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NAPPN-n

Honorable Brendan T. Byrne 8 MAY 1979
Governor of New Jersey

V Trenton, NJ 08621

Dear Governor Byrne~

Inclosed is the Phase I tnsp.ction Report for Timber Lake Dam in
Burlington County. New Jersey which ha. been prepared under authorization of
the fl~m Inspection Act , Public Law 92—367. A brief assessment of
th. dam’s condition 1. given in the front of the report.

Based on visual inspection, available records, calculations and past
operational performance , Timber Lake Dam , a high hazard potential
structure , 1. Judg.d to b. in fair overall condition . The dam ’s spilivay
is considered inadeq uate since 21 percent of the Spillvay Design Flood —
SD? — would overtop the dam . (The SOP , in this instance , is one half
of the Probable Maximi.. Flood). To insure adequacy of the structure ,
the following actions , as a mini. ~~, are r.co end.d:

a. The spillway ’s adequacy should be determined by a qualified
prof s.ional 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 spilivay and to prevent overtoppin g should be initiated
within calendar year 1980 .

b. Within six months from the dat . of approva l of this report the
downstre am reservoir should be lowered to expose the to. of the dam and
engineering studi .s and inspections should b. performed to determine
if there is a seepage probi .. in th. e.bankm.nt . Any remedial measure .
found necessary should be initiated within calendar year 1980. A detailed
topographic survey of th. d and surroundin g area should also be performed
for record purposes .

c. Within three mouths fro. the date of approval of this report the

+
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NAJ ”gN -D
Honorable Brendan 1. By rne

steel grate and walkway covering the sptt lwav shott id he replacod .

d. The following remedial actions should he c~~r leted within s (x
months from the date of approval of this report :

(1) Th. depressions in th. dam crest should he filled to create
a level crest and prevent channelization of any overflow .

(2) Trees and brush on th. dam .mbankm.nt shoLIld be removed. Afl
trees and brush should be cut at the ground surface in a way that will
cause minimal disturhanc. to the embankment .

(3) Th. c oncrete epiliway should he thoroughly inspected and r.pair..I
as necessary .

(4) A detailed design for regrading the upstream and downstream
embankment slopes should be prepared by a qualified professional engineer
and the .mbankment should be ragraded accordingly .

(~) Th. owner should initiate a program of periodic tnap.ction and
maintenance of the dam , including cosplete record. of all inspections and
maintenanc , perfor med . A standard check ‘tist similar to the one in this
report should P. used for the lnsp .Ctions.

A copy of the report I. being furnished to Mr. Pirk C’ . Hofman , New
Jers ey Departm ent of }‘nv t ronm.ntal Protection , the designated Stat.
Office contact for this program . Within five days of the dat. of this
letter , a cope will also he sent to Congressman ~dwin B. Foraythe of
the Sixth flistrict. Under the provision of the Freedom of
Informa ti on Act , the Inspection report will P. sublect to release
by this office , upon request, f iv, days after the ~ato of thisletter.

2
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NAflN—D
Honorable Brs~ au T. Byrn.

Mditional copies of this report may be obtained from the National
Techeical Information Services (NTIS) , Springfield , Virginia 22161
at a reasonable cost. Pleas. 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 Dan Safety Program will be the implementation
of the r.ca .ndatio ns made as a result of the inspection. We accord ingly
request that we be advised of propo sed actions taken by the State to
implement our r comeeedation s.

Sincerely,

1 led JAMES C. T~ 1-~---’Ac stated Colonel, Corps of Engineers
Diet riot Engineer

Copies furnished:
Dirk C. Jisfmaa, P.1., Deputy Director
Division of Water Resources
N. 1. Dept. .1 luviroomental Protection
P. 0. lox C11029
Trsato., NJ 08625

Johe O’Doed, Acting Chief
loremu of Flood Plain )

~ mag ent
Divigion of Water Pnsourc s
1. J. Dept. of laviroameatal Protection
P. 0. lox c1029
Tr st.m, V 08625
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IIMB!R LAKE ~k’1 (\Ti h’41.e.~
Ci’~ PS OF T~ !F*S AS S~P1T OF (

~ ‘NFRM. 41~TTt O~iS

Th is dam was tnsnected on t~ December t~~’~ by St,’rch ?‘ngtne ers
under contract to the Sta te  of New Jersey . The s t a t e .
under a~ reement with the V .  S. A rmy Fn~ tneer Dis t r ict . Phi ladelphia ,
h*d this tns,’ect ton pertorm.d in accordance wi th  the Ma ttonal Dam tnspeet t ’~Act , Public Law ,?-Th~ .

Timber lake Dam. a high hasard potential structure , is judged to he tn
fair over al l condttio’~. The dam ’ . s p il twav Its considered inadequate since

~l p rcent of the SpIltws v Design !looti - SD! - would overtop th e tiam .
(The SD!, in this Instance , Is one half of the’ Probable Maximu m !lc’od’~.
To insure adequacy of the structure , the follow ing action s , as a minimum.
are recnme.nd.d:

a. The spi llwav ’ s adequacy shou ld be determined by a qualified
professi onal consultant engaged Ptv the osmer using mor, sophisticated
methods. proc.dur.s. and stw iies within six months from the date of
approval of this report . Any remedial measures necessary to insure the
adequacy of th. sptllw~v and to prevent overtopping should be tntt i*ted
within calendar year 1Q50 .

P. Within six months from the date of aprroval of this renort the
downstream reservoir should be towered to exnose the to. of the lam and
engineering studies and inspections should he performed to d. termtne
if ther. is a seepage problem in th. embankment . Any remedial measures
found nec.ssarv should P. inItiated within calendar year 1Q50 . A deta ile d
topographic surve y of th. jam and surroundint area .hould also I. performed
f or record purposes.

c . W ithin three months fri. the late of *pproval ~f this r.port the
steel grat. and walkway cove ring the .pltlwav should P. rep laced .

d. The fotlowtn~ remedial actions should be c ompleted w ithin six
months f rom th. date of approval 0f thi. report :

(1) The cI .pr.sslon s in th. da. ctes t shoul d P. ftll .d to create
a leve l crest and prevent channeltiatton of any overflow.

(2) Trees and brush on th. dam embankment should ha removed. Alt
trees and brush should be cut at the ground surfac e in $ way that wi l l
cause min imal dist urbanc. to the embankment .
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(3) Th. concrete spt llvav should he thoroughly Inspected and rena1re~as necessary .

(4) A derailed design for regradtng the upstream and downstream
embankment s lopes should he prepared by a qualified r~rofessinnal engineer
and the em~ankaent should he regraded accordingly.

(3) The owner should Initiate a nrogrsm of neriodic inspection and
maintenance of the dam , inc luding complete records of all inspections and
maintenance nerformed . A standard check list stnUar to the. one in this
t~eport ~hou1d he used for the inspections .

APPRO~’Ffl ,~ ~~~~ 
-

Colonel . Corns of ‘ngincers
District rngtneer

flATE~ 
/ 9  

_ _
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PHASE I R[F’ORT

NAT IONAL MM SAI~~1~ PROGI~AN

Name of [)am: I imber Lake U~am, 1 .11 . NJ004 6

State Located: New Jcr~e~
Coun ty o~-ated : Run in9ton
Dra i na ~o t~a s in :  1 aw ar e
St ream: Tni butar ~ to Ha~nes CreeI~
ta te of I~ \~e~- t on: L~ecemher 1~~. 1

A s s e s s - c u t  of t~ene r~l Cond i t ion of Pain

I~ased on ~ I sual I ns~’ec t ion , past operatIonal rfon~ancc and

Phase 1 e,~~i neerin~ ana1~ ’~cs , 1 i niher Lab R~m is  assessed ac h e i n ~
in fair o~-era 1 ~-ondi t ion.

Hydrau1~ . and ydrol o¼n . ana)~~o~ ind icate that th e ~~~~~~~
is inadequate . Pi charQe from the spi l~~ is not sufficient to

pass the desi  ~na tt’d spi 1 1~ a~ dcsi~:n flood ~S fl F )  w i t hou t an o~cr-
toppin9 of the dam . ~The SPF for 1 i~ bcr La ke Par is  equa l  t o
one—half the probabi e n~~ irum fl o~d . ‘~ The spi 1 1~ .i is ca pable
of passinQ appro~ i ra to lv 1 ~ percent of the pr~ba b 1e ~ iru~n flood .

Therefore, the owner shou ld enuauu’ a qual I t i ed  p
~~~ ’~~ 

I:
engineer soon t o  p erf orm accurat e hydr aulic and hvdrolo~jic

ana ly ses  relatin g to the spi 1 1~ a~ capac i t~ . 1~ased on the
findings ~f the ana l~ ses remedial measures should be under—

taken to correct the i n ade qu at e  c o n d i t i o n  of the sp ii 1~ a~

Two depressions in the dam crest • one at ci thei’ end of the en*~ank—
ment, have been pros- ided a’~ o’~erfl~~ areas for hi 9h l ake  water
levels. These should he t i l led  in the near fu t nrc in order to
fonit a level dam crest.

- -
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The embankment is free of settlement and appears to be structually
sound . However , assessment of any possible seepage cannot be
made due to the fact that part of the downstream toe of dam is
submerged by tailwater (Oakwood Lake). Inspection of the down-
stream toe with Oakwood Lake l owered should be performed in the
near future . In addit ion , the embankment should be regraded in the
near future to eliminate excessively steep side slopes and erosion.

Trees and brush are present on the embankment and should be removed
in the near future .

The spiliway appears to be in good condition. However , in the near
future , it should be thoroughly inspected and renovated by sand
blasting, coating with epoxy and grouting where needed .

The steel grate and walkway covering the spiliway is structural .y
unsound and hazardous and should be replaced very soon.

The owner should , in the near future , implement a program of periodic
inspection and maintenance for the dam which would include a topo-
graphic survey to provide a record of existing conditions. Repa i rs
should be made when required and the fol l owing maintenance shoul d
be performed annually: remove adverse veqetation from the embank-
ment and fill and sod any eroded surfaces. As part of the maintenance
program , the lake should be l owered at least every five years at which
time the lake should be cleaned and submerged portions of the dam
and spillway inspected and repaired.

( ( / ; 1~ A
Richard ~J. ~1cDermott , P.E.
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PRE FACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase I Investigations.
Cop ies of these guidelines may be obtained from the Office of Chief
of Engineers , Washington , D.C. 30214. The purpose of a Phase I
Investigation is to identify expeditiously those dams which may
pose hazards to human life or property . The assessn ient of the
general condition of the dam is based upon available data and
visual inspections. Detailed investi gation , and analyses involving
topographic mapping, subsurface investigations, testing , and detailed
computational evaluations are beyond the scope of a Phase I investigation;
however , the investigation is intended to identify any need for
such studies.

In reviewi ng this report, it should be realized that the reported
condition of the dam is based on observations of field conditions
at the time of inspection along with data available to the inspection
team. It is important to note that the condition of dam depends on
numerous and constantly changing internal 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 condition of the dam at some point in the future. Only through

• continued care arid inspection can there be any chance that the
unsafe conditions be detected .

• Phase I inspections are not intended to provide detailed hyd rologic
and hydraulic analyses. In accordance wi th the established Guidelines ,
the Spillway Test flood is based on the estiriated “Probable Maximum
Flood” for the region (greatest reasonably possib’~e storm runoff),
or fractions thereof. The test fl ood provides .‘ measure of relative
spiliway capacity and serves as an aid in dete rm in ing the ne ed for
more detailed hydrologic and hydraulic studies , considering the
s i ze of the d am , its general condition and the downstream damage
potential.

vi
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_ _ __

PHASE I IN SPE CTION REPOR T
NATIONAL DAM SAFET Y PROGRA M

TIMBER LAKE DAM , 1.0. NJ00416

SECTION 1: PRO JE CT IN FORMAT IO N

1.1 General 
-

a. Authority

Publ Ic Law 92 — 367 , A u g u s t  8, 197 2 authorized the Secretary
of the Art~y, through the Corps of Engineers , to Initiate
a National Prog ram of Dai;i Inspection throughout the
Un i ted States. The Division of Water Resources of the

New Jersey Department of Environ mental Protection (NJDEP)
In cooperation w ith  the Phil adelphia District of the
Corps of Engineers has been assigned the responsibility
of supervising the inspection of dams wi thin the State of
New Jersey . Storch Eng ineers has been retained by the
NJDEP to Inspect and report on a selected group of these
dams. The NJDEP is undo,’ agreei~ient wi th the Ph i ladelphia
District of the Corps of Engineers .

b. Purpose of Inspection

The visual inspection of Timber Lake Dai:i was made on
December jq, 1971. The purpose of the inspection wa’. to
make a general assessment of the structural i n t e~jrity and
operational adequacy of the dam structure and its appurtenances.

- - .‘ ——&• — •-- - - - - -~~—~~-m• ~~~~~~~~~~~~~~~~~~~~~~~ - -_________ - — - - — -~~~~~ .~~ -~~~ --—— 
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1.2 Description of Project

a. Description of Dam and Appurtenances

Timber Lake Dam is an earthfill dam wi th a concrete box
drop—inlet spiliway . The spiliway, which is covered wi th
a steel grate and wal kway, functions in both control l ed
and uncontrol l ed modes as follows : 1. The sides of the
drop-inlet form an uncontrolled weir and 2. stoplogs at
the upstream end of the spillway forn a controlled weir
discharging through a sluice into the main drop-inlet
structu re.

The stoplogs forming the control l ed weir of the spiulway
can also be used as outlet works to drain the lake.

A 72— inch diameter reinforced concrete pipe transversely
penetrates the dam and is used as discharge culvert for
both the spiliway and outlet works.

A sheet pile cut—off wall is located within the embankment
for a portion of its l ength . The cutoff wall is tied
into steel sheet piling and also tied into timber piling
around the spiliway.

Two separate paved roadways are located on the dam crest.
Depressed areas are located in the dam crest at each end
to serve as overfl ow during periods of high water levels.

Hav ing an overall  cres t l eng th of 300 feet, the embankment
has a top width of 43 feet and upstream and downstream
slopes of 1.5 to 1 and 1 to 1 respectively. The spiliway
has dimensions 15 feet by 15 feet and a total weir length

2 
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of 45 feet. The spillway crest elevation Is 40.6 while
the darn crest elevation Is 44. 1. The depressions in the
north and sout h ends of the emban kment have low point
elevations of 43.6 and 43.8 respect ively.

The spi l iway crest l ies 3.5 feet below the crest of the
dam and 13. 5 fee t above the Invert of the downstream end
of the s~ illw ay disc harL le culvert .

The outlet works s lu ice in the upstream wal l  of the
spll lway has d ime nsions 3 feet by 3 feet and the stop logs
serving as regu lati i iq gate have a width of 4 .7  feet.

b. Location

Timber Lake Dam , a lso known as Lower Birchwood Dam , is
located in  the Township of ttedford , Burlin gton County ,
New Jersey . Separating Oakwood Lake from Timber Lake , i t
impounds the lat ter w hich l ies in a residential area of
Med ford Township. (Note: Timber Lake is a lso re ferre d

to as Lower Birchwood Lake.)  W ater o~ tf low ing from the
dam passes through Oa kwood Lake and then into Haynes
Cree k. Access to the don is~ provided by the local road
located on its crest.

3
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c. Size and Hazard Classification

Size and Hazard Classification criteria presented in “Recom-
mended Guidelines for Safety Inspection of Dams ”, published by
the U.S. A rmy Corps of E ng ineers  are as fo llows :

SIZE CLASS I F I CATIO N

j~poundmen t

Category Storage (Ac-ft Height 
~~Small < 1000 and �50 < 40 and ~ 25

Inte rmedia te  2 1000 and < 50,000 � 40 and < 100
La rge � 50,000 .� 100

HA ZA R D POTENTIAL CLASSIF ICATION

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

Low None expected (no per- Minimal (Undeveloped
manent structures for to occas ional structures
human habitation) or agriculture)

Significant Few (No urban develop — Appreciable (Notable
ments and no i:ióre than agriculture , industry

a small number of or structures)
Inhabitable structures)

High More than few Excessive (Extensive

community , industry
or agriculture)

4
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The characteristics of Timber Lake Darn are :

Storage = 140 acre-feet

Hei ght = 18.8 feet

Potential Loss of Li fe: Ap proximat el y 3i) homes along

Oakwood Lake downs t ream of dam .

Approxim a tel y ~ homes cou ld ho
inundated by SElF breach outf low .

Potentia l 1 c~~~ ’~i c Loss : Rn dqc and dam approx I mat rl~ one

mile downs t ream of darn. Home s i tes
a long Oakwood Lake.

Therefore , Tim ber Lake Pam is classified as ‘ Sma l 1 s i  ..e

and “Hiqh” hazard potent ia l

d. Ownership

Timber Lak e Dam i s owned and operated by B i rchwood L a  kos
Colony Cl ub , ~ S. Lakesi do Pri Vt ’ , Med ford , N. .

e. Purpose of Darn

The purpose of the darn i s the im poun dmen t of a recrea t i ona 1
lake faci lity for a residential devel opi~ent.

f .  Desi gn and Con st ruc t ion His tory

Timber Lake (lam reportedly was on ~ i nal ly used in the
1880 ’ s to impound c ran be rr~- hou s . The darn was nec on’. t ruc ted

in the 1930 ’ s and failed as the lake was fi lled . Followin g

repa irs , the lake ‘~as f i l led aqa in result i n~ in a second
fai lure . In  1954~ the darn w as atla in reconstructed .

5



This reconstruction successfully impounded the lake and
has remained essentially intact until present with the
exception of a widening of the embankment in 1966 to a
accommodate a new sanitary sewer line , Plans for the darn
and appurtenances were prepa red by B. Harold Wi lls in

1954 and the dam was reconstructed in 1955 by the Hill
Construction Co.

g. Norma l Operational Procedures

The darn and appurtenances are maintained by the Birc hwood

Lake Col ony Club. There is no fixed schedule of maintenance;
repairs are made as the need arises.

The outlet works is used to drain the lake for lake

maintenance purposes and during tines of high water level
to attenuate flooding conditions.

1.3 Pertinent Data

a. Drainage Area — 9.3 square mi les

b. Di scharge at Dams i te .

Maximum known flood at dansite Unknown
Outlet works at pool elevation 123 c . f.s.
Diversion tunnel low pool outlet

at pool elevation N.A.
Diversion tunnel outlet at pool

elevation N.A.
Gated spilIway capacity at pool r

eleva tion N.A.

Gated splllway capacity at maximum

pool el evation N.A .

6



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Ungated spillway capacity at top
of dam 425 c.f.s.

Depressed areas in crest of dam 16 c.f.s.
Total spillway capacity at top

of dan 441 c.f.s.

c. Eleva tion (Feet above MSL)

Top of Dan 44. 1
Maximum pool -design surcharge 46.23
Full fl ood control pool N.A.
Recreation pool 41±
Spillway crest 40.6
Upstream portal invert diversion

tunnel N.A.
Stream bed at centerline of dam 29.8
Maximum tai lwa ter 38± (Estimated )

d. Reservoir

Length of maximum pool 3000 feet
Length of recreation pool 3000 feet (scaled) 

F-

Length of flood control pool N.A.

e. Storage (Acre-feet) H

Recreation pool 55 acre—feet
Flood control pool N.A.
Design Surcharge 234 acre—feet
Top of dam 140 acre-feet

7
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f. Reservoir Sur face (Acres)

Top of dam 43 acres (Estimated )
P~xirn~:i pool 60 acre s (Estimated )
Flood control pool N.A .
Recreation pool 17 acres
Spiliway crest 17 acres

g. Dam

Type Earthfitl

Length 300 feet
Hydraulic nol ght 18.8 feet
Side siopes — Upstream 1. 5 hon z. to I vent. —

— Do~~st roari 1 honl: . to 1 vo rt .
Zon ing Unknown
Impervious core Timbe r and steel

sheet pil es
Cut off Un known

Grout curtain Un known

h. Div er s ion  and Regul atin g Tunnel N.A.

i. Sp i l l w ay

Type Drop Inlet

Length of we lr 45 feet

Crest elevation 40.6
Gates N.A.

Upstream channel N.A.

~~wns tr eam c hanne l 7~ ” RCP
Discharge
Culve rt

8



j . Regulat ing outlets

3’ x 3’ sluice controlled by timber stoplogs.

r

t_.
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SECTION 2: ENGINEERING DATA

2.1 Desi~~

No plans or calculat ions pertaining to t~e original dam could
be obtained . However , information gener ate d at the tii~o of
the construct ion of the present  d an is ava i lab le .  The fol lowing
plans are ava i lab le :

1. Plans t i t led “Construction Detai ls , Timber Lake Dan
No. 1” (one sheet) ,  prepared by E~. Haro ld Wi l l s ,
dated May 1~’, I9~ 2 .

2. Plan t i t led “Layout Plan for Proposed Development ,

Forme rly Draddocks Rogs on Jacks on Road ,” prepared
by Earl Hi ~~ i n~othan , dated April ,

No calcul ations are ava ilaHe for the dan and spillway constructed

in  1 ’~~4 nor are any plans or ca lculations avail able for the

~nhankiien t ~idenin ~ in 19t~ . A su~~-any of hydrauli c and

hydrol ogic analys es as well as a des cription of core wall

layout is cent a i ned in the ~ew Jersey Sta te ~a t er Pol icy
Co;n-iission “Report on ~an A ppi i ca t i on ” dated June 21 , l9~’.’.
See paragraph t~. 1.h.

A soil description of the dan site issued by the lu ll Construction Ce .
on A pr i l 2k) , 19~ 2 indicated the fol lo~ in~ stra ta : w hite sand
for 5 feet; b lack heavy vegetable natter ~~ 6 feet; then

begin wh i te clay .

10

I

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



2.2 Construction

Two inspection reports comp iled in 1952 indicated that construc-
tion on the dam was progre~’~ ng satisfactorily. An inspection
report dated June 17, 1954 reported that construction had been
completed in accordance wi th the approved plans.

2.3 Operation -

No records of operation of the lake or dam are available. No
inspection reports subsequent to construction of the dam are
ava ilable.

2.4 Evaluation

a. Availability 
-

Available engineering information is limited to that
which is on file at the NJDEP. The NJDEP file contains
copies 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, Trenton , N. J.

b. Adequacy 
-

The availabl e information forms a fair descrip tion of the
subject dam and is of limited assistance -in the performance
of a Phase I evaluation. The available copy of construction
details is in poor condition severely l imiting its value
In describing the dam . A list of absent information
is included in paragraph 7.1.b.

II
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c. Validity

Most information that could be verified is valid wi thin a
reasonable allowance for error. Data found in the NJDEP
file that is at variance wi th the findings of this inspection
and evaluati on are noted in paragraph 7.1.b.

- 

S
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SECTION 3: VISUAL INSPECTION

3.1 Findin~j~

a. General

The Inspection of Timber Lake Dan was performed on
December 19, 1978 by staff members of Storch Eng ineers .
A copy of the v isual  inspection check l ist  is contained
In Appendix 1. The fol lowing procedures were employed
for the inspection:

1. The ei~ibankinent of the dam , appurtenant structures
and adjacent areas were examined .

2. The embankment and accessib le appurtenant
structures were measured and key elevations

— determined by hand level .
3. The embankment , appurte nant structures and

adjacent areas were photographed .

b. Dam

The dam embankment appeared to be generally uni fornly

aligned horizonta lly with a s light curv e at the south
end . The vertical alignment is generally level wi th

slight depressions noted at each end of the embankment.
The bottom of the depression at the nort h end is approxi-
niately 0.5 feet below the dam crest while the bottom of
the southerly depression lies approximately 0.3 feet
below the damn crest. No slope protection was observed on

the downstream face of embankment in the areas of the
depressions.

The embankment is generally sandy with grass covering
most surfaces. A si gnificant quantity of low brush and

13
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t rees I s  found on both the upst ream~i and the downstre am
faces. A road w i th two separate paved lanes l ies on the
dan crest. Sign i f icant  erosion wa~ obse rved on th e
downstream face in the vicinity of the s p i l lway d ischart ~o
culvert. In add it I on , ri prap was observed on the down s t r e am
face at the waterline of Oakwood Lake. The cxt~nt of
riprap appeared to he insufficient te be effective as
slope protection. The downs t roan toe of onhan knee t I s
submerged for par t  of i t s  length {~y ta ii ~-a t or which
consists of Oakwood Lake . No evidence of crackjnq ,
settl ing or see paqo was noted in the dan nor were an~-
animal holes observed .

The genera l i:t’d coils description of the d a m  c i t e  cons i ci

of shall ow su r face a 11 uv i a I dopo s it s of in t crbedded ~a mid
and silty sand wi th  some intot - n i\cd qravel depos i ted
durin g the Qua ternary Period and shown as t he Cape May
forina t ion on the Geo I oe i c ~a p of Nrw Jo r o~ pro pa red
Lewis and Kmmi ~no 1 . The s ha l low surf ace co i l s  are under I a in
by alluvial depos i t s  of St rat  i fled cii ty sand intorh~dded

with irregular layers of ca ndv s i i t  • w i th l oc al  1 ayer ’~ of
ci ayey sand deposit cd dun ~ the Te rt iar  Period amid
known as Kirkwo od Sa nd . The lake ba sin c on ta  ins c ien i  f i can t

surficial organic ma t e r i a l  , s ilt and sand ~i t h cone ci ay -
Borings performed prior to the rec on s t ru c ( i o n  in I” HI
indicated the p rest ’mic e of a l ayer of organ i c ma tor i a I
S~e paragraphs ‘

. I and o. 1.b.

Bedrock Is in excess of IPO feet be l ow the eround surface .

c. Appurtenant Structures

The crest of the spi1 iway appeared unifo rmly al iqned

although It was submerged by overflow ~it the tine of

14
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Inspec tion. Water was flowi ng over the concrete weir

section of the spillway and , therefore , the condition of

much of the structu re was not clearly observed . The steel

grate platfonn and walkway covering the spiliwa y was

found to be structu rally unsound and consequently dangerous.

The timber stoplogs comprising the outlet works could not

be closely observed but appeared to be in satisfactory

condition.

The spillway discharge culvert could be observed only at
its inlet and outlet , and is almost completely submerged
by tailwater at its outlet. The small portion of the
culvert that could be observed indicated that the concrete

is in satisfactory condition. There is no headwall at
the outlet.

d. Reservoir Area

Timber Lake is long and narrow , averag ing approximately
250 feet in width with an overall length in excess of 1/2
mile. It is located in a residen tial area of Medford
Township.

Located in a topographi cally flat to moderately sloping
area , Timber Lake is part of a series of dammed lakes
discharging from one to the other. Several of the lakeside
homesites includ e docks and other lake related structures .

e. Downstream Channel

The spiliwa y discha rges directly into Oakwood Lake . No
significant obstructions to the downstream flow were

15
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observed. In the vicinity of the subject dam , Oakwood
Lake is approximately 100 feet wide with steep banks.
Homes lie along both sides of the lake at an average
grade of eight to ten feet above the lake level . Farther
downstream , the lake is narrower and some homes are
as low as six feet above the water level .

_ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~TT ~~~ 
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SECTION 4: OPERATIO NAL PROCED URES

4.1 Procedures

The level of water in Ti mber Lake is regulated naturally by
discharge over the concrete walls of the drop— inlet spillway
of Timber Lake Dan. Periodically, the lake is l owered for
maintenance by removing stoplogs in the outlet works located
at the upstream end of the spil lway . The time required to
l ower the lake to one half its normal level reportedly is

— three to four days.

Stoplogs reportedly are removed a t  t ines of intense storms in
order to attenuate flood water level .

4.2 Ma intenance of the Dan

There is no program of regular inspection and maintenance of
the dam and appurtenant structures. Maintenance is performed t
on an “as needed~ basis. P

4. 3 n t f  Opera tin~_ Fac i l i t ies

Maintenance of operating facilities such as outlet works is
performed on an “as needed” basis. Approximately six years
ago, the slide gate ori ginally installed in 1954 was removed
and stoplogs installed in its place. The stoplogs were replaced
during 1978.

17
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4.4 Descri ption of Warnin g S~ s t ern

Report edly • t - - iephone conmuni c a t  ion is ma i ntai nod between
persons respons i Ho for damns in the M~dford I aLes area and the
Ci v il Defense represontat ives in ne iqhh or in~ Modor d Lakes

l3orouqh

4. ~ I va lua t i o n  of Operat I ona 1 Adr~piac~

The operation of the darn . inc 1 ud I tie the warn i nq s~ stern in
effcc t , has been s ucc ess ful to the e\ t en t  that  the darn
has not been overtop ped since the pre semi t darn ~ as con-

st ructed in 1 ~ ‘4 .

Al though lea in t’mlance dot - unient at ion i s poor . t hr adeq uac~ 01

the ma in onance proe ram or the darn a rpca rc to have L~een eood .
Areas of ma i ntemia nce that  have net been adequat ~1 per tom - ned
are :

1 . Trees a mmd bru s Ii all owed to e roi~- on enha n kno mit

2. 1 ros ion a l l  owed to d~’~ el op i mi i ci n i t v  of cp i 1 lwa~
discharqe cu lve rt

3. Ha:ardouc st eel erat e covr r inq spi 1 1wa~ not repl ace d.

18
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SECTION 5: HYDRAULIC/HYDROLOGIC

5.1 Evaluation of reatures

a. Design Data

The intensity of storm water runoff that the sp il lw ay
should be able to handle is based on the size and ha:ard
classification of the dam. This runoff intensity , called
the spillway design flood (SOF), is described i n  terms of
frequency or probable maximum flood ( PMI) depending on

the extent of the dam ’s size and potential hazard .
According to the “Recommended Guidelines for Safety
Inspection of Dams ,” published by the U.S. Army Corps of
Eng ineers , the SDF for Timber Lake Darn falls in  a range
of 1/2 PMF to Pill. In this case, the low end of the

range , l/:~ Pill, is chosen since the factors used to
se lect s ize and hazard c lass i f i ca t ion  are on the low side
of their respective ranges.

T he SDF hydroqraph for Timber Lake Darn was assumed to he
equa l to tile outflow hydrograph for Birchwood Lake Darn

which is directly upstream of Ti mhe r  Lake . The outflow
hydrograph for Birchwood Lake Dam was computed h assumin g
that the darn would he overtopped by a storm equivalent to
1/2 PMF.

Computation of the inflow hydro qraph for E3 ir chwoo d Lak e ,
as we ll as the routing of the Sf1 through I~irchwood Lake
and throuqh T imber Lake was performed by the HLC- 1-DB
Flood Hydrograph computo~ program. The inflow u n i t
hydrograph for Birchwood Lake was developed by use of
Clark ’s coefficients. Detailed hydro loqic computations

19
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and computer outpu t are contained in Appendix 4. The
peak SDF inflow for Timber Lake Dam was computed to
be 2591 c.f.s.

Discharge capacity for Timber Lake Dam was computed by
considering free discharge over the walls of its drop-
inlet spillway . In addition , minor flows over the two
depressions in the dam crest were considered for lake
stages within 0.5 feet of the darn crest. The spillway was
assumed to have the comb i ned characteristics of a broad
crested weir with breadth equal to 1 foot (concrete weir) and
a sharp crested weir (stoplogs). The combined discharge
of the two weirs , together with discharge over the depres-
sions in the dam crest was computed to be 441 . c.f.s. with
the lake water level equal to the dam crest elevation.

A routing of the SDF through Timber Lake resulted i n  an

overtopping of the dam crest by a depth of 1.8 feet for
a duration of 34 hours . A dam breach analysis was then
performed using a trapezoidal breach of 92 feet top
length . The peak breach outflow was computed to be
4740 c.f.s.

The breach analysis indicates that dam failure from over-
topping would not significantly increase the hazard to
loss of life downstream from the darn from that which

would exist wi thout overtopping failure . Accordingly,
the subject spillway is assessed as being inadequate in H
accordance with criteria developed by the U.S. Army
Corps of Engineers .

20



b. Experience Data

The dam reportedly has not been overtopped since i ts
construc t ion in I ~ 54. R epo r t e dl y  , the highe st water

l evel in 1 i mnber Lake occurod about si ~ year s aqo when
a darn upstrea m of I~ i rc hwoad I a ke fa i led. At that time ,
the lo~el of limbo,’ Lake rose to within 1.5 feet of the
cres t of Tinbe ,- Lake Damn.

c . Visu al O bse rvat i on s

No evidenc e was foumid at the ti ne of inspect ion that

would i lId I ca to that the dam had been overtopped.

ci. Overtopping Potential

As indicated in paraeraph 5 .1 .a , a storm of maeni tude

equival ent to the ~-PF which caus es a breach in Iiirchwood
Lake Darn would cause o\ertoppine of the Tinbem - Lake (1amn

to a hei’iht of 1 .~~ fee t .  Comp utat ions ind ic a te  that the
dam n can pass a ppr oxi i - ’a te lv 10 ~

- of the PMF
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SECTION 6: STRUCTURAL STABILITY

6.1 Evaluation of St,’uctural Stahili t~

a. Visual Observations

The embankment appeared , at the tine of inspection , to be
structura l ly stable with no evidence of cracks , displacement,
differential settlernent or seepage.

b. Design and Construction Data

Analysis of structural stability and const~’uction data
for the embankment and spillway structure are not available.

A narrative statement contained in the New Jersey State

Water Policy Commission “Report on Dani Application ” dated
June 21, 1952 provides some limited information regarding
design data for the subject dam . According to the t’eport ,
the most probable reasom i for the prior breaches of the
darn was the failure of cut—of f  sheeting to penetrate the
l ayer of organic material lying beneath the dam . Reconst ruc— E

tion was to include a cut—off wall dr iven across the gap

created by the breach and tied into steel sheet piling
and also tied -into timber piling around the new s pi l iwa y .

Design and construction data is also contained on drawings
prepared by B. Harold Wills in 1954.

C. Operating Rec ords

No operating records are available for the dam . The
wa ter level of Timber La ke is not monitored .

22
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d. Post Construction Changes

Since Timber Lake Pam- i was reconstructed in 1954, the

fo l lowi nq changes have he~n m ade in the dam and appur-
tenances:

L The slide gate and ope’-at ing nechani sm was
replaced by stoplogs.

2. The erbanknent wa s widen ed in l9 t t ~ in order to
acco mmodate th~ inst a l lat ion  of a sani t am- s
Sewer main.

3. At the t i:-ie that the e~bamikrien t wa s wi d en ed ,
the sp il  1~%ay di schareo cul ~-ert w a s 1 en.:~hent’-1 .

The additional len eth of cul ver t was appare nt l y
constructed w i th  the sane t rpo ~nd cr oss se~-~ ion
as that r~i st i n~ p~’io~- to the o- ibaukme m i t w id e n

Conseq uem-mt l y , loss of soil around the j o i ri t
between t he two lone ths of culvert i s not
ant ic ipate d .

e. Se ismic S tab i l it y

Timber Lake Dan is located in Seis m ic  Zone 1 as defined
in “Recomended Gu idel i ties for Safety Inspect ion of Pa- -s “

which is a zo m ie of very low seis m ic ac ti vi ty . Experie nce
indicates that da :-~s in Sei smic Zone 1 wi l l  have adequate
stability under se ism ic loading conditi ons if stable
under s ta t i c  1 oadi 119 conditions. Timber Lake Pan appoa,’ed

to he stable under static loading condit ions at the time
of inspection .

23

_ _ _  _  _ _ _ _ _  

- - - -— -- - . —
~~~~~~~~~

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

. __~~L . —— ------—--——.- — ~_ ~ — ~~~~~~~~ — — ~ - — — ~~~ — ------~



SECTI ON 7: ASSESSMENT AN D RECOMMENDATI ONS

7.1 Dam Ass es snent

a. Safety

Based on hydraulic and hyd roloeic analyses outl m e d  in
Section 5 and A ppendix 4 , the spi 1 lway of Timber Lake Pa:n
is consid e red to be inade q uate .  The spi 1 iway is

not ab le to pass the SDF designated for the dam without
an ove rtep pi n~ ~f the ~ i , and fai l  ure due to overtopp i rig
would not sian i ~ ce- nt lv i ncrca se the potent i al for 1 oss of
life de~ns t rea i from that w ’i I ch would cxi St w i thou t
overtopping fai lure .

The structural intee r i  ty of the dam appeat -s to he adequate
based on f ield inspection . No reported nor wr i t ten
evidence was foun d tha t waul d COIl trad i ct this assess me nt .
However , a co - ~ple te ass ess ment of possib le seepaae is not

possible at the present tine due to the submerged condi t ion
of part of the do~.nst rea -- ’ toe of the dam .

b. Adequacy of In format ion

Informat ion sources f~r this study include: 1) f ie ld
inspec t ion , 2 ) p1 ans and correspondence in NJPEP f i les ,
3) USGS quadrana le sh ee t , 4) aerial  photo~ raphy from
Burlington County arid 5) co nsul tat ion with naintemiance

and operation personnel for the dam and o f f i c ia ls  of
Medford Township. The information obtained is sufficient

to al low a Phase I ass ess - ie nt  as outlined in “Reconinended

Guide lines for Sa fety Inspection of Dams .”

24

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

-



U

Some data not available are as follows :

1. Stream and lake elevation gauging records .
2. Description of darn embankment fill mat erials
3. Inspection Reports subsequent to reconstruction.

Data contained in the NJDEP file at variance with the
findings of this report are as follows :

1. Slopes of upstream and downstream faces of
embankment , reported to be 2:1 each , were found
to be 1.5:1 and 1:1 respectively.

2. Top width of dam , reported to be 22 feet, was
found to be 43 feet.

Much of the information contained on the construction
drawing by B. Harold Wills , such as sheet pile cut-off
wall l ocations , could not be used due to the poor qu a l i t y
of the NJDEP file copy .

7.2 Recom mendations

a. Remedial Measures

Based on hydraulic and hydrologic analyses outlined in
paragraph 5.l.a and Appendix 4, the spiliway is considered
to be inadequate. Therefore , it is recomi~-nended that a
qua l if ied professional engineer be engaged soon to perform
more accurate hydraulic and hydrologic analyses relating to
the spi l lway capacity . The analyses should more accurately
determine runoff characterist ics of the watershed and
should refine the discharge capacity of the spillway and
the downstream channel capacity .

25
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Based on the findings of these analyses , the dam and
spiliway should be modified to prevent overtopping of
the dam resulting from a storm equivalent to the SDF.
Some alternative remedial measures include the following :

1. Replace the spiliway wi th a spillway having a
greater effective weir length.

2. Construct a secondary spillway to augment the
capacity of the existing spi l lway .

3. Create one or more detention impoundments
upstream of Birchwood Lake Dam. -

In addition to the measures outlined above , it is recommended
that the fol l owing remedial measures be undertaken by the
owner in the near future .

1. The depressions in the dam crest should be

filled to create a level crest and prevent
channelizati on of any overfl ow.

2. Trees and brush on the dam embankment should be
removed . All trees and bru~h should be cut at
the ground surface in a way that wil l  cause L
minimal disturbance to the embankment.

3. The concrete spillway should be thoroughly
inspected and repaired as outl i ned below :

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

b. Sandblast all concrete and apply an epoxy
preservative coating to all surfaces.

c. Pressure grout all major cracks and patch
any observe d spa l ls an d ero ded sur faces .

26 
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4. A detailed design for’ reera di ne the upstrea m~i

and down St ream emaha n kmaen t si o pos shoul d he

prepa red by a qua 1f f it’d prof o ~ s I ona 1 ent~ I net ’ r
and the enmhatiknw’n t should he req rad (Sd accord I nq 1 y

5. The stee l qra t o  and wa l kway coverin g the ~p i 11 way

- 
shoul d be replaced very soon.

The ir api enen tat ion of the above remed 1 a 1 mea so res wi 11
requ I re proper detai l ol studi os and des i qri and the obta j u l  m mq

of app l I cable N~1I)[ 1’ a pprova l s

b. Mainten ance

The owner of the dam should in it I a to • in the near future ,
a proq raum of per i od Ic ins pec t ion and ‘ia m t  emia nco , the

compi et e recor(l~ of which to be kept on f i le  and made

availa ble to the 1u h1 Ic. A visual fnspoc t ion of the dam
and appurtenances by a qual f f 1  ed prot e~s I onal e miq I micer
shou ld he made annuall y an d reported on a s tanddrd i :ed
chec k — l i s t  formu. Repa h-s should be made when rt’qu i red
and the fol Iow iriq ma j im t enanct’ should be pertori med annual ) y
remove ad vet ’ se v eec t a t I om i t m o ~ i the em mba n knemi t and I Ill

and sod a ny eroded so r fa ces of t he emimba ri knmen t . In addition

the lake should be lowered at least  every f i v e  vt ’a r’~ it

which t i m -me the lake s hou lii ho c lean ed ~m mmd t he suhimie reed
port ions of the darn and ‘p Il l w i~ I nspe~. ted and repa I red

~
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C. Add it iona l Stud ies

In order to properly assess the condition ot the embankment
in relation to possible seepage , the downstream water
level should be l owered (by l owering Oakwood Lake) in
order to expose the downstream toe of darn . When the toe
Is exposed , the area should he thoroughly inspected for’
evidence of seepage. This inspection and assessmneml t
should be perfori-med in the near fu ture  by a qualified
professional eng ineer’.

A detailed topoqraph ic survey of the dam and area around
the dam based on USGS datum should he undertaken by a
qualified licensed land surveyor or professional engineer
in the near future. The survey map should be related to
exist ing construction drawings and shou ld become part of
the perm anent record mentioned in paragraph 7. 4 .b .
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AR/Z Stratified , swampy alluvium •

AM-2 3 Interbedd ed sand and silty sand with some intermixed
gravel. (Cape May formation.)

M-24 Silty sand with interbedded , i rregular l ayers of
sandy silt. Local l ayers of claycy sand. (Kirkwood sand.)

Note: Information taken from Rutgers University Soil Survey of
New Jersey , Report No. 20 and Geolog ic Map of New Jersey
prepared by Lewis and Kunimel .
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Photographs
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PHOTO 1
SPILLWAY

—
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PHOTO 2
STEEL PLATFORM OVER S PIL L W AY .

STOPLOGS AT END OF S PIL L W A Y .

~9 DEC. 1978
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PHi~i”

FLOWS OVER C04 ‘~~ - E WE I R .
INLET FOR SPILLWAY D1.. CHARGE CULVERT .

_ ___,~~~~~~~~~~~~~~~~~~~ 
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PHOTO 4
TAILWATER AT TOP OF SPILLWAY

DISCHARGE CULVERT OUTLET .

19 D LC .  1978
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PHOTO 5
UPSTREAM FACE OF EMBANK MENT .

PHOTO 6
DOWNSTREAM FACE OF EMBANKMENT

SANITARY SEWER MANHOLES.

19 [1IC. 1~ 7~-~
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PHOTO 7
EROS ION ON DOWNSTREAM FACE OF EMBANKM ENT

I
PHOTO 8

STOR M DRA INAGE PIPE OUTL ET

~ 9 DIC. ~Y 1.$

-- —- -- — ~~~~~~~ - - - -— - -~~~ -~~~~~ - -— - - —
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PHOTO 9
ROADWAY ON CREST OF DAM

L I

- 

J

_
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-
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PHOTO 10
DOWNSTREAM CHANNEL

1 ~) DEC . 1 ~)7~
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Engineering Data
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CHECK LIST
HYDROLOG IC AND HYDRAULIC DATA

ENGINEE R I NG DATA

DRAINAGE AREA CHARACTERISTICS: 1 /8 1Irh~fl. 7/S wooded

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): 41 (55 acre-fee t)

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

ELEVATION MAXIMUM DESIGN POOL: 46.23

ELEVAT ION TOP DAM: 44.1 (field measured)

SPILLWAY CREST: Concrete weir & timber stoploqs

a. Elevation 40.6

b. Type un co n t r o l l e d ove r f l  ow 
—

C. Width 12 inches 
—~~~~~

d. - Length To tal 45 feet
___________________________________________

e. Location Spi 11over E~ox inl e t ~t u rs t ’ e ir~ si~~~~f_~jm
f. Number and Type of Gates One q~it~ - Lii~k~ ~~~~~ 2 .7  f~~L~ ide

OUTLET WORKS : Stoplo~s dis ch~re inq thru sluice in spillwa y ~-~ l l

a. Type Gate

b. Location j~~ tream end of 5i 1 1W3v

c. Entrance inverts Subneroe .1 F
d. Exit inverts N.A.

e. Emergency dra indown facili ties : Remove stoL~1o~s

HYDROMETEOROLOG ICAL GAGES: None r

a. Type N . A .

b. Location N- A.

c. Records N .A.

MAXIMUM NON-DAMAGING DISCHARGE:

(Lake stage equal to top of dam) 441 c. f s .  
-
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Hydr olog~0 Computat ions

________________ _________________ _________________ _____ L-. ‘U~~~~~ - ‘ U  — -~~ -———-- ~~~~~~~~~~~~~~~~~~~~~ - -~~ —~~



STORCH ENGINEERS Sheet / of ~~~~
Proje ct _ -

, 

-
/ ‘U’ ‘ ______________________ Made By “— Date ____

Chkd By r~~~ Date ~~ s - ’

ci~a ~~~ C ~~~~ ~~~~, ~~~,, ~~~~~~~~~

C ~~‘C~/ ~~~~~~ / / )‘ %~~~.Th / ‘ f/) ’C/~~ ~~~
~~~~~~~~~~~~ C -

~/ ~~~~I- (’U,~~ j  / 
‘
~~: ~~~ ~~

-
~~
-‘ 

~~~~~~~~~~~
- ,‘~~

--
~ /

- 

‘~~~~~.
�- &

~~~~~~ ~/)~ (/~ J~e ~~ i~~
’ Z~’r /e~~’/

ey~~/ 71o ~~~~ cres~~)  /4~~~ ~c’-e- P
/ / e~y 4 7’ 

~~~ I 
* 

cI ~~~~1 /c6’. 8 f -

(~ . S,).ZUI//

H~ ~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ -
~~~~ ~~~~~~~~~

C~
J

L 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ r~~~

( tc - ,c � 30 ( c/ ~~~rc-’.~~)

~~~~~~~~~~~~~~~ ~~~ h- -~/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~# )  / ? ‘

~~~~
j

?

( 
~~~~ 

- 

7~ 
~~~~~~~~

,~~~~-. / c -, ,
•
~ _ t , , ~~~~~~~~~~~ 

-

‘‘1C ~~~~~~~~ ~ /:I~ 
~~~~~~~~~~~~~~~~ - ‘ ,,C/ c cc-d 

- 

C ~~~ -~~~;)  ~ ~~~~~~

kc r~ d - ) c -  L; ~~ 6~, ~~~ — i - c ~

—- -— - - --— U — —— —— -~~~ U- -~~U - 



-

STORCH ENGINEERS Sheet ‘~~
- of ~~Q

Project J122 Made By JG Date ~~~~~~~
iL~~r L~~k~~ A~n Chkd By Date _ _ _ _ _ _ _

- N YL /?~~L c G Y

/n f/c2i~’ A/ j , ~/)/7 L~/c25’ o’P~’~~/cpec/ tIs;,, 7 ~~~~~~~.4,vdr ,-o’,p h / ~,r
- 

~~
‘,pc%~A/aoc/ Lc~~e ~~~~~~~

Th,,b~.r Laker D~~~ / D a~~

- ~~ ki~ia~J L9ke 7~~~6et L~~~e 8,,-ch~~ ,ac/ I~’,~e
- ~~~~~~ . ~~~ 3 £‘A. -

~~ d~ S s~~. ~~:

SDP ~~~ T,t,ibe, Le.~e Dc~~~ /~~~~ ‘/ LPM~~~~

In ,% Lc, 1,— . 77in~’er L~~~&e L7~~ is

e7vc~/ /~ 7
U
J ~%~~~, c,~~rc~,o4 ~~~~~~~

- i/e. f ’r-lf
ra~it,ny thrô~’y ui 5~~c.~%uia~~c/ L&ke Dc~~~i.

-1~6 ~ ~ ~~
7~a ~4e ~i .sed u- i  ~~~~ IIEC -1-1)8 ~~~~~~~~~~~~~ /p~y,,-.’~*,
/‘~~ 

C~~~~~~~~
,
/~~~~ .l~~~~~ /r2y ~,~~~~/‘~~ &6/~ va~-a 7r c-~/ ’~6S $fr ~~~~~~ 

- 

±_ _ _ ~~~_ __ _ _ _ _ _~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~



STORCH ENGINEERS Sheet —~~ of 2~~~

Project _ -
: ‘ U /

* ’ - ~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~ Made By ~“~- Date
/ /3 1  Chkd By ~~~~~~~~~ 

P Date 3 I’ i ‘~~~

Prc c p , i~ t ’~~

(A~C 
~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~f ~~,na// ~~~~~)~5
) )  

/ / 9 7 3)

i~~~~I)j  
~~~

/ 5-/  /~~~~ Z c u i c  ~~,

A f C I X / J ) )~ , 7) 
~~~~~~~~~~~~ 2 

~~
~ /)r- d~’/ -- -? -i-

,) a’-~~( (0 
~~~~~~ ~~~~~~~

i-
~ 

-; 
7
’

~
- 
~
- - ) (

‘U
n ~~~~~~~ 

___________

f~o
/ 2  

IO9

24

07’I ~~~~ “
~~~±J

~~~~~~~~~~ / /  qi-~~cip 4

,
~~~~~ 

O/~~’2n )~~ 
~~g , -  

~~ccd/of 
-

~2se i~~it’,~~/ / ‘ /ërc~7~2~
—,i / .5 i4C~~i~~~ y

CO) l ~~~t(~~/ - ,  ~ ii , c-/ 7’,~-~ ~ ~~

- -— ‘U - - -- - -  s_ _ s_ _ _~~_~~~___ U _ _ _ _ __ - - -



- ‘ U - - - - ‘U - -- - - —-~~~~-- -- - - — - - — - - - - -~~~~

STORCH ENGINEERS Sheet _i_ of -

Project . . __________ - Made By . ‘~‘~‘~~~Date - - 
‘U _ - 1 . ~~~~~~~~~)

— ________ _______ ______________ ~~_Ch~d By ~T 1’1 ~~~~~ Date t~ z.’~L ~
‘?2

T e  ~
( e r9z ’,~’->, r ,)

C/~rk~ f , - .-~i ; r ~ ers ~ -~~~t’~~’ /~ ~~~rp~ ~~1 E~~~~~~rs —

-

7~~ 
-#- R

= ?~~~~ (
~~

A.
~~

22 ~~~~~ (,#.311
28

PA. 8.5 .
.
—
.

~~~~

- fl, ,-:
S -

~~ / 2 . 7 f / / .~-~ :

I~~ - 

-

- R / 7.~~ iip~

- ~~~~~ t,~~~_~~ _ _ - -~~~



STORCH ENGINEERS Sheet _-~i~. of —?~
, 

--

Project 
_____  _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _  Made By~~~~~~~Date -

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

Mai~ C~~~~~~~~~/ ~~/~~~ e ( s ) :

~~~~~~~~~5 
p

~~~~~~~~~~~~~~~~~~~~~
7

/~~~~
)

ii ~~iu~ 1~~

~~ 
= 0,4 i, 2 sc

85 °/~ // 3~ 4 in,’ E/e ~ 38

3 = - .4 = / Z .  7 /ë./i~~~,~

S v l ~
-
~ Sl~o,~c~~ c /~ ~ ex (se) -

.

~~~~~~~ ~~~~~~~~ ~ SGS
/ /

D,4. 544c’ ~cr ~’s

303 ..:;‘c rt ’~3

~~~?

~~~~~‘ /mp9 r~~ia ~~~ ~~~ ~~~~ ~ (z)

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

~ fr’U1~ ’ ~
.‘565 

~~~4~a’rc ’#1f /e.)

Pofl~ / ~t/ ~ii 7OSC pec~~~is

-— ‘U- --- -  - -----——----—---— — -~~~~ -‘U—-



- —

STORCH ENGINEERS Sheet ~ of ~..LO
Pro j ect — .~~~~Made By —“

~~ Date ~ /‘7~Z~-~
— 

___________________________________________________________Chkd By ~~~4 i~V _ Dafe ~i’~r~ 1~LL

/êl~/~rn ~~~ith~v (~) ~~~ j ~ecs~~~/ ~y. ~~:

1= ~~~, 
(~.7~ Z -~~.O33 

~°?
- k’~part 38

1 M/  %

U 
-

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --U-- U 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --~~~~~~~

- - -

- — 

-



STORCH ENGINEERS Shoo t ~~~~ of i’ 1
Project “ -

‘U
’
,
.
, ‘ - -t - - 1 L.i i-~~~’ -.- - ‘ - - Made By ‘~~— Date ~~~— _~~~~~~ -

- __________________________________________________________Ch

~~

d By’~~ ~~ r Date ~~ ‘ 7.~~
U 

La~~ ~~~~~~~ ~~~~~~~~

‘-j  ~~~~~~ 
.
~~~ S g p - , / / ‘ U*I ) ( f

- ~~~ p~yC

0

/ 1.0

r c — 1- ~ F ?~~~~P~ j f 1’ , ) ) ~/ dC
~~& Ir r  ~~~~~~~

, 
~~~~ 

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

q

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

-



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

STORCH ENGINEERS Sheet “EL.. of 2O
Project ‘~ - ‘  ‘

~~~
‘
;~~~

- -~ ! L ~ &~c ~~‘ n-~ Made B~~ ± L  D a te i ’ -~ 
‘U
~~ ?

- Chkd By~~~’f- ’ P Date ..~~m~’ , 7S

~~~~~~~~~ ~~~ ‘ C/ ’~~~,- j ~~~

Secc~v’a’ar’,y (r
~g7’s 

‘- A

Pri~~~ry Cre~l 2~~ cu,p

- ~ I P
- 

/D5’ 24/

~~~~
/
~
S Lf I J J ~~~~~~~~~~~~~~~~~~~ 

-U—.--—

-

- 
Wa/?KS p

L~~~~~~~~~~~

_ _ _ _ _ _ _ _ _ _  

t

cEC7-ic ~~, A -A

-

~~~~~~~ ~~~~~~~~~ ~~~ .-— ~~~ ----- ~
- - -—-- - - ~~~~~~~~~ —- ~~~~—~~~~~~ -~~~~ -—.-- _____  ____



STORCH ENGINEERS Sheet 9 of T~i~
Project ‘/3Z~ — - ____ ~~Made By _q& Date ~~~~~
— 

t~’a c c1 L ’I~e ~~~~~i Chkd By Date ______

L I-VA Y D /- ,‘~4 kt ~~E

Sacirces : ~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~ — A.’s,~~i S’S~~/ /  ~~~~
4~’x///,d7 ~~~“-<-“2’~’ 

- / / y -/i- .~’~I/ l c J~~rZ’ s — -

~ h- Se/~°c ~~~~

c2?ee C,~~~~S~ ;/7~~~, 
-

=

-~~ 24 ’ ~f /~c?~ ’e /~~iq /% ,
~~~~~~~~

l

~~~~~~~~~
)-

- 

~~~~~~~~~~~~~~~z/ ’ c / ~’cT
’,v~ ,-~-‘v~77~~ ~~~~~~ c~ ,’~~~7’ cr ~~~~~~~ Z

L

c,, c~ C0c /T af a<’sc/i~~? .,,c f ~-~ i’~~~i~~ re~~ ~~~ ~~

5T~4CE - 
~‘/SC/- ~

,1.C~~E 7~~~~~~~~ 7/ ~~~
/

e 51p; //i’.’~~y i~~ 7
’ 
‘~
, /

Q 6?

(c~C~)  (c ls)  (c f s )
___________ ________ _________ 

(~..iz’/r z ’ cZ,-n ~~~~~~ —

42.8 3.(. 0 0 0

43.O 3,~ o B
43-S 3.~ 77 4 8/
41-a 3-~~ /J9
44. 3~ 330 / 4  344

3-~~~~ /c’M 30 1/08

16s 2.3 /~~4~ 30 1S7~~

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



--- 
- - -  - - -- - - ---

STORCH ENGINEERS Sheet ~~ of ~~~
Pro ject 1”.32— Made By i ’— - Date

f~ ’~~~i ’ ~’d L ’ce 2’~-~n, Chkd By ~~r’~’ Date ~Z ~~

~ r1q~~ ~~~~~~~~~ -~~~~ “ .E

4-7

L~~A/~ 1

4’

I~ t fFt~ ~~~~~~~~

.7L 2 5

4~ .o

44 43~~~ 61
/ 9 7

-‘
I 41-.5~ 344

43 

485 /379

4 2 - —- - - — -- - ~— — —— - —- ______________________________________ 
~~— — — -~ — - - - -______________________

7co ,e.- * / 2 c c

&(cr� )
_ _ _ _  -~~~.



-‘U -- - ----‘U- - - ’ U- -—- ------ ~~~- ---- —--- -

STOR CH ENGI NEERS Sheet i/_ of _2~
Pro ject ~~ 

‘
~

‘U

~~~~~”’ Made By ~~- Da4e . —

Chkd By72~’~~t i’ Date ~~~~} “ ! •l,

L€~ke -~ ae.

frrce1-1 OS~~~~S ~ 
c j c r ,~~ ~~;ctcs

c~~1~_ i~i ‘c 0 / ’ U / c i ( C  0re.i ~
,‘lc)

4 1.o

co , c 9z,O

c~~ / -~~~~~ (&) I~~~~f ~~C~~C/cp~~ ~~~~~~~~~~ ~~~~~~~~~~~ ~~~r~)7
~~~~~~~~~~~ 

ar~~ ~~ € / e ~~ r,c,~ -

I-

— i— - ----~-—----~ —-- - —~~~~. - —~~‘U-U-.-~~~~ ~~~~~~~~~ -~~~~~~ ~~~~~~~~~~~~



STORCH ENGiNEERS SheeLi~ _ of ~ 0

Project v L~ ’ ~~~~ ~~~~~ Made By ‘n— Date 1~L / J’

— 
,“ 

~~~~ Chkd ~~~ 
e- ~~ Date~~~~J L L.~

- : :
_ _~~

‘
~~~~~~

7~~~~ ~t ~~~~~~~~~~~~~ 
--

~

--
~~~-

__________  ______ 
Le, ~ i .e ) cJ da/17 ~~

$_

----
~~~~~~

‘U, 4_7 / 
,
~ 

-

_____ -____ - - - - J - -- _____--

~~~~~~~

-——- -

: 
- 

q.e’

“ T~T1. 
~_ _  

_ _  _ _ _

J 
- 

‘
1 

/ 
~~ ‘U

~1- ,
SEC ~~~~ ° ~ ez ~~~~~~

~~~// ‘~j c ; 4  1/,,.,,,-

--— -‘U—— —-‘U— ~~~~ -_~~~ -- ~~~_ :~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~ -- . ._ . .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ j



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

STORCH ENGINEERS Sheet -‘~~~~ of ~~~
Project 7~ t, 1’cr L~~~€. ~~~~ Made By ~

(
~ - Date ~~~~~~~~~ ‘~

— 
— “ ‘ z— Chkd By Date ___________

d aTe 2~IS c1)4r~7e Th b~~/ ~?7’1ori

~~#ect;,e / e,,~~Th oj— s1a9c / cuei ’r- L,
4 s  “ ‘‘ z__ ‘ L 

2. ‘ ~~

~~~~~~~~~~~~~ / e..ai.~~/7~, i~~$’4e ~~~~~~~~ 
— /o�ç e~ aT~~

cr, e-~~

o~ 4,s~ h~~i-~~e. C, =
Coef of- 4 ’c C 4 . ’ f- C  ~~~~ 

- 2 .7 
.‘

~~~~~~~~ ~.3 ,

~~~ ~~ ~~~ ~~~~~~~~~~~~~~~~~ < i~~~ ~~ ,b 
~~~~~~~~

. ~ 7~~ Tcil = 7 1~ ~~~
(OLit/C 1 ~ c#~1~-~--/ )

~V .L . 1~~, ~.Q , /? -z. C L. c;~~ ~~~~~~ ~~~~ c
~~c

(It) (j t  ) ( ‘—,~
-
~~ ~~~ 

-._~ (c-f~~) (cj c)
4o~, 0 0 Q - 0 0 0 0

4,. ,~ 
a. ~ 

g ô,ç 2.7 ?~~~ 4 /  4 .’ 4 i

4I.~~ 1.0 ~ç / .o .
~~~ 

/ / li- 1z9 129  ‘ii

4-z~.i Ic �.7 i.c 
~~~~~~ 2 23  2~~ o

Izh 2.0 4?~ 2.0 3 3~~ 39~

4;., ~~ c? 2S ‘-3 4q~~ 
~~~~~~~~ 

.�°~~~

4Lt~ 3.0 77 3.0 
~.3 ~,c2. 729 c’c

44.1 ~S 97 ,‘c 3.3 Sz- i c3 .~

4~ ,/ ~~ ‘9, c,~ ~.3 /6 i
~~~ /809 ~~~~OO ~~0O

- ‘ U -- - ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ 
~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _



- 
i4~~~c2 c

-I-- ‘-~~
-- I—I-’ z

I ‘4I ç 4.
I—

~~
‘ ~~~~~~

~~~ 

-

~~I 
_ _i~~~ H

- - z I i~ 
kLI~)O13A

~~ Li 0 I J311f l0
It, I-

I~~H ~~ 
~~

- - -;
~~ 

-

~ 

-

~~~~~ 

— -

~~~~~ ~~~~~~ 

— —

I I— . ~~ ~ ç ,

~ I I (I) V) ~
~~ ‘ t 0 ç — ‘ - - ‘- ‘

~
- i ~~ 

c— ~
— i— — ~~~~

~J i ~~~~~~~ Li~~~ _

~~~I I ‘~ ~- . --c ~
—

L I I  ~~ 
S ~ ç~ryi d

¼ -
~ 

~~ ~~ 
•
~U~~

— — — —

cr 0 i~ •,~ L~ ~

z w~~~~_ _ _ _
0 

Li —~~ — — —
— 

~~~ .. ~~~.-.. I—
-~ -

~~ ~~~0 - t —z: —
2~~~ ~~

‘ 
~
. 

~~ 
-~ L.  -

— L i  -‘U� ç’ ç~ ~~
2- o 

~~ 
— — 

~~~~~~~~~~~~~~
. — —

0 ‘— I
11 11 0 2~~~~ 

-
~-1 -

,

N 
~~~~~

-

~~~~~~~ _ _

‘U 
O~~~

.. ~~ ~
‘U— — N

V. l’i 
-~~ ~“ 

-“ ‘-‘- N
2 - 

I N

3
0 U n  -._.— ~~~~~~~~ 

— .-

— N ~ z ~~ 
-. ‘U. 4

0 00 ~~~~~) 4  \— ‘U’— ‘ \ -~
‘-‘U ‘

~- ‘.‘4 - —
-a-- ~~~ \- v ~ t

5-13 
FIgure 7



STORCH ENGINEERS Sheet ig of ZO

Proje ct /“ ;‘t ’~’ r L- ~~e ::7~- -~~ Made By_ “- i-- Date .ir~
_—

_________________________________________________________Chkd By Date _ 
—

- S1a~~~ 1
~/�C,’~ô,-cyC C~’r ~-e

- 
-

fli~ej C~/ v~ r~

- 
-

- 

-

~~0

/::
~~/

~9— ~~~~~~--— (~Z’ /~~ cp- t

‘~~~— -‘~. —‘~~

A . _ _ _ . _ ._.__.

4.oe ~co /zoo

H ~~‘cj.s )

I

_

I 

- - -— 
- - 

-

_ ______________  
. -.. 



- -

STORCH ENGIN EERS Sheet ‘~~~~~ of ~~~~~~

Project r -‘~~~~~~~~~~ Z~~i” I Made By ‘~~~~ Date 4 _4_ 7g

1/ 3 a Chkd By Date __________

~~ ag~~ ~~/ / ~ar9~~ 
C~~r~~~ 

-

T,nihe,-~ L~
ik - .

~~ Z~ e71rT ~p~~/f ei~~~y

- 
- -

4& - 
- 

h’.Lf,’-t ) ~~~~c7L$)

- / 0
- 

U / - 
4 / . .’ 4 /

- / 4./ -~
- 

42.1

-J I 4z. (~
,

lbp OF C)M AI / 43.0
44.~ / ~~4. a 5~,o

44 - 
~~~~~-*~/ 

-

:: 
- 

- 

ro ~o ~~~~o

- 
ZOO 4oo ~ oo Boo

I -. 
- 

-

- --- -- - —

-

~~ ~~~ ----- ~~
--- U 

- 



STORCH ENGINEERS Sheet “ 7 of d~t.
Project / 132 Made By ~~~~~ Date .~~~i2 -73

— Ti iL~e~ Lc~~ e L~-~’i,i Chkd By__Date

cl/ER rcPPrn’6 PC rg,v T7A L.

Ia- 
-

30- -

zo - -

/0

I I I

I Z 3

0citf/o~
, (c,~i5- x iaco)

Over topp,~~~ acc ~irs ~ e /e ~~ 44.! ~v’ 7’% Q 53~~~ c/s

.~. ~~~~ Cc9 vi f lc?z~5 ~p a~~~~1~~~e~ y 1/ % Pt’-IF

I

- _.~~.a
-- 

— - -



1/ AD A068 673 NEW JERSEY STATE DEPT OF ENVIRO*I€NTAL PROTECTION TRENTON F/S 13/2
NATIONAL DAM SAFETY PROGRAM • TVSfl LAKE DAM (NJ Sf16). D€LAWA—ETC (U)
MAY 19 R 4 MCDERMOTT DACW 61~ 16 C ~ Ot2I

UNC LAS SI FIED PR.

END 
-

OAR

DO’

1

*
/



~I~
2 SII~U 
~;

‘

I .1 ~~~ 
~I~

20

~~L8

111111 .2.5 flhIIi~ Mui.o
~~~~~~ ~‘r~ Ifl I 1 SI ~ I

~~~ \ \~



-~~~ -
-

STORCH ENGINEERS Sheet / ~t5 of ~~~
Project 1~’32 Made By JG Date 4 ~~ 

-

T,ni~ er Loke 
~~~~~~~~ Chkd By Date _______

B~PEACH 14N4~ VJ / S

Ass~~~ 6r~ c~ b&~ i i ~ ~~
/ ‘~‘ o4ve/ap ~‘he ~i r~’~ erval t

si’~’qe reaches e/e~ 4~t./

_ _ _ _ _  ~~~ ~ f ~ S
dep re,~3 e d ~~e~’,ç ~ ~

~~~ c4ivi cres’~
)

7~inc 7L~

-
~~~

_ _ _ _ _ _ _ _ _ _ _  ~/ev,44.i

k
1Aieg 33. a

F OLL Y DE VELCPE O SF. E4 s~H

I

-~~~



STORCH ENGINEERS’ Sheet / 9  of 2O

Project . Made By ~JG Date ~~~~~~~~~~~~~ 
- 79

— ~~~~e~- L&ke D&~~I Chkd By Date _______

fr~~ .04

3~ ’ /30’

CROSS 5EC T/ot/

~‘p R~~~~C/1 Z

~~/e~ /awe.~ 7t~~ame = 33*

-

. 

-~~~~ - _ _



STORCH ENGINEERS Sheet ~~~ of cW

ProjecLJ~JZ Made By ~.16 Date 4

— 
7im ~er /~k~ Da7m Chkd By Date _____

5~’o’7e c/ e~ res~,/t,~~ (
~~~ i~//~’~~ ~

‘
~~~

‘ I
do~~~(Vz p ,11P) /

I St~~ e e/e~’. res~,/ l~,p,y
j fl-a~,i ,,an - ~:; i/~irC

32 / avev~aj~~/~~ (~~p,’i,~)

/

30

z~.

28- / -.
~~

H /
t ‘~

27 I I

/ 5 /~ / 7  Id ‘.9 10 ~ j  zZ 23 24 £5

7~~e (br)

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



HEC-1-DB COMPUTATIONS

I_~
,_ i 

- ‘ -~- --—-~~~.-~~~~~~~~ —--
~

-——-—-— --—-
~~~‘

_-
~~ i ‘ - -  -~ ‘— -



— 
, -  ,

~~~
- -

~~ 
“ -‘ 

~~~~~
‘ ‘ w~~r - “ —

• Jr~—4 .4 -

I& I . 4~It~ ‘4’

- J I
S

~~0 V~ — ~~ u’~ C’J -4 , ~ ~Oifl
4 0 I I • 14 ‘ I S s-~).J .-. 

‘ 
e, “~ u~LI 4’4 44

) V)  L) I ‘

.-s

0 P., , C, -.4
14’ I C)-

0 ~~_I 4

1. 0 4
Id “-. 0
Ii ~ I— •~~ 0
‘4 ~~ It~ C~ ~~ It” ~~ C’ ‘ 1 4  tfl 4’ t-) ~~ ~~4 ~~ iD(/) 0 ~.D •.- 4 X ‘4 .~~ .0c~ O~~.— (•~ 4’~~~ N

n. 4’
0 I

0 .-u )- Ix I I
~J T 4

4 0’ a — i  ~~~I’- It) •—~ -4 i-I ...)

~fr~ I C) r - so’ ‘ P.- I .U’I c~o 
~~~ .j  ‘4 I— 4 —  .‘4 — .‘\I (~~i ~~.-

I. ~Id
-u~ ‘-I I.~~ I

~ I
‘4 . I

0 .-,r ~’ wtt~~~i ~~ ci ~~ k~~.-ø c~ ~~ u’ c~ ~~~~~~~~~ io
• ~~ I i~) S ()  I X . S I s I ~~ I I •

a) ‘~~~ ‘4~~~•r4 C14 4/) Iv’) ~~ CI .4 ~~ .‘-~ .-4 ,~.jC,) •_~I

- I ‘-4 4’ It) It) ~~ 4’ 0’ It)
• c’s

S. In
5-

., in~’g,x or— ~~ o ~*) ~‘ • ~ i. .4 — ~ ) ()
•4 J  (‘~J •~~~._J C) I • • .,O ,,j •4 • • ,Ø
0 A. P- • ~~ ‘1 .~~ P.~ I . I., .1 ~) .-i I

~-4~~1-4 4’ ~~ 4’ (“.1 ~-4 $..._ 4’ ._4 4

- 
r

OU’I.—h40 C) .fl0 ~~~~~~0I~~~X U’s 4 -4 r,D C ),ØiD.’4,3%
It) II  •.  . .,, •(‘g 1.3 C~J ,~~s ’gsD C) ~~~4,J 4’

5 ,4. f54.4 4’

‘ ~g,  ..
~ — .-~ — i-I 4 (5’~ • j  A 0 .4 .-, 4’ ~~ Li 4 C’S

4’4 ) ’ S v  ~~ T’n S~~~~ )Cs”s s- )-- )- b4~~~~~~’ >- p-),. 
~
. ~~~~~~~~~~~~~~~~~~~ 51.1

L .H HI Li L._i Hi Li
0 ‘ 0 ‘V ~~~~~~

‘ -~~~~ ‘3 C~~~ - r~ 
‘ ‘‘

~~~~~ ~~~ 
‘
~~

“ “ ‘ ô’ ‘ ‘ ‘~~~~~~‘~~~

‘. - -

~

-

~

-

~

‘

~ 

.-~~~~~~ - . ‘•~~‘~~~~~



- ~ •~~~~~~~~~~-‘

1.. S is .
•i-4~~~~(i~4~4P- 4 5’.
~~~~ .0”si~~.

S
• 3c.
S
• ) l. a a
• s~~ a
I ‘I 

_ .
I u-a
• I ‘ 4i14i5p- 4 ft..i
S tI 4i~~’44 JO 0

b- ~ a
vs C ~~a2 - $ 0

‘5 v s .
. ~.ic., .j0

X be. C
S-I 4 ~ sa
A’ J V~ A’ I -
A. 2 p-i a
‘-4 -4 -~~~ I II

I I P- -.4 - ft
S I C’
I ~PCJ p a
I ~~ C’.IO Li S

b- C’ I 2 P’ C3 - (W vi
. I., i S— C’ ~, a.  - I

0, 5 a — a us ~~~~~~~~~~~~~~~ A’ u.~~ 5’.
• C ft I a C’v’4 ~ 4 IS.—’
I ..J -, b—irs 0 1(’is.-
• I a.

0 CC’ 5- .-. 0 5- .0
- C 0 - b..C~ A’cs I A’ P..

1.1 00 JO 0-i - T 0 I- C’ ~~C’ - I

* I#5 0 Li I~ C’ ~~ 5-C C • A I II 4”
C ~~ P 4 ft IS s•. m ..~ A’s-” a I
A’LI i.J A’ i.JO ~~‘ ~~ 0. 

~~~~ ~~5-
& 5- 0.—’ 4 ft ) - 0” I•’~~ b.’ ..A5 .00’X C~~’I.’ s’.

CS ? I I S.. I C C’ •I’3~ ”‘O~ 4C ..-”
A ’a  0 t.i a ~~ .3’ I CLI ’ ~~.... ~~ C • ~~~~~~~
0~ Li — i,~ .J’ A P’0..~ C C” ~~ 5- I ~~P ~—~~c 5•-c• .~ S a A’ Ci~ • 45’.C” C
S. I.~ 4 .-. .3. 055 ’ • • ( - 0 I.J0 0,z~~’ 5-a • C A C’ 0
5- 2 LI)’ C” 5- • C, S.. A. 5- ~~ 5- I— C D  S.
Li .-4 —. .-. a II - C I. .~

) —. 0, • P
4~ L _I ~‘ .‘ S ii, I 5— 0. — C’ ~ C’ Ce’ 0 II Li

• D — Ia— S Is. A, ‘. C A a • ~~~.. ...r u- . I • • • • • •
vs C.~ i )  S C C f t 4 C ,~ 5.• Ci5 i~ ft ~flC” .i -J’ —’-’,C I ’ I~ - I’

al I. - 0 4 - S ~~ CCS Ig~ L’CSSC’ Vl i. ’ C II .4 ‘..‘ 0’~.’2 I ft a “5-a -~~~ . S ) L’ CCI • LI-iC’ 0 5’ a Lift
C 0 4 5 0 ~~ ft .Z~~. a a • .J Z 4..IO ,3
o —~ — ~.“ —. - .r 0 0.— o. a’ LiI C) I.J a PC’ 5- a c’
.51 4 0 I II Li - Li I — —.a 5.

C C.i ‘) .P ~
,‘ - I” ~~ Si C • ~ C’ 0 -

P0 rn” ’ , C 0C’  f tC’  •“) ui C’
o - ,_i _.J I , t •• Cc~ ~ac’ ~~i S I,’~ —. • • S • I • • I

5-uLIS. 5’C’A li A CS I%~ C’ ~~ S 41 • f t4 ’O’34 .c5-~~~~ t5’5’.
C Is. I . ) ~i l.~~~ ~1c. —

CC CS A ~— ‘ II 1’ I c.~ 
- I .3,.-...—. :‘ b— P p I ~ ~~~~) j  CS I — U I — o~ ’ U

a , C’. S I I — . s- , 0
LI ~ ‘ ~~ I 40 I u— -.i II I

~~~~ I~ia a
2 2’- • a l  ~~~. ~~ a 5- p

—‘ a a Da Cc Q. . ka
5- 1 a ~~ C ~~i b- i—., 5- ~~ ~n.- C’ .55

2 0 I ~~ ~— Cfl (II CS f t C’  ~,i C.551I’i-i
— a a na ~I • S ~~~~IP.- DC’ _JC ’ I

~ IS) Ci ft
•. I S a. ) ~ s.H/) C
I. — ~~ .—1 5  ft.. .~ H ‘IC) C
I t  4 5 -S  a r n cs ..
• p. S 0 C ~~C, ftI ’C) A’.’.l.’,.’ — .C 4Cc
I 

~ ‘PS ft a I C . 0 -i.ae”sls .-.

• IC I 5- D.. iO P-s. I- —
3 ) S  ft 0 ill I

SI_ S I  ~~~~ S — a
St  .51 P55 S A.
Si  .45 ~‘ I S .5
• 5  5 S 555 *‘ .C’ 2
•t  I I I  I ~~ ft
•. 2. I5~5 . s- 0 I . .  • S I S S
a ~ ~,a  J551 S ft 5- 455 ~~.-s CcP- C
• 5 5 I S 5’ _i — a— ’ ‘3.~ ‘d —
• Il_ S 45. • Ci
IQ  S C S  ,41
•CP US • 0
• ‘--i I_I
•t*~~.is S  -— I—
•0 .- .

SS A.
•~~~~~—C) . .~~.J . 2
.14 .2 5 -

~~~ 0
.T5~ a c—i LI
• si— . ~u-• claa . LI
SO  CS  A.

r vs
S ~~ A’

III • -



- ~~‘~~~~- -~~~ ~~~~~~~~~ --

~~~~~

-

~~~~~

- -

~‘p ~i r ,-r~ p ~~~~~~
I N F L i ~~\ \~~~~~..,

‘ F ~~~~ ~~~c’.’r .,, A L E

_ _ _ _ _

~

g.ii & ._ lIK .~ t’ t s ~,~~ S* 1~~ 1~~LS - LI~SS CC”I’ ~S 

~. Q% t .~~ ~ .~~: ~~~~ .~~~‘C .‘I C  ~ ..‘ C  .1: 7~. ~~~~~~~ .\ .~~~. ~~~~~~~ .~~~ 7.
5 .1 C S .t ‘ .. C .~~~ .

‘ I.
~~~~~~ ~~~~~~~ “ .1.~ s . ”~~ .~~C u .

I~ .1 .’ ..‘.‘‘ ~~~~~ ~
- .

I.L~ 7 . - 
~ .‘ • c

~~~~~~ ~~~~~~~ ~ .~~~ .
- 

~~~~~~ .‘: 
— —— - 

~
. . 

—

.i: 1 ‘~ •~ :‘ ‘1 ~~~~~ • ‘“‘ • 5 5

.~~1 2 C I I ~~ 1 .  .‘. •~~ ? .
~~~“ 

% I~~
_~~~~~~~~~~~ .‘ _  •1 .,_ .~~~~. 5 1  1.~~ .~ ~~ - ‘ 5 ’ .’ Ii - 

•~~~ ‘.~~t 1’ .. I’ C . 1 ’ -  •‘~~~~
‘
~~ •~~~ ‘•

S~~~ s 1S .~ 15  ‘ .4 4  . 1 -
.~~5 ‘c .’  .~~., ~ 

- •. 1 %  t s .~’~ 1~ ~ . . I  :‘.‘l. .‘~~.~~1 ~~~~~ 1 ‘ .~~~
‘ .‘ .~~ 7 .~~~~ ‘ C ’ ’,.

.,‘Lt ~‘- . C .’ U’ .‘ .‘~~
- .‘ .~~‘‘ .~~‘ ‘1 .’’ .

l . , . 1  ~ - I . . C  ~~ .1 •~~
‘.‘

. 1  .~~ - • .  .1’
.C l .‘ t . .. C .‘~~ .~ • - C .’ .~~~ -

. 5 - . •  • 1~ .‘ .‘ ~~~~
______ • • ‘.~~~.. : .  •

•
~ — .:.‘ 

— •~~ ‘ 4 • ’ ’ ’. .
.I~ . C .~~ . s •~~~~ • , ,

H

”

A 
~ 

~~~~~~ ,,~~~

~~~~ C l . .’ . ~, ‘1 C . - ~. ‘.~~~~ .‘ . C .

— “

~
‘
~

‘ 

:

•
~~

:—  ~~~~~~ 4 i..:.
1 I,

.:~4 ~~~~ 
,I•~’~’I ‘ .~~~~

‘ C . C C
l.~ I 4  *..~~

‘- , .‘ Is’ ~~~~~~~ ~.C s’ . C C
5 lb ~ ~~~~~~~~~~~~~~ ~ 

)
s. ~ ‘~ ~ .

5

~~~ “.C. . “ t  ‘ •~~~C ‘ •~~‘~~

.C ’ 1~~. . ’ ‘‘ ~‘ . - ‘ ‘ . C  ~~.‘ ‘I • ...
— .~~~ 

~ ~‘ 
~I ’ ~~~ 

fl’ .

t .~~4 1.’.. .~ $ ‘  ~~~~ ‘ .C~ ‘.‘
~ ‘ 51 ,

— - t :~ ~~ — ~~~~~~ . :_ ~ :~~ —

5 . v S  ~~~~~ “ ‘- C. . ’ ’ C . . , ’ s’.~’ C I s .
~~~~~ Is’.~’ . ~ . .~~~~ “ • C ~ I .~. C  ‘s I .

- I.s~’54 ~‘~~ .• C  “t  ‘ • ‘~~ ~~~~ 
.
,~~~~

‘

• ~~~~~~~ ‘-5 ’ ~~~~~ _ - ~I ~~•~~~~I
1 . 14  • I . .’~ ‘1’ ~~~~ ‘ .~~I •‘ .~~f

‘34 ~~~~ ~~~~ ‘ . C ’.__ ,,..,_ _ 1 • c ,  ~~~~~~ ‘~~‘ ~~~~ ‘, ; C  ~ , OC — ~~s. —



r ~~~~~~~~~~~~~~

‘ ‘

~~~~~

‘ 
_ _

I

iS I b J $ b ~~~ S
’S 1 5 * 5 5 1  i s  ‘ S i . .  S J S

’
S S I  ~ .‘ . S S I I I S  5 5 * 5  i i . .

S”.~~ ’c ’ 4 ~~’ C•...’.’ — S i I ’. ~~s ’s -5 . i  4~~~~~’5-S’.’.*’~~~ S ’~~~’.’,.’.’4S 4 . 4 4 4 4 4 4 4 4
- , fleb’Nt’S’ 45 ,. ‘ S, .S.’S.S Cc~ ’¼.S, Cc .‘S,~ S 1’.A.CcCWAfl.&

•~• 1. . i . • . .
r 

, 

i
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S S ’ .’,.% ,s SS .S .~ ,‘ ,S ,S,’ 5’.~ ’ .‘,A.\ .S

—Sr

Si%”,’5-..L’ ’,, ”.’,s-i..,.’s ’ ,’..~~s ’.’~~~ s ’s ’.s.’S C ’  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
S’P ’ .’ .S.~~ .b. ’ ’ ..s . \ . s .S .~~ .s .~~ .’.(s.’.,’.

~~ —_ • • • •  •~ • 5 I • S I S S S • 5 5 I 5 5 I S I S 5 5 S t  S S • S S S S S I S S • I S S
C’ P P ’ ’ ’S’ a ’s, ’ d ,’—,. -, ’,’-iP - . ,~~ ....’ .- ~~~~.’.’. ’.’. ’
sI S.  LIc’ ,, ~~ p~

_ - ~~‘. ~~ .~ ~~~~ _‘4 C’ ,. ‘ 4 4 ~~~~‘.‘, 5~ 5~ ’, (S.,’. .S. ‘. .‘ ~\.I, 5’,
5- ~~ 5- ,, ,,,5’ ,\ .-. -
a • - (‘4.. I

I - 
- 

- 
I

•~~~~ I - 

-

S ft • I S t S S I  • S S S S S * S I It  ‘I • • S S •  5 $
C SJ~ 5’.Vd ,5,~

’,.’ ,”4.’S ’.\5-4.\ -
I_5 5’45 4~~ ~~~~~~~~~~~~~~~~~~ ‘S.~~’4c ’,~3cI45’5’.%,4,’i.% ,\,’.s’,.’.,’.,’,,~~,\,5,s\ .\.’.
(I ‘( .- \5- 5 ’ .\.. -

0 
1) •‘~ - I  - I

~ 0 I I

—~~~~~~~~~~ S
5— 5.5 S l S ~~~~ • S 5 S * S S 5 S 5 S I b S . S S S SS 5  ,_

‘ S • S •• •S * • • S • • • • • • • •
‘i . It. • Sc’S-Pr. , * ~~~ S ’P’ .s ’ S~~ 5 P ’.d , \ ‘.‘ ~~~~~~~~~~~~~~~~~~~ 5”,.’.’., ’ d o e 4 9 d 4d 4 . 4

55~ 
(I •~~~~~~ ‘ . S 4 ’ - 4 . 5 , - .  s ’,’sI ’t’ .’..’s’4’ • ‘ , \ s\ , \ , \ , \ . S ,\ ,~~ .\, \,’ ,.S.sSJS ’,s’.,’.

ft ~~~~~~~~~ 4 , \ . s  I

U.- LU ~ I

0 

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
;.~:~~, , , .~ :,.~:::::::: ::: ;

~~ M .S 45~~~~4 S ’4  -, - ‘~55~~’S.’.”5- s’.C “~‘.5’.s\.S.s\~~’.~~’,~’I •s ’P— 4~ ’s., P.. ’
(U “5— ’ I
to I I

•l  

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 5 5 ,:

‘c’s— .5-.. - ’.. ‘.s .. Ccs S~ j. i4 s  ‘ .S.’, .’,,S .545 ,5 ~~~~ .%.‘.,‘..S5’.Cc.’.
41454,54.’. —. - -

.~~~~ ~~ 1 S
V.’ Si’fs’S’l v ’fl. .5” . S ,, ’ ~5’4s .. ..‘.. 4 .. ~~

,.-.a’,,. ~~~.‘ , ‘I” - ‘.‘ .-.‘ ,,‘.t • .5 4 4 .8 ‘S t 4  .5 •
~~~~~~~~ s’,.”,”,.. ~54.S.~4.sI,545-.”4” ’,’~’

5.’\,’,,’,’5,S..\ ,\ .\ 5

0

i s. . .  • •c . • • •~~~~•s

~~~~~~~~~~ ~~~~~,‘p.. 5’ ...., . S . , I,..’.’ S S  4 5 %Se,,’,S4..’t,’5- ’ - ’. ‘1\ S~~,.,,’,S 4 4 44 4 4  1.444
.-. 4 ..’l”.’5-,r.5 “.. - SSSs , b”4 ~ “ S”C ’,,’.,X ,S5~’i ,’, ,\.S ‘..54 1~~ 5~~~ ’1T~r’~’ i i T~ I

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



U’.’. (‘JC)4C’.04A..-4C~O’O’ A’Ci~~~Q~CC ftICi a~~~A’..~~~~.S I . . . . I  .SS....
C,ialP.,D It’I A’ ~~~~~~~~~~~~~~~~~~~~~~~~~51(5CcCcCcC4JC4,C ’J
4 4 4 4 4 4 4 4 4  4 A ’4 4 4 A’4 3 4 . 8 ’,144~a44

0’Si~S-4 5 .5)4 Cc .-.C’O’U’OJ C’a~A’CiU’ CiaD41a’ft

4 4 44 4 4 4 44  4 # • 4 4 A’A ’ 4 4*# 4 4 4 . 4

H
O’ .O ftisSC’25flC,.11 4 C9~.-4OC) U”3SDC1A’ajC’A’CiO1
•I S .S S S..I II ..I . . . ... . . .  •

C5I 5O 5-SD555 4’ # ‘iSICcCcC’5CcCS.C41CcCcCc C4114Cc
4 4 4 4 4 4 44 44 44 4 4 4 4 4 4 4 4 444 4 4

C’.flU’5-l’5.D-l5-4 c~~~~~~~~~~~~~~~~~~~.31ft,ft,a’a1a,c’
II.... .

*4 4 4*4 4 4 4 4 4-4 4 4 4 4 4 4 4 444 4 4 4J I
0’5-c.Ci4’.0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~S • S I S SS . S 5 5 S I  ..S .S.

‘ Ccl
*44 4

L
vs...... .

4* 4 - 4 4 4 4 -4 4 4 # 4 4 4 4 ’ 4 4  4 4*4 4*4 4-

CcP5~~~5- f l 4  # CcCc1’4CI. Cs CS.,’. Cs
*4 4 4 4 4  444 4 4 4 4 4 4 4  4 4 1 . 444 4 ’  4 4

~~~~~Cc.,C,5-,fl* 4~~”4) W’ Plc’I Cc (SC’,rs i54 (WCcCss54g54,li IS-
444-44  4 44.44 4~**4  *4 4 4 4 4 4  4*4 4

C c 1.O5-i154 4’5’IIISSi 15(5, 545’s, ‘.lSCSi (54C’4 C’5 ,5J
4*4 44 4  4 4 4*4 4 4  1 .*4 4 4 ’ 4 4*4 ’ 4 f

O I I I I I 4 $ S I S IS S  I I I . . . . .  I S
(SsCc ~~5-~D~~~~~~~~~~~~ 15’)”1~ ’4 C45CcCs,’5J C4iCc CsC’IiSi ISJ

1~~~~
4

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



I J I J~ I
00-VS c)rsoci OA’(1 ’5 c,c’c.1C’~~~

~~scr g, Q o c’s o a’ C’ C’ 000
I i.J_~:s S I I I I I I I S I S

Eu-. 0 C~’uC-. C’ QC.~ 
, 

T~~4 C C)C’ C’ CSI 

J J014 4/) ‘5C’C’ ,~ ‘tp. au VS
I— cs C’ C’. 000 P-- ~~ oc’ 000

UJ IsJ 1 ~ 5 S I I I S I.I —s ~
) I I I I •

It 2: ‘ IO~~’ ‘SJAJ C’sl ‘SI 2: 2:00 ‘P~5C’sJC’sl’
‘5— ss c~ I • u-i 

~~ ~~ 
(‘.j (‘~4 (s (‘54 A.. 

~~ c
s I 5 5. I (‘.50.1 (‘.1o sri n a’ i— s-c - A. ~~ ... ~ 
c-. sr~ -

0 0’~~ (4p. 54)4I- L4- %tb .-4 2: &~ U . 4 V 4t’5 2:

Z~It I ~~ o
~‘.1 00 

~~~ s- 00
‘.1 P-4P-. 11 C’ C) C’S 00 ‘5 I 5.5. VS C’ C’C’ 00~P— CL C’)C’SC”5O CS I I ~~~ ~~~

~~~~~~~~ ~ ~ ~ ~ ~~ ~~~~~~~~~ . s I S 5’
I 0-1.10 001” sO .~~ p-rn CV LI C) CSsL”* 04Sr -4.-S0~ ‘s~~~~r -4C’.SpI’SP’~b

I I ~~ 0

I ‘4 ’ IaJ I
- 0’ C’ S ~ - ~~ C’S I 5.4 

~~, 
1..) 0.’ 4 1 - .4 ~, 4.~ sD

4’ ~~~~ I S 5  si’ ILfl 2 ” ~
~ 5- (‘.J C) sO ‘4 a’ .l.-4 5- -

~~ s- .  i~~ C~ C’~I ‘1 a’ (‘MC’
p.- ~~ 3 _.i i, .-s.-i ~ I’- 0” p- ‘ sa 4 1 _j (/‘ 0’ r’ l~11.1 :3 4U. Li. al s)  15’) 0 Sri LI - 

~-~Li. LL ‘P 4- ” 1(505(5
U.. 5— ~.S s—s r-4 C’SJ (‘~1 

~~ ~~ a * 5—~~~ — s-4 C5J (‘V
.4 ..J D I ‘ .4L/) .~J, — 2:0 V) I 2:0

~~ 0. ,
2:~~ 1/) I I I

I I0 _i t(4 II.. 
~~~~~ 

I I I S S
U.- () ‘ ~~ L~’ P Ui ‘t” .44 U S *‘ S.- V.- I— sC P” 0’~00 2:~~~L4- o~~ - 1- ’sL U.

-‘ ~~ I u-40- I LI I W I .4#4 ,4C”J CV
5- I *C L) 5- 5. 04.-~a ’ Z  _s 

~~~~~~~~ (5~~~~ 
j

~~ 1) .40 U a S 2 : 4 /)
2: %~, > a) 4 C  - 2: F.. ‘.0 I$’5C’ I
EU’-, 504 ‘ 2: I •U) I
~~~~~ ... 1t’g I 

~~L ..JC’ I
V S I  4• I V Sf l .44- I

5. 2: 2: ‘1~ u-. - 2: 1. 1
s P’ I .4 OC’ C’ c-i C’ I 5- ~~ C’ C’ 4 4

I 2: P- C) Cl C’ 0)4 0’. $ 5— C) C’ ‘.~ 4 L”) P~
- 5.A. 1. 1 1 4  z u-sO. I I I . .

- ~~LJa’ DC’ s-b c- I u-s ~~1.ia’ C) 1 *54 ’4

I ~~~~ >0 I
o f  0 4
5. U (~~>5— 4~~ Ci IC 5. WI (‘.5 C.) c-a C’ I ~ ~~~~~ ~~

‘ .- ‘. ~..i 4 , ‘ -1~ c--S 41
~~ -J ~ )( I ..-I 0’S (‘VP”) 0” 45 1 .~~ ,J 

‘— C”, ,,..J (‘SI’- CM .0 0”
~~0-U. 5 .  I I I 

~~~cs 13. ~~~> %~ 
I I S I S

13.105— ~ 4(’t I ‘..OP N.X~ u.s Ob— b-i.’ I WI )Ifl ItP-
~~ S.~LJ ,~ 4’ ~~ 4’ 4 4’ I ...n—~~~ *i— ~~~ .1 -4 4 ~~ ~~U.I1~ 0 .4 V) I I 1354/SQ C SI) S

ICIsi~~

r i
I J I I
I I I I
I I I C
I 5-4(3. 53, OL)00C1 I “-44. Is. OVSCSOC
I S-sOT -415.1114’ 5-02:11111 

~ 
ft.

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



- ‘

III J, WI
IV- 1)

0)54’) N
4-4 (‘.1

C’ C’
IC,, P”~ 4

sO SO “V a’
I 45. 4

C’ - U’) c-b r~ .4 -4 .‘-4 111 “5 CV
I •~‘~ 5 S.3 a .‘s I

Li S ss.’O”5 4 11) V-
C) .3 4’ CV

- ‘C
I I -

Cl 
- c-SQ U’) s-I 0)U”N c-b 5ø ’.OU’i ‘PC) s-S ‘PC’
- 0 5 I SC ’  I S .—4 s —Is - ) c—s s-b

5- * ~4 , (V U’) N C’s- ’ u’ C, I-S C) a,)
La I 4 - 1  4 - 4  C’ I)

4-) I - I S
- -

Ct’ (.55-4 - u-s i ~~, I - ‘

0’ ..~ -

0 D ‘-) C’s C’)(’) C)””) C’ .‘-S U”) .‘l si0.,) C ’ .  ‘. )
0- ‘*C~ 0- 5 4 .(,i I ‘ ‘4 ’~~’(5 0 ) .  U’u’) P”U ‘P I ’

- Ls ‘3 ‘.3 .3’ ‘-4 C’S (51
5- -i
5— I.) ‘ T 0 .4 X CV
1._i ‘

~ o.. - 0 0 ,
‘C 0 I

‘C 1 ~~ .x ~(5 P-. 4 5 ,t .-I LCI .3 1. ‘XI c-S sO ‘.1’ L s ) I -~ ii” ‘ ‘ t L’ .-4 (~‘~ ~~~~
VS I 15 1.-S I 54 ._.i SO” • tI. 4’ (“51 4 -5 ‘4 .~ N-

Li C) a’ s—s Q .1’ u-I c~ s-” c” c-’bt. (~1 ‘3. (5 I 45’ ‘-1’ 0- -1~ 4 5 ‘-4 Ct
.4 1 - 0 ’  ~~~u-~ - wo 0 5- - I .n ~,-s I

‘C ‘ ‘~~— l I La - ‘ — ~~~ 4.”’
.4 5,5. ~~ 175 55, 5. I_IN Is ’ 5’-’ c-I c-’I 1.’ 5- .- S t ’4  5.1 s- .  (5,’. -

~ £10) Cl L’ - - sir P-- ‘U’ S ~) ~.14’4 .. 1 4 4
C. CI ... J p-S p.— .3 .-. s—s ‘ 1’ .,‘ 5” N

5.1.151 (5, 4’ ‘ ,5Y 45 5’ ‘) CV
s- ~~ : ‘ (5, a: 4-)
.4.4 5. 15 I 5.: ,J i j ) .

: , - ‘! ,.J I X , ‘ - I I

~~ 
I .4 I .‘ - - 1  ‘

- $ 01 III s-S (s,JU) 5) C) CS I ((‘1.-I c)~~’ If A. s.) C’SS “ i.’ t’ C’- sO C I S )  Li Si’ . ‘ t~~
‘ 4 - (SI SC) I Li 5 .5. 5 5 I .4 5.51 S S I S -L .3 .’VC , —

I I ~~ a: .-i (V s/S P-” L ’’  SE s-s ~~~~~ .‘-Ss-) 1, I U) -‘ S N .3
~~‘ , A: .-s .3 s.’iP L’s -.,~ (I’ . i s  Li -
u-S 0 I ‘ I
5. VS I i

‘ LI C) I 
I

c--S c-b , .Z e’P- ‘l’ U ~. :~~ ~~~~~~ 
—‘i . .~ - )~, • ,.4.’.~,5 ,) u- ), 5 5-4 4 .4_) C’..t\. ~~~~~~LI CV I ‘)_.J(’) I I I sO .  5.3 S S ~,.J S ~~~~~ .1 ‘IU).?., V-’- •~~~~r I~

) .4~~ ) 5 ”  ~~~ 
5. ~‘.~~~ ‘s • - 4  I

- p.4 c-4 _ 5 .  4 _
~ ‘P ~~~~~~~~ 

4. 5..-s 4 451

~~~~~~~ ~~~~ ..-5 k til~ ’~~~~ 4 .~4 S E’  .t %)~~) - b  , —4sO..’( ‘ ~~~ .‘~ “4~~~ s-’4 .—4” ) s) i ’~~ -’4 .-4 ’3 ‘~~‘~~~‘“

U, II S I  I I I I  ‘ S I S I S  .,) 4 1) N-,1’
CV ,j ’Is--S , I’.a 5.11(5154) - ,j’4s, .4’ L. , I “ .J 5 57’

r
s-I CV 5-) c-S c-S 5. I-I ~~~5.3’ ~‘ .5 . 14  ~~ .-4 s-i ~ - )  ‘5 Li .4 ,) r.~ —5 ~4’..L) N I’— •
.4 as .-T Sfl,s) ) )S .  ~~~ % 5’) :3 ~ 5- 5- 5 -  5- c-s .4 p - & 9  5-5- 5.- ~~ p-. c-4 ‘-.5 c-I PS”. ‘, 5-5- 5- 5.- 5- 5, 5,’ 5- 54’ s-- 5— 54- S. .1

1._ I ~ I L,.,_.,. i L L .
- 

C C r~
- 4 c’~ “~~~“ ‘O~~ ~ o”” c 0 

‘ “ •  ) 3 ~ (

- ~~‘ —- -~~~~
-
~ - - - _-~~~~ - ~~~~‘ -‘ ~~~~~~~ 

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



if s IS.~I5 • ) ,  (S., 5
..C’_ 4t~C ,

5 •  .5 I s  S .
Y5 U- V ’sl .‘~ ~~~~~I 
* a.’. .‘ ,i C- ..’

454 ~~~~~ ~~~~~

I
VS a’ C’VS USC’s (41 (5’ (1’ C’s

5—’ _.I ft a .-’ 4 —In VS
5’-. — (5J14’) I” C”

C~ pjc’S •‘4 ~~~~(S —I sCs ‘1’ ,,”Li_ s * S I ..itfl na’Sa- a- c-. 4.. s-,, .5
-~~ c c-.

• F-
• S-s VS
S

• Sn • it’ c—s - a’ u” p— c ,
• C’ P-li) C - C  S, CS C’US
• p— c,, @ c ~ ~~o• ~ s’ IñO C - 

~~~~~ C’ a, •‘-. .--, C’ 1’
S (4 0 5-Sn  4 s-i —. 0 C’. c’ 4 a’ r’.I -, — S a, .-. . c’ 0c3
I 

- 0 ..,c, .

C’
(S

- — c  s - c,  xc” I
0 c. 5-

0. 0 0 C’S PS’.’) a- Cl’ -~ C’s a .5’
5, ) ... S , 0)15) C’4, .z’ ’

- C, , • •  • S I * .
- I •—i 4’ 0”t” 4-” ”-

,~~~ ~~~ 04 ,t’ CS.’
• ~~ 5-’ CS I .CC” ‘40’
I 0 LC~ ~~ Li- ~~ C’ C’ - C -
I a- Q 0) 5 C’  ,,.JCS C) - 5” c-i
• I c c v,o .., a’ ~-. - -
• ~~ (S 4— •,~~4.S )‘ . “c-i a, -
• ft _

~~
., C’ - ‘ I

• ~~ .- C’ 4,,) I
• 0’ I_ P— ~ s-c” ,,‘_ 0’), .-‘,t
• (3 - (5’.) C’ 4 ‘ .C i ’  .‘ ‘  Si CS
5 0 ~

j a— oO 45 -i 130 I • *  S i  5 5  5 5
0’ C) u’ Li ~~ - X S I , ‘ s ’  5.-CS c ’3  .‘,‘ Vl ,t

P (.1 a - -  _i s— C’ >‘ .‘ a- s’ I i-  •~~~‘I 4, ” .S
s-~ i i.s — I Zr’ I. PSCS .‘~,54

I -“ ~‘ a-’(3 a-Cs
I Is- .-.”

— I
5” ft s-i I_SC’ JO - p.— 5

~ >cs 0 - ~~r, ,‘~0 0 ~ • p- ~ 
S .r c-j

’ si’ r, “5’ F— a’ “S
S 0’ I.) 0 VS a-p ”  ~~5’C” I’a,3 Ca sh’ Csa’  C,.Si~
• I-. Z .~,J4’ 44 —. 5
• _j I a c-- U-. s—a - , “,i r-r
• 55,5 I - I.J C” ‘~~ I s-’ it) I~’ C”, F ’ itS s-S
• Z - e00 , .-IN - ‘Sl.

• Z C (Si V)O (n—i - 
~~ • • 5.— 5-

• ~~ ~~ 4.50 0, p.. (S 5-. -‘ ~‘ - -
• r 5— 0(3 s-- ~~ In a’ -,
• I.) 551 ..i S VS Z54 I I
S 5-I 4,,~ .5(54 I

Li’ V)
I 4.-’C’C) I~. C, 4 4— ,  04
I ~~~s~~C’ .15 0’.? ~~~~ ‘U) I W S •

. s--’r’ ê.’s-.’4 IS. N .‘~,‘ ~ - C’s-P’-
0 5~C’ 4...c’l’- .15 a’ r. (si 40
_i 0 1  ‘S~~3 IaN. VS

~~~i Zt3 0’ — ‘0

I i~u s

z i  .-~~‘ - C’

Lii 555
0l 0 13 Cs

p a
-.11 (a, 5- -‘

5- VS

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



s/2. P1’IF ~ F~Ets CH I-IYDROGRA PH
REAc~-~ 2

M O.UA H9. MN P E R I O D  ro~ STOR AVG IN ~OD OUT S T A G E  A V G  PU”P
S

1.03 1.00 I ~. 0. 0. 27.2 0.
“~“1’.01 ” 2.90~~’ ’ ’ ” ? ’ ” ” ’ 0. -  fl. - 0. 27.2 0.

1.01 “ .00  3 0. 1. 1. 27 .2  0.
1.01 4.I’ O 4 0•  1• 1. 27 .2  0.
1.01 ¶s .00  5 0. 1. 1. “7.2 0.
1.01 t,. ’ ’ ’ 6 ’ ” ’~~~ 0. 2.  - 2. 7.2 - 0.
1.01 7. l’C 7 0. 2. 2. 7 .2  0.
1.01 8 .00  8 0. 2. 2. 7 .2  0.

_______ 
1.01 9. ” 9 0.  2. 2. 7.2 0._ l .thI 1~~. 0 O - ”’ I~ LI. ‘ —  - 2. 2. 27.3 - 

p.
1.01 11.~~0 11 0. 3. 3. 27.3  0.
1.01 1 2. Lt l  12 0. 3. 3. 27 .3  0.

______ 
.01 13.00 13 0. 5. 5. 2 7 . 3  6.-1.t1 14 . 0 0  ‘~~~~~~!4— ~~~~~ 1. - - 13. - 13. 2 7 . 5  0.
.61 ~~~~~~ 15 2. 4 0 .  24 .1 0.
.C 1  Ib.u1’   16 4. 115. 136. 25 . 9 0.

_____ 
.01 17.0~ 17 8. 286 .  341, . 3 0 .0  0.
.61 18. 00  ‘~ 1fl”~ ’- ’ l~~. ‘ 469.  537.  30 .5  0.
.01 19 . 0  19 17. 991. 1 2 8 8.  31. 9 0.
.01 20. , j ’s 4 1.  2 6 7 2 .  3GIY). 35.3  0.
.01 7 3 . j O  21 39. 3547.  3 4 6 6 .  35.1 0.
.0 - 72 .02  ‘~~~72 - 

~~27 . 2 6 0 7 .  2 0 5 4 . 3 3 . 4  0.
.0 2 3 . C ~ 73 34 .  2q 15 .  2 9 0 H .  ~ 4 .4 LI .
.02 0 . 0 0  24 30. 2545.  23 16.  ~ 3.9 0.

________ 
.02 1.0” 

_____ 
2 5 2’) . 7 3 6 3 .  ‘352 . 33.8  C .

.02 ’  2.20 26 ‘ 2JI S 2283 .  — 223 9 . -- ‘- 3 .7

.07 3 .0 0  77 2 7.  2 1 2 9 .  2 0 6 0 .  33. ” 0.

.0 4 . 0 0  28 2 6.  Q3 ~~. 20 19 .  ~~~.4 0.

.0 5 . 0 0  29 “5. 910 .  184 3 .  33 .1

.0 6.2 3’) 74 . 81 7. 14 3 3 .  33 . 1.0 .- 7 .0 6  31 3. 710. 1’~~5. 32. 9

.0? 8. 1 32 2. 62 1 .  1601 .  3 2 .8
________ 

s O? 9 .01 33 3 .  5 3 0 .  1 4 8 8.  3 2 . 6
—

~~ .02 — 10 .0  34 0. q’~~ • 1 4 2 7 .  32 .5
.02 11. 0 35 i9. 371. 1338. 3 2 . 3  •
.C2 12.0 36 19. 288. 1275 . 32.?

________ 
.02 13.0 37 OH .  2 3 1 .  1203 .  32.1
.O ? ’  14.~~~ I. 16” . 114 9 .

1.02 1s. r 11. 113. 10°2. 3 •9
1.02 16.0 4 2  36 .  159 . j14 3• 3 .8
1.~~2 17. 3 4 1 1~~. 001. 9 79. 3 .6

.02 18 .0 42 1’) . ‘142. 4 2 1 .  31.5

.02 19. 0 4 3 14. 4 8 ’ * .  964 .  3 .4 I

.02 20.(’ O 4 4  14 . 831. 813. 31 .3
________ 

1 .6 2  21. 0 ______ ‘* 5 13. 784 .  iF , ? . 31.2
.02 22 .0 46 ~~~~~~~~~~~~~~~~~ 739.  ‘ 724 . 31.1

1.02 2 3 . 0 0  47 12. 698.  83.  31.0
.03 0. 4 8 12. 658.  6 4 6 .  39 . 9

________ .03 1.60 49 11. 6 27 .  613.  3 0 .8________- 

.03 ”’ 2.  5 0~~~’~~~~~ 11. - 587 .  ~;76. 3 0 . 7  .

.63 3 . 3 0  51 10. 554.  54 3 .  32 .6

.03 4 . 0  52 11. 523.  513.  30 •5
________ .03 5 .00  53 9. - 494 .  4 84 .  “ 2 .4  •

.03 6 .1 54 9. ’ ‘
~~~~ 466 .  457 .  3 0 . 3

.03 1.0 55 9. 4 4 9 .  432 .  32 . 2

.03 8 .00  ~‘6 8. 4 16. 4 08.  3 0 . 2
_______ .63 9 .9”  _______ 57 - 4 , ~93.  305.  3 0 . 1_______— 

.03 3 0 . 0  0P,”~~~~~~~~~ k .  ~~~~~
“ 371.  - 36 3.

.03 11.0 09 8. 351. ‘ 4g . 3 0 . 0

.03 12. h 7. 3~~3. 32 54 . 29 .9

.0 3 13 .6  61 7. 316 , 11. 2 9 .8
7. 299. ‘ 94 . 29.7

.03 15. 0 63 6. 282 .  77 .  2 4 . 6

.03 16. 64 6. 266.  76,2. 2 9 .6
________ .03 1 7 .00  65 6. 251. 2 4 7 .  24 .5- .03 ’ ’ l-M. 0 ” ’ F 6 ’ ‘ c. 237 .  33.  20 .4

.03 19.00 67 5. 2 . 4 .  20 . 2 9 .4  •

.03 2 0 . 0 3  68 5. 212.  0 4 .  2 9 . 3  •
________ 

.03 2 1 .0 1  69 5. 200 .  97.  2U .\

.03 ’ 22 .  9 70~~~ ” ” ' ’ 
~~~~~~~~~ 190. 187. 2 9 .2

.03 23 .0  71 5. 140. 77-. 2 9 . 2

.04 0 . 0 0  7 . 4. 170, 167. 29 .1  .
________ .04 1.0~ 73 4.  160. 158. 29.1________ - 

.04 2 . C 0 ’~~~~~~~74 -- —‘ - 4 .  - - - 152. 156.  2 9 . 0  .

.04 3. ‘ 75 4 . 143. 141.

.04  4.  0 7’, 4. 135. 134. 25 . ” .
______ .04  5. 0 77 4. 129. 127. 29 .8

.04 ‘ 6. 0~~~~~~~~ 78 “ ‘ ‘3 .  - 1.2 . 120.  28 .8

.04 1. 0 79 3. 115. 114.  7 4 . 7  •

.04 8. - sO MCI 3. 199 . 107. 29 . 7

.04 9. 0 44 1 3. 15 3 .  102.  2 4 .6

.04 ’’ 3.~’ 0  — ‘ 47  - - -  3. --  97 , 9’- . 2 9 .6

.04 1 .3 0  44 3 7. 92. 91. 78 .5

.04 2. 9 1  84 3. 87.  85. 28 .5
_______ .04 3.01’ 545 3. 82 .  F l.  79 .5

.04 4 . 00  ~~~~
‘“ 86 — 2 . ‘ 78, 77. 2 8 .4

.04 5 .00  4 4 7  2. 75. 14. 2 5 . 4  .

‘ 
.04 _ 6 .0 88 2. 71. 10.

_______ ~04~ 17 •0 0 _ , #9 ,,,~~,_ 2. 67. 66. 25 . 3  0.
. 04  ~~18.0U ~~~C’ 

- ‘ ‘ 2. 6 3 .  62. 2 8 .3  0.
.04 19.00 91 2. 60 .  59. 29 .3 0.
.04 2 0 . 0 0  97 2. 57, cv,. 75 .2  C.

______ .04 21. 51 0 93 7. 53.  53. 28 . 2  0.
.04~~~22 .O 0  Q 4 ” ’ 2. - 5 0 .  - 

~0. 2 5 . 2  0.
.04 23.0 0 95 2. 48 . 47.  2 8 s 2  LI.

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

;,
‘_

_ _ ,  _____



1& (.1
(-‘c~~V3 I.-)

2’)n- (, .
-1_s 

1.4_i-) S

~~ s-.(1 (i’
~~~~~ L ‘-4
5.- U..

0
6.1~ ~,JC’ILi ‘5 4.*~

5--n F—
4 (.1 ’ S - )  S

‘ ( l ( S  ci”
. 4 I” • •  P-4 ‘

~ 
.-j

t”5.- .c).rs 5— )..
•d~ ’)

1~~~~.-i Ifl04.

0.
CS ~. r s  t.t V) C, t s R ’  C’S
5— C~- t ’  ii s’ )  (

~% s ,
s-~ 5-— (/5 4~J 5-~~) 5 5- ‘) 5

P’~ fl 0’) 5-’ Ci .‘  5-’- C I C~V’S .~ n- ’.) . 1’ Al ri Al
5—. ( “ L Ii, ) ,-‘-4
VS .-l
)- 5—
_j If’
.4 1.i ) 5-. 

~Ø ~~
5,. p’)

0 S C S  S S ‘)u.. S “lIi. S
•-I t.,’s,i’*i ’.” ) 5 ~ ) ~~

‘ 5 (Ia
•1i’ ~ ‘~ S I.’41~ * 4 5.4 (. I Ii’S

~ C” ‘S i,” ~~ 
)
~ Q)

5-’ ‘~ 4 1 ,..j 55 4 1’ .4 .4 C’ ‘J
I ~~~~~~~ 4’— .‘ )  4— P-I 

~
‘ I—

LA. _i )s 5-0 4 5-’- VI 5-- 4/)
.4 ...5 .4. ) .4. St

(/5 ) s~. ) 5-,~ 5-..
1% (‘1 (f~3_ ~i) 

-

‘4 - )~~~~‘ S ~~~(/) •
C’S :~~~. r- -

~~~~, a”

~ Li I . L i  Ci” U sO
U. “‘t ”5- -— t’- s-a . 5- 4  .- s_cso ~ 51 Is,, F-’— ‘~~ * 4 ‘S t  P’~

LI , 5 - -p’p’ • -i .-4 •t L~ — 1 (~S
)- ,‘) ).~~ ‘1’ I a - _ i  ~

,, .j
(1’ ..J .4 4’— .4 - LA U.
.4 •4 C~’S I S ) (/5 .-

1 ‘J’i U”’-’ ‘4
•11’~ S_i -

~~ S_il . I a.
~l) .44’ I ~‘s C~5.4 , )- - P..  (( ‘5 5—, Ill

5— 5 ‘~~ 1’ •i 5-” - 5— S 5--
I ~~~~~ - ‘ ( ) ~~ ~~~~54 -

- I ‘—‘il. •~ (5’ (‘P
5.4 I )‘IiII%’ -

- 

‘- A i ’ L I

..~~~~ ~~~~~~~~~

I 
I -

- 5’-’ “ (I’ ~~~~~~~ 5’) I I -
.1.1 , 4 • .I S i  C’ ‘
s. n’(i 3 “ .t i I  •

- 1,11 ~~~ 
•_

~~)‘ 5 ((‘5 I
- ,,Jp— ) )s(, . i,. ) 4’

1.155 )4.’) • I t S  • I
~~~L i - I I

(V.

•

• C)
• s-4LA, Ls
• 5-i,) ) In1
S .1 ft .

“Li

~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~,, 

~~~~~~~~~~
•
~~

‘‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
,, 

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



- “~~~ ‘-‘-~~
_

‘~~~~~~~~~

I’ ’

APPENDIX 5

Bibl iography

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _  
~~~~~~~~~~~~~~~~~~~ U



1. “Recommencted Guidelines for Safety Inspection of Dams ,” Department
of the Army, Office of the Chief of Engineers, Washington, 0. C.
20314.

2. DesIgn of Small Daris, Second Edition , United States Department of
the Inter ior, Bureau of Reclamati on , Un i ted Sta tes Government
Printing Office, Wash Ington, 1973.

3. Holman , William W . and Jumikis , Ai freds R.~ j~e,,ç~’in, g,, Soil
Survey of New Jersey, Report No. 8, Ocean COU,~~~ Ru tgers
University , New Brunswick, N. J. 1953.

4. “Geologic Nap of New Jersey” prepared by J. Volney Lewi s and Henry
B. Kummel , dated 1910 - 1912.

5. Stankowski , Stephen J , M~gnitude and Freq~,ency of Floods
in New Jersey with Effects of Urbanizat io~ iecia1j~,port 38,
State of New Jersey Department of Environmenta l Protecton , Division
of Water Resource s, 1974.

6. Herr, Lester A., ~y,çIraul Ic Charts for the Sel ection of Ui~,hway
Culver ts, U.S. Department of Transportation , Federa l Highway Ad-
mInistration , 1965.

7. Safety of Small Dams, Proceedings of the Engineerin g Foundation
Conference , American Society of Civil Engineers , 1974.

I (

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



8. Clark , C.0., “Storage and the Unit Hydrograph” Paper No. 2261,

Transac tions, American Society of Civil Engineers , 1945.

9. Plan titl ed “Construction Details, Timber Lake Darn No. 1” (1
sheet), prepared by B. Harold Wi ll s, dated May 15, 1952.

( 

-‘ __ ,__ : L ‘ ‘ ffLIi’U~


