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,.  . OEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT. CORPS OF ENGINEERS

NF’  V

NAP EN-I)

Honorable Brendan T. Byrne
Governor of New Jersey

S Trenton, NJ 08621 2 4 MAY 1979

Dear Governor Byrne:

Inclosed is the Phase I Inspection Report for Narraticon Lake Dan in
S Gloucester Cotmty, New Jersey which has been prepared under authorization of

the Dan Inspection Act , Public Law 92—367. A brief assessment of
the daa’s condition is given in the front of the report.

Based on visual inspection, available records, calculations and past
• operational perforuance, Narraticon Lake Dan, initially listed as

S a high hazard potential structure but reduced to a significant hazard
potential structure as a result of this inspection, is judged to be
in fair overall condition. However, the dan’s spiliway is considered
inadequate since 23 percent of the Spilivay Design Flood—SDF—would overtop
the dan. (The SDF, in this instance, is one half of the Probable
)laxi.u Flood.) To insure adequacy of the structure, the following
actions , as a aini am , are rec~~~ nded:

a. The spiliway ’s adequacy should be deterained by a qualified
professional consultant engaged by the owner using mere sophisticated
methods , procedures , and studies within six month s f row the date of
approval of this report . Any ranedial measures necessary to insure the
adequacy of the spilivay and to preven t overtopping should be initiated
within calendar year 1980.

b. Init iate replace ment of the deteriorated tiaber highway bridge
within six aonths of the date of approval of this report .

c. Wi thin one year , f row the date of approval of this report , the
following remedial actions should be coupleted : S

— 
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NAP~~- 0
Honorable Brendan T. Byrne

(1) Replace the deteriorated timber planking of the walkway
over the spiliway .

(2) Remove trees on the dam ’s embankment.

(3) Regrade and provide slope protection for the dam’s embankment
at the bridge wingwall., the roadway profile low points and at the corrugated
metal pipe curb drain.

A copy of the report is being furnished to Mr. Dirk C. Rofaan, New
Jersey Department of P~nvironmental Protection, the designated State
Office contact for this program . Within five days of the date of this
letter, a copy will also be sent to Congressman James J. Florio of
the First District . Under the provision of the Freedom of
Information Act, the inspection report viii be subject to release
by this office, upon request, five days after the date of this
letter.

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

An important aspect of the Dam Safety Program will be the impl entaUon
of the r.coemsodatione made as a result of the inspection. We accordingly
request that we be advised of proposed actions taken by the State to
implement our recomeendat ions.

Sincerely,

~~~~~~~~~~~
. ~~~~~~~~~~~~~~~~~~~~~ /~~

1 m c i .~,4’AMES C. TON
As stated 

~‘~
( Colonel, Corps of Engineers

~J~ t District Engineer

Copies furnished: Cth..~~ o u I Q r
• Dirk C. Hofman, P.E., Deputy Director

Division of Water Resources 
S

N. J. Dept. of Environmental Protection ~~~.‘ ;~~~~~ ec.~
P. 0. Box CN029 j . ~~• • •. ~

. 
~~~

- .t ~~~Trenton, NJ 08625 -

• - John O’Dowd , Acting chief
bureau of Flood Plain Management -

~~
• 

~
‘- S S -

S S Division of Wa ter Resource. “ 
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.~~ 

S

N. J. Dept. of Environmental Protection
P. 0. lox CN029 D ist  ~~~~~~~~~ S I 1

Trenton, NJ 08625 
~•

•

— - -__I-~~~~
- 

~~~~~~~~~~~~~~~~~ ~~~~~~~~ — —- S ~5 F5~S 
— - —

S ~~~ - •—~~~~~
---- ~~-. 5-~~~~~~~~~ 5-~ .— ----~~ --- — --



NARRATICON tAR E DAM ( !JOOlll)

CORPS OF ENGINEERS ASSESSMENT 0? GEN ERAL CONDITIONS

S This dan was inspected on 6 December 1978 by Louis Berger *ud Associates,
Inc. under contract to the State of New Jersey . The State ,
under agreement with the U. S. Army Engineer District , Philadelphia,
had this inspection performed in accordance with the National Dam Inspection
Act, Public Law 92-367.

Narraticon Lake Dam, initially listed as a high hazard potential
structure but reduced to a significant hazard potential structure as a
result of this inspection , is judged to be in fair overall condition .
However, the dam ’. spillway is considered inadeq uate since 23 percent
of the Spilivay Design Flood-SOP—would overtop the dam . (The SD? ,
in this instance , is one half of the Probable Maximum Flood.) To insure
adequacy of the structure , the following actions , as a minimum, are
recoanended :

a. The spiliway ’s adequacy should be determined by a qualified
professional consultant engaged by the owner using more sophisticated
methods , procedures , and studies within six months from the date of
approval of this report . Any remedial measures necessary to insure the
adequacy of the spiilvay and to prevent overtopping should be initiated
within calendar year 1980.

b. Initiate replacement of the deteriorated timber highway bridge
within six months of the date of approval of this report .

c. Within one year , from the date of approval of this report , the
following remedial actions should be completed :

Cl) Replace the deteriorated timber planking of the walkway
aver the spilivay .

(2) Remove trees on the dam’s embankment.

(3) Regrade and provide slope protection f or the dam ’s embankment S
at the bridge wingwalls, the roadway profile low points and at the corrugated
metal pipe curb drain.

S 

APPROVED: S (
~ ~~~~~~~~~~~~~~~~~~~~~ //2~,—~4AMES C. TON

~~~ Colonel , Corps of Engineers• District Engineer

L 
~~~~~~~~ 

DATE L~~~~~~~~~~~~~

’

~~~~~~~~~~~
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I
PHASE I REPORT

NATIONAL DAM INSPECTION PROGRAM

Name of Dam Narrat icon  Lak e Dam Fed ID# NJ 00111 and
TbI~ 4~ 4

State Located New Jersey
S County Locate~~~~i~~~ e~~~ r

Coordinates Lat. 3944.8 — Long. 7518.5
Stre am Chur~ h Run 

__________________

S Date of Inspection 6 December 1978

ASSESSMENT OF
GENERAL CONDITIONS

Narraticon Lake Dam is assessed to be in a fa i r  overall
condition and is recommended to be downgraded from a
high hazard to a significan t hazard category . The
timber spillway is deteriorated and requires replacement.
No other seriously detrimental findings were uncovered.
Overtopping of the highway crossing the dam would not
significantly increase the danger of loss of life or
property damage as the downstream flood plain is
uninhabited. Remedial actions recommended to be under-

S taken in the future are 1) regrade and protect the S
downstream embankment areas at the bridge winqwalls ,
2) construct slope pavinq on the downstream backsiopes
south of the roadway profile low points and 3) remove
root systems on the downstream embankment slopes.

Th is dam has an inadequate spi llway capacity , bei n g able to
accommodate only 22% of the design flood and additional
hydraulic/hydrologic studies be undertaken.
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REFACfl

This report is prepared undoi guidance contained in the
i~ecommended Guidelines for Safety Inspection of Dams,
for [‘nase I Investigations . Copies of these guidelines
may be obtained from the Office of Chief of Engineers ,
Washington , D.C. 20314. The purpose of Phase 1 Iro:estiga—
tion is to identify expeditiously those dams which may
pose hazards to human life or property . The assessment of
the ~3enera1 condition of the dam is based upon available
data and visual inspections. Detailed investigation , and
analyses involving topographic mapping , subsurface inves-
tigations , testing, and detailed computational evaluations
are beyond the scope of a Phase 1 investi gation ; however ,
the investi gation is intended to i d e n t i f y  any need for
such ~;LuJies.

In reviewing this report , it should be realized that the
reported condition of the dam is based S)n observatior~sof f i e ld  conditions at the time of inspection along with
data available to the inspection team . tt is importan t
to note that the condition of a dam depi~nds c-n numerous

5 and constantly changing internal and ex~erna15 conditions ,
5 

and is evolutionary in nature . It would be incorrect to
assume that the present condition of the dar.’ will continue
to represent the condition of the dam at son-c point in

S the future . Only through continued care and inspection can
there be any chance that unsafe conditions be detected.

S Phase I inspections are not intended to provide detailed
S hydrologic and hydraulic analyses. In accor&lnce with the

established Guidelines , the Spiliway Test flood is based
on the estimated “Probable Maximum Flocd ” for the region
(greatest reasonably possible storm runoff) , or frac tions S

thereof. The test flood provides a measure of .relative
S spillway capacity and serves as an aide in determining

the need for more detailed hydrologic and hydraulic
studies , consider ing the size of the da:n, its qeneral

S 
condition and the downstream damage p o ten t i a l .

S - - S - 
- S . S ~~~ ~~~ S~~~
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SUC ’] l O U  1 — PROJECT INFO1~-~~TrUU

1.1 U : U U i : ~!,

a. Authority

S This  report is a u t h o r i z e d  by the Dam
Inspection Act , Public Law 92 -367 , and has
been prepar~ i in accordance with Contract

S FP M —36 between Louis  Berger & Associates ,
In c .  and the State of New Jersey and its
Department of Environmental Protection ,

S Divis ion of Wate r  Resources .  The State ,
S in turn , is under agreement with the

U . S .  Army Engineer  Dis t r ic t , Phi ladelphia,
to have this  inspect ion per formed.

b.  Purpose of Inspection

The purpose of this inspection is to evalua te
the s t ruc tu ra l  and hydrau l i c  condition of the

S Narra t icon Lake Dam and appurtenant  s t ruc tures,
and to determine if the dam cons t i tu tes  a
hazard to human l i fe  or property.

1.2 DESCRIPTION OF PROJECT

a. Description of Darn and Appurtenances

S Narrat icon Lake Dam is a relat ively old (45+
years) earth roadway embankment approximately 250
feet long with a timber box spiliway and bridge
located about 175 feet from the easterly abut-
ment . The embankment carries Franklin Street
across the entire north shore of Lake Narraticon
and forms the darn structure. The three-sided
timber box spillway has a total crest length of
44 feet with one section of removable flash-
boards 2~~_ 3h1 wide . It is believed an older dam
embankment predated the roadway embankment.

S 
There is a deteriorated culvert structure near

—1—
S r* 
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I
the cast abutment which is p ar t  of an e a r l i e r
mill works which existed below the right

S abutment. 
S

b .  Loca t ion

Harraticon Lake Dam is located east of
the intersection of Franklin Street and
Lake Avenue in the Borough of Swedesboro ,
Gloucester County and is built aeross  C h u r c h
Run , 0 . 1  m i l e  eas t  of the  i n t e r s e c t i o n  of
Lake Avenue  and K i n g s  H i g h w a y  ( 1~ou te  551)

c. Si ze C l a s s i f i c a t i o n

S The maximum height of the dam is 19.5 feet
at  the  b r i d ge s t r u c t u r e  and  the  m a x i m u m
s torage  is e s t i ma t ed  to be 370 a c r e — fe e t .
T h e r e f o r e , the dam is placed in the tirnall
size ca t ego ry  as def 5 i ned by the  Recommended
GuT~elinos for Safety Inspection of Dams
(storage less than 1 ,000 acre— feet and hei ght
less than 25 feet)

d. Hazard Classification

In  the event  of a f a i l u r e , the single appreciable
economic  loss could  be at the  K i n g s  H i g h w ay  b r i d g e
(2,000 feet downstream) . K i n g s  h i g h way  (R o u t e  551)
is a m a j o r  n o r t h — s o u t h  a r t e r ia l  in Gloucest er
C o u n t y .  P r a c t i ca l l y  a l l  d o w n s t r e a m  r e s i d e n t ia l
a reas  are above flood elevation but a few i s o l a t e d
b u i l d i n g s  could be damaged .  Hence , t he  classifi-
ca t ion  is recommended to he downgraded to
significant hazard.

e. Ownership

Available records i n d i c a t e  t h e  dam and
appurtenant structures are owned by the
Borough of Swedesboro , Borough Itall , Kings
Hi ghway, Swedesboro , 08085.

f .  P urpose of Dam

The dam p r e s e n t l y  impounds a recreation lake.
S Howeve r , t he re  is evidence of an old m i l l

-2 -
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b. Discharge of D tiii Site

The ;;p illwoy capacity wi th t he  reservoir
at the ahut i nen t  ta })  e l eva tion  is calculated
to be 1, 378 c f s .

c .  E leva t ion  (above M . S . L . )

‘rop of ‘.t am -_ + 2 2 . 5  (b r idge  deck)
hecre~t L i on  Poo l — +18.1
Streambod at Cente r Line of Dam - + 3 . 0

.1. Reservoir

Length  of Recreation Poo l — 3400  feet
i.enyth of Maximum Pool — 5700 feet

e. Storage

S 
Recreation Poo l — 216 a c r e - f t.
Top of dam — 370 a c r e— f t .

S f . Reservoir Surface

Top of dam - 42 acres
Recreation pool - 24 a c i e t ;

g .  Dam

Type — Earth embankment with timber box
spi llW ~ty

Length - 250 feet

Hei ght — 19.5 feet (at  b i i i -1 e st i u c t u r c)

Freeboard between normal I e s cr vj i  r ou td  Ls. ’p
of dam - 4 . 4  fee t

S 

Top width — 30+ feet

Side slopes — l 12 11: I V

Zoning - Unknown

— 

- 
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SECT ION 2 — ENGINEERING DA I’A

2.1 DESION

The oniy in format ion  avai lable  for  r ev i ew  was a
pa r t i a l ly leg ible drawing  of the 1955 reconstruc-
tion work prepared by Mr .  Charles C a u l f i e l d  which
depicted , in part , the reconstruction work on
the t imber  sp i l iway . No desi gn or cons t ruc t ion
drawings  were located for the e ar l i e r  1934 brid ge
work a l though it was recorded wi th  the State
W aLer  Qua l i t y  Commission (Appl ica t ion  2 4 7 , dated
November 1934). No boring data was available but
soils in the vicinity are predominately sands and
gravels with stratified layers of recent alluvium
silts and some clay. Downstream front the dam ,
some organic marine deposits were observed but
the terrain immediately surrounding the site
appears to be of moderate natural relative
density.

2.2 CONSTRUCTION

No i n fo rmation was available. The repair work in
1955 was f i led under Applicat ion 484  by Mr.  C a u l f i e l d
but there are no records of the reconstruction work .

2 . 3  OPERATION

Sec Section 4

2.4 I:v~\1i ;ATboN

a.  A v a i l a b i l i t y

in view of the dam assessment and recommendations
contained in Section 7, it is felt sufficient
ert y ineering design data is available .

b. Adt~q uacy

In vi~~w of the dam assessment and recommendations
cant t il led in Section 7, it is felt the field
insps. ction provides adequate engineering data
up-il ’ which to base a reliable assessment.

c. V a lidity

( 

The v d l i d i t y  of the 1955 plans is not chal leaged.
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I u~ 3 — Vi : U A I  Th . 1 ’~~CI  i oN

3 . 1  1 1  N i )  I

a . General

The v i t ;  ii. & I in.~ ~~1i w 0 t t  (S t f l  (~ I L i  au
Decei uibe r b , 1978 a t  wh i ch t i n t 5 t i l t5  wi  i s. ’ r lov e  I
in the lake w e ;  S t \’c r u l  I nclies l u ’  low the i l i l  et
crest  011( 1 a lt o  t ied a close inspect i o n  ol t he
timbet- brid ge St r U C t U r e  and s p i l iw ay .  This
lower pool leve l h a s . l  Cd ~~~ ri titly been mai u i t u i  l u - i t
s u n c o  an ear l i e r  in fo rma l  i nsp ec tio n  conduct  t~d
in Sc p t t-n t hcr .

b . Dam

The roadway em bankment which fo rms  t h e  main
dam s tru c t u re , was assessed to be i t t  a so l id
and st able  condi t ion a l though pavement  r u n — o f f
at the g u t t e r  l ines causi-s a c o n t i n u a l mainte—
nance problem , especia l ly  on the upstream si d e .
A corrugated metal curb inlet has recently L o n
i n s t a l led  j u s t  to the ri ght  of the sp il lway  to
al leviate  this  problem but a considerable
portion of the upstream slopes in this ars.-a
have been washed o u t .  ri~k1e roadway p ro f i l e  is
on a sag vertical cu rve crossinq ove r the dam
and it appears there is considerable settleniant
lU the vicinity ot the CMP curb i n let .  Al though
there a re a few trees on the upstream face , the
downstream backslope is heav i ly  wooded wi th
several larger trees. There is no evidence of
riprap along the emb ankment s t ructure  but th e
backsiopes have stabilizing ground cove t .
Hea vy seepage was observed on each side of
the timber bridge abutments and under the
timber apron on the outlet end . This is
apparently caused by piping in a nd around S

S the timber s t ruc tu re. Additionally, o t he r
lowe r port ions of the downs t ream backslope

- 
were damp which migh t  be expected in the st ~ il. I.-

S fied alluvium foundation material found pre-
dominantly throughout this a rea .  The ab u t i ; i e t -it
zones ire i l l — d e f i n e d  as the roadway rises up

S and the embankment broadens out  and blends i n t o
t h e  o r ig i n a l  t e r r a i n .  The nor th  curb l i ne  al
the road is s t r a i g h t  and is in good a l i it nm en t ,

I.-’

- : r i- ~~~ 
- 

- 
. S  

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



.—~
o

~~~~
---

~~~

the cu rb in I t  s 1)0 5 1 I & 1  SO t  at prop ‘ r g nsa_to  i L l

S t t i s l a c t e;  ‘~ ‘ 5!CC0~ i ii1c ) d) l t  ing th e  str ee t -  run— otf

C .  .\ p l iu r t t - I l e n L  S t r u c t u re s  S

‘l’hie Limbe r b n id~;e m d  spillway structure 050
in poor COIILI 1 Lion and e x h i b i t  advance
of dry to t  in  l t (u n e rOus n i om u b e r s  . ‘rile SU~~C~~—
s t r u c t u r e  c a r ty i l i g  U of I ic over the un g ated
outlet opening has a span of 20 1 oct and is
founded on t iniber ~o l i ng .  The 18 by 12 loot
box in l e t  is t ra ine d and braced so l id ly  and
is in much better condition than the bridt3e
s t ruc tu re. There was only minor evidence
of l eak i n g ,  rot~~i-nq or s p l i n t e r i ng  and Lbs
stoplogs in  the 2 ’ — 3 ”  removable  section are

S c&iu ipped  wi th  l i f t i n g  eyes and appear to be
operable.  A consid erable amount of deb ris
had collected in the drop in le t  over the
summe r months but is of no concern to the
inspection team . The downs t ream w i nq w ai l s
and p lank o u t f a l l  apron beneath  the bridge
are in advanced stages of decay with the
lef t bulkhead wall tilted inward several
inches.  The auxi l ia ry  culvert pipe near the

- r ight  abutment is set at an elevation s l i g h t ly
below the main spillway and a l though f u n c t i o n—
ing sa t is fac tory , is completely deteriorated
on the inlet end and has seve re cracks in i ts

S concrete headwall. This culvert outlets  into
an i l l—def ined auxi l ia ry  powe r raceway which
extends to an old abandoned n-till site about
200 fee t downstream .

d .  Reservoir

Lake Narraticon has stable , well protected and
rather steep banks and is almost entirely
surrounded by residential areas . The Lake Park
Cemetary south of the dam is located well above
the reservoir level. The lake was f ree  of
debris at the time of inspection .
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~ IYT I L5 ~ 4 — OI ’ I  PAl’ I t I N A ! .  J ’l~QCp DUI ~5~i

4 .1 I’ROC1~DU i-tj- :~ ;

Ope t a t  S S on u l pYL ’c ’ d i_ i  r e t ;  ~s .s . re n o t  c i i J S e I -V C d  I (li e
i n :;p e c t i 5 o i i  t ’ ’ t nt . Discussions w e re  llt ’ls.I W i  It
N r .  No i - I on N .  I i _  ‘~;s , the lion i t  ;h I t:m. i~ n eo n
lii;; e . m r l  jet in i ;jcs.- t  i on  i~~-p or t  S 011 1 1 1 C ~~L ( i t s .

N .s.1 .D.1 .1’ . i _ s . s . t e  1 s . \ l e i _ , t ’s.1

4 .2 N\INTI :NAN ;’i-t o~’ ~~~
:10 i n  Let ;  l I t  0( 5 of the s . l s . m m n  is ca iri. ed out as _~ rt s. i

the li orous. mlx ‘ s c ont i n u a l  1; i a i f lt e t - e ln c t ’ P~~°~1r ~~m t O t
their s5 ie et  sy st e m .  t h e  s tr i ct  use it ;  p - 1 ~i s . . i i e t !  lv
inspected and t I-to r ese r v o i r  iowa L’ red ~m ll d ci s ’l red
a j ’pr OX i m a t  c1 y t ’V0 t y  uL i i~ r vs.-ar

4 . 3 MA I NTENANCU Ol’ OIN RAT INC ~~.\i P I l l

The re are no ope r~it in&; foci  l i t  i es ex c ej i t  f or  t h e
m:dflls. )Vab Ic stoplos.js

4 .4 DESCIUP’l’ ION OF WARN INC ~Yi~1 I N  I N l :i’l• ’ l :ci ’

Theis. is no f or m a l 5 L i - i  ~-;a m~i ;i  n~i~~~y stem in e f l - c t  a:;
the dam has not been ave stoppe d since the e m s  I v
1930 ‘s. Township  e ng i nee r i n g  p e r S s . n ;t i °  1 and p~s I ice
monitor the structure du r i ng  periods of lteav flow .

4.5 EVALUATION OF OPERATIONAL ADPOUACV

Present  procedures and sa t e s . ; u~t n s.b ; s.11 t ’ it -c oed t o  he
adequate in view of its performance record s.Uld

S the lack of downstream hazard s.

~ 
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a .  L)s. ’ ;; au D . t t  .t

I t  5 . ~ ii Oii t i t s . - Recs .  t - ; : is. ‘ mi t  ‘s . j  d~~ m is. ’ 1 j I l t ’ ;; t o  i ~~~. i I t ’ t ~
i nsps.-ct i~~ n s.~~~’ f t t . o.  , I i s .  N a t  L O t s 0011 I . . i k e  i n n  i s
;;iis I i i n ; I So d i i  I o I .~ I l l  I i c. i t ’ t l i i  i . l u d

I l i g l V  , t Its.’ i_ lOS i - 1 1  I OO . i  ; ; -  tect i - ti by I
L I I  Spi Ct  t a t  t 0 1111 i 5 O I l s . ’ l i _ t i  I I is. ’ ‘ i s .  i’ - t I ’  It ’ I t - I  x i  —

su t in  : I os. i s . l  ( I  !‘NI’) . L i t  I I OW t o  t_ Iie I t ; . s . ’t  vs.’ I r
\i - t S  s.’OIli~

_iUt s. 0 l_ l t . i i i  . t I t . i  p i s . ’ s. ’ 1  L I  t a t  ‘ i i  o m t  .1 I s ~~t ’ i

Os . ’ I P ‘ ‘t  i i _~s . t l  Ps.’ l ’ s. ’rt N~ - . fl by th i s. - 12 L_ — I
I ( ‘ s ; m  ‘- i ant . i ’ I i i  ~t a v e  a 1’ ’ -~~ 

xi ~ low t o
I lit ’ li’Ss.’ i’vs. ’ r 0 1’ , ‘ 21) C l  5 t o t  t h s.’ I :11’ ~~~

S \s. i s . ’i i  F O nt  s. ’s. l  , t .1 pe ik I s . - i u e s . 5i s l i s . t l i t  I v  t o
i s  , ii i ’ s.c ‘ . li e  ; - ~ a I twa ha;; . t  -n m : -n i n i  di ; ;  —

S ct i i  e c i t  ic I LV O1_ 1 , I i’ i~ s.~~ u i _ I  i i . i t s . ’d 011 i i ; ;
( l ie s p i  llw .tv c i i i  .is.’contmo’.iat ii .‘ _ ‘%  ol .  I t i e  s . i O 5  o n

P. :x ~~s.~ r i t u i c s . - i’ . t t  .~~

i’ h t e  dam W a ;;  o x - i  i l l nuily d s . t s i s . i n s .’d I or  a ‘0-- ‘s . s . - .u:
s.’dU s i i C ’. s t o r n i  us i _ n q  .L I i f lht ’ t ’t  s. ’ol is . s. ’ I i t t~~l 1  1011

L 1 . 8 us.’ U t s  . Tiis .’ j an t  u~’a x ; 0 Vs. ’ F I. ‘~ ‘}i t ’i s . i  I t s  I

} ‘amt tally w a s l i s . ’ s.I 01_ it  ifl J u l y  19.3 4 b u t  (hit ;
~~~~~ i t t  r m  b i _ i t s . -d t o  a P u  id~ s.’ sad s;’i I I w a \

i i i  L i _ i ’ e  • 1l i t ’i s. ’ i s  us.’ t e c o t U  of the s . i . i n t  l u t v  no
been ovt Sts .i I i i s . s.sj  S t  im ~ s.’ t li i s ~_ s.~~I 1 1:’Se said :; i m i c O
Llis . ’ I t ’ IS fls. ’ i t o - t i l l - u  ; ; t t t i s .’n i t  I h i s s i t s . ’ , I t s . ’

t t e a n m f  low i o c s .’rdt ;  u.s . ’ Fe ova i i  tb I s.’

C. \‘ 1 :;i_ i.il OI’SC r v a t  ion s

i ’ l t s . ’ s;’i 1 Iway s.’pe t l l l i s . j  s.i }’ps.’_ l i s  t 0 hs.’ t t i t u s .’ I s. ’fl i 50;
sat i  s tac  t or i  ly .  At l iii’ t ime  c t  th i t ’ ifls~ ecL 5 m 011

the f la:;libeard;; in the ma i n  t imber l o x  we t-e
s.ud j us ted to an e loyaL i out app t s . ’x i n u i t  0 I f  one
foot al iov& -’ the iux i i i o u - v  s.ui t o at  the eat; t

S a b u t m e n t  . h owever , (iii s was durina s.i p e t  00
of low i i i  ls.’~~ and t I t s .’ l O S t ’ 1 Vs .’ i I leve l slj ’ i  ‘ea F;;
to he 1Is.’rfllally main t 5 .11 i i c s . l  at  I lie n ; i  i n  c i s .’ S I
elevation. As previously st ites.I , the I t i x i  l i t t v

I ul cs.’wav is ~ I ‘j’ _ l  r en t  I y a P i  I l s .  P ‘t h O s . i  s.t iid I S

~‘ i r  t I ally blocked i i i s . i  c iti hand I s . ’ on I v  a iies. i  i i  —

i _ i  t bis.’ amount ol  di schi.i ig s.’
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I .  (iVi .’ i t O ~ ’j ’  1 I tj  1 - ~~t 5 ’ ‘ t i t  I

h o s e s_I on a de si. s.jn I - s. ‘U o I ‘dl- ’ , t l i s . t s. is
SOOe ps. i t s . ’t t t i a l  fo r  overto Iih ii l i i i .  h l O W t \’ t I Lii ’
J s . .t ; t i  1IS1S not been cvs. ’ I t -  t j ’ e s . j  SlIIOi_’ it ;;
tec ’ti;;tsuctioru mu 1934 s.i_ aU Lt would pr s . ’t ’5 i 1 i l v

s.i 100 ‘ e u x  s. ’\ - s. m i t  w i t h  o n l y  i . ; l i - ; i i L
, so whi i t .’ I lIe p o t s .- u- t tia 1 i_o : 5i ts

i t  is n O t  s . t r s .’ i t and on lv cl t i m no .1 L ’ncs. i I ~j I
t l i s . ’ i I t t J I u L ’ C t. i O i l  t o - m m .

0 . D t s.i\\’dOWfl i~~ S~~ Li - it i al
5 1

The lake can on ly  be d rawn  down t . 7 toe L t o
e l s .’ vu t  ion +1 1 .4 , ( a s s u l u ui n s . ;  the stop i 1 suP;;
c iii  Ps.5 retmmov od ) . l )r aw down I s. ‘ l i i i  S I.’ I eVa  1 1 i ’I i
would  t s k e  s . m t u i ’ t s . i X i m ; I d L s . ’ly  2 t h i s , assu :im i t s  u i o
a p pr e c i a b l e  i i i  flow . i l u s . ’ Ft.’ is to n m - ’vi i Oh
~~s. ’r any further dewatorins.;
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6 . I 1 :VAI2 AcIUN CI- . i P U C I~~PAi. TAP i n I T y S

a .  Vi a n al  ObsurvaLiout;

~ li e L i n n e  r bri One is in an o d ’ ’om ~ cod t m - t o  c f
‘l~ ou.’ a t i d  shoUld be i n - ; d ~cod . ‘I’h&~t ro is e v i —

f Seepa-;o i t t  and a round  the s.’ntire
saOstrnctnre and the apron plank slab is
rotto d  u -ut  w i t l i  pieces m i ss i n c j  and is u n d e r c u t
on the downstream end . The t imber  Lox s p i l l —
i i ;’ p o r t i o n  a b u t t i n g  the bru ce is in an
s.ms. _ Ic-quate condition to be p re se rved  on a
shor t - t e rm basis  bu t  it is almost 25 years
old and approaching the time for  rep lacement
for tin;bo r construction. The dam embankment
is j u u ~ cu to be in a s a t i s fac t o r y  and s tab le
condition as only  minor  seep- -m cj e was observed
at t im e bo t tom of the backsiopes .  As p rev ious ly
sn at e d , the major seepage is concentrated
inra-odiately behind the t imber wal ls  of the
b r i - i se .

P .  Dasi ;n and Cons t ruc t ion  Data

S As no design or cons t ruc t ion  data  was avail-
able to review , the structural stability
analysis is based entirely on field observa-
tions . Due to its age and condition , the
continued stability and safety (to vehicular
t r a f f i c)  of the spiliway bridge is suspect.

S 

c. Operating Recorch~

S No formal operating records exist . As
S previously stated , the dam appears to have

S operated satisfactory as there is no recent
hearsay informat ion, according to local 

S

officials and residents , of the roadway
having been overtopped .

d. Post Const ruct ion Changes

There have been no changes to the hydraulic
elements  of the dam since the 1955 reconstruc-
tion work . Hi ghway guard rail  and curb dra ins

—13—
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hay ’- bta~ t t  in:; L-5 1 lcd sin - t h er m  b u t  haVe
l i t t l e  e 2 f s _ - c t ort Idue darn sIaoiljL-s.’ .

u . Sciatti c Stability

The u r ~m is located in Ea r th q -o s_~ke Z one 1
and has neg l i gible  U a n a q c -  v u l ner a b i l i t y  du~
to i t s  low h e igh t . Lxpcr ience  indica tes
don s in Zone  1 w i l l  have adequate  s t a b i l i ty
under dn ’r ia : ;ic  1003. ; i f  s tab le  under  s ta t ic
loading c o n d i t i o ns .

~ )
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SECT I ON 7 - ASSESSMENTS /RECOMNENDATIONS /
RE MEDIAL MEASURE S

7.1 DAM ASSE SSMENT

a.  Safe ty

Subject to the inherent limitations of the
Phase I visual inspection , the Narraticon
Lake Dam is classified as being in a sound
condition insofar as its embankment structure
is concerned but the timber spiliway bridge
carrying vehicular traffic over the main dis-
charge outlet is adjudged to be in need of
complete replacement. The spiliway is
inadequate hydraulically, being able to
accommodate only 22% of the ½ PMF design
flood . However , the overtopping potential
is believed to be quite remote and there is
minimal downstream hazard should the spiliway
structure collapse. Therefore , improvements
to the present spillway are not recommended
at this time but should be considered in the
future in conjunction with the bridge
replacement.

b. Adequacy of Information

The information gathered for the Phase I
inspection is deemed to be adequate regard-
ing the structural stability of the dam .
However, no surveys or inspections have been

S recorded since 1969 and the spillway bridge
S has apparently undergone serious deteriorat ion

since that time .

c. Urgency

No urgency is attached to implementing further
studies in view of the dam hazard assessment.

S It is recommended that the remedial measures
enumerated below be taken under advisement
in the near future or when funds are available .

d. Necessity for Further Study

Due to the significant hazard classification ,
further eng[~ieerinq studies under the purview

—15—
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of the P.L. 92—367 , are recommended . It
is determined that the dam does not
constitute a high hazard to human life or
property but as previously stated , requires

S a replacement bridge structure to maintain
S through traffic and it is recommended that
S 

additional hydraulic/hydrologic studies be
undertaken in an effort to increase the

S spiliway capacity .

7.2 RECOMMENDATIONS/REMEDIAL MEASURES

As previously stated , it is recommended that the
vehicular hi ghway bridge be replaced in the near
future .

a. Remedial Measures

• The upstream slopes of the dam embankment
should be regraded , compacted and pro-
tected , especially in the vicinity of

S the CMP curb drain .

The trees should be removed from the dam
slopes and the disturbed areas regraded ,
compacted and seeded .

• The deck planking on the walkway over the
spillway should be replaced as it con-
stitutes a potential danger to operating
personnel .

b. O&M Maintenance and Procedures

No additional procedures other than those-
presently in effect appear to be warranted
in view of the above assessment.

-16-
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DATE 13.i LOUIS BERGER & ASSOCIATES INC. SHEET NO. A~j~~ o~CHKD. BY . DATE ~~~~~~~~~~~~~~~~~~~~~ PROJECT~~~~~~~ -_ .~~

SUBJECT S 

N A R R A T I C O N  L A K E  DAM I N S P E C T I O N  SOUTH GROUP C226 S

8’V O .J .NU LLI GAN
J A N U A R Y  19 7 9

JOB S P E C I F I C A T I O N  -

NO N H R  N M I N  I D A Y  I HR I M I N  M ( TRC IPLT IPRT N S T A N
150 0 15 0 0 0 0 0 0 0

JOP E R NUT -
5 0

M U L T I — P L A N  A N A L Y S E S  TO BC PERFORMED
- NPL AN :  1 N R T I O  6 L R T I O :  1

R T I O S: 1 . 0 0  0 .5 0  0 . 4 0  0 .3 0  0 . 2 0  0 . 1 0

..*..... *. .. ... .*... •..... *... .e.**. . ..*

S U B — A R E A  R U N O F F C O M P U T A T I O N

I N F L O W  H Y D R O G R A P H
I S T A G  I C OM P IC C O N I T A P E  JPL T JPRT I N A N E

5 0 0 0 0 0 1

HY D R O G R A P H  DATA
IHYOG IUHG TARCA SNAP T R S O A  T R S P C  R A T I O  I S N O W  ISAME LOCAL

0 —1 3 . 0 0  - 0 . 0  3 . 0 0  0 . 0  0 .0  0 0 0

P R C C I P  D A T A
NP S T O R M  DAJ O A K
24 0 . 0  0 . 0  0 . 0

P R E C I P  P A T T E R N
0 .4 3  0 . 4 3  0 .4 3  0 .4 3  0 . 4 3  0 . 4 3  0 . 4 4  0 . 4 4  0 . 44 0 . 6 4
0 .87  1 . 29  2 .5 9  3 .89  2 . 3 8  1.51  1 . 0 8  - 0.65  0 .65  0~~44
0.43 0.43 0.43 0.43

LOSS D A T A
- STRK R DLT KR RT IOL E R A IN  SIRK S R T I O K  S T R T L  C N S T L  A L S M X  R U M P

0 . 0  0 . 0  1. 0 0  0 . 0  0 . 0  1 . 0 0  0 . 5 0  0 . 1 0  0 . 0  0 . 0

G I V E N  U N I T  G R A P H ,  N U H G O :  22
- 8” .  3 0 7 .  667.  1 0 0 4 .  3 3 3 7 .  1 0 68.  878.  677 .  50 6 .  385.
289 .  2 2 0 .  1 61.  12 0 .  93 .  73 .  55 .  40 .  3 1.  23 .

18 .  1 4 .
U N I T  G R A P H  T O T A L S  7 8 5 2 .  CFS  OR 1 . 0 1  I N C H E S  OVER THE A R E A

R E C E S S I O N  D A T A
S T R T O  0 .0  OR C S N ~ 0 .0  R T I O R :  1 . 00

( N D — O F — P E R I OD F L O W
T I M E  R A I N  E K C S  C O M P  0

3 0 .43  0 . 0 0  0.
2 0 . 4 3  0 . 3 4  29 .
3 0 .43  0 . 4 0  139.

(

_ )
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BY.~~~~~~~M DATE 4 11. LOUIS BERGER & ASSOCIATES INC. SHEET NO A OF
CHKD. BY DATE .NA - -s~L~~1 ..--- _ PROJECT ..~~.J.~I.

SUBJECT S

4 0 . 4 3  0 . 4 0  385.
5 0.43 0.40 770.
6 0 . 4 3  0 . 4 0  1 2 2 1 .
7 0.44 0.41 1659.
8 0.44 0.41 2031.
9 0.44 0.41 2325.

10 0.64 0.61 2568.
11 0.87 0.84 2825 .
12 1.29 1.26 3199.
13 2.59 2.56 3896.
14 3.89 3.86 5221.
15 2.38 2.35 7311 .
16 1.51 1.48 9887.
17 1.08 1.05 12179.
18 0.65 0.62 13431.
19 0.65 0.62 13448 .
20 0.44 0.41 1~~504.
23 0.43 0.40 11084.
22 0.43 0.40 9578.
23 0.43 0.40 8207.
24 0.43 0.40 704 4.
25 0.0 0.0 6076.
26 0.0 0.0 5222.
27 0.0 0.0 4405.
28 0.0 0.0 3600.
29 0.0 0.0 2840.
30 0.0 0.0 2176.
31 0.0 0.0 1642.
32 0.0 0.0 1233 .
33 0.0 0.0 924.
34 0.0 0.0 686.
35 0.0 0.0 494.
36 0.0 0.0 332.
37 0.0 0.0 228.
38 0.0 0.0 159.
39 0.0 0.0 110.
40 0.0 0.0 77.
41 0.0 0.0 51.
42 0.0 0.0 35.
43 0.0 0.0 22.
44 0.0 0.0 13.
45 0.0 0.0 6.
46 0.0 0.0 0.
47 0.0 0.0 0.
48 0.0 0.0 0.
49 0.0 0.0 0.
50 0.0 0.0 0.

S st 0.0 0.0 0.
52 0.0 0 .0  0.
53 0.0 0.0 0.
54 0.0 0.0 0.
55 0.0 0.0 0.
56 0.0 0.0 0.
57 0.0 0.0 0.
58 0 . 0  0 . 0  0.
59 0.0 0.0 0.
60 0.0 0.0 0.
63  0 . 0  0 . 0  0 .
62 0 . 0  0 . 0  0 .
63 0 . 0  0 . 0  0.
64 0 . 0  0 . 0  0.
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BY.~~~~~~~~ 1’~.L DATE 1~L1’1 LOUIS BERGER & ASSOCIATES INC. SHEET NO AIL.oF
CHKD. BY . DATE J L’A1 L-~L J ~

L4L. PROJECT
SUBJECT S

65 0.0 0.0 0.
66 0.0 0.0 0.
67 0.0 0.0 0.
68 0.0 0.0 0.
69 0.0 0.0 0.
70 0.0 0.0 0.
71 0.0 0.0 0.
72 0.0 0.0 0.
73 0.0 0.0 0.
74 0.0 0.0 0.
75 0.0 0.0 0.
76 0.0 0.0 0.
77 0.0 0.0 0.
78 0.0 0.0 0.
79 0.0 0.0 0.
80 0.0 0.0 0.
81 0.0 0.0 0.
82 0.0 0.0 0.
83 0.0 0.0 0.
84 0.0 0.0 0.
85 0.0 0.0 0.
86 0.0 0.0 0.
87 0.0 0.0 0.
88 0.0 0.0 0.
89 0.0 0.0 0.
90 0.0 0.0 0.
91 0.0 0.0 0.
92 0.0 0.0 0.
93 0.0 0.0 0.
94 0.0 0.0 0.
95 0.0 0.0 0.
96 0.0 0.0 0.
97 0.0 0.0 0.
98 0.0 0.0 0.
99 0.0 0.0 0.

100 0.0 0.0 0.
101 0.0 0.0 0.
102 0.0 0.0 0.
103 0.0 0 .0  0.
104 0.0 0.0 0.
105 0.0 0.0 0.
106 0.0 0.0 0.
107 0.0 0.0 0.
108 0.0 0.0 0.
109 0.0 0.0 0.
110 0 .0  0.0 0.
11 1 0.0 0.0 0.
112 0.0 0.0 0.
1 3 3 0.0 0.0 0.
12 4 0.0 0.0 0.
115 0.0 0.0 0.
116 0.0 0.0 0.
117 0.0 0.0 0.
31 $ 0.0 0.0 0.
119 0.0 0.0 0.
120 0.0 0.0 0.
121 0.0 0.0 0.( ) 122 0.0 0.0 0.
123 0.0 0.0 0.
124  0. 0 0 . 0  0.
2 2 5  0 . 0  0 . 0 0.
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BY. -.&J~.4.... DATE ±..:._L~ LOUIS BERGER & ASSOCIATES INC. SHEET ~~~~~~~~~~~~~~
CHKO. BY . DATE PROJECT

SUBJECT S

12 6 0.0 0.0 0.
127 0.0 0.0 0.
12R 0.0 0.0 0.
129 0.0 0.0 0.
130 0.0 0.0 0.
131 0.0 0.0 0.
132 0.0 0.0 0.
133 0.0 0.0 0.
134 0.0 0.0 0.
135 0.0 0.0 0.
136 0.0 0.0 0.
137 0.0 0.0 0.
138 0.0 0.0 0.
139 0.0 0.0 0.
140 0.0 0.0 0.
141 0.0 0.0 0.
142 0.0 0.0 0.
143 0.0 0.0 0.
144 0.0 0.0 0.
145 0.0 0.0 0.
146 0.0 0.0 0.
147 0.0 0.0 0.
148 0.0 0.0 0.
1 49 0.0 0.0 0.
150 0.0 0.0 0.

SUM 21.61 20.43 161272.

PEAK 6—HOUR 24—HOUR 72—HOUR TOTAL V O L U M E
CFS 13448. 6363. 1680. 1075 . 161272.

INCHE S 19.73 20.84 20.84 20.84

( 
AC—FT 3157. 3334. 3334. 3334.

S 
HYDROGRAPH AT STA S FOR PLAN 1, RT IO  1 -

0. 29. 139. 385. 770. 1221. 1659. 2031. 2325. 2568.
2825. 31 99. 3896. 5221. 7311. 9887. 12179. 13431. 13448. 12504.

1108 4. 9578. 8207. 1044. 6076. 5222. 4405. 3600. 2840. 2176.
264?. 2233. 924. 686. 494. 332. 228. 1S9 . 110. 77.

51 . 35. 22. 13. 6. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0 .  o. 0.  0. 0. 0. 0. 0. 0. 0.

P E A K  6 — H O U R  2 4 — H O U R  7 2 - H O U R  T O T A L  V O L U M E
CFS 13 448. 63~~3. 1680. 107 5. 161272.

INCHES 1 9.73 20.84 20.84 20.84
A C — F T  3 1 5 7 .  3 3 3 4 .  3 3 3 4 .  3 3 3 4 .

P4YDR O GRAP H AT STA S FOR PLAN 1, RT IO 2
0. 1 5.  69. 1 9 3 .  385.  6 1 1 .  8 3 0 .  1 0 15 .  1 1 6 2 .  1 2 8 4 .

1 4 1 2 .  2 S 9 9 .  1 9 48 .  2 6 1 1 .  3655.  4 9 4 3 .  6089 .  6 7 1 6 .  6 7 2 4 .  6 252 .
5 S 42 .  4 7 8 9 .  4 3 0 3 .  3 52 2 .  3 0 3 8 .  2 6 1 1 .  2 2 0 3 .  1 8 0 0 .  1 4 2 0 .  1 0 88 .

( 821. 617. 462. 343. 247. 166. 114. 79. SS. 38.
26. 17. 11 . 6. 3. 0. 0. 0. 0. 0.

SI

______ 5- 

D_
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BY .~~~~~~~~~~~~~ DATE ..4~~~1 LOUIS BERGER & ASSOCIATES INC. SHEET No.AL~~ or
CHKO . BY . DATE 4 \ 1 A J J~ 4 (~~~~L L /~L-44 L air?LiJI PROJECT
SUBJECT .

0. 0. 0. 0.  0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

PEAK 6—HOUR 24—HOUR 72—HOUR TOTAL V O L U M E
CFS 6724. 3182. 840. 538. 80636.

INCHE S 9.87 10.42 10.42 10.42
AC—FT 1578. 1661. 1667. 1667.

HYDROGRAPH AT STA 5 FOR PLAN 1, RT IO 3
0. 12 . 56. 154. 308. 489. 664 . 812. 930. 1027.

1130. 1280. 2558. 2089. 2924. 3955 . 4871. 5372. 5379. 5002.
443 4. 3831. 3283. 2818. 2430. 2089. 1762. 1440. 1136. 870.
657. 493. 370. 275. 197. 133. 91. 64. 44. 31.
20. 14. 9. 5. 2. 0. 0. 0. - 0. 0.
0. 0. - 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

— 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. C.. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

P E A K  6 — H O U R  2 4 — H O U R  72-HOUR TOTAL V O L U M E
CFS 5379. 25 45. 672. 430. 64509.

INCHES 7.89 8.33 8.30 8.33
AC—FT 1263. 1334. 1334. 1334.

HY D R O G R A P H  AT STA 5 FOR PLAN 1, RTIO 4
0. 9. 42. 116. 231. 366. 498. 609. 697. 770.

84 1. 960. 1369. 1566. 2193. 2966. 36S4. 4029. 4034. 31S1.
332S . 2873. 2462. 2113. 1823. 1567. 1322. 1080. 852. 653.
493. 370. 277. 206. 148. 100. 68. 48. 33. 23.
15. 10. 7. 4. 2. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

PEAK 6—HOUR 24—HOUR 72—HOUR TOTAL V O L U M E
CFS 403 4. 1909 . 504. 323. 48382.

INCHES S.92 6.25 6.2S 6.25
AC — F T  9457• 1000. 1000. 1000.

HY D R O G R A P H  AT STA 5 FOR PLAN 1. RT IO 5
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STATION 55. PLAN 1, R T IO 1
0. 2. 15. 52. 132. 263. 442. 679. 942. 1216.

1646. 2127. 2777. 3668. 5106. 7132. 9403. 11384 . 12581. 12811.
1221 9. 11120. 9823. 8544. 7389. 6378. 5471. 4634. 3851. 3133.
2573. 2053. 1713. 1449. 1202. 1060. 920. 790 . 678. 578.
490. 420. 361. 309. 263 .  2 2 3 .  189. 161.  136.  116.

98. 83. 70. 60. 51. 43 • 36. 31. 26. 22.
19. 16. 14.  11. 10.  8.  7. 6. 5. 4.

4.  3. 3. 2 .  2. 2. 1. 1. 1. 1.
1. 1. 0. 0.  0. 0.  0.  0 .  0. 0 .
0. 0. 0. 0. 0. 0.  0.  0. 0. 0.
0.  0. 0. 0.  0. 0. 0.  0. 0.  0.
0.  0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0.  0. 0.  0. 0.  0. 0 .  0. 0.
0. 0. - 0. 0 .  0. 0.  0. 0.  0. D I
05 0. 0. 0. 0. 0. 0. 0. 0.  0.

ST OR
0. 0. 2. 7. 17. 33. 56. 82. 110. 139.

165. 188. 211. 238. 271 . 328. 385. 435. 465. 471.
456. 429. 396. 364. 335. 309. 286. 265. 243. 223.
204. 185. - 169. 153. 138. 123. 108. 94. 82. 71.

6 1 .  53.  45.  39. 3 3. 28. 24. 20. 3 7 .  3 4 .
12. 1 0 .  9. 7. 6. 5. 5. 4. 3. 3.
2. 2. 2. 1. 1. 1. 1.  1. 1. 1.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.r 0. ~~. 0. 0. ~. ~. ~. ~. ~. o.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0, 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

PEAK 6—HOUR 24—HOUR 72-HOUR TOTAL V O L U M E
CFS 12811. 620 8. 1680. 1075. 161270.

INCHE S 19.25 20.84 20.84 20.84
A C — F T  3 0 8 0 .  3334.  3334 .  3334 .

S T A T I O N  55, PLAN  1, RT IO 2
0. 1. 7. 26. 66. 132. 221. 328. 4 44 .  573.

706. 845. 1012. 1260. 1804. 2893. 4270. 5471. 6195. 6365.
6094 . 5556. 4912. 4308. 3743. 3238. 2854. 2464. 2073. 1711 .
153~~. 1297. 1126. 996. 870. 754. 648. 554. 471. 407.
350. 30 0. 256. 219. 186. 158. 134. 114. 96. - 82 .

69. 59. 50. 42. 36. 30. 26. 22. 39. 16.
13. 11. 10. 8. 7. 6. 5. 4. 4. 3.
3. 2. 2. 2. 1. 1. 1. 1. 1. 1.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. ~O . 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

S 

STOR
0. 0.  1. 3. 8. 17 .  28.  4 1.  56. 70.

85. 100. 118. 141. 174. 215. 255. 286. 305. 309.
302. 288. 272. 256. 240. 227. 213. 200. 186. 172.
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150. 144. 130. 116 . 103. 90. 79. 68. 59. 51.
44. 38. 32. 27. 23. 20. 17. 14. 12. 10.
9. 7. 6. 5. 4. 4. 3. 3. 2. 2.
2. 1. 1. 1. 1. 1. 1. 1. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0.  0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. o. 0. 0. 0.

PEAK 6-HOUR 24—HOUR 72—HOUR TOTAL VOLUM E
CFS 6365. 3040. 840. 538. 80634.

INCHES 9.42 10.42 10.42 10.42
AC—FT 1508. 1661. 1667. 1667.

STATION 55, PLAN 1, R~~IO 3
0. 1. 6. 21. 53. 105 . 177. 262. 355. 450.

554. 666. 795. 979. 1283. 1917. 3060. 4161. 4829. 5034.
4854. 4451. 3963. 3461. 3037 . 2681. 2335. 1999. 1155. 1537.
1312. 1139. 3012. 888. 773. 668. 573. 488. 421. 363.
311. 267. 228. 194. 165. 140. 119. 101. 86. 73.
61. 52. 44. 37. 32. 27. 23. 19. 16. 14.
12. 10. 8. 7. 6. 5. 4. 4. 3. 3.
2. 2. 2. 1. 1. 1. -1. - 1. 1. 1.
0. 0. 1. 0. 0. 0. 0. - 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.  0. 0. 0. 0. 0. 0. 0. 0, 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

S STOR
0. 0. 1. 3. 7. 13. 22. 33. 45. S~~.
68. 81. 95. 114. - 

143. 181. 220. 252. 270. 275.
271. 260. 246. 233. 220. 207. 195. 184. 171. 158.
144. 131. 118. 105 . 92. 81. 70. 61. 53. 46.
39. 33. 29. 24. 21. 18. 15. 13. 11. 9.
8. 7. 6. 5. 4. 3. 3. 2. 2. 2.
1. 1. 1. 1. 1. 1. 1. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.  0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

PEAK 6—HOUR 24-HOUR 72—HOUR TOTAL . VOLU ME
CFS 5034. 2414 . 672. 430. 64509.

INCHE S 7.48 8.33 8.33 8.33
AC—FT 1197. 1334 . 1334. 1334.

STATION 55, PLAN 1, RTIO 4
0. 1. 4. 16. 40. 79. 133. 197. 266. 337.

S 409. 485. 584. 719. 923. 1230, 1834. 2717. 3339. 3643.
3586. 3318. 3004. 2676. 2352. 2051. 1818. 1639. 1443 . 1243.
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110 0. 987. 861. 758. 658. 566. 484. 418. 361. 310.
266. 227. 194 . 165. 141. 119. 101. 86. 73. 62.

52. 44. 38. 32. 27. 23. 19. 16. 14 . 12.
10. 9. 7. 6. 5. 4. 4. 3. 3. 2.
2. 2. 1. 1. 1. 1. 1. 1. 1. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. -

0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

STOR
0. 0. 1. 2. 5. 10. 17. 25. 33. 42.

51 . 61. 72. 87. 108. 139. 176. 209. 229. 238.
236. 229. 219. 207. 196. 185. 175. 164. 152. 140.
128. 115 . 10 3. 91. 80. 70. 61. 53. 45. 39.
33. 29. 24. 21. 18. 15. 13. 11. 9. 8.

7.  6.  5. 4 .  3. 3. 2. 2. 2. 1.
1. 1. 1. 1. 1. 1. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. - 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. (4 , 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

S PEAK 6—HOUR 24— HOUR 72—HOUR TOTAL VOL U M E
CFS 3643 . 1794. 504. 323. 48381.

INCHE S 5.56 6.25 6.25 6.25
AC— F T  890. 1000. 1000. 1000.

- 
S T A T I O N  55, PLAN 1, RT IO 5

0. 0. 3. 10. 26. 53. 88. 131. 177. 225.
273. 323. 382. 462. 596. 789. 1042. 1383. 1762. 2066.

2200. 213 9. 1974. 1815 . 1669. 1512. 1353 . 1198. 1098. 991.
881. 776. 680. 591. 510. 441. 383. 330. 284. 244.
209. 178. 152. 129. 110. 93. 79. 67. 57. 48.
41. 35. 29. 25. 21. 18. 15. 13. 11. 9.
8. 7. 6. 5. 4. 3. 3. 2. 2. 2.
2. 1. 1. 1. 1. 1. 1. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

- 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. -

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. -
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0.  0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0.  0. 0. 0. 0. 0. 0.

ST OR
0. 0. 0. 1. 3. 7. 11 . 16. 22. 28.

34. 41. 48 .  58. 73. 94. 121. 149. 172. 186.
1 91. 188. 103. 275 . 166. 157. 147. 137. 127. 115 .
104. 93. 82. 72. 64. 55. 48. 41. 36. 31.
26. 22. 19. 16. 14. 12. 10. 8. 7. 6.( ) 5. 4.  4.  3. 3. 2. 2. 2. 1. 1.

I I  0.  1. 1. 1. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0,
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0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0 . 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

PEAK 6—HOUR 24—HOUR 72-HOUR TOTAL VOLU ME
CFS 2200. 1180. 336. 215. 32254 .

INCHES 3.66 4.17 4.17 4.17
AC—FT 585. 667. 667. 667.

S STATION 55, PLAN I, R h O  6
0. 0. 1. 5. 13. 26. 44 .  66. 89. 112.

136. 161. 191. 231. 291. 318. 489. 625. 748. 844.
904. 927. 921. 892. 850. 799. 745. 686. 623. 559.
496. 440. 390. 343. 300. 260. 225. 194. 166. 142.
122. 104. 89. 75. 64. 54. 46. 39. 33. 28.
24. 20. 17. 15. 12. 10. 9. 8. 6. 5.
5. 4.  3. 3. 2. 2. 2. 1. 1. 1.
1. 1. 1. 1. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0 .
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

STOR
S ( 0.  0. 0. 1. 2. 3. 6. 8. 11 . 14.

17. 20. 24. 29. 37. 47. 61. 76. - 90. 100.
106. 10 9. 100. 205. 101. 95. 89. 83. 76. 69.

5 6?.  55. 49. 43. 38. 33. 28. 24. 21 . 18.
15. 13. 11. 9. 8. 7. - 6 .  5. 4. 4 ’
3. 3. 2. 2. 2. 1. 1. 1. 1. 0.
1. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 15 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.  0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

PEAK 6—HOUR 2 4 — H O U R  7 2 — H O U R  T O T A L  VOLUME
CFS 927. 582. 168. 108. 16127.

INCHES 1.80 2 .08 2.08 2.08 
- 

1

A C — F T  289. 333. 333 . 333.

PEAK FLOW SUM M A R Y  FOR M U L T I P L E  P L A N — R A T I O  ECONOMIC COMPUTAT IONS L
R A T I O S  APPLIED TO FLOWS

O P E R A T I O N  S T A T I O N  PLAN 1.00 0.50 0.40 0.30 0.20 0.10

H Y D R O G R A P H  A T 5 1 13448 . 6724. 5379. 4034. 2690. 1345.
2 0. 0. 0. 0. 0. 0.

ROUT ED  TO 55 1 12811. 6365 . 5034 . 3643. 2200. 927.
2 0. 0. 0. 0. 0. 0.
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