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N O T I C E

T H I S  D O C U M E N T  H A S  B E E N  R E P R O D U C E D
F R O M  T H E  B E S T  C O P Y  F U R N I S H E D  U S BY
THE SPO NSORING AG ENCY.  ALTHOUGH IT
I S  R E C O G N I Z E D  T H A T  C E R T A I N  POR T I O N S
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I N  THE I N T E R E S T  O F M A K I N G  A V A I L A B L E
AS MUCH I N F O R M A T I O N  A S P O S S I B L E .
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(2 )  Al l brush and t rt ’e s shotu ld be removed front  I lie dowuis t  ream
and u p s t re a m  slopes to  lesse n the piping potent i a t .  The embankmeut:
face  should  th en he r5ccdt ’sl to develop a growth of grass  fo r  surface
erosion p r ot e c t i o n . Rs ’tnov~ a lt  vegeta t ion  t rom c r a c k s .

(3)  St i IdV the nec~’ s i ty f or m d , i t  requ i red , prov ide
a d d i t 5 o n a i  ie w — l c v . ’l o u t l e t  f a c i l i t i e s .

( 4 ) A f , ’t~~i,; I I ‘ed pm ogram of annu,i I inspect  i efls ot t i te dam by
an e xp er ien ce d  p a r t  V s t i s t i t i d  h ’  i n i t ia t e d , u t _ i l  izing the standa rd
visua l check list i n  t h i s  report. H e a d w a t e m ’ and t a i tw a t e r  gages
should be i n s t a l l e d  in  th e  tiam , and r ead ou t during severe rainstorms
and at rou t  inc  operat ins and maintenance v i s i t s  to the dam . A
permanent  log should h~ kept  of a l l  maintenance and operating events
of the dam , t he Lake and the outlet passages . Movement and settlement
of the embankment shou ld  he m o n i t o r e d  r egu l a r l y b y means of sur v ey ing
monuments.
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h onorable Br en dan  T. Byu. ae

A Copy of the r e p o r t  i a b e i n g  f u u r t  I shed t o  :‘;r . Di rk C. Hotman , New
Jersey Department of Environmental Pr~st ,ct ion . the desi gnated State
Of f i c e  contac t  for th i s program. Withi n f i  ‘ ‘  slay s of t h e  d a t”  of t h i s
l e t t e r , a copy w ill also  be sent to Congress man ,lames A. Courte r of
the Th ir teenth D i s t r i c t .  Under the p rov i s i o n  of the Freedom of
l n f o i ’m at i on  Act , t h e  i n sp e c t  ion r”port w i l l  ho subject to release by
t h i s  o f f i c e , upon r e qu e s t , f i v e  days  a f te r  Lii. ’ J a t u ’  of this l e tte r .

Addi t  iona l  cop ies ot thi s ~t’port maa y be o b t i i n e d  from the National
Feclin icat  Inforuna t ion Se r v i c e s  (NTIS) , S pr in~’t j e ll , V i rg inia 2216 1 at
a r taso nab le cos t .  P lea se  a l low  tour to s i x  wee ks (ruin the date of
t iu i s l et ter  f o r  Nl ’lS to  ha ve cop ie s  of t h i s ’ report ava 1,’tb le.

An important aspect  of the  Dam Safe ty  Program wi ll be the
imp lementation of the r ec oi m n e uda ri o n s  made as a result of tile
inspection. We accordingl y request t hat we be advised of proposed
actions taken by t h e  S t a t e  to imp lement our recoimnendations .

S ince r ci y ,

I, m c i, JAMES C. TON
As s ta ted Colone l, Corps of Engineers

Dis t r ic t  Engineer

Cop ies furnished:
Mr. Dirk C. Hofman , P. E., D e p u t y  D i rec to r
Division of Water Resources
N . J .  Dept.  of Environmental Protection
P.O. Box CN029
Trenton , NJ 08625

Mr. John O’Dow d , A c t i ng Ch ief
Bureau of Flood P l a i n  Management
Division of Water Resources
N.J. Dept. of Environmental Protection
P.O. Box CNO2’)
Tren ton , NJ 08625

3

—a-- 

-

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



- - -

l A K E  CU SH ET L 1N K DA~1 (NJoOi4l)

CORPS OF ENGINEERS ASSESSMENT OF GENERA !. CONDITIONS

Th is  dam was inspected on 3 May 1979 by Fred ric R. Harris , In c .  under
contract to the State’ of New Jersey . The State , under agreement ~i thi
the U.S. Army Eng ineei District , Philad el phia , had this inspection
perf ormed in accordance with the Nationa l Dais Inspection Act , Public
Law 92—367.

Lake Cushetunk Dam , i n i t i a l l y lis ted as a hi gh hazard potentia l
structure but reduced to  a si g n i f i c a n t hazard  potential structure a; i
result of this insp ection , is judged to be in poor overall condition .
The dam ’s sp i l i w a y  is considered inadequate since 79 percen t of the
Sp i l i way Desi gn Flood--SDF — would overtop the dam. (The SDF , in this
in st ance , is one. half of the Probable Maxi m um Flood.) To insure
adequacy of the structure , the following action s , as a m i n i mum , are
reconvnended:

a. The sp i l l w a y ’s adequacy should be determined by a qualified
profe ss iona l  con su l tant engag ed by the owner using m ore sophistica ted
methods , procedures , and studie’3 within six months from the date of
approval of this report. Any remedial measures necessary to insure
the adeq uacy of t h e sp il l way and to prevent overtopp ing should be
initiated withi n calendar year 1980.

h. Within six months from the date of approval of this report ,
engineering studies and anal yses should be performed to determine the
dam ’s embankment and foundation condition and structural stability.
This  shou ld inc ’ude test borings to determine material properties
rel ative to stabilit y and seepage and installation of observation
w e l l s  or piezometers to facilitate seepage studies. Any remedial
measures round necessary should be initiated within calendar year 1980.

c. The fm ”llowing remedial actions should be completed within six
months from the date of approval of this report:

(1) The’ exis~ in g  dam plans and drawings should be annotated
and updated to form a coberent as—built set.

(2) A safe means of lo~:ering the lake should be provided.
This would inv olve restoring the existing outlets to operable
condi tion and reinstating the footbridge across the spilivay .

(3) Repair all cracked and spalled concrete with epoxy cement.

_ _ _  _ _ _ _ _ _ _ _ __ _ _ _ _ _ _



Le) l’hu em ; Il m . l m ~~;’ mu m l (  m a t e r  ial th a t  h a - ;  he ’en eroded I ron I In
m l o w n 4 t r u ’am f . i . ~~ , p a r t  u c ; l i r l v  a t  j a c e n t  t m  t h e ’ r i ght  w ingw at  I of t h ~
spi I Iw a v ,  shou ld be op iam ed w i t h  qua r rv~ pr m cu ss sto ne or gr a v e l .
S lopes should b~’ rt ’c e n s t  r u c t u ’d w i th  key ing  and compa ction of m a t e r  i .uI

i mprovt ’ st ah 11 i t  v and to  support the ’ abutm e nts and w i ngva Ii s .

S l O p ’ S  shoti l ~i not he ‘ t u ’ t ’ r t hu ‘in 211 : IV an~t sho;u l d he protee ’ ted w I t h u

r u  pr~ p i e ar  the 5 1) 11  lw , , v .

1. The t e l i  ow ing reined i a I ;uc t i an s shou ld be c ora i’ le ted w ~ t hin one’
vu ’ u r  from the date of approval of this repo r t :

( I) Provi de ’ ri pra p p ro t e c t  ion along the cut ire upstream f .-i~ e
of t h e  dam.

(2 )  A l l  brush an~1 t rees should be removed from the downstream
and upstream s lopes to  lessen the pip ing po te n t ia l .  The embankuncui t
face shou ld then h’  seeded to devolop a growth of grass for sur face
t’ roston protec t ion . Re ’tne mve a ll vegeta t ion  from c rack s .

( 3) Study the n e c e s s i t y  for and , if required , prov ide ’
add it ional low—leve l  ou t le t  f a c i l i t i e s .

( 4 )  A forma li zed program of annual i n s p e c t i o n s  of the dam by
an exp erien ced p a r t y  s hould be i n i t i a ted , utilizing the standard
v i s u a l c h u e c i ~ l i s t  in th is  report . hlcadw a t e’ r and ra i lwa te r  gages
s hould he ins ta l led  in the dam, and read out dur ing severe ra instorms
and at r o u t i n e  op e r a t i n g  and maintenance visits to the dam. A
permanent log should he kept of a l l  m aintenanc e’ and operating events

of the dam , t he lake and the out let pa ssages. Movement and settlement

ol t he embankment should he monitored regularl y by means of su rvey ing

monuments.

APPROVED: -

J,ØIES C.
—colonel , s of Engineer~

Di s t r i c t  Engineer

DATE: _~-2 ~~~~~~~~~~~~ “~i7
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PHASE I INSPECTION REPORT

NATI ONAL DAM SAFETY PROGRAM

same of Dam : Lake Cu~ hetunk , I.D. N C0 34T

State Located : New Jersey

County Located: Hunterdon County

Stream : South Branch Rockaway Creek

Date of Inspection: ~ av 3 , 1979

Assessment of General Condition

Lake cushetunk Dam is an earth—fill embanknient approximately t15 fee t
in length an d 2~ feet  hiah , having a concrete spillway. The left
emban~~ ent is covered by a concre te  slab for  Em) feet of i ts l ength .
Lake Cushetunk Dam is in poor overal l  condi t ion. There is evidence of
slow progressive settlement on both embankments. Cn the left embank-
ment , the concrete cover slab is cracked , and on exposed embanlcnen t
faces , erosion of fill has taken place . The concrete  in the sp il lwa v
is extensively spalled a t  the waterline , and the footbridge over the
spiliway is missing . Excessive tree and v ege t a t i v e  growth on the
emban~~ ent is impair inc stability . There is no or’erable low-level
outlet. The hazard potential is rated as ‘sicnificant. ”

The safety of Lake Cushetunk ~ani is considered questionable in view of
its lack of spiliway capacity to pass one—half the PMF without over-
topping the dam . The spiliway is capable of passin~ a flood equal to
39% of the FMF , and is rated “inadequate. ”

At present , the engineerinc data available is not sufficient to make
a definitive statement on the stability of the dam .

The following actions , therefore , are recommended along with a time-
table for their completion .

1. Establish a flood warning system for the downstream communities
within three months.

Existing plans and drawings of the dam should he annotated and
updated to form a coherent as—built set , within SiX  months . 

_ _ _ _ _ _ _ _ _  _
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3. Carry out a more precise hydrologic and hydraulic analysis of the
dam within six (6) months , to d~ termine the need and type of
mitigating measures necessary . If required , conduct a study of
the means of increasing sp i l lway discharge capaci ty and develop
alternative schemes for construction . This should include the
installation of headwa ter and tailwa ter ~aqes.

4. Install observation wells or i~iezometers in the downstream em-
bankment , and log the borings to determine engineering properties
of the dam fill and foundation material. This program and a sta-
bility analysis based on the find ings should be completed within
six months .

5. Carry out remedial measures to the dam s t ruc tu re  within six months,
includi ng repair of eroded , spalled and cracked concrete with
epoxy cement; restoration of both low-level outlets; reinstatement
of the footbridge; replacement of eroded fill to a slope of .H:lV .

6. Remove trees and vegetation from the embankment and seed exposed
faces with grass wi thin 12 mon ths .

7. Prov ide r ip-rap protection along entire upstream face within 1
months .

Furthermore, while of a less uroent nature , the following additional
action is recoru~nended and should be carried out within a reasonable
period of time.

1. A program of annual inspection and maintenance should he initiated .
This should include lowering the lake , and updating the operation
and maintenance log. Movement and settlement of the embankment
should also be monitored by means of survey ing monuments.

2 Prov ision of additional low—level outlet fac i l i t ies  should be / /
considered .

7
,

/ ,,7
/ / ~

Anthony G. Posch , P.E.

AGP/RE,~ :cc
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PREFACE

This report is prepared under  guidance contained  in the Recommendi ’~,
Guidelines for  Sa fe ty  Inspect ion of Dams , for  Phase I Inves t ica-
t ions.  Cop ies of these guidelines may he obtained f rom the Cffict’
of Chief of Eng ineers ,  Wash ington ,  D . C .  2C ’31 4.  The purpose of a
Phase I Investigat ion is to iden t i fy e x ped i t iou s l y those dam s
which may pose hazards to human l i f e  or p roper ty .  The assessment
of the general condition of the dam is based upon available data
and visual inspections . Detailed investigation , and anal yses in-
volving topographi c mapp ing , subsurface invt~~ti~1at’.onu , testing ,
and detailed compu tational evaluations are beyond the s cope  of a
Phase I investigation ; however, the i n ve s t igat ion  is in tcnded  to
identify any need for such studies.

In reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field condition:;
at the time of inspection along with data available to the inspec-
tion team. It is important to note that the condition of a dam
depends on numerous and constantly changing internal and ex te rna l
cond i t ions , and is evo1ution ~ ry in na tu re . I t  would be incorrect
to assume that the presen t condItion of the d~ m w i L l  con t in ue to
represent the condition of the dam at some point in the future .
Only through continued care and inspection can there ~‘e any chance
that unsafe conditions be detected .

Pha se I inspections are not intended to provide detailed hydroLo~~ic
and hydraulic  ana lyses .  In accordance w i t h  the estahli~;hed Guide-
lines , the Sp illway Test flood is based on the estimated “Probable
Maximum Flood” for the region (greatest rea:~orably possO~L e storm
runoff) , or f r ac t ions the reof .  The test flood provides  a measure
of relative spiliway capacity and serves as an aid in determining
the need for more de tailed hy dro 1o~~ic and hydraulic studies , con-
sidering the size of the dam , i ts general condi t ion  and the down-
stream damage potential .



PHASE I INSPECT ION REPORT

NATIONAL DAM SAFETY PROG RAM

LAKE CUSHETUNK DAM , 1.0. NJ00347

SECTION I: PROJECT INFORMATION

1.1 Gene ral

a. Authority

The National Dam Inspection Act (Public Law 92-367 , 1972) pro-
vides for the National Inventory and Inspection Program by the
U.S. Army Corps of Engineers. This inspection was made in ac-
cordance with this authority under Contract C-FPM No. 35 with
the State of New Jersey who, in turn is contracted to the
Philade lphia District of the Corps of Engineers.

b. Purpose of Inspection

The visual inspection of Lake ~ushetunk Dam was made on May 3,
• 1979. The purpose of the inspection was to make a general

assessment as to the structural integrity and operational ade—
quacy of the dam embankment and its appurtenant structures.

c. Scope of Report

The report summarizes available pertinent data relating to the
project; presents a summary of visual observations made during
the field inspection; presents an evaluation of hydrologic and
hydraulic conditions at the site; presents an evaluation as to
the structural adequacy of the various project features; and
assesses the general condition of the dam with respect to safety .

1. 1 Description of Projec t

a. Description of Dam and Appurtena nces

Lake Cushetunk Dam is an earth-fill embankment , about 615 feet in
length , having a straight axis. Its height is approximately 20

• feet. The main spiliway consists of two concrete sections of
ogee shape on either side of a concrete pier. It is restricted
by concrete wingwalls, and is located to the right of the dam.
It has a net length of 5.~ feet. There is evidence that a foot-
bridge once crossed the sp iliway , giving access to a gate stem
of the 24” diameter low—level outlet. This bridge is now missinq .

The embankment to the right of the spillway extends approximately

I

-----—.- - _ - _ -

~

_ —

~

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



-- —

(10 t t o t  .iini co l t ; ;  i ;;t ;; , ‘t t ’. i t  t ii i l l  w i t h  i t oin’rot o , -o,  0 w , t i  I i t
t ho t’ont or. ‘l’ho ;I~ ’ot r t ’ .iui .t;; wo 11 1;; t ho ,iown;;t ro , im t i t o ; ;  h , i v t ’
i i  i oti ul,ir ;; i ; ’ , . ; wh it ’)i i t o  .i~~~’t ox im . t t  o1~ ’ .‘ hot i :~ot t t i i  on I

~‘t ’ rt  ; , i

‘i’ho ; lopo’; t t . i v o  no pl ot oct  ivo  hl.iii kot .111(1 i i  o uio ;;t  i v  ~ ov or t ’,i
w i h voqot , it  j on  (b r t ;;h 

• q i ow t  it .intl t lt ’t ’; ) . A 10” di .unt ’t t~I •

~‘or.im j c pj p&’ j ’.w; ; o~; t l t ro i iqh  t ho r itjh t oi t’.inkmt ’it t i t  t ot ’ I t ’vo I
but  t h i ;  out I ot  1; ;  hi ot’ko,I

‘i’he t ’, i r t i i t  i l l  omh, inkmont  t , i t lit ’ lo ft ot  t ho ; 1’ i  l w i v  i ;; ct ’vt ’t

f o~ .‘nO t o o t  of it:; ionq t ii 1’ .t t ’ ’~ thi c k t ’oiit ’r ot  t ’ ; ; l t i ’ , mi ki ittl
i t  i n t o  in . u ix  i Ii i~~’ c p  i I ~wav . ‘V ht ’ omh . inkmoi i t  ;;u ~’pot t ;;  t tirow ( Ii
ot  t t o o ; ;  f or  t t io  r t ’i n . uj i i tj o r  of i t ; ;  h ’n . i t  h .  A c~’tn i of  o t t ’t ~‘ ~~il I
j;; known t o  un t l it ’ ful onq t it , i t id h i;; boot;  cu t  down t i i i ~lo; t ho

~U iX i 1 Li i v  op i i  I w.iy . l ip ; ;  t i o.im .ti t t l  dowiiot  i ’ .iin ;; I o t t o  .‘II I \‘

~tn~i t ho t - o ;~ t w Lit ti j 0 t oot . Tho 1 ab t i ,~ ;; I i iii’;voi ‘0’ i x p i n o j Oll
10 i i t t

A Uo~ ’t ’ i;t  iv t ’ ~~; ; t  t o o t  Ot t  v.t I.vt ’ l lo ;i : ;t ’ , cout  t o l l  in s ; 010’ of  (Ito ,~ ; ;t  lot ;;
t ; ’iii t It o i~o i i t ; , 1 V i i  I ~‘v Ko r~~t ~~ i t • i I o~~,i t o~l ,il ’ottt I , ; 0 0  I oot

t i l t ’ ~I i m . W i t  01 ~1 j ;~~’h , i t  ~;t ;; (10111 t ’  low t i n ’  ~ , i 1 v o
oli t o  1 t ’ O t i C t O (  0 , i pt o U  ui~i t tto n~~ i n t o  : o t it  h 1 t  i i i ~~t ; Uo~’k,iw ;v

C r o o k .  Tin ’ hu I Id i l ;t ;  1;; own,  d I ’v t In ’  0~~1 t i l l  0 1’. . i  t 01 i i t ’ i I i t
i i ~~l O }’ot i t  j ot ; , of (ho ~ i t o  of Now , 1~~ t ;ov (A’I”i’ : ~‘1t . W . t ’ ’ I~o i i t  k’’
.~O 1— 7 ‘‘— ‘ii ~ ) . I t  i ~ o hown i i i  t ho i’hot otf I

E’ . I,oc.it ~on

T~iko Cw; i tet  tink Rim it ; I oc.it od in t l’o ‘i’owii;;ii i 1’ of  Ot id i nqt o t t ,

i h i u t  otdoii County, Now .1 ol oo v . I t  i ; ‘, ,it ’co ’.;;; i i’Io by ,i p i t  ~‘, i t  0 I

wit iou connect ;;  t o  Wotit~o

S i ,~ t ’ and lIa~ , i t  d Cl .1;;;; i i i  ~‘, t t  ion

!.~ike Cu ; ;hetunk Rim iii ;; ,t ; ;t t t i c t  i i r . t i lie i~~lit of .‘0 t oot ,ii id ,i i , ’ ; , ’i —

Vt ) r ;;t :oraqo 0 t ~~~~ ,tc r o —  I oot . 0 i tw o it; ; t or ,~~i ’  i I ;;; t l it it
I , 00() , i i ’i o — f ~~ ot ,mnti  i t o  Iio i 1ht i t ;  lo ;; ; ;  t hati ~lO I t ’t ’t  , i t  i ; ;  , I , t ; ; o t —
I l(’d Iii t ito tl,ittt j .~ t ’  t’, i t t ’ t i o i \ ’  .1;; ho i iiq “ ;;m,t i i  . “ A li,i ,.,ii ~l ~~~ t ’ i it  t , I I

& ‘I , t o o i  I ic,it ion  ol ‘‘o iqn i t j o a n t ’’ tnt;; boon a n o i q i t o t i  t o  t Ito .I,itii Ott

t he ha;; i of ( lie roo t i  i t  0 ot t ho i t y dr o  I oq i c ,tn.t Iv ;;;; , wit it ’ll l i l t 1  I —

~ ,i t  0: ;  t hat ot t  iv mi not tl,iitt iqi ’ m t ’  i t o  oxpot ’t (01 t o  I ii . ’ v . t  l~~~’ it o t i ; ; , ’
,tti,l Rot it  o ~~~~ ,h ;wt i ; ;t  too t i l t , i i i  ( h o  o v o t it  (‘t 1/.’ i ’Mt- ’ . i’lit ’t ~ 1 ;  o t t o
i t ;h .do i  t oil lioti:;,’ i l l  t Ito oot  111,1 t Oil I oo,l i’~l t  it  ii pot i ( ’itii of  i ’o t it  0

No il,iitt,n;t ’ i 0 O~(}’i ’i ’t o,l i~t~ 1 ow i~o t t t  c

d .

I ~iko (\inhetunk Rim i owned o m t .  ly ~ty

M r .  John Plookonk a  Mi’ . A i t  m u  h u t  . j , ’ ’;; ;

L _ _ - . _ - — .  -- _- - -- - - - _ ‘--‘ 



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

____________ _____________________

Wltt t ; ; t ~ t ’t  I t o t ’  i : ;  io (’att’tl , tt

t ’ i l  1 Atitit oy Avt’iiut’
Woottbxitlqt ’ , NJ OR)’)’

(2 01)  &

0 .  i’u t 1~~t~~t ’ ot  Run

Like’ Cun (ie’tuitk Rut; i; h i t  t ’nde’t f t o  t e ’t . t  ( i t  t l i t ~ l ak e ’  t o t  t t o t  cat  joital
h Ot’  to;ly

t . i~ t ’;; 1’;ti ~t i t t t  ~‘t~ it o i  I ;~~~ t i t ’ i i  l i i  : , t  t ’ i y

Thi’ ~Lut; w,t;; itu ii t about 1 ‘) _ ‘ , N it  d i  ,iw I i;q ot  ;;poc i f  ic’at iou;; &~ t

the’ t’riqinal ;;t t u t t u ;  c c o ul d  [t o t ot . it  i’d . i t  appe’.- t t o  f t o r n  av .i i I —
able’ cot t t ’n~ ~t ut ~1oiu’o • t hat by I ‘1 14 t lit’ ombaitkiitt’iit had ;;t t t I t ’d
about 1 foot  . it  i n  a ; ; ; ;t t t t t t ’d  t twi t  . i i ’o ;t t  t hat t inn ’ rt ’pa i t  woi k Was
done t o  t . t i ; ; t ’  t ( it ’  embattkitte’itt t~~ t he’ 01 i i~ ;i ;a i  e ’lvvat i~ ’i i .  A oe’voi o

l oOt1 in  1 i)~~ L~ t , tu o t o i  tio.i~’y d.trnaqt’ to tui~ d~trn ot t u c t  uu o . ‘l’he’ c’u o~~t

t ’t the’ €l~ittt %s’a; Overtopped it ’’  about 1 . “ f oe’ t . ‘l’lte’ tl0%~,it0t l e ’ .hi t t — f ill
O t t tie ’ e’inbaiikntoiit Wa;; wanlte’ti out i i i  many a t o . t ; ;  , expos 1 t O t  t h e ’  colt—
01 o t t ’ COlt wall down to li t ’ t o t ; t ; d a t  i on,  The’ abutment s and t lit ’
w i i i qwai  1;; of flit’ ~~~ ii iway al oo ; ;u ; :t  aii;t d ~‘on;: ido i~ il ’1 o
l X w i t st r e a n i  d . t i t i5 t t i ,  (‘ .utsed b’, t l i t ’  f loow i ;; not ott t

( ‘~‘l loW t i l t ;  I lit ’ OVi’;  tC)p~ t~t i l q  , t he ’ e laiti W I ;;  l t ’1’.t i rod .itt ~I itte ’di t ietl
‘Pit t ’ niotl i I i  cat ion was i ut k’t l t le’U t o p l Oy  i t ie’ .1 1 ar ’;e’t ove’t  I l ow ~‘.i —

~ .t c i t  V a t  I b oil cond i t  j ot ;  
• wit hou t i tup . i  i i i  in;  t i to o f  ; ;~~‘t to . t l  j i l t  et ;—

i i  t v  ot t he ’ tLn;i . To .tchj cyt ’ t hat , t In ’ emhankrne’t t t  of  t ’~~t o t t  t he’ I o f t
ot t he’ ;,

~~
‘ i i  Iway Wa ;; loWt ’ie’tl ,ilto;tt •1’ I t t  b ow t l t t  r j qh t  e’ml ’attkni oi ;t

t t ’t  .1 1 e’ itqt li o f  2t~0 t o rt  , t tnt;; t”o’vid i i t i 1  an aux i  I i  , t t  sp i l l  way
.it t ~~~~ ~~. t h u  i t  loll . ‘(‘lit ’ now i i ’  f t  ;; i d e ’ t ’rni t ankmoxt t  was &‘oVt ’t o,l
with t ’oi te ’ t t ’t 0 ~ .t\ ’ 1101 .1 Ic ’itij t he’ u ’ i o st  a;; we’i’l .-t;; aloin; the up—
;;t i t ’.uti iiid t low ;iot  l e ’ant 0 l o p i i t u I  t ace ’S. T h e  purpose of t he c o i t —
C~~&’t e’ p.I V 111 ( 1  j ; ;  t o  i t ’t h i t u ’t ’ t low t t jot lOfl and t o  j ’rt ’\ ’ont  t ’ro ;; t o n .

‘i~ 10 i t ’pa 11 wot k wan e ’oltt p I ot i’d about the  enti  of 1 ‘)‘t(1 . ‘VIto ot t UI ’— 
—

t i l t  e’ Wa ;; i t i ; ; 1t t ’u ’t i ’d 1”,’ .t t e i ’ i  e ’ O e ’ i t t  , t t  i~ ’ i’ of t h e  New Jt ’rnoy St a t e ’

t)e’partmt’it t of (‘oi ;;;t ’FV.tt oh , l)i V i  0 i ou  of Wat  or Pol i cv • ab out
J a n uar y ,  1 ~~~~ .ttt d , t~~’~ ’i itV t ’tl (01 pultI it ’ h O t ’.

q . Norma l tipt ’r. t t i t i s i  I’ r i ‘t ’t ’d u t  0;.

Tttt ’ d i ;;c i ta  t o t ’ f rom f lit ’ 1 akt’ i ;; ovoi t he unr t ’qu 1 att ’d  op i II way •
j t  j;; allowed to  n at u r a l  iv  I t , i l a n ct’ w i t h  j n t l o w . Nt ’it h tc r  of t lit’
two io~~ — I t ’voi  out  l o t  ;; ai  • ‘ opot.ii’l o , .unl t int;; t lte ’ lake t ;; not

I owi’  i t ’. I ‘; ; , t i ou; i t  1 . i i  ha;: . ~~ ‘ci .t t l o t ;  of  t i t t ’ ~‘a I Vo lie’tt;;e ’ .h ‘is’;; —

t O t  e’am i ’  u t n h ’ t  (Ito .‘.t t ; L x  ol o f  a : 1 1 1 ( 1  i t i t  t ’t~ 1,tii t . t t t , I  , at  pt t ’0t ’ t t t
,i di ;o ’ h ; , t i  ;o of  . ippt ox ima t t ’lV  10 mqd .  1;; rt’quliii’i y rt ’ Ie ’,i;’t ’.l .

----

~

-

~ 

-~~ ~~~~~ -~~~~‘-
-
~~~~~~~~~ - — -——- — - - ——— -- 1~~~~~_ ____



1.3 Pertinent Data

a. Drainage Area 12.5 square miles

b. Discharge at Dam Site

Maximum known flood at dam Site : 1.5 feet over top of dam

Ungated spillway capacity at 6,546 cfs
elevation of top of dam: (elev . 140’)

Total spiliway capacity at 8,404 cfs
maximum pool elevation : (elev ,. 14C.45’)

c. Elevation (Feet above MSL)

Top of dam : 140’

Maximum pool design surcharge (SOP): 140.45’

~ain spillway crest: l34.~~’

Auxiliary spillway crest:

Streaznbed at centerline of dam :

Tailwater at inspection : 122.5’

d.  Reservoir

Length at maximum pool: 2200 + feet (estimate)

Length of recreation pool: 2000 ‘4- feet (est imate)

e. Storage (Acre—feet )

Main spiliway crest: 2 12

Top of dam: 365

f .  Reservoir Surface (Acres)

Main spillway crest: l.L 1

Top of dam : 49.5

g. Dam

Type : Earth f i l l  with concrete
core wall and spiliwa)’.

4
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Length : 
594’ (effective for

computation)Hei ght : 
20 ’

Top width : 
8’

Side slopes - Upstream: 
2H:lV- Downstream : 
2H :lV

Zoning : 
Unknown .

Impervious 
~‘re: Concrete corewall.

Cutoff: 
Not known .

Grout curtain : 
None.

h. Diversion and Requlatjnq Tunr~ei

N/A

i. 
_ _

Type: Main : 
Double concrete ogee.Auxiliary: 

Concrete ogee.
Length of weir : Main : 

52’ (e f fec tj ve~Auxiliary : 260 ’
Crest elevation : Main : 

134. 6 ’ MSLAuxiliary : 136.7’ MSL
Gates: 

None
U.S Channel : 

Lake Cushetunk
D/S Channel: Main : 

Flat concrete apron to
channel.Auxiliary: 

None
~~ . ~~gulating Outlets

Low level outlet: 
1. 24” diameter gated pipe

in center of spilj,way .
2 . 30” $ ceramic pipeControls: 
1. Manually operated by

handwheel , (inaccessible).
2. Operating facilities

not known

~nsrgency gate: 
None

Outlet: 
None5
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SE~TI0N 2: ENGINEERING DATA

2.1 Design

No drawings or computations pertaining to original design could be
found . However , three drawings giving details of the 1958 reconstruc-
tion are included in the report. These drawings were obtained from
the Consulting Engineers who surveyed and redesigned the dam.

Some soil data is available in a report on soil sampling pits which
were dug in 1958. The sampling was done as part of the modification
and rehabilitation of the structure. No soil properties are given.

2.2 Construction

No records have been found covering the original construction of the
darn. The owners have no knowledge of , and do not know of anyone
having knowledge of the original construction . However , there is
information available pertaining to subsequent construction work in
the three included drawings. A permit application , dated 1957 , for
repair and modification of the dam , gives some data on dimensions and
hydrology . This information is on michrofiche at the NJDEP . A brief
sunmiary of the reconstruction history has been provided in Section
1.2.f.

2.3 Operation

No records of operation of the lake are kept by the owners . The lake
is allowed to operate naturally without regulation . Some information
on lake levels and overtopping during a 1955 flood is contained in
the above mentioned correspondence .

2.4 Evaluation

a. Availability

The availability of engineering data is fair. The best data is
contained in the drawings, which are only available from the
Consulting Engineers. The remaining available data are those
contained in the permit application of 1957 and in correspondence
between the owners ’ representative and the NJ Department of
Conservation - Division of Water Policy , Trenton , New Jersey .
This information is freely available from the New Jersey Department
of Environmental Protection.

b. Adequacy

The engineering data available was adequate to perform hydrologic
and hydraulic computations , although the depth of the lake is not
known. The data was insufficient to perform even an approximate6



computat iOU ‘~f tht~ ~l,tin ’ S stabi 11 tv  A 
~~~~~ ~~~~~~~~ . t sse’~;;;t ;it ’::t ofthe darn could bti made w i t h  t he. da ta obt ,t t nod in t h~ o 0,

c. Va l id i ty

The data conta i ~ed ~ n the drawi no S s pi’edon i nont lv va 1 i 0 , bittsome updat  in~ i, :iee dod . The datum used dOt’s :iot oor re  spo:;dto MSL.
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SECTION 3: VISUAL INSPECTION

3.1 Findin~~

a. General

The visual inspection made of Lake Cushetunk Dam revealed thatthe dam and spiliway were not in good condition , and that aregular program of inspection and repair is required to improveits serviceability . Water was flowing over the main spillwayduring the inspection .

b. Dam

The dam exhibits signs of neglect and deterioration . On theright embankment, extensive erosion has taken place on upstreamand downstream faces, exposing the corewall by more than 3 feetin places. The trees growing on the dam are up to feet high and18” in diameter , and their roots have been partially exposed,causing the trees to lean outwards, cracking the fill locally .The erosion is particularly severe adjacent to the right wingwall.Seven feet from the wingwall , the core has a vertical settlementcrack. No seepage from this embankment was noted , except aslight leak from the blocked auxiliary low-level outlet pipe ,and no animal burrows were noted.

The left embankment, modified for 260’ of its length to serve asan auxiliary spiliway , is also in a deteriorated condition . Themodified section , covered on top and both faces by a concre teslab, shows signs of settlement and erosion of fill. Extensivesurface cracking parallel and normal to the axis has taken placeon the concrete covering of the embankment. The most seriouscracking is on the upstream side of the crest , where the coveringis sheared by up to 6”. All cracks appear to have penetrated thefull thickness of the concrete . In several places , vegetationand small bushes are growing in the cracks, aggravating the crackingprocess. At the toe, there is minor superficial cracking, and theweephole drains in this zone are blocked . The upstream concreteslab has been undermined by wave action and pronounced misalign-ment has occurred. The unmodified section of the left embankment
is covered with a very heavy growth of trees arid brush.

c. Appurtenant Structures

1. Spiflway (Main)

The spiliway consists of two concrete ogee weirs separated by aconcrete pier. No slots for stop log guides are provided at the
spillway end walls. The flow over the ogees was smooth, indicating8
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SECI’Ie,i~N 4: O1’ERATIONAL rRCCEECRES

4.1 Procedur es

Lake Cusheturik Darn is used to i.mpound water f~ r n e , .’re ,i t :cn  act ,v lt i e s
only. The policy ts t~ m a i n t a i n  a nearly constant lakt ’ l evel  close to
the e levat ion of the sp i l iw ay  crest.  The lake lOVC 1 is maintained by
unregulated discharge over  the sp i l iway .

The lake ts not lowered or attended to on a recular basis.

4. Maintenance of the t\uii

There is no proqram of reqular ~ncpcctxon and n a i . nt e n a nco  of the  dam
and appurtenant structures. No Authority has boot: identified as 1’ei~~
responsible for  operat in ~ or maintaininq the dam itself and no recent
records of these f u n c t i o n s  have been found .

4 .~~ Main tenance  of Cperatino F a c i l i t i e s

The operatinct facilities consist ~f two defunct low-level outlets With
manually operated valves. No recent maintenance is known t o  hav e takot:
place on ei ther  f a c i l i t y .

4.4 Evaluation

The present procedures are nOt c o nd uc i v e’ to sa t i s fa c t o r y  o n o r at i o n  of

the dam . The level of maintenance  is particularly poor , and should
be amended by substantial tni tial repairs followed by a prooram of roe:-
ular inspection and maintenance.

L
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SECTION 5 : i ’ 1 ) h , A 1 1 l , J C / J i u 1 ) I~’O1Xn J C

5. 1 F~~iiuation of Features

Desiqn

The ~1r5i~ iiaete area above Lake Cushetunk Dam is approximately 12.5
:niuare miles . A drainage mat’ of the watershed of the dam site is
N ~~~~~ . t c . t  Ofl nl,i t c- 1 , A! ! c n d i x  D .  A Round Vallo’5’ R e s e r v o i r  v a l v e

,.I ; C ’ t l , l I e !  L’S .1! - to 30 fli~~ci . l i t  t h u  d cCs ’!1 t3t  ream channel

The topography Within the basin is moderately sloped . Elevations
range from approximately 820 f ee t  above MSL at the north end of
the water shed to abou t 400 fee t a t th e dam site. Land use patterns
w i t h i n  the watershed are mostly fores t , with light residential
development.

The evaluation of the hydraulic and hydrologic features of the
dam and lake was based on criteria set forth in the Corps Guide-
lines and additional guidance provided by the Phi ladelphia  Dis-
trict , Corps of Engineers. The Spillway Desiqn Flood for the dam
fal ls it: a r a n n u  of 100 year to 1/2 PMF . In  th is  canc , the upper
e~ d of the range , 1/2 PMF is chosen since the factors u~ eJ to

select the hazard  classification ale ’ on the high side of their
r L ’s t ’ e ’S ’ L iv e  r anges .

The u n i t  hydrociraph was de te rmined  by Snyder ’s Method .
Snyder ’s peaking coefficient Cp was specified by the Corps of
Engineers as 0.62. The synthetic unit hydroqraph was developed
with  the aid of HECI-DB program. 

-

Initial and infiltration loss rates  wer e appl ied to the Probable
Maximum Storm r a i n f a l l  to obtain r a i n f a l l  excesses. The rainfall
excesses were applied to the unit hydrographs to obtain the PMF
arid various ratios of PMF utilizing program HEC1—DB .

The SDF peak outflow calculated for the spiliway and dam is
8,404 c fs . This valu e is derived from the 1/ 2 PMF , and results
in overtoppirtq of the dam .

The stage-outflow relation for the spiliway was determined from
the geometry of the spiliway and dam , and is shown in the Ilyciro-
logic Computations (Appendix D).

The reservoir stage-storage capacity relationship was computed
directly by the conic method , utilizing the HEC1—DB program . The
conic method assumes that the reservoir capacity resembles a
series of vertically stacked cones . The reservoir surface areas
at various elevations were measured by planimeters from U.S.G.S.

2,1
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Quadrangle topographic maps. Reservoir storage capacity included
surcharge levels exceeding the top of the dam , and the spiliway
rating curve was based on the assumption that the darn remains in-
tact during routing .

The discharge from the valve house is less than 1% of the peak
spiliway and dam outflow and is ignored in this study.

Drawdown calculations indicate that the lake would empty through
the 24” 0 pipe in 5 1/2 days, assuming a 2 cfs/square mile inflow.
This is considered an excessive time frame, and additional outlet
facilities are required .

b. Experience Data

From the reports on file at the NJDEP, some information was avail-
able. The capacity of the principal spiliway is 1,200 cfs at a
freeboard of 5 feet and the capacity of auxiliary spillway is
1,880 cfs at a head of 2.5 feet. The above discharges are esti-
mated discharges and not comparable with the present calculations.

c. Visual Observation —

The slopes around the lake are moderate and wooded. The valley
below the darn is 600 feet wide and is f la t .  It supports a growth
of trees and reeds. The valve house downstream does not appear
to be in danger of sustaining appreciable damage from 1/2 PMF
f lows .

- d. Overtopping Potential

A storm of magnitude equivalent to the SDF would cause overtopping
of the dam to a height of 0.47 feet. Compittations indicate that
the darn can pass approximately 39% of the PMF without overtopping
the dam crest. Since 1/2 the PMF is the Maximum Spiliway Design
Flood (SDF) for this darn, according to the Recommended Guidelines
for Safety Inspection of Dams, by the Corps of Engineers, the
spiliway capacity of Lake Cushetunk Dam is assessed as “inadequate.”

12

- -  -— ~~~~~~~~~~~~~~~~~
- -

~~~~
-

~~~~~~~ ~~
- - --- ‘ 

~~
--— ‘

~~
- ‘ --

~~~~ 5— _~~~~~~ S_ _ ~~~~~~ - - ~~~~ ~~-- -~~~~--  .



- ~~~~~~~~~~~~~~~~~~~~~~~ -~~~_  - - . — __ _ 5_ _ _ - — 5-,

SECTION 6: STRUCTURAL STAB IL ITY

6.1 Evaluation of Structural  Stabi l i ty

a. Visual Observations

There are no signs of significant embankment sloughing , but local
slides and erosion are visible. No seepage was detected along
the embankment. The stability of the wingwalls is questionable
as described in Section 3c , and this requires further investiga-
tion.

Settlement of fill i:i the left embankment was detected by the
continuous crack along the downstream side of the crest over the
cut—down core. The amount of settlement appears to be minor and
uniform . No evidence was found of forward movement.

b. Design and Construction Data

No design computations were uncovered during the report prepara-
tion phase. No complete foundation soil parameters are available
for carrying ou t a conven tional stabili ty analysis on the embank-
ment. No construction data or specifications relating to the
degree of embankment compaction are available for use in the
stability analysis.

c. Operating Records

No opera ting records are ava ilable relating to the s t a b i l i t y  of
the darn. According to available correspondence , a severe f lood
in 1955 resul ted in overtopp ing of the embankment and caused
structural damage.

d. Post-construction Changes

- I Stability of the darn was improved by the addi tion , in 1’~~S, of
an auxiliary spillway as described in Section l .2 . a .

e. Static Stability

A static stability analysis was no t performed for Lake Cushetun k
Dam because the lack of data on which to base assumpt ions  of
material properties and foundation conditions might produce mis—
leading results.

Cracks in the wingwalls, the corewall and in the concr ete slabs ,
would all indicate that a slow progressive settlement is takinq
place .

13
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f .  Seismic Stability

The dam is located in Seismic Zone 1, as defined in Recommended
Guidelines for Safety Inspection of Dams, prepared by the Corps
of Engineers. In general , projects located in Seismic Zones 0,
1 and 2 may be assumed to present no hazard from earthquake ,
provided the static stability conditions are satisfactory and
conventional safety margins exist. Until the last two conditions
are confirmed , the seismic stability is considered questionable.

The darn is located on the Triassic Brunswick Formation of
soft, red shale with sandstone beds , as indica ted on the
Geologic Map (Plate 2).

14
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SECTION 7: ASSESSMENT/REMEPtAL ME AS U RES

7 .1 Dam Assessmen t

a. Safety

The dam has been inspected visually and a rev iew has been made of
the available engineering data . This assessment is subject to the
limitations inherent in the visual inspection procedures stipulated
by the Corps of Engineers for a Phase I report.

The safety of Lake Cushetunk Darn is in question because the darn
does not have adequate s-,t illway capacity to pass the PMF or even
1/2 of the PMF without overtopping . Overtopping of the dam car-
ries with it the danger of possible progressive fa i l u re  of the
darn. The dam ’s present spiliway capaci ty is abou t 3~~ of the PMF .

No def ini tive statemen t pertaining to the saf ety of the embankmen t
can be made without acquisition of embankment material engineering
properties and determinat ion of phreatic levels in the downstream
part of the embankment.

b. Adequacy of Information

The information uncovered was adequate to per form hydrol ogic and
hydraulic computations . The data was i n s u f f i cient to perform even
an approxima te computation of the dam ’s stability. A preliminary
assessment of the dam could be made by visual observation onLy .

d. Urgency

Carry out a more precise hydrologic and hydraulic analysis of the
dam wi thin twelve months , to determine the need and type of mitigat-
ing measures necessary . If required , conduct a study of the means
of increasing spiliway discharge capaci ty and develop al terna tive
schemes for construction. This should include the installation
of headwater and tailwater gages. The ability of the darn to with-
stand overtopping should also be studied.

Observation wells or piezometers should be installed in the embank-
men t to determine the location of the phrea tic surface . The
borings should be logged according to the U n i f i e d  Soil Classifi-
cation system by qualified personnel and samples taken to deter-
mine the values of pertinent soil parameters for stability .
This information should be obtained within six months , and should
be evaluated immediately upon acquisition to perform stability
analyses in accordance with Chapeter 4.4 of the Corps e~uidelines.

The existing dam plans and drawings should be annotated and up-
dated to form a coherent as—built set within ~ months.

15
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7.2 Remedial Measures

a. Alternatives for Increasing Spillway Capacity

Alternatives for increasing spillway capacity are as follows:

1. Increase the dam height, thus permitting a higher discharge
to pass over the spillway and reducing the possibi l i ty of
overtopping .

2 .  Lower either spillway crest elevation .

3. Increase the effective spillway crest length.

4. A combination of any of the above alternatives.

b. Other Remedial Measures

1. The embankment material that has been eroded from the down-
stream face , par ticularly adjacent to the right wingwall of
the sp illway , should be replaced with quarry-process stone
or gravel. Slopes should be reconstructed with keying and
compaction of material to improve stability and to support
the abutments and wingwalls. Slopes should not be steeper
than 2H:lV and should he protected with rip—rap near the

- spillway . This work should be undertaken within six months .

2.  A safe means of lowering the lake should be provided . Thi s
would involve restoring the existing outlets to operable con-
di tion and reinstating the foo tbridge across the sp i l iway .
This work should commence within six months.

3. Repair all cracked and spalled concrete with epoxy cement
within six months.

4. Provide rip-rap protection along entire upstream taco within
12 months .

5. All brush and trees should be removed from the downstream and
upstream slopes to avoid problem s which may develop from
roots . The embankment face should then be seeded to develop
a growth of grass for surface erosion protection . Remove all
vegetation from cracks. This program should be started within
12 months.

c. Recommendations

The following additional action is recommended .

1. Establish a flood warning system for the downstream communi-
ties within three months.

2. Consider providing additional low—leve l outlet facilities.

it:’ 
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d. 0 & M Procedures

A formalized program of annual inspections of the dam by an ex-
perienced party should be initiated , utilizing the standard visual
check list in this report. Headwater and tailwater gages should
be installed in the darn, and read out during severe rain storms
and at routine operating and maintenance visits to the darn . A
permanent log should be kept of all maintenance and operating
events of the dam , the Lake and the outlet passages. Movement
and settlement of the embankment should be monitored regularly
by means of surveying monuments.

17
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APPENDIX B

PHOTOGRAPHS

(Taken on May 3 , 1979)
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Lake Cushetunk Dam
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Photo No. 4 — View of left embankment, covered by concrete to form an
emergency spiliway. Extensive cracking has occurred and vegetation is
growing in the cracks .
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Photo No. 5 - View of left embankment looking towards the spiliway .
Note that toe protection has been provided along the length of the
embankment.
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Lake Cusht’tunk ~~~~~

Photo No. ~ 
— Detail showinq exI’t ’sed .-cr ’  wall ,  in the  riqht emb,-inkment -

Note the set t lement  crack and the ex ten s i ve  loss of fill.
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Photo No. 7 — Downstream f,acc ’ ~‘f t he r i- iht  t~m~ ,inkment , shc’winti
second low—level outlet and the ~Ienc ’t- l c”~~~~~I OS) ~‘t Cl 1 - 
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Lake Cushetunk Dam

Photo No. 8 - View of valve house 1,000 feet downstream of the dam.
The valve house controls an outlet from the Round Valley Reservoir.
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Photo No. 9 — View of area where the discharge from the valve house
enters the downstream channel.
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Lake Cushetunk Dam

-i’ ‘- -i~.•

Photo No. 10 — View of Lake Cushetunk looking upstr.’-axn from tht’ left.
Note moderate slopes and extensive growth of trees.
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Photo No. 11 — View of downstream channe’ area and ~t Il1 i nq pooi. Note

unde~ nining of the banks and the fallen trees.
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SUMMARY OF ENGINEERING DATA
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CHECK LIST
HYDROLOGIC AND HYDRAULIC DATA

ENGINEERING DATA

Name of Darn : Lake Cushetunk Darn

Drainage Area Characteristics: Mostly forest, with light residential development.

Elevation Top Normal Pool (Storage Capacity): 134.6’ MSL (212 acre-feet)

Elevation Top Flood Control P00]. (Storage Capacity): N/A

Elevation Maximum Design Pool: (SDF) 140.45’ MSL (389 acre—feeti

Elevation Top Dam: 140’ MSL (365 acre—feet)

SPILLWAY CREST

a. Elevation 134.6’ MSL (main), 136.7’ (auxiliary)

b. Type Double concrete ogee (main), concrete ogee (auxiliary)

c. Width 2’ (main ) , 8’ (auxi1iar’~)

d. Length 52’ (main), 260’ (auxiliary)

e. Location Spillover Full length of main spillway .

f. No. and Type of Gates None.

OUTLET WORK

a. ‘Type 24” 0 low—level outlet (inaccessible)

b. Location Center of main spillway .

c. Entrance Inverts Not known.

d. Exit Inverts 123’ MSL

e. Auxiliary Outlet Facilities 30” 0 ceramic pipe (inoperable)

HYDROMETEOROLOGICAL GAGES

a. Type N/A

b. Location , N/A

c. Records 
— 

N/A

MAX IMUM NON-DAMAGING DISCHARGE 6,546 cfs 

— --- -5- ----, -----~~~~~~~~ 
- -~~~~~~~~~~ -~ 
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HYDROLOGIC COMPUTATIONS
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