0  80 . 0 3  0 . 0 ”  . 0 3  0~~
1 . 0 1  6 .4 5  81  • 0 3  3 .  . 0 3
1 . 11 1 6 . 5 0  82  . 0 3  3 .  . 0 3
1. 1 6.55 83 .03 0. .03
1. 1 7 . 0 0  84 • 0 3  0 . 0  . C 3
3 .  1 7 . 0 5  85 • 0 3  0 .  . 0 3
1.  1 7 . 1 0  86 . 0 3  3 .  0 . 0 3  0 .

- -  - 1.  1 7 . 1 5  9 7  . 0 3  • 1 • 0 2  1 .
1.  1 7 . 2 0  88  . 0 3  • 2  . 0 1  3 .
1. 1 7 . 2 5  89 . 0 3  • 0 2  • O 1  7 .
1.  1 7 . 3 0  90  . 0 3  . 0 ?  . 0 1

—- 1. 1 7 . 3 5  91  .03  . 0 2  .0  2~- .
1..1 7 . 4 0  92 •0 3  .0 2  .0 1  4 1 •
1 . 0 1  7 . 4 5  93  . 0 3  . 0 2  . 0  5 8 .
1 . 0 1  7.~~0 94 . 0 3  . 0 2  . 0 1  7 1 .

- - - 1.0 7 . 5 5  95 . 0 3  . 0 2  .0  - f
1 . 0 1  8 . 0 0  96 . 03  .0 2  .0  7.
1 . 0 1  8 . 0 5  97 .03  • 0 2  .0 1  1 ~ •
1.0 1  8 . 10  98 .03  . 0 2  .0  1 05 .
1.01 8• 1 5  59 •0 3  . 0 2  . 0  121.
1. 0 1  8 . 2 0  10 .0 3  . 0 2  .0  12t .
1 . 01  8 .2 5  1 •0 3  . 0 2  .0  13 0 .
1 .0 1  6 . 3 0  1 • 0 3  . 0 2  . 0  1 3 3 .
1 . 0 1  8 .3 5  1 .03  .0 2  . 0  135 .
1 . 0 1  . 4 0  1 q .03 .02 .0  1 3 7 .
1. f l 1  • “ S 1 . 0 3  . 0 2  . 1  1 3 9 .
1.  1 .5  1 . 0 3  . 0 2  .0 140 .
1.  1 .55 1 0 7  . 0 3  . 0 2  .0  1 4 1 .
0 .  1 9 . 0  . 0 3  . 0 2  .0  1 4 2 .
1 .  1 9 . 0  1 . 03  . 0 2  . 0 1  1 4 2 .
1 . 0 1  9 . 1  11 • 0 3  . 0 2  . 0  14 3 .
1 . 0 1  9 . 1  1 . 0 3  . 0 2  . 0  3 4 3 .
1 . 0 1  ‘7 .20  1 . 0 3  . 0 2  . 0  1 4 4 .
1 . 0 1  9 . 2 5  11 . 0 3  . 0 2  . 0  1 4 4 .
1 • 1 9 . 3 0  1 1  . 0 3  . 0 2  . 0  1 4 4 .

• - 1 . 0 1  9 . 3 5  - -1 . 0 3  . 0 2  . 0  1 4 4 .
1 . 0 1  ‘7 . 4 0  1 1  . 03  . 12  . 0 1  14 4 .
1 . 0 1  9 .4 s  1 7 . 0 3  . 0 2  . 0  1 4 4 -
1.  1 9.~~0 1 . 0 3  • C 2  .1 1 44 •

- 1 . 0 1  9.~~5 — 1 • 0 3  • 0 2  . 0  1 4 4 .
1.  1 1 . 0 0  2u . 0 3  . 0 2  . 0  1 4 4 .
1. 1 1 . 0 5  21  . 0 3  . 0 2  • 1 4 4 .
1.  1 1 . 1 0  1 2 2  . 0 3  . 0 2  • 1 4 4 .
1. 1 1 . 1 5  1 2 3  . 0 3  . 0 2  . 0  1 4 4 .
1.  1 . 2 0  1 2 4  . 0 3  .0 2  . 0  1 4 4 .
1. 1 1 . 2 5  12 5  . 0 3  . 0 2  .0  1 4 4 .
1.  1 1 . 3 0  1 2 6  . 0 3  . 0 2  .0  1 44 •

_________ 1.  1 1 .3 5  - -  12 7  . 0 3  • 0 2  .0  1 4 4 .  -1. 1 1 . 40  1 2 8  • 0 3  • 0 2  • 14 4 .
1. 1 .45  1 2 9  . 0 3  . 3 2  .0  1 4 4 .
1 . 0 1  1 . 50  1 3 0  . 0 3  . 0 2  • 1 4 4 .
1. 01 . . 55  1 3 1  . 0 3  . 0 2  • 1 44 .
- 1 • 3 1  1 . 0 0  1 3 2  . 0 3  . 0 2  • 14 k .
1 . 0 1  1 . 0 5  13 3  . 0 3  . 0 2  • 1 44 .
1 . 0 1  1 . 1 0  1 3 4  . 0 3  . 0 2  • 44 .
1 . 0 1  1 . 1 5  135  .0 3  .0 2  • 4 4 .
1 . 0 1  1 . 2 0  136  . 0 3  . 0 2  • 1 4 4 .
1 . 0 1  1 .2 5  13 7  .0 3  • 0 2  • 4 4 .
1 . 0 1  1 . 3 0  1 3 8  . 0 3  . 0 2  • 1 4 4.

_______ - 1 . 3 5 . - ~ 1 3 9  . 0 3  . 0 2  • 4 4 .
1 . 0 1  1 . 4 0  140  . 0 3  . 0 2  • 44.
1 . 0 1  1 1 . 45  1 4 1  . 0 3  . 0 2  .u ~ 4 4 .
1 . 0 1  1 1 . 5 0  1 4 2  . 0 3  . 0 2  . 0 1  44 .
1 .01  11 .55  143 . 0 3  . 0 2  . 01  4 4 .
1 . 0.  1 2 . 0 0  1 4 4  .03  . 0 2  .0 1  4 4 .

I
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~~ 
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ut -
PiO .DA IIR.P ~N P E R I O D  R A I N  ~ XCS LOSS 

- CO P- P 0

• 1 12 .05 145 • 7 .1 •01 352 .
• 1 12 .11 146 • 7 .1 .01 176 .
• 1 1’ .l s 1 4 7  • 7 .1 .31 223.
• 1? •20 1 1+8 • 7 .1 .31 -- 303.
• 1 2 i f 2 5  1’s5 • 7 •1 .31 414. -

• 0 .3) 150 • 7 .1 .31 541.
— •00 0 .00 15 1 • 7 .1 .01 673.

• 0.0) 152 .17 .1 .31 799.
• 0.03 153 .17 .1 .01 914.
• .00 1~~4 .17 .1 .31 012.
• u.0) 155 .17 .1 .31 090. —

• 0.00 15 . .17 .1 - - .31 i 4 9 .
• 0•0) 157 .20 .1 •31 157 .
• 6 . 0 0  158 .20 .1 .01 2’9.
• 0•0 O 159 .20 .1 •31 220.
• 0.0) 160 .20 .1 .01 - 322. - - - - —

• 0.0) 1 6~ .20 .19 .31 367.
• 0.0) 1 62 .20 .19 .01 14 1 1 .

0.03 163 .20 •1 .01 4 5 4 .
0 .00 164 .20 .1 .01 493 . - - —

• 0•03 165 .20 .1 .31 527.
• 0 .00 166 •20 .1 .01 556.
• 0.0) 1 6’ •20 .1 .31 s 79 .
• 0.00 1 6 .20 .1 .31 596.
• 0.00 16 : .25 ..4 .31 613.
• 0.0) 17- : .25 .2 4 .01 632.
• 0.03 17 .25 .24 .01 656 .
• 0.03 17~ .25 .24 .01 6 3 .  - —

• 0.00 17 . .25 .24 . 01  737.
• 0.00 17 - .2 5 .24 .01 767.
• 0.03 17~ .25 .2 4 .31 937.
• 0.00 17 ? .25 .24 .)1 i R R 4 .  

— -

.3 0.0) 17~ .23 .24 • 1 1927.
~ , C •00 17 - . .25 .24 • I 19b3 .
.0 0.00 j 7 1~ •25 .24 • 1 18~~1..3 0.0) 180 .25 .24 • 1 2013.
.0 0.00 1 81 •15 .14 • 1 2025 .
.3 0.0) 102 .30 .30 •01 2030.
•0 0 .03 183 .30 .30 • 1 2034.
.0 .00 1~~1+ .46 .45 • 1 204 6- .

• 0.00 .03 1 85 .53 .52 •31 2092.
.0 .00 1 86 1.2) 1.2 .3 2234 .

0 .30 .0) 1 87 2.13 2.12 .0 2567.
.00 3 8 8  .84 .8 • 3105. - -

0.0 .00 89 .53 .52 • 38313 .
0.0 .03 19 0 .46 .4  • 4 68 5 .
0.0 •0’ 191 .30 .30 • - ~~, 5426.
0.3 • 3 1 92 .30 • .01 5889.
0.0v •0 193 •23 • .01 6050 .
0.00 • -0 91+ .23 . . 01 ~941.0.0 0 • 95 .23 • .31 5619•
0.00 .0 19 6 .23 • .01 5152.
0.03 • 3 197 .23 •_ .01 45~~5.0.0 0 .0 198 .23 .2 .01 4073 .
0.0 0 • iT) .23 .2 .01 3649.
0.03 • 20 0 .23 .2 .31 3303.
0.00 . 0 0  201 .23 .2. .01 3030.
0.30 .0) 2 02 .25 .23 .31 2606 .
0.0 .00 203 .23 •23 .01 2 6 2 5 .
0.0 .00 204 .23 .23 .01 2485 .
0.0 .0) 205 • 8 .18 .31 2372 .
0.0 .03 20 6 • 8 .18 .01 2274.
0.30 .0) 207 .19 .18 .01 21 67.
0.0 u . 0 3  208 • 8 .18 .“ 21 04 .
0. 0.00 20 9 • 13 .18 • 2022.
0. 0 .00 210 • 8 .1 8 .0 1942.
0. 0.00 211 • 8 .18 • 1 1868.
0. 0.0) 212 • 8 .1 • 1 802.
0. 0.00 2 13 • 8  .1 .11 1 1745.
0. 0.0 0 214 .18 .1 .01 1 697.
0.. 0.0) 215 .18 .1 .01 1660. - —  ——0.0 0.00 2 1 6 .18 .1 .01 1630. ——
0.0 0.0) 217 .01 .0 0 .01 1596.
0.0 0.00 218 .01 .00 .01 1548.
0.0 0.00 219 .01 .00 .01 1 475 .

1~I
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NO.0* HR.MN P t R IO O  R A I N  ~~X C S LOSS 
- C OM P 0

2 0 . 3 0  0.0) 220 .01 .00 .01 1365 .
0.00 0.00 ‘21 .01 .00 .31 1222.
0 .33 J.0) 2? •01 .00 .31 1062 .
0.00 0• 0) ‘23 .01 .00 .01 899.
0 •00 6.60 2 2 4  .01 .00 .01 71+3 . 

- -

0.00 8 .0 )  25 .30 .00 .31 603.
0.00 .0 0 226 .0) .00 .01
0.30 .0) 27 .01 .00 . .01 c -B .
0.0 0 .0) 22 0 •01 .00 .01 16.
0.00 .00 2 9 .01 .00 .01 67.
0 .00 0.03 3) .01 .00 .31 2z,8•
0.00 . 0 0  231 .00 .00 .31 2 5 0 .
0.30 .0) 32 .00 .00 .01 233.
0.00 0 . 0 0  233 .01 .00 .01 18 .
0.00 0 . 0 1  234 .01 •C 0  .31 03.
0.00 0.03 35 .31 . 33  .11 89.
0.00 •0J 23 6 i f O l  .00 .01 77.
0.30 .0) 37 •0i .00 .01 165.
0.00 C • 0O 238 .3 .uO .31 54.
0.00 .00 23~ .0 .00 .31 144 . if

0.0 0 0 . 0 3  240 .0 .00 .31 1~~4. 
- - 11

0.00 .0 0 241 •01 .00 .31 125. I~0. 0 .0) 42 .0 .00 .31 1 1 7 •  0
0.00 .00 24 3 .0 .00 .01 109. - , -

0.0 0 •03 2 1+ 4 .0 .00 •01 102.
0.00 ..03 45 .01 .30 .31 95.
0. 0 0 •00 ‘+ 6 .01 .00 .01 68.
0.  0 0 .03 47 .01 .00 .01 52. -- 

-

0.00 0.00 ~? 4 l 1  •0 .00 •01 77.
0.00 6.00 2 49 .0 .00 .01 7?.
0.00 0.03 25 3 .0 .00 .31 67.
0.00 0.03 251 .0 .00 .01 63. _ j
0 .30 0•0) 2 52 •0 .00 •O1 58.
6.00 0.00 253 .01 .00 .01 54.
0. 0 0.00 2 54 .01 .00 .01 5 1 •
0 • 0 0.03 25’- .01 .00 .31 47.
0.00 0.0 0 256 .01 .00 .01 44.
0.0 0.0) 257 .01 .00 .01 43.
0. 0 0•0 0 258 .01 .00 .01 43.
0. 0 0.00 25 9 .01 .00 .01 43.
0. 0 0.0) 263 .01 .00 .11 43.
0. 0 “.0 3 260 .00 .00 .01 43.
0.0 .0) 2 62 .01 .00 .31 43.
0.0 0 .00 26~ .01 .03 .01 4 3 .
0.6 0 .00 264 .01 .00 .01 43.
0.00 •0) 265 .31 •0O .01 43.
0.00 0.00 26 6 .01 .00 .01 43.
3.3 0.3) 2 67 •01 .00 .01 ‘+3 .
0.00 0.00 266 .0 1 .00 .01 43.
0.00 0.00 26 9 .01 .00 .01 -.3.• 0.00 0. 0 7  270 .03 • 0 .31 43.
0.0 0.00 71 .01 .0 .01 4 3 .
0.0 0.0) 72 .01 .0 .01 43.
0.0 0.00 73 .01 .0 .01 43.
0.0 0 •00 74 .01 .00 .01 43.
0.00 0•T) 75 .01 .0 .01 43. - 

-

0.00 .00 76 •01 .00 •31 43 .
0.0 0.03 77 •01 .0 .01 43.
0.00 0.00 78 .01 .00 . O i  43.
0.00 0.00 27 5 .01 .00 .31 43 .
0.00 .0 3 81) .31 .00 .01 43.
0.00 .00 2 81 .01 •O 0 .01 43.
0.3 .0) 8? .01 .00 .01 43.
0.00 .0 0 2 8 - 0  .01 .00 .01 43.
0.00 ...DD 28 4 .01 .00 .01 43. - -

0 . 0 0  0 • 0 3  2 8 5  . 0 1  . 0 0  .01  4 3 .
0 . 0 0  0 • 0 O  2 8 6  • 01 • 0 0  . 01  4 3 .
0 . 0  0 . 0 3  87 . 0 1  .00 .01  4 3 .
0 . 0 0  0 . 0 0  288  . 0 1  .00  .01  4 3 .  -

SUM 2 3 . 4 0  2 0 . 7 2  2 .68  1 8 0 7 1 3 .
5 9 4 . ) (  5 2 6 . ) t  69 • ) (  5 1 1 7 . 2 2 ) - - i f  --.

PEAK 6-H O U~ 2 4—P 4 OU R 72—HOUR T O T A L  V OLUNt
C F S 6050 .  2 2 7 0 .  6 2 8 .  6 2 8 .  1 8 0 7 2 2 .

- - -—______ _ _
~~~~~~~~ — CM S 111. 64. 153 . 1 8 .  5 1 0 7 .

I N C H E S  1 8 . 8 6  2 0 . 8 5  2 0 . 8 5  2 0 . 8 5
MM 478 .95 529.52 529•52 529.52AC—FT 1126. 1 2 4 5 .  1 2 4 5 .  1 2 4 5 .

- - _~~~~~~~~ T MOUS CU M - 1389. 1535. 1535 . 1535.

- - - - 
H Y O R O G R A ~~H AT STA L A K E  FOR P L A N  1, R T IO  1

PEAK 6—P - 5O U~ 2 4—Fl OUR 72—HOUR TOTAL VOLUME
CF

~ 

3 0 2 5 .  1 1 3 5 .  3 1 4 .  3 1 4 .  9 C 3 6 1 .
C~ S B6 . 3 2 .  3 .  ~~• 2559 .- I N C H E S  9 . 4 3  10 . 4 2  1 0 . 4 2  1 0 . 4 2

P-PSi 239.47 264.76 264.76 264.76
A C — F T  563 .  6 2 2 .  622 .  622 .

THOUS CU Si 694 .  768 .  768.  768 .

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

.,- 
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