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(c )  ins ta l la t lon  o f  add l t lona l  b reakmters ;  and (d )  mod i f l ca t lons  tha t  invo lved ra ls ing  and sea l ing
and/or removal of portlons of the exlstlng arrorrhead breakmters, A t0-ft-long renote-controlled
node l  o re  car r le r  ( represent fng  a  1 ,000- f t -1ong vesse l ) ,  a  120- f t -1ong wave genera tor ,  a  node l  c l r -
culatlon systen, wlnd generators, and an Áutomted Data Acquislt ion and Control Systen (ÀDACS) were
ut i l l zed  ln  node l  opera t lon .  l t  was  conc luded f ron  tes t  resu l ts  tha t :

a. Exlsting conditlons are characterized by rough and turtulent waves ln the west entrance
and at varlous locatlons 1n the lákefront Harbor durlng perlods of stom wave attack.

b .  For  ex is t lng  cond l t lons ,  the  æst  en t rance ls  no t  sa fe  and e f f l c len t  w l th  respec t  to  the
nav lga t lon  o f  1 ,000- f t - long  ore  cår r le rs  even under  fa i r - rea ther  cond l t lons  (wave he lgh ts
up to  4  f t  and w lnds  up  to  20  knots  (23  nph) ) .

c .  For  the  sa fe  and e f f l c fen t  passage o f  1 ,000- f t -1ong vesse ls  a t  the  æst  en t raûce duEing
falr-weather condltlons, the east and west hreakEter spurs should be reduced 1n length
by  a  n ln inun o f  200 f t  and 300 f t ,  respec t ive ly  (Fa f r - t ¡ea ther  P lan  lA) .

d .  The remova l  o f  the  200- f t  and 300- f t  leng ths  o f  the  eas t  and west  b reakEter  spur6 ,  re -
spec t ive ly  (Fa l r - I , Iea ther  P lan  1A) ,  w l l l  lnc rease EVe he lgh ts  fn  the  låke f ron t  Harbor .

e .  Cons lder lng  the  sa fe  and e f f l c len t  passage o f  1 ,000- f t - long  vesse ls  th rough the  west  en-
t rance duElng  fa l r - rea ther  cond l t lons  aod mve pro tec t ion  ln  the  låke f ron t  Harbor  ( fo r
a l l  wave cond l t lons) ,  Fa l r -Weather  P lan  4D (300- f t -1ong,  para l le l  en tens lons  to  the  ou ter
ends of the arrorrheaù breakwaters, plus Fair-Weather Plan 1A) appeared to be optlnun,

I, The optlnw crest elevatlon of the west arrowhead breakEtèr of I 'afr-Weather Plan 4I)
(w i th  respec t  to  Eve cond l t fons  in  the  l¿ke f ron t  Hârbor )  ms de temlned to  be  + I4  f t
(Fa i r -Weather  P lan  5G) .  Th ls  e leva t lon  cou ld  be  loæred to  +10 f t  p rob ided the  s t ruc tu re
ms sea led  (Fa i r - l , lea ther  P lan  5C) .

E_. Of the lnprovement plans tested wlth the entrance oriented toward the rest, Severe-
Weather PIan 15 (entrance channel realigned to the west and protected by a 4,000-ft-1ong
entens lon  to  the  eas t  b reakmter  and a  1 ,000- f t -1ong en tens lon  to  the  æst  b reakEter )
appeared pronlsing considerlng wave protectlon in the Lakefront Harbor (for all wave con-
d l t lon6)  and or len ta t lon  o f  the  nav lga t lon  en t rance.  Subsequent  tes t ln f i ,  horever ,  ind i -
ca ted  nav lga t lona l  d l f f l cu l t les  fo r  severe-weather  cond i t lons  (wave he lgh ts  up  to  I  f t
a n d  w l n d s  u p  t o  3 0  k n o t s  ( 3 4 . 5  n p h ) ) .

! ,  Cons lder lng  the  sa fe  and e f f fc len t  passage o f  1 ,ooG- f t - long  vesse ls  th rough the  æat  en-
trance durlng sever+weather condltlons and wave protectlon ln the Lakefront Harbor (for
a l l  wave cond i t lons) ,  Severe-Weather  P lan  16  (1 ,00G- f t - long  para l le l  en tens lona to  the
outer ends of the arrowhead breakffiters, plus Falr-Weather Plsn lA) appeared to be
oDt  lnum.
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PREFACE

A request, for a model ínvestigation of Cleveland Harbor, Chío¡ rrlâs i 
-

in i t j -ated by the Distr ict  Engineer,  U. S. Army Engineer Distr ict ,

Buffalo (NCB), in a let ter to the Divis ion Engíneer,  U. S. Army Engíneer

Dívi.sion, North Central (NCD). Funds for the U. S. Army Engíneer I'Iâter-

ways Experiment Station (I^IES) to conduct the sÈudy were authorized on

10 Apr i l  L979,17  December  1979,3  Septernber  1980,  17  December  1980,

2 LptLI 198L, and 21 December 1981.

The rnodel study was conducted durlng the period February 1980-

December 1981 by personnel of the Inlave Processes Branch (IIIPB) r l{ave

Dynamics Dívision (lüDD), Hydraulics Laboratory, lrIES, under the direction

of Mr. I I .  B. Simmons, Chief of  the Hydraul ics Laboratory; Mt.  F. A.

Herrmann, Jr. ,  Assistant Chief of  the Hydraul ics Laboratory; Dr.  R. i , { ' .

t r {hal in,  former Chief of  Èhe I^IDD; and Mr. C. E. Chatham, Jr. '  Aet ing

Chief of  the IJDD. The tests ! ' rere conducted by Mr. H. F. Acuff¡  Giví l

Engíneering Technician, with the assístance of Messrs. R. E. Ankeny,

Computer Techrrician, and L. L. Friar, Electronics Technicían, under the

superv is ion  o f  Mr .  R.  R.  Bot t in ,  J r . ,  Pro jec t  Manager .  Th ís  reporÈ h las

prepared by Mr. BotÈin.

Prior to the model- invest igaËion, Messrs. Chatham and BoÈtín met

with representatíves of NCB and vÍsíÈed the Cleveland Harbor si te.

During the course of the investigation, lÍaison between NCB and ldES was

maínt,ained by means of conferences, telephone conmunications, and

monÈhly progress reports.

The fol lowíng personnel v isí ted l fES to observe model operat ion

andfor part ícípate in conferences during Ëhe course of the model study.

Mr. Larry Híípakka
Mr. Charl ie Johnson
Mr. Charles Larsen
Mr. Dave Roel l ig
Mr. Don Liddel l
Mr. Ken ltallock
Mr. Denton Clark
Mr. Dick Aguglía
Mr. Jlm l{enry
Mr. Ríchard Gorecki

NCD
NCD
NCD
NCD
NCB
NCB
NCB
NCB
NCB
NCB



Mr. John Zorj.c}:
Mr. Charles Gi lberË
Ms. Joan Pope
Mr. Stephen Golyski
CAPT I,ü. J. Mcsweeney, Retired
ADM Paul Trimble, Retíred

Mr. Harry Gard

Mr. John Manning
Mr .  M.  P .  Trav ís
CAPT G. V. Chamberlain, Retired
Mr. Robert  Clark
Mr. I{il l iam Frederick
Mr. Moe Rubínsky
Mr. Joseph Hayes
CAPT ,{lton H. Haynes
Mr. James Sr^rarÈzmiller

Mr. Norv Hall

Mr. Bob Lucas

NCB
NCB
NCB
NCB
Interlake Steamshíp Co.
PresidenË, Lake Carr iers
Assoc .

Cleveland/Cuyahoga CounÈy
Port Authority

Hanna Míning Company
Hanna Mining Company
Hanna MÍning Company
Consol idated Raí l  Corp.
ConsolÍdaÈed Rai l  Corp.
Soro Associates
Lake Erie Asphalt
American Steamshíp Co.
0h1o Dept.  of  Natural

Resources
Ohio DepÈ. of Natural-

Resources
Ohio Dept.  of  Natural

Resources

CAPT l^I i l l iam J. Mcsweeney, ret i red vessel master of the 1'000-f t-

long M/V Mqsa!í_Mingl owned by the Interlake SÈeamshíp Company, was

present  aE I^ IES dur ing the in iËia l  phases of  model  sh ip navigaËion tesÈs.

He returned to assíst with the final model navígaËíon t.est,s. During his

lat ter  v ís iÈ,  he was jo ined by CAPT AlËon H.  l laynes,  vessel  master ,

employed wiËh the American SËeamship Company, and CAPT G. V. Chamberlain'

retired vessel master formerly employed r"rith Hanna Mining Company.

CAPT Haynes and CAPT Charnberlain have also been vessel masters of some

of  Èhe 1r000-fÈ- long ore carr iers present ly  p ly ing the Great  Lakes.

Commanders and Directors of I,üES during the conducË of the investí-

gat i .on and Ëhe preparat ion and publ icat íon of  th is  repor t  were

COL Nelson P.  Conover,  CE, and COL Ti l ford C.  Creel ,  CE. Technical

DirecÈor was Mr.  F.  R.  Bror^rn.
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o0NVERSION FACTORS, U. S. CUSTOMARY TO METRTC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used ín this report ean be

converËed to rnetric (SI) units as fol1or^rs:

By To Obtain

acres

eubic feet per sec,ond

feet

feet per second

inches

knots

mÍ les  (U.  S .  s ta tude)

mfles per hour

square feet

4046.856 squarè metres

0.02831685 cublc metres per second

0.3048 met res

0.3048 metres per second

25.4 ml-l-limetres

L.8532 kiLometres per hour

L.609344 kí lometres

L.6O9344 kllomeËres per hour

0 .09290304 square  met res

square rni les (U. S. statute) 2.589988 square ki lometres

Èons (21000 lb ,  mass) 907.L847 kilograrns



cLEVELAND IIARBOR, OHro

DESIGN FOR SAFE AND EFFICIENT PASSAGE OF

1, OOO-FT.LONG VESSELS AT THE I^IEST

(MAINI ENTRANCE

Hydraulic Model Investigati.on

PART I: INTRODUCTION

The ProtoÈype

1. The ci ty of Cleveland, Ohio, ís located on the southern shore

of Lake Eríe, 96 mi lesx east of  Tóledo, Ohío, and 176 rni les west of

Buffalo,  New York (Fígure 1).  !üi th a populaÈion of 750'000 people, i t

1s the largest city ln Öhio and Ëhe Ëenth largest ín the United SËates.

2. CleveLand Harbor is sítuaÈed at Ëhe mouth of the Cuyahoga

River.  I t  is protected by a breakwater over 301000 f t  in length with

NEW YORK

P E N N S Y L V A N I A

STATUTE MILES

2 5 0 2 5 5 0

gz"

Figure  1 .

CLEVELAND

PROJECT
LOCATION

81

Pro j  ect locat, ion

x A table of factors
menÈ to metríc (sI)

for converËing U. S. eustomary units of measure-
units is presented on page 4.



navigat,lon channels on the Cuyahoga Ríver and Old River. The harbor

area compr ises approximately  1r300 acres and extends for  a d is tance of

about  25,000 f t  para l le l  to  the shore (USAEDB L976).  Approachfng f rom

Lake Erie, there are Ëwo harbor entrances. The \^resË entrance is located

lakeward of the Cuyahoga Ríver mouËh and the east entrance is at the

eastern end of the easÈ breakÌ^rater. Also, small boats can enter Èhe

harbor through a narrohr opening in the wesL breakwaEer aÈ the eritrance

to Edgewater Marina. An aerial photograph of Cleveland Harbor ís shov¡n

in  F ígu re  2 .

Fígure 2. Aerial photograph of Cleveland Harbor



3.  The east  breakwater  consÍsts  pr íneipal ly  of  dumped core stone

that is covered with large indívidually placed armor storie. The wesÈ

breakwater ,  a sÈone-f í l led t imber cr ib  s t . r r :c ture wi th a concrete cap,  is

protected by a stone-s loped revetment  on the lakeward síde.

4. The main arrowhead entrance (west entrance) is maíntained at a

pro ject  depth of  29 f t  (F igure 3,  page 11) .  Depths ín the l^ Iest  Basin

and part of the East Basin are maintained at 28 ft. The remaíning por-

t ion of  the East  Basin,  opposí te the cargo docks,  Ls 27 f t  deep and Ëhe

channel through the East Basin to the east entrance is maintained at

2 5  f . E .

5. The entrance to the Cuyahoga River is bounded by parallel

s tone- f i l led t imber cr ibs wi th concreÈe superst ructures l -ocated 325 f t

apar t .  The r íver  and í ts  t r íbutar ies dra in an area of  about  810 square

mi les.  The wÍdth of  the r iver  var íes f rom 20 to 85 fÈ and i ts  depth

from a few inches to 4 or 5 ft, except in Cleveland where the river

channel  has been widened to about  300 f t  and dredged to 23 f t .

6. Edgewater Marína ís located adjacent Ëo the r^/estern boundary

of Cleveland Harbor. The marína basin is essenÈially rectangul-ar in

shape,  measur ing approximately  1,550 f t  by 850 f t ,  and moors or  docks

over 600 recreational small boats. The Cleveland Harbor r^rest breakwater

provides wave protectíon f::om the east, and a rubble-mound breakwater

wi th ver t íca l  sheet  p i l ing on Èhe mar ina s ide provídes harbor  proËect ion

for  waves f rom Ëhe nor th and west .

7. Cleveland Harbor accommodates the rnraterborne movements of bulk

and general cargo to and from the city of Cleveland and points inland,

and serves developmenËs wíthin Cleveland and throughouË indusËrial and

commercia l  por t ions of  the State of  Ohío and adjacent  s tates.  Dur ing the

per iod L969-L978,  an annual  average of  nearLy 20r400r000 net  tons of  cargo

entered the harbor  and about  600,000 net  t ,ons of  cargo was shipped f rom

the harbor, ranking it, as one of Èhe major harbors on the Great Lakes.

Vessel movements of bulk iron ore, stone' sand and gravel, and salt,

represented over 90 percent of this waterborne commerce. Forecasts indi-

cate Ëhat these comrnodity movements wil l increase ln the future and wil l

continue to be the dorninant portion of waterborne commerce at Cleveland.



The Problem

8. Cleveland Harbor  Ís  current ly  l i rn i ted to vessels of  730 f t  in

length or less in the Lakefront area whíle the Cuyahoga Ríver prohibits

passage of  vessels longer than 630 f t .  Due to inadequate depËhs in the

eastern portion of the Lakefront Harbor and the breakr^rater eonfiguration

at the west entrance, the harbor cannot safely accommodat,e the larger

vesse l s ,  up  t o  11000  f t  i n  l eng th ,  t ha t  p resen t l y  p1y  the  Grea t  Lakes .

These 1rQO0-f t - long vessels have the capabí l i t ies of  moving bulk commod-

í t ies in  largar  quanËi t i tes at  less cost  per  Ëon.  Improvements to the

exisÈing harbor at Cleveland would permit the delivery of bulk comrnodi-

t ies in  larger  vessels which would potenÈíal ly  save mi l l ions of  dol lars

annual ly  in  t ransporËat ion costs and would reduce or  e l imínate presenË

navígat Íon hazards.

Proposed_ImProvemenÈ Plans

9.  Possib le improvemenËs aË Cleveland l larbot  for  safe and ef f í -

c ienÈ passage of  1rQOQ-f t - long vessels,  as recommended in t } : ,e  L976

Cleveland Harbor  Feasibí l j ty  ReporË,  consisË of  the fo l lowing (USAEDB

r97 e) :
a.  Construet ion of  a L,200-LË-1ong rubble-mound breakwater

extension at  the easE end of  the east  breakrvater .

b. Deepening of a fan-shaped approach channel extending

2 , 9 0 0  f t  i n t o  t h e  E a s t  B a s i n  t o  3 2  f t .

c .  Deepeníng of  the exíst ing 500-f t -v¡ íde East  Basin channel

r c  28  f t .

d. Lakeward extension of the maín entrance (T/üest entrance)

approach channel and deepening of Ëhe main approach and

enËrance channels to 32 f t .

e .  Incremental  removal  of  500 f t  o f  the ex isËing west  break-

\Á/at,er spur and 400 f t of Ëhe exisËing east breakwater

spur aÈ the arrowhead entrance to facil iÈate turning

movemenÈs.  In i t ia l ly ,  200 f t -would be removed f rom the

\desÈ spur and 100 ft from the east spur. Further incre-

menls would be removed only if actual vessel operaÈions
indicate that  a greaËer gap width is  requi red.

10.  Addí t ional  sËudies and coordinaËion hr i th  shippíng in terests,



subsequent  to complet ion of  the L976 repor t ,  indícaËed that  the recom-

mended p lan was not  to ta l ly  saÈÍsfactory and that  addiÈional  p lans Èo

rnodi fy  the wesÈ (main)  entrance should be assessed.  In addi t ion '  due to

the l i rn i ted operat ing exper ience wi th 1,000- f t  vessels on the Great

Lakes,  physical  rnodel ing of  any proposed modi f icat ions would be requíred.

Purpose. of_the Model Study

11 .  At the request of the u. s.  Arrny Engineer Distr í-ct ,  Buffalo

(NCB), a hydraul ic model invest igat ion was conducted by Èhe u. s.  Army

Engineer tr^Iaterways Experiment Stat.ion (I^IES) to:

a, Determine wave and curÍent eonditions in the \^/esterri
port ion of the Lakefront Harbor as i t  noT¡/  exists.

c .

Determine the opt imum design of  proposed modi f icat ions

at  the west  (main)  entrance ( i .e . ,  breakwater  removal ,

add i t i on ;  d redg ing ,  e t c . )  w i t h  respec t  t o  t he  sa fe  and

e f f i c i en t  passage  o f  1 ,000 - f t - l ong  vesse l s  f o r  bo th  f a i r -

weather (waves to 4 ft and winds to 20 knoËs) and severe-

T¡/eather (waves to 8 ft and winds to 30 knots) conditions.

Determine wave and/or currenË conditions that would be

expected in  the Lakefront  Harbor  as a resul t  o f  rnodi f i -

caLj -ons to the arrowhead (west)  entrance.

Develop remedia l  p lans '  as necessary '  for  the a l lev iat ion

of  undesi rable navigat íon,  \ ¡ rave,  andf  or  current  condi t ions.

Determine i f  design modi f icat ions could be made Ëo the

proposed improvements that  would reduce construct ion

costs s igni f icanEly and st i1 l  prov ide adequate navigat íon

condíEions and 'b /ave protecÈion.

trlave-Heíght Criteria

13.  For  th is  s tudy,  NCB speci f ied t l - rat  for  any of  the var íous

ímprovement plans to be acceptable, \47ave heights ín the Lakefront Harbor

should be equal  Èo or  less than those obËained for  ex is t íng condi t ions.

In addition, for some improvemenÈ plans (severe-weather conditions) '

maximum wave heíghts were noÈ to exceed 3 ft in the existing entrance

locat j -on for  incídent  \^ laves of  B f t  or  less.  (This cr i ter ion was

establ ished for  those breakwater  conf ígurat ions in  which the vessel  had

Èo near ly  s top and make a Eurn at  the exíst ing entrance.)

b .

Ã
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PART II: THE MODEL

Desígn of  Model

13.  The Cleveland Harbor  model  (Fígure 3)  was consÈructed to an

undistor ted l i .near  scale of  1:100,  model  to  prototype.  Scale select ion

was based on such factors as:

a.  DepËh of  ¡¿ater  requi red in  the model  to  prevent
excessive bot tom f r ic t ion.

b.  Absolute s ize of  model  hraves.

c. Available shelter dimensions and area required for
model  construct ion.

d.  Ef f íc íency of  model  operat ion.

e. Available vüave-generating and wave-measuring equipment.

f . .  Mode l  cons t ruc t í on  cos ts .

A geometrically undistorted model \¡ras necessary to ensure accurate

reproduet ion of  shor t -per iod wave and current  pat terns.  Fol lowing

select ion of  t .he l inear  scale,  the model  was designed and operated.  in

accordance qr i th  Frouders model  law (Stevens et  aL.  L942),  and a speci f ic

we igh t  sca le  ( r r )  o f  1 :1 .  The  sca le  re laE ions  used  fo r  des ign  and

operat ion of  the model  v /ere as fo l lows:

Mode l :  P ro toÈype
Character is t ic  Dimensíon* Scale Relat ion

Length

Area

Volume

Time

Veloc i ty

L * x  L  =  1 : 1 0 0
r

L 2  A  = L 2  =  l : l O . 0 0 O
t r

i ?
L "  V ,  =  L i  =  1 : 1 , 0 0 0 , 0 0 0

T  = r L / 2  = r : 1 0
r t

Llr u, = , l / '  = 1:l-o

Discharge  r3 / t  Q ,  =  
" l ' '  

=  1 : l oo ,oOO

f -  =  t l y -  =  I : 1 , O 0 O , O O Or  r ' rForce

* Dimensions are in  terms of  force,  length,  and t lme.
t(* For conveníence, symbols and unusual abbreviations are l isted and

def Íned in the Notat íon (Appendíx B) .
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14. The proposed inp¡evement plans for the Cleveland Harbor model

included the use of rubble-mound breakwaters and revetmenËs. Some of

the exísÈing breakwaters a lso are rubble-mound st ructures.  Exper ience

and experimental research have shom that considerable $rave energy

passes Èhrough Èhe interst ices of  th is  type of  s t ructure i  thus the

transmission and absorpEíon of wave energy became a matter of concern in

desígn of  the 1:100-scale rnodel .  In  smal l -scale hydraul ic  models,

rubble-mound st ructures ref lect  re lat ive ly  more and absorb or  d iss ipate

relatively less r¡¡ave energy than geometrically similar prototype struc-

Ëures (LeMéhauté 1965).  A1so,  the t ransmiss ion of  \ ¡ /ave energy through

the breakwater is relatively less for the small-scale model than for the

prototype.  Consequent ly ,  some adjustmenÈ in smal1-scale model  rubble-

mound st ructures is  needed to ensure sat is factory reproduct ion of  wave-

ref lect , íon and r ¡ rave- t ransmissíon character is t ics.  In  past  i -nvest íga-

t íons aË I^ IES (Dai  and Jackson L966,  Brasfe i ld  and Bal l  L967),  Ëhís

adjustment \^/as made by deËerminíng the \¡/ave-energy transmÍssion charac-

ter is t ícs of  the proposed st rueture in  a two-dimensional  model  us ing a

scale large enough to ensure negl ig ib le scale ef fects.  A break¡ ' rater

section Èhen was developed for the small-scale, three-dímensicnal model

that vzould provide essentially Èhe same relat.ive transmission of wave

energy. Therefore, from previous fíndings for breakwaters and wave

condi t ions s imí lar  to  those at  Cleveland,  i t  was determined thaË a c lose

approxirnation of the correct v¡ave-energy transmissi.on characterist, ics

would be obÈained by increasing the s ize of  the rock used in the 1:100-

scale model to approxirnately Èwo Èimes that requíred for geometric

s imí lar i ty .  Accordingly ,  in  construct ing the breakwater  s t rucÈures in

the Cleveland Harbor model, the rock sizes r¡rere conputed by the l inear

scale,  then mul t íp l íed by 2.0 to deÈermine the acÈual  s izes Eo be used

in the model.

The Model and Appurtenances

15.  The nodel ,  whích was molded in cement  mortar ,  reproduced the

west entrance to Clevel-and Harbor opposlte the mouÈh of the Cuyahoga

L2



River ;  approximately  81800 f t  o f  the harbor  shorel ine to the east  of

thís entrance, includíng the westernmost portíon of Burke Lakefront

Airport; the entire trrlest Basin; Edgewater Marina; and underhraEer con-

Èours in  Lake Er ie to an of fshore depth of  -38 f t  wi th a s loping t ran-

s i t ion to the r^rave generaËor p i t  e levat ion of  -90 f t .  The toÈa} area

reproduced ín Èhe model  v¡as approximately  27,400 sq f t '  Iepresent Íng

about ,  9.8 square mi les in  the prototype.  A general  v iew of  Ehe model  is

shor , ¡n in  F igure 4.  Ver t ica l  contro l  for  model  consLruct ion was based on

1ow water  daËum ( lwd),  e1 568.6* f t  above mear l  \ ¡ Ia ter  level  at  Father

point ,  Quebec ( Internat íonal  Great  Lakes Datum l -955) .  Hor izonta l

contro l  wâs referenced to a locai  prototype gr id system'

L6. Model I^taves I¡/ere generated by a l2O-ft-long rl lave generaÈor

wiÈh a trapezoidal-shaped, vertical-mot,j-on plunger. The vertical move-

ment  of  the p lunger caused a per iodie d isp lacement  of  water  inc ident  to

Èhis mot ion.  The length of  the st roke and Èhe f requency of  the ver t ica l

mot,lon r¿ere variable over the range necessary to generate \^7aves with the

required characËerístics. In addition, the wave generatoT \^7as mounÈed

on ret ractable casters which enabled i t  to  be posi t ioned to generate

\¡raves f rom the required directions.

L7.  A ¡ r ,ater-c í rcu laÈing system (Fígure 3)  consist ing of  a 6- in .

per foraÈed-pípe Lrater- in take maní fo ld,  a 3-cfs  PumP¡ and a magnet ic  f low

tube and ÈransmitÈer rías used ín the model to reproduce steady-state

flows through the Cuyahoga Ríver.

18.  An AutomaËed Data Acquis i t ion and contro l  sysEem (ADACS),

designed and constructed. at I ' ÍES (Figure 5), was used Ëo secure \¡Iave-

height  data at  se lected locat ions in  the model .  Basical ly ,  through the

use of  a min icomputer ,  ADACS recorded onto magnet ic  tape the e l "ect r íca l

output  of  para l le l -wi re,  res is tance- tyPe \À/ave gages that  measured the

change in r¿ater-surface elevation wiËh respect to time. The magneËic

tape output of ADACS then was anaLyzed to obtain the wave-height data.

L g , Ã z _ f . t . ( h o r i z o n t a l ) s o l i d l a y e r o f f i b e r w a v e a b s o r b e r w a s

placed around the ínside perímeter of the offshore lake boundary of the

herein
darum ( lwd).

13
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Figure 5. Automated Data Acquísit ion and Control- System (ADACS)

model to damp any r¡/ave energy Èhat might otherwise be reflected from Èhe

model  wal ls .  In  addi t íon,  guide vanes were p laced a long the wave

generator  s ides in  the f la t  p i t  area to ensure proper format ion of  the

wave Èrain incident to the model contours.

20.  A lO-f t - long model  ore carr ier  ( represent ing a 1r000-f t - long

prototype vessel) was used in the model for maneuverabÍlity and naviga-

t ion tests.  This  vessel  (FÍgure 6)  was remote-contro l led and equipped

with (a) twin engi-nes ÈhaÈ could be operated independently and move the

carrier in forward or reverse directions; (b) rudders behind each main

engine propeller that ¡¿ere controlled together; and (c) bow and sÈern

thrusÈers that could be operated independently and move the carrier in

the por t  ( le f t )  or  s tarboard ( r ight)  d i rect ions.  ! Íhen fu l ly  loaded

Uf{ES
F O R  D I

POTE
LINE

EACH
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Fígure 6.  View of  model  ore carr ier



(27.6-f . t  draf t )r  the rnodel shíp was capable of

at a forward speed equivalenÈ to 14 mph in the

to the port  or starboard dírectíons at a speed

the prototype.

2L.  For  smal l -scale model  sh ips,  such as the model  ore carr ier

used in the Cleveland Harbor  model  (1- :100 scale) ,  scale e i fects have an

ínfluence on maneuvering behavior; and thus, corrections Are required to

aÈtain s imí lar iËy of  model  to  prototype characËer is t ics.  To obta in

rnodel  shíp speeds correspondíng to Ëhose of  the PrototyPe vessef  in

accordance wiËh Froudets model  1aw, Èhe propel ler  revoluEions requi red

resul ted,  ín  hígher  propel ler  je t  ve loc iËies,  causíng increased rudder

forces and a more responsive steeríng behavior of the model- ship as

compared wi th the prototype.  As determined f rom Hoppe (1971) and an

ongoing IIES Cívil l{orks Research and Development work unit, "Channel

Dimensions and Alignment for Safe and EffícienË Navigation," the 45-deg

maximum rudder angles of the model ore carrier were reduced Ëo a maximum

of 30 deg to compensate for  scale ef fects,  thus makíng mode|  s teer ing

character is t ics s imí lar  to  those of  the prototype vessel .

22. An erratic ¡^rind field l^las reproduced, as in past I ' IES investi-

gaÈíons (Housley L967,  Bobb 1972),  dur ing the conduct  of  some of  the

ship navigat íon tests by p lac ing large box fans on stands ín Èhe model '

l, l ind forces againsÈ the prototype ship were calculated for various

prototype wind velocí t íes us ing Isherwood's (1971) equat ion:

travelíng in sl-aek r¡Iater

prototyPe and of moving

equivalenL to 2 mph in

r"  = cr(1 lz)  (p)  (v")  2 (4")

where

ñ -
T _

\^7

v

Y

T 7

s
A

Þ

wlnd force

wind force coef f ic ienÈ factor

densi ty  of  a i r

wind speed

latera l  area of  sh iP

L 7



A plot of wind force versus wind velocíty, as determíned by thís equa-

tion, is shor^m ín Flgure 7. The fans used ín the model were indepen-

dently calibrated by measuring the force on the shíp model aÈ varióus

distances from each fan. Therefore, the distance the fans were placed

from the vesselts path as i t  entered the harbor governed the force

against the ship model. This model force correlaÈed to a calculated

prototype force for a speeíf ied wind speed.

o 10 20 30 40 50 60 70 80 90 loo
WIND VELOCITY,  MPH

Figure 7. t r{ ind force versus wind veloci ty
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PART III: TEST CONDITIONS AND PROCEDURES

Select ion of  Test  Condi t , ions

23.  St i l l -waLer levels  (swl  ts)  for  harbor  '$rave act ion models are

selected so that the various wave-induced phenomena thaÈ are dependent

on vrater  depths are accurate ly  reproduced in the model .  These phenomena

inc lude the ref ract ion of  waves in the harbor  area '  Ehe over topping of

harbor  s t ructures by the \^ /aves,  Ëhe ref lect ion of  wave energy f rom

harbor  s t ructures,  and the t ransmiss ion of  wave energy through porous

s t ruc tu res .

24. trnlater levels of the Great, Lakes f luctuate from year to year

and f rom month Èo month.  A1so,  at  any g iven locaÈion,  Èhe water  level

can vary f rom day to day and f rom hour Ëo hour.  Cont ínuous records of

the levels of  the Great  Lakes,  tabulated s ince 1860,  ind icate that  the

usual  paËtern of  seasonal  var íat ions of  r ¡ Ia ter  levels  consísËs of  h ighs

in summer and lows in late winter. The highest and lor¿est monthly aver-

age levels in  Lake Er ie usual ly  occur  in  June and February '  respect , ive ly .

Dur ing the per iod of  record (1860-1981),  the average lake level  of  Lake

Er ie  was  +1 .8  f t  f o r  t he  en t i r e  yea r  and  +2 .L  f t  f o r  t he  i ce - f ree  pe r i od

(Apr i1 through November) .  The h ighest  one-month average level  of  *4.9 f t

occurred in  June L973,  and the lowest  one-monËh average level  of  -1.1 f t

occurred in  February 7936 (Savi l le  1953).  The seasonal  var iat ion in  the

mean monthly  level  of  Lake Er ie usual ly  ranges between 1.0 and 2.0 f t ,

w i t h  an  ave rage  va r ía t i on  o f  1 .6  f t .

25.  Seasonal  and longer var iat ions in  Èhe levels of  the Great

Lakes are caused by var iat ions in  prec ip i taËíon and other  factors Èhat

af fect  the actual  quant i t ies of  \ ¡ /a ter  in  the lakes.  I^ I ind t ides and

seíches are re lat ive ly  shor t -per iod f luctuat ions caused by the t ract ive

force of r^l ind blowing over the $/ater surface and differential barometríc

pressures, and are superi-mposed on the longer period variations i-n l-ake

level .  Large shor t , -per iod r ises in  local  t rater  level  are associated

wíth the most severe storms, which generalLy occur ín the winter when

the lake level  is  usual ly  low;  therefore the probabi l i ty  that  a hfgh

L 9
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lake level and large wind tide or seiche wil l occur simult,aneously is

re lat ive ly  smal l .

26.  The fo l lowíng lake levels were select .ed by NCB for  use dur ing

model  test ing:

Low level = 0.0 f t  lwd (mean lake level for the f í rst
quart ,er (Jan-Mar) equaled or exceeded 95 percent of t i rne).

Mean leveI = +2.6 f t  lwd (2nd and 3rd quarter mean lake
level (Apr-Sep) equaled or exceeded 50 percent of the
t i m e ) .

c .  H igh  l eveL  = - t4 .8  f t  lwd  (e l  +4 .4  f t  wh i ch  i s  t he  mon th l y
mean for the month of June equaled or exceeded 5 percent

of  Ëhe t ime p lus a 0.4- f t  seÈup which is  the average
l-year  recurrence setup for  the months of  May and June).

FacËors in f luencing select íon
of  test  wave character isËics

27.  In  p lanning the test íng program for  a model  invest igat ion of

harbor  wave-act ion problems,  i t  is  necessary to select  d imensions and

direct ions for  the tesÈ \ ¡ /aves that  q/ i l l  a l low a real ís t ic  test  of  pro-

posed improvement plans and an accurate evaluation of the elements of

the var ious proposals.  Sur face-wínd waves are generated pr imar i ly  by

Ëhe interact ions between tangent ia l  sÈresses of  wind f lowing over  \^ /ater '

resonance betr¡een the water surface and atmospheric turbulence, and

inËeractions between indívidual wave components. The heíght and period

of the maximum wave thaË can be generated by a given sÈorm depend on the

wind speed,  the length of  t ime that  wind of  a g iven speed cont inues to

blow, and the \ , rater  d isÈance ( fetch)  over  which the wind b lows.

Select ion of  tesË wave condi t ions enta i ls  evaluat ion of  such factors as:

a.  The fetch and decay d is tances ( the la t ter  beíng the d is-

Ëance over r¡hich waves travel after leaving the generat-

ing area) for various dírections from which l¡/aves cart

at tack Èhe problem area.

b.  The f requency of  occurrence and durat ion of  s torm wínds

from the d i f ferent  d i rect ions.

c.  The a l ignment ,  s íze,  and re laLíve geographie posí t i -on of

the navigation entrance to the harbor.

d.  The a l ignmenËs,  lengths,  and locat ions of  the var ious
ref lecËing sur faces insíde the harbor .

b .
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e.  The ref ract íon of  waves

ín the area lakeward of

eíther a concentration
the harbor  s i te .

! ' lave refraction

caused by d i f ferent ía ls  in  dePth
the harbor, whích may create

or a díffusion of r¿ave energy at.

28. I^Ihen wind vrâves move into r¡rater of gradually decreasing

depth,  t ransformat ions take p lace ín a l l  wave character is t ics except ,

wave per iod ( to the f i rs t  order  of  approximat íon) .  The mosË importanÈ

transformaËíons with respect to the sel-ection of t,est \,/ave characteris-

Èics are the changes ín wave height and direction of travel- due to the

phenomenon referred to as wave refracÈion. The change in wave height

and directíon can be determíned by plotÈing refraction diagrams and

calculat ing ref ract íon coef f íc ienÈs.  These d iagrams are constructed by

plot t ing the posi t íon of  wave orËhogonals ( l ines drawn perpendicular  to

ürave crests) frorn deep water into shallow \^/ater. If ít is assumed that

the waves do not break and that there ís no lateral f low of energy along

the wave crest, the raÈio bet¡¿een the wave height in deep rnrater (Ho) and

the wave height at any poínt in shallo\,/ I^later (I{) is inversely propor-

t ional  to  the squate root .  o f  the rat io  of  the correspondÍng or thogonal

s p a c i n s s  ( b  a n d  b ) ,  o r  H / H -  =  K - ( u -  / a ¡ l / 2 .  T h e  q u a n t i t y  ( b - / b ) r l z' - o  - - - -  - "  - - ' - - o  
s  -  o '  -  o

is  the ref ract Íon coef f ic íent ,  K,  i  K"  is  the shoal ing coef f ic ient .

Thus,  Ëhe ref ract ion coef f ic ient  mul t ip l íed by the shoal ing coef f ic ient

g ives a conversíon factor  for  t ransfer  of  deepwater  wave heights to

shallow-water values. The shoaling coefficient, a function of T¡/ave-

length and water  depth,  can be obÈained f rorn USACERC (1977).  For  th is

study,  ref ract ion díagrams r¡ rere prepared for  representat íve wave per íods

from the cr i t Íca l  d i rect íons of  approach usíng comput .er  fac i l i t íes at

l lES and are detailed ín Appendix A.

Prototype wave data and

select ion of  test  \^ Iaves

29. Measured prototype \¡/ave data on which a comprehensíve statis-

tíca1 anaLysis of r.rave condítions could be based r^rere unavailable for

the Cleveland Harbor area. However, staËistical deepvüaÈer wave hindcast

data represent,ative of this area \¡/ere obtained from Resío and Vincent

(L976a), shoreline grid point 10. The numerical wind and wave models
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used to produce Èhis data are descr ibed ín Resío and Vincent  (1976b'

L977a,  L977b,  and L97B).  Resio and Vincent  (L976a) cover  deepl , rat ,er

\^raves approaching f rom three angular  sectors aË Ëhe s i te  (F igure 8) .

Table 1 gíves Èhe significanÈ wave heights for all approach angles and

seasons combined for  recurrence intervals  of  5,  10,  20,  50 '  and 100

yeaf,s. Table 2 shows significant klave period by angle class and wave

height .  The charact .er is t ics of  mosË hraves used dur íng rnodel  test ing

r¡/ere representative of wave condítíons occurríng during the navigatíon

Figure 8. t rüave híndcast angle classes

season (spring, surnmer, and fall). In addition, maximum wave heíghts

for the r¡lnter season (20- and 100-year recurrence lnt.ervals) were

t.ested to aid in design of the proposed breakwaters. Model test r^Iaves

were selected from Tables 1 and 2 and converted to shallor¡/-ïrater values

by applÍcat ion of refract ion and shoal ing coeff íc ients as shown ín the

following tabulatíon:
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Deepvrater
Direct ion

hlest

Shallow-I^Iater
Azimuth, .deg

2 7 9

I'Ia-ve Deepwater
Period trrlave Height

sec  f t

Shallow-I'later
trüave Height

f r

Recurrence
Interval
years

(season) *

1  ( s P )
s (sP)

20  (sP)
20  (F )

20 (tü)
i00 (lü)

s (su)
20  (sP)

NI,I and NNt{ 326

NNE

6
a

B
9
9

1 0

6
1

8

1 0

6

I
8

L 7

4 . 7
6 . 9
8 . 9

LL.2
6 . 0

L 2 . L
1 3 .  B

5 . 6
8 . 2
6 . 0

LL.2
1 1 .  B

7 . 0
L3 .4
L 5 . 7

4 . 9
8 . 2

1 0 .  5
6 . 0

1 1 . 5
1 5 . 1

3 . 9
5 . 5
6 . 6
8 . 1
4 . 3
8 . 6
9 . 2

5 . 6
8 . 0
) . )

1 0 .  3
t0 .7

6 . 2
1 1 .  9
L3 .7

4 . 7
7 . 3
8 . 9
5 . 1
9 . 8

L 2 . 2

20 (w)
100 (i'r)

5 (su)
20 (su)
2 0  ( F )

5 (w)
2 0  ( F )8 . 5

9

9 . 5
20

100
(w)
(Ìr)

x SU -  summer,  SP -  spr ing '  F -  fa l l ,  and l {  -  wínÈer seasons.

The sha11o\^/-rn/ater wave directions were taken to be the average directions

of the refracted r^/aves for the signíficant \^tave periods noted from each

deepr¡raÈer dírection.

Ríver dischargss

30.  River  d ischarges of  800 and 81000 cfs r¿ere selected for  use

dur ing model  test ing.  The 800-cfs d ischarge represenÈs a long- term

average f low and was used for  a l l  model  test  p lans.  The 8r000-cfs r iver

d ischarge represents a d ischarge wiÈh a l -year  recurrence ínterval  and

was used in addiËíon to the 800-cfs d ischarge for  ex is t ing condi t ions

and the more promising ímprovement plans.

Wind con,iit ions

31. During the conduct of some of the navigaËion tests,  var ious

win<1 conditíons were símulated. lüínds ranging from 23 to 34.5 rnph

(20 to 30 knots respect, ively) were generated, in mosÈ cases, from
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approximateLy 235 or  55 deg.  These d i rect ions \^ /eïe perpendicular  to  the

ship 's  path as í t  entered the harbor  and resul ted in  maxímum set  (dr i f t )

to  the east  and !üesÈ,  respect ive ly .  rn some insLances,  wínds were

reproduced f rom 326 deg resul t ing in  maximum set  of  the vessel  to  the

south toward Ëhe exis t ing west  breakwater .

An_alysis of }íode1 Data

32.  The re lat Íve mer i ts  of  the var ious p lans tested were evalu-

aËed  by :

a,  Compar ison of  navigaËÍon tests of  the model  ore carr ier
through the st ructures aË the entrance.

b.  Comparíson of  t ¡ /ave heights at  se lected locacions ín the
Lakefront  Harbor .

c. Comparison of wave-j_nduced current pat.terns and
magni tudes.

d.  Visual  observat íons and wave pat tern phoÈographs.

In anaLyzing the wave-heíght data, the average height of the highest

one-th i rd of  the 'ûraves recorded at  each gage locat ion was computed.

CompuËed u-ave iieights then were adjust.ed to compensate for excessive

model  wave-heíght  at tenuat íon due Ëo v iscor¡s bot tom f r ic t ion by

appl ica" t ion of  Keulegan's equat ion (Keulegan 1950).  From Ëhís equat ion,

reduct ion of  wave heights in  the model  ( re lat ive to the prototype)  can

be calculated as a funct ion of  water  depth,  v¡ id th of  wave f ront . ,  wave

period, 'water viscosity, and distance of wave travel . I;{ave-Índuced

current magnitudes l^lere obÈained by timing the progress of an injected

dye t racer  re laÈive to a thín graduated scale p laced on the mod.el  f loor .
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PART IV: TESTS AND RESULTS

The Tes ts

Exís3ígg_ condiÈiong

33.  Before the conduct  of  ËesÈs of  the var ious improvement  p lans,

comprehensíve tesËs vlere conducted for exísËing condiÈions. Ï '{ave-

heíght  data were obta ined at  var íous locat ions in  the harbor  (Plate 1)

for the Ëest \,Iaves l isted in paragraph 29. tr 'Iave-induced current Pat-

terns and magniÈudesr  e/âve pat tern photographs,  and movie footage l^ Iere

secured for  representat ive test  \^ /aves f rom the three t .est  d i rect ions.

In addiËion,  sh ip navigat ion tests were conducËed for  var ious wave and

wind condi t ions.

34 .  P r i o r  t o  t he  conduc t  o f  nav iga t i on  t es t s ,  sh ip  speeds ,  e t c . ¡

were cal ibrated to correspond to prototype condíËíons.  CAPT I ' ' I i l l iam J.

Mcsweeney,  a ret í red vessel  masËer of  the 1,000-f t -1ong M/V Mes-abi  Yiner

owned by InËerlake steamship cornpany, visiÈed I/¡ES and assisted wíth the

ship navígat ion tests.  In i t ia l ly ,  CAPT Mcsweeney famí l iar ízed h imsel f

wí th ship model  operat ion,  contro ls ,  et ,c .  Ship model ing character is t ics

rvhich he fe l t  d id not  correspond to prototype eharacËer is t ics v¡ere

co r rec ted  ( i . * . ,  Lh rus te rs  t oo  respons i ve ,  excess i ve  ro11 ,  e t c . ) .  A f t e r

these modi f ícat ions were made to Ëhe model  sh ip,  CAPT Mcsrueeney fe l t

that the maneuverabil ity of the model was realístic, compared r¿ith that

of  the prototype vessel ,  under var ious wind and \^ /ave condiËions dur ing

navigat . ion and docking procedures.

Improvement plans

35.  Model  tests were conducted f .or  27 Èest  p lan var iat ions for

fair-weai:her condítions anð. 26 test plan variations for severe-\¡Teather

condi- t ions.  Fai r -weather  condi t ions \ 'üere considered as those wi th wave

heights of  4 f t  and less and wind speeds of  23 mph (20 knots)  and less;

and t ,est  p lan var iat ions for  these condi t ions consisted of  modi f icat íons

at the l.Iest entrairce including spur breakv-ater removal , dredging, raisíng

andfot sealing of t ire exi-sting arrowhead breakwaters, and breakwater

extensions oríginating at Èhe lakeward ends bf the arrowhead breakwaters.
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Severe-weather conditions were characÈerízed as Èhose with wave heights

up Ëo I  f t  and wind speeds up to 34.5 rnph (30 knots);  and test plan

varíations for these condÍtíons involved modifícatíons at the r^rest

entrance consistíng of spur breakwater removal, dredgíng, removal and/or

extensions of the exíst ing arrov¡head sÈructures, revetments, new offshore

east and/or r^rest breakwaËers, rais ing and/or seal ing of var ious struc-

tures, and connect ing of the new breakwaters to the exist ing sÈructures.

Wave heights, shíp navígat ion characËerist ics, wave-induced currenÈ

patÈerns and magnítudes, \¡/ave pattern phoÈographs, and/or model movíe

fooEage were c¡btained for var ious ímprovement plans. Br ief  descr ipt ions

of Èhe test plans are presenÈed in the fol lowing subparagraphs; dimen-

sional detai ls are presenËed ín Plates 2-2O.

a. Fair-hleather (FI^/) Plan 1 (Plate 2) consisted of removal
of 200 ft of the existing west spur breakr^tater and 100 f t
of the existing east spur breakwater. The entrance chan-
nel widËh was Íncreased in areas where the spur break-
vraters \^rere removed and deepened to 30 ft.

b. FtrI Plan le (Plate 2) entailed the elements of Flü Plan 1

with an additional 100 fÈ removed from both the west and
easE  spu rs .

c. FI^I Plan 1B (Plate 2) involved the elements of FI,tr Plan 1
wi th an addi t ional  2OO f t  removed f rom both t ,he west

and east  spurs.

d. FI,ü Plan lC (Plate 2) consisted of Èhe elements of Ftr'I
Plan 1 with an additíonal 300 fÈ removed from both the
\^rest  and easÈ spurs.

e.  FhI  Plan 2 (Plate 3)  enta i led the e lements of  F l {  P lan 1 '

but the east and west arror^rhead breakwaters l^rere raised
and sealed to prevent wave overÈopping and/or trans-
miss ion Ehrough these st ructures.

f . FtrrI Plan 2A (Plate 3) consisted of the elements of Ftr{
Plan 1A but Ëhe east and \^rest arrowhead breakwater
st ructures I ¡ /ere ra ised and seaied.

.g_. FI,l Plan 2B (Plate 3) involved the elements of FI^I Plan 1B

but the easË and r^/est arrowhead breakr¡aters v/ere raised

and sealed.

h FI,l Plan 2C (Plate 3) entailed the elements

but the easË and ¡¿est arrowhead breakwater

were ra ised and sealed.

FhI Plan 3 (Plate 4) involved the elements

wíth a 3OO-f t - long breakwater  exËension at

of FI,ü Plan lC

sfructures

of FW Plan lA
Ëhe lake¡¿ard

I
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e n d o f t h e w e s t a r r o w h e a d . T h i s n e w b r e a k w a t e r c r o s s
sect ion was the same as the ex is t ing arrowhead st ructure.

j .  FI , I  P lan 3A (PlaÈe 4)  consisted of  the e lements of  F l l

P l a n l A w i t h a 4 o o - f Ë - l o n g b r e a k w a t e r e x È e n s i o n a t t h e
laker¿ard end of the west arrowhead'

k. Fltr Plan 3B (Plate 4) entailed the elements of pI'J Plan 1A

with a 600-ft-long breakwater extension at the lakeward

end of  the west  arrowhead.

1. FI^J Plan 3C (Plate 4) ínvolved the elements of FI'J Plan 1A

with an 8oO-ft-long extension at the lakeward end of the

\n/est arrowhead.

m. Ft^I Plan 3D (Plate 4) included the elements of F!Í Plan 1A

w i t h a 1 , 0 0 0 - f È - l o n g e x t e n s i o n a t t h e l a k e w a r d e n d o f
the west  arrowhead.

n. Flt Plan 4 (PlaËe 5) consisted of the elements of Fl' l

P l a n 3 A b u È t h e \ ^ ' e s t a r r o w h e a d b r e a k w a t e r ü T a s r a i s e d
and sealed.

o. FI,I Plan 4A (Plate 5) entailed the elements of FI'tr Plan 3A

extension were ra ised and sealed '

p. FI,ü Plan 48 (Plate 5) involved the elements of FII Pl-an 3A

but the 4oO-ft-iong breakwater extension was raised and

sea led .

g.  FI ¡ f  P lan 4C (Plate 5)  consisted of  the e lements of  F lü

P l a n 3 b u Ë t h e w e s t a r r o w h e a d b r e a k w a t e r l ^ ' a s r a i s e d
and sealed.

T. FI,tr Plan 4D (Plate 6) entailed the elemenÈs of tr ' l l  Plan 4C
:- 

"iatt " 
3oo-ft-long breakwaÈer extension aË the lakeward

end of the east arrowhead breakwater parallel to the new

r¡rest extension.

s. FIJ Plan 4E (Plate 6) included the elements of Ftr'I Plan
:' 

40 ¡rrt the easË arrowhead breakwat,er r¡/as raísed and

sea led .

i. Fl{ Plan 5 (Plate 7) consisted of Ëhe elements of tr ' Inl

Plan 4D \n7ith the sealed \¡rest arrowhead breakwater

insta l led ¡^r í th  ¿t  crest  e levat ion of  *16 fÈ '

u. FI^l Plan 5A (Plate 7) involved the elements of FII Plan 4D

with the sealed \n7est arrowhead breakwater installed with

a crest  e levat ion of  +L4 Í ' t '

v. Fltr PIan 58 (Plate 7) entailed the elements of Fltr Plan 4D

with the sealed west arrowhead break\./ater installed

r¿i th a crest  e levat ion of  +L2 f t ,
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r^r. FtrI Plan 5C (Plate 7) included the elements of IïI Plan 4D
with the sealed r^rest arrowhead breakwaÈer installed with
a crest ,  e levat ion of  *10 f t .

x. Flü Plan 5D (Plate 7) involved the elements of FI{ Plan 4D
with the sealed wesË arrowhead breakwater installed with
a crest  e levat , íon of  *8 fÈ.

y.  FI^ I  Plan 5E (Plate 7)  consísted of  the e lements of  FI^ I
Plan 4D with a nonsealed \,/est arrowhead breakwater
insta l led wi th a crest  e levat ion of  *10 f t .

z. FI¡/ Plan 5F (Plate 7) entailed rhe elements of FI{ Plan 4D
wíth a nonsealed wesÈ arrowhead breakwat.er ínstalled
wíth a crest  e levaËion of .  IL2 f t .

ag. FLI Plan 5G (Plate 7) involved the elements of FI{ Plan 4D
¡¿ith a nonsealed \^rest arrowhead breakwater installed
w i th  a  c res t  e l eva t i on  o f  +14  f t .

bb. Sevare-trleather (Slü) Plan 6 (Plate 8) entaíled the removal
of  600 f t  o f  Ëhe west  arror¿head breakwater ,  300 f t  o f  the
exisËing rnrest ,  spur ,  and 2CO f . t  o f  the ex is t ing east  spur .
Also inc luded were a 9OO-f t -wide,  32- f t -deep approach
channel extending approximately 3r000 ft lakeward and new
of fshore east  and west  breakwaters.  The new easË and
! , / es t  b reakwa te rs  we re  3 ,000  and  1 ,500  f  t  l ong ,  respec -
t ive ly ,  and were inst .a l led at  a crest  e levat ion of  +8 f t .

cc. Str^I Plan 6A (Plate 8) involved the elements of S!ü Plan 6
wi th a 200- fÈ-1ong extension on Èhe shoreward end of  the
east breakr^rat,er.

dd.  S!ù Plan 68 (Plate 8)  consisted of  the e lements of  Shr
Plan 6 with a 300-ft-1ong exLension on the shoreward
end of  the east  breakwater .

ee.  S! t r  P lan 6C (PlaËe 8)  entaí led the e lemenÈs sf  Sl l  P lan 6
but 500 ft on the shoreward end of Èhe east breakwater
was raísed to a crest  e levat ion of  *10 f t .

ff. Str^I Plan 7 (Plate B) included the elements of SI,tr Plan 6C
with a revetment installed along the lakersard side of
the exíst ing west  breakwater  at  an e levat ion of
+ I2  Í t .

gg.. Si,I Plan 8 (Plate 9) consisted of Èhe elements of SI^I
Plan 6C but the new offshore v/est breakwater r^ras
extended shoreward to the exístíng wesË breakvraËer. The
entire strucËure was raised and sealed Ëo prevent wave
overtopping and/or transmission through the breakwat,er.

hb. sI{ Plan 9 (Plate 10) enraíled the elements of sI,rr plan 6c,
but Lhe 9OO-ft-wide channel was reduced to 600 f t
and the west offshore breakwater reor iented sl ight ly.
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SW Plan 9A (Pl-ate 10) involved the elements of S!Í

Plan 9, but the offshore vresË breakwater rnlas extended

to the existing wesÈ breakwater and the entire structure

was ra ised and sealed.

S!ü Plan 10 (Plate 11-) consisÈed of the elernents of SI^7

Plan 6, buÈ the offshore east and wesÈ break\,üaËers r¡7ere

reor iented resul t íng ín a 600- fÈ-wide enÈrance south-

westerly of the STÙ Plan 6 entrance.

Slü Pl-an lOA (Plate 11) entailed Ëhe elements of StrÙ

Plan 10, but the new offshore west breakr^7ater was

extended shoreqrard to the existing west breakwater. The

ent.ire \^rest structure was raísed and sealed to prevent

r¡/ave overtopping and/or transmission through the break-

\^ratef .

Sll Plan 11 (PlaËe 12) involved the removal of 600 ft

of Ëhe exisËing wesË arrowhead breakwater, 300 ft of

the west  spur ,  and 200 f t  o f  the east  spur .  Also

included hTere a 9Oo-ft-wide entrance channel and a ne\¡/

eas t  b reakwa te r  ( c res t  e l  +8  f t ) .  The  i n í t i a l  1 ,000  f t

of Èhís new structure origínated aÈ the lakeward end of

the exísting arrowhead breakwater and extended lakeward.

From th is  point  the new st rucËure extended 3 '000 f t

wester ly ,  para l le l  to  the ex is t ing west  breakwaÈer"

kk.

nm. slü Plan 12 (PlaÈe 13) consisted of Èhe elements of s!ü

Plan 11 except the lalceward 31000 f t  of  the new east

breakwater r^las reoriented and installed on about a

250-deg azímuth.

nn. StrrI Plan 124 (Plate 13) enÈailed the elements of Str{

Plan 12 rpi th a 500-f t- long offshore v/est breakwater
(crest el  +8 f t )  instal led, result ing in a 600-f t-wide

entrance channel.

Si{ Plan 12n (Plate 13) involved the elements of SI^I

Pl-an 124 wíth a 4OO-ft- long extension (crest el  *8 f t )

of Èhe west arrowhead breakwaÈer insËalled parallel Lo

the entrance channel.

r r .

gr.

pp..  SW Pl-an 12C (Plate 13) consisted of the elements of

sI^I  Plan 128 but the 5O0-ft- long offshore west breakwater

was removed.

S!ü Plan 12D (Plate 14) entailed the elements of Slü
plan 12C but the entire west arrowhead breakwater crest

elevat ion was raísed to *14 f t .

Slü Plan 12E (Plate 14) involved the elements of SI^I

Plan 12D with the 500-f t- long offshore ! Íest breakwater
of Sl{  Plan 124 reínstal led írr  the model.  This structure

ú¡as raísed and sealed to prevent wave overtoPping and/or

transmíss j-on through Èhe breakr¿ater.
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ss.  S!ü Plan 13 (Plate 15)  eonsisted of  the e lements of  Sf , I
PLan L2 except  the lakeward 3,000 f t  o f  the new easË
breakwater \^ras insÈalled on about a 260-deg azímuth.
Also inc luded v¡as a 400-f . t -1ong extension (crest  e l
+B ft) of the ü/est, arro¡¿head breakwater ínst,alled
parallel Ëo the enËrance channel.

t!. StrI Plan 134 (Plate 15) entailed Èhe elements of SI^I
Plan 13 wíEh a 500-fË- long of fshore west  breakr4rater
(crest  e l  +8 f t )  Ínsta l led resul t , ing ín a 6O0-fÈ-wide
entrance channel.

g.  S!ü Plan 138 (Plate 15)  consisted of  the e lements of  ShI
Plan 134 but the new offshore hrest breakwater T^ras
extended shoreward to the exisËing west breakwater.
The ent i re wesË sËructure was ra ised and sealed to pre-
vent \,/ave overtopping and/or Ëransmission through the
break¡^¡ater,

vv. SI,tr Plan 13C (Plate 16) included the elements of SI,{
Plan 13 wi th a 1rOOO-f t - long of fshore west  breakwater
(crest  e1 +B f t )  insta l led approximately  2,000 f t
wesËerly of Ëhe lakeward head of Ëhe new east breakr¡rater.

qI. SI,I Plan 13D (Plate 17) ínvolved the elements of SI,rI
Plan 13 but the extensíon of the \¡/est arrowhead break-
water  was increased to 11000 f t  in  length and or ienÈed on
an azimuth of  about  300 deg.

9.. S!ü Plan 14 (Plate 18) consisËed of the elements of SI^I
Plan 13 but  the 3,OOO-f t - long lakeward sect ion of  Èhe
nerr east breakwater v/as oriented approximately 5 deg
shoreward (on about  a 255-deg azímuth) .

yJ. Sl' l  Plan 144 (Plate 18) entailed the elements of SüI
Plan 14 but the \^rest arrowhead breakr¿ater extension
was increased to 11000 f t  in  l -ength and or íented on an
azimuth of  abouE 295 deg.

zz.  Sl f  P lan 15 (Plate 19)  ínvolved the e lements of  SI^ I
Plan l4A but the nehr east breakwater originating at
the head of the s¿sr ârrowhead r¿as reoriented and
extended about  1,600 fE laker¿ard on an az imuth of  290
deg.  From th is  point ,  the st ructure extended approxi -
ma te l y  2 ,40O f t  on  t he  255 -deg  az imuLh .

aaa.  SI I  P lan 16 (Plate 20)  consisted of  the removal  of
300 f t  o f  the ex isËing wesË spur breakwater  and 2OO f t
of the existing east, spur breakwater. Included were
1,000-f t -1ong paral le l  breakwater  extensions (crest  e1
+B f t )  or íg inat ing at  the lakeward ends of  the exíst ing
east and r¡/est arrowhead sÈructures.
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tr{ave:height tests

36. I,rlave-height tests were conducted for the various improvement

plans us ing test  waves f rom cne oï  more of  the test  d i rect ions l is ted in

paragraph 29. Tests involving certain proposed improvemenË plans were

l í rn i ted Ëo the most  cr i t ica l  dí recÈion of  wave approach.  However,  major

plans of improvemenË hrere tested comprehensively for test ü¡aves from all

three d i rect ions ( i .  e . ,  L7,  326,  and 279 deg).  t r ' lave gage loeat ions for

each ímprovemenË plan are shornm in Plates 2-20'

Navigat íon tests

37.  Navigat ion Èests in i t ia l ly  hTere conducted for  Èhe incremental

removal of the easË and wesË breakwater spurs (Fair-hleather Plans 1-1C)

for  var ious \^rave and wind condi t Íons.  Af ter  th is ,  navigat ion tests v /ere

conducted only for  the more promís ing improvemenË plans ( í .e . ,  p lans

Èhat  saËisf ied Ëhe establ ished wave-height  cr i ter ia) .

l{ave-induced current
Dat tern and magni tude tests

38. I¡lave-induced currenË paËterns and magníÈudes v/ere determined

at  selected locat ions by t í rn ing the progress of  a dye t racer  re lat ive to

a knornm dístance on the model  f1oor .  These tesf -s  were conducted for

major improvement plans using representative Èest waves from all three

tes t  d l r ec t í ons .

Movig

39. Model movíe footage hras secured and forwarded Eo NCB for use

ín publ ic  meet ings,  br ie f íngs,  etc .  Inc luded in the movie footage were

the fo lLowing:

a .

b .

c .

Appurtenances used ín the model.

Methods of obÈaining wave heíghts and wave-induced

currenË patterns and magnitudes.

Varíous l¡Iaves approaching the \¡Iest entrance for

exísting cc¡nditions and the major improvement plans.

Model- vessel-  capabi l i t ies.

Navigation of model ore carrier for various hrave

conditions with tl-re major ímprovemenË plans Ínstall-ed.

Cal ibrat ion of wind f ie ld.

d .

e .

f . .
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Tes t  Resu l t s

40.  In  evaluat ing test  resul ts ,  the re lat ive merÍ ts  of  var ious

plans were based on an analys is  of  measured wave heights,  wave- induced

currenE pat terns and magni tudes,  and/or  the re lat i r ¡e ease of  sh ip navi -

gat ion through the entrar ice.  Model  wave heights (s igni f ieant  r^ /ave

hej-eht  or  H.  ,^)  were Ëabulated to show measured values at  se lected
"  I t J .

locations. Inlave-induced current pat,terns and magnítudes \¡/ere super-

imposed on ürave pattern phoËographs for the cc¡rresponding plan and wave

cond i t i on  t es ted .

ExåsEing conditions

4L.  t r Iave-heíght  measurements obta ined for  ex is t ing corrd i t ions

u s i n g  t h e  0 . 0 ,  + 2 . 6 ,  a n d  + 4 . 8  f t  s w l ' s  w i t h  b o t h  t h e  8 0 0 -  a n d  8 , 0 0 0 - c f s

Cuyahoga River  d ischarges are presented in Tables 3-8.  For  the 0.0- f t

swl, maximum wave heíghËs r¿ere 22.3 ft in the arrowhead entrance (gages

L4 -L6  i n  P la te  1 )  f o r  10 -sec ,  13 .7 - f t  t es t  \ , üaves  f rom 326  deg  w i th  rhe

8 r000 -c f s  d i scha rge ,  and  4 .3  f t  a t  t he  Penn  CenÈra l  O re  Dock  (gages  1 -4 )

fo r  10 -sec ,  13 .7 - f . t  t es t  waves  f rom 326  deg  r ¡ i t h  Èhe  800 -c f s  d i scha rge .

For  the +2.6 f . t  swl  ,  maximum vüave heights were 25.0 fË in  the arrowhead

enÈrance  fo r  10 -sec ,  13 .7 - f t  t es t  waves  f r c ¡m  326  J ,eg  w i th  Ëhe  8 ,000 -c f s

r i ve r  d í scha rge ,  and  8 .1  f t  a t  t he  Penn  Cen t ra l  O re  Dock  fo r  10 -sec ,

13 .7 -LE  tes t  waves  f rom 326  deg  w i th  t he  800 -c f s  d i scha rge .  Fo r  t he

+4.8 ft swl , maximum \,\rave heights wete 26.2 fE in the arrowhead entrance

fo r  10 -sec ,  13 .7 - f t  t es t  waves  f rom 326  deg  w i th  t he  800 -c f s  r i ve r

d i sch ,a rge ,  and  10 .9  f t  a t  t he  Penn  Cen t ra l  O re  Dock  f c r  9 .5 -sec ,  L2 .2 - f t

test  \ ,üaves f rom 17 deg wiËh the 81000-cf  s  d ischarge.  fn  general  ,  t i re

larger  test  r^Taves f rorn each d i recÈion (par t icu lar ly  at  the *4.8 f  t  swl  )

overtopped the west breakwater, the arror¡/head breakwaters at the wesË

entrance,  the east  and west  spurs,  and the east  breakwater ,  t ransmít t ing

more energy into the harhor and resultíng in iarger \^rave heights. The

326-deg test. directÍon (waves approaching normal Lo the east and west

breakrsaÈers)  proved,  in  most .  cases,  to  produce the hrorst  wave eondi t ions

in the harbor .  Cuyahoga Ríver  d ischarges tesÈed (800 and 8r000 cfs)

produced definite effects on waves in the harbor entrance; however,
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there \¡Ias no clear trend regarding r^¡i. j-ch discharge produced larger wave

heights. The ríver díscharge, combined with lakeward flowíng currenËS

in the enÈrance due to v/ave overtoppíng of the breakwaters, resulËed in

peakíng of \nraves in the entrance channel and \n/ave heights vrere consider-

ably larger than normally would be expected due Èo refraction and

shoal ing ef fecÈs only.

42.  Wave- induced current  Pat terns

exisËing condi t íons us ing representat ive

swlrs and r iver  d ischarges are presenÈed

velocí t ies obta ined at  var ious locat ions

and magniËudes secured for

test  v /aves for  the var ious

in Photos 1-36. Maximum

r^7ere as fo l lows:

Maximum !ùave
Veloc i ty  Di rect ion

Locat ion fPs de8 Test  Wage
sw1
f r

River
Discharge

c f s

Area lakeward of
easË breakwater

Harbor  area protected
by east breakwater

Area between east
arrowhead and east
sPur

Cuyahoga River

Entrance channel

Area between lry-est
arrowhead and.¡nrest
sPur

Area along Penn
Central ore Dock

Remaíníng harbor area

Protected bY west
breakwater

Area lakeward of
west breakr¡ater

3 . 3

L . 4
L . 4

3 . 3

1 . 3

4 . 5

3 . 0

3 . 6

2 , 8

2 . 9

326

3 2 6
326

L 7

2 7 9

326

3 2 6

3 2 6

3 2 6

2 7 9

9

9
9

s e c ,  1 1 . 9  f t

s e c ,  1 1 . 9  f t
s e c ,  1 1 . 9  f t

s e c ,  9 . 8  f t

s e c ,  8 .  6  f È

s e c ,  1 1 . 9  f t

0 . 0  8 0 0

0 . 0  8 0 0
o .  o  8 ,ooo

+ 4 . 8  8 , 0 0 0

0 . 0  8 , c 0 0

+ 4 . 8  8 0 0

+ 4 . 8  8 , 0 0 0

+ 4 . 8  8 0 0

8

9
q

9  s e c ,  1 1 . 9  f t

9  s e c ,  1 1 . 9  f t

9  s e c ,  1 1 . 9  f t  + 4 . 8  8 0 0

9  s e c ,  8 . 6  f t  + 4 . 8  8 ' 0 0 0

Typical  hrave patterns for exist íng condit ions also are shourt  in Photos

L - 3 6 ,

43. Navigat ion tests were conducted wiËh exist ing condiËions

instal led for test \^taves from 279, 326'  and 17 deg (with 2O-knot (23

rnph) and 26-knot (30 mph) winds superimposed for some of the tests).

Views of the model ship during operation are shor^r'n in Photos 37-43. It
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r,'ras d.et,ernined from these ËesËs ÈhaË the existing entrance was not

and eff ícíent wíËh respect Èo Èhe passage of 1r0OO-ft- long vessels

under fair-weaËher conditions (waves up to 4 ft and wínds up Èo 20

knots  (23  mph)  ) .

Improvement Plans

Fair-weather condítíons

44.  The in i t ia l  ser ies of  Ëest  p lans (Fai r - I , Ieather  Plans 1-5G)

dealË with íl iprovements at the west entrance for safe and efficient

passage of  1,000- f t -1ong vess-e ls  dur íng faí r -weather  condÍ t ions (waves

up to 4 ft and winds up to 20 knots (23 rnph) ) . For an impro';ement plan

to be acceptabie, however, r¡rave heighÈs in the Lakefront Harbor h/ere to

be equal  to  or  less Ëhan those obta ined for  ex is t ing condí t íons ( for

corresponding wave conditions) .

45. Result,s of wave-height tests for Fair-tr/eather Plans 1-1C and

Fair-l{eather Plans 2-2C fox varíous tesË rÁraves from 326 deg using the

+2.6 f t  swl  and Èhe 800-cfs Cuyahoga River  d ischarge are presenÈed j -n

Tables 9 and 10. Maxímum wave heights obtaíned for Fair-I,rleather Plans

1 -1C  i n  Èhe  ma in  en t rance  (gages  L4 -L6 )  we re  24 . I , 25 .9 ,23 .9 ,  a r . . d  22 .8

ft, respectívely; and maximum \^rave heights at the Penn Central Ore Dock

( g a g e s  1 - 4 )  w e r e  6 . 3 ,  7 . 0 r  5 . 6 ,  a n d  6 . 8  f t ,  r e s p e c t í v e l y .  F o r  F a i r -

t r Ieather  Plans 2-2C, maximum wave heighËs were 24.2,  24.L,  23,0,  and 22,L

f t  a t  t he  ma in  en t rance  and  5 .9 ,  7 .7 ,  5 .8 ,  and  7 .L  f . t  a t  t he  Penn  Cen t ra l

Ore Dock, respectívely. Raising and sealing the arrowhead breakr¿aÈers

(Fai r - t r leather  Plans 2-2C),  ín  general ,  reduced wave heighËs s l lght ly  in

Ëhe enËrance and at the Cuyahoga River for these test condit. ions. Gen-

erally, wave heights in the remainder of the Lakefront Harbor hrere

af fected l í t t le  by th is  change.  Typical  wave pat terns obta ined for

Fair-tr '/eather Plans 1-1C and 2-2C are shornrn in Photos 44-5L.

46. Navigatíon tesEs were conducted for the incremenËal rernoval

of the east and r^rest spurs (Fair-l^Ieather Plans 1-1C). IÈ r¡¡as determined

from these tests that  for  the safe and ef f ic íent  use of  the ¡ , ¡esË (main)

entrance by 1r000-f t -1ong vessels dur ing fa i r -weather  condi t ions,  the

safe

even
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east and rúest spur breakwaters should be reduced in length by a minímum

of 200 f t  and 300 f t ,  respect, ívely (Faír- I^Ieather Plan 1A). The removal

of these spur lengths al lowed the vessel master to begin his turns

sooner whíl-e enteríng and leavíng the harbor '

47. The removal of  2oo-f .E and 3OO-ft  lengths of the east and west

breakwater spurs, respect ively (Fair- I^Ieather Plan 1A), resulted in

increased wave heights in the LakefronË Harbor; therefore tests h/ere

required Lo d.evelop a plan for alleviating these undesirable v¡ave

condiÈions. Results of wave-height Èests for Faír- ! ' leather Plans 14, 2L'

3-3D, anð, 4-4C are presented in Table l1 for representat ive test waves

Îrom 279 deg. Table 12 shows wave-height measuremenËs for Fair-I¡IeaÈher

Plans 14, 2Ã, 4D, and 4E for test $7aves from 17 deg and Fair-I¡leather

plan 4D for test v/aves frorn 326 deg. comparísons of wave heights for

exisÈing condit ions and various test plans for corresPonding test con-

d i t ions  are  shornrn  in  Tab les  13-15 fo r  t ,he  279- ,17- ,  and 326-deg tes t

direct ions for the *2 .6 f t  sw1 and the 800-cfs r íver díscharge'  For

test vraves from 279 d,eg, Fair-trleather Plan 4C (west arrowhead breakwater

raised and sealed and a 3oo-ft-long extension of the I'/est arrowhead

breakwater) appeared to be Èhe opÈimum plan tested. In general ,  wave

heighÈs in the Lakefront Harbor for Fair-I'rleather Plan 4C were equal Èo

o r l e s s ( i n m o s t c a s e s ) t h a n t h o s e o b t a i n e d f o r e x í s t i n g c o n d i Ë i o n s .

The addition of a 300-ft-1ong extensíon to the east arrowhead breakv¡ater

installed paralJ-el to the \^7est extension (Fair-l¡eather Plan 4D) appeared

to be the opt imum plan tested for \" /aves from 17 and 326 deg. Again'

wave heights in the Lakefront Harbor' in general, were equal. Èo or less

than those obtained for exísting condítions for Fair-I^IeaÈher Plan 4D'

part,icularly for wave conditions with a 2}-yeat or less recurrence

ínt.erval . In some cases, for wave condiÈions r'¡ith a 100-year recurrence

lnterval at a particular gage locaÈion, wave heights may have íncreased

slightly; but overall conditions in the Lakefront Harbor ü7ere generally

calmer for Fair-tr{eather plan 4D t,han for exisË1ng conditíons for test

rÁ/aves from 17 and, 326 deg. Typícal r^/ave patt,erns for Faír-I{eather Plans

3-3D and 4-4I. ate shotm in Photos 52-62'

48. Comprehensíve r¡ave-heighÈ tests were conducted for Fair-I'treather
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Plan 4D f ron  a l - l  tes t  d i rec t Íons  us ing  Èhe 0 .0 ,  +2 .6 ,  and +4.8  f t  sw l ' s

with Ëhe 800- and 8,000-cfs r íver discharges. ResulÈs of these tests

are presented ín Tables L6-2L, For the 0.O-ft  sw1, maximum wave heights

were 20.1 f t  in the entrance (gages 14-16) and 3.1 f t  at  the penn

Central  Ore Dock (gages L-4) for 10-sec, 13.7-f t  waves from 326 deg wíth

the 8r000-cfs r iver discharge. For the +2.6 f t  swl,  maximum hrave

heighÈs were 23.3 f t  in the enËrance and 6.6 fE at the Penn Central  Ore

Dock for 10-sec, L3.7-f . t  \ ¡raves from 326 deg with the 800-cfs díscharge.

The +4.8 ft swl yielded maximum wave heights of 24.8 f.c ín the entrance

for 9-sec, 11.9-f t  waves from 326 deg with the 800-cfs dlscharge; and

9.0  f t  a t  the  Penn Cent ra l  Ore  Dock  fo r  10-sec ,  13 .7- f t  waves  f rom

326 deg hrith the 800-cfs river discharge. A comparison of wave heíghts

for Fair- I leather Plan 4D w1Ëh Ëhose of exist ing condit . ions revealed that

in general, wave heights in the Lakefront Harbor r¡rere equal to or less

for Fair-l^Ieather Plan 4D. For some wave condítions, r¡/ave heights

increased sl ight ly at,  a part j -cular gage locat ion, but overal l  condít ions

ín the LakefronË Harbor htere generally calmer for Faír-I,rleather Plan 4D

than for exist ing condit ions for test r¿aves from al l  dírecEÍons.

49. tr'/ave-induced current patterns and magnítudes secured for

Faír-I,{eaËher Plan 4D using represenËatíve test v/aves for the varíous

swlts and ríver díscharges are presented in Photos 63-98. Maximum

veloci t ies obtained at var ious locatíons were as fol lo¡^rs:

Maxímum l¡/ave
\¡elocity Direct ion

Ritter
sr^'l Discharge

l ,ocation fps deg Test Lrlave fE cfs

Harbor area protected
b y  e a s t  b r e a k w a t e r  1 . 1  3 2 6  9  s e c ,  1 1 . 9  f t  + 4 . 8  g , 0 0 0

Area between east
arror¡head and east
spur 3 . 1  L 7  8  s e c ,  9 . 8  f r  + 4 . 8  8 0 0

C u y a h o g a  R i v e r  1 . 3  3 2 6  6  s e c ,  5 . 6  f t  0 . 0  9 , 0 0 0
1 . 3  3 2 6  6  s e c ,  5 . 6  f t  + 2 , 6  g , O 0 O

E n t r a n c e  c h a n n e l  4 . 3  3 2 6  9  s e c ,  1 1 . 9  f t  + 4 . 8  B r 0 0 O

Area between v¡est
arrowhead and west
sput

Harbor area protected
by  west  b reakwater  3 .1  279 9  sec ,  8 .6  fÈ  +4 .8  800

2 . 2  3 2 6  9  s e c ,  1 1 . 9  f r  + 4 . 9  9 , 0 0 0
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Typical r,rave patËerns obtained for Fair-trùeather Plan 4D also are shown

in Phor,os 63-98.

50. Tn ínstances for the preceding test plans ¡^rhere the arrowhead

breakwaÈers I^ /ere ra ised,  Èhe st ructures hrere insta l led at  a +18 fË crest

ele-vation and seale,J Ëo prevenÈ \^7ave overtopping and/or transmission'

trIave-height tests were conducted. for Faír-l leaËher Plans 5-5G to optimíze

the crest heíght of the \^7est arrowhead breakr¿ater of Fair-I leaÈher

Plan 4D. Resul ts  of  these tests are presented in Table 22 where they

are compared with existing condiÈions and Fair-Inleather Plan 4D. Exami-

nat ion of  these daËa reveals that  a *10 f t  sealed breakwater  crest

el.evatíon (Fair-InleaËher Plan 5C) and a *L4 f t unsealed breakwater ele-

vaËion (Fair-I,treather Plan 5G) were the optimum plans tested for the west

arrowhead st ructure.

Severe-wegther conditions

51.  The nexÈ ser ies of  test  p lans (Severe- !üeather  Plans 6-L6)

dealt wÍth improvements at the \^7est entlance for the design for safe and

ef f ic ient  passage of  l rOo0-f t - long vessels dur íng severe- I^ IeaÈher con-

diÈions (waves up to B ft and winds up to 30 knots). For an improvement

plan Èo be acceptable, however, \¡Iave heights in the l,akefrcnt Harbor

were to be equal  to  or  less than those obÈained for  exíst ing condi t ions

( for  corresponding wave condi t ions) .  In  addiËion,  for  mosÈ severe-

weather test plans (severe-trIeather Plans 6-15) ' \^lave heighÈs at the

exisÈing entrance (gage 16)  were not  to  exceed 3 f t  for  inc ident  wave

heights of  B f t  and less.  These test  p lans involved conf igurat íons that

required the vessel, during navigation, to slor,l down and make a sharp

turn (wi th a id of  the thrusters)  in  a s tarboard ( r ight)  d i rect ion to

enteÏ  the ex is t ing entrance.

52.  Wave-heíght  tests conducted for  Severe- In leather  Plans 6-6C

for  representat ive test  r ,Taves f rom 326,  L7,  and/or  279 deg,  us ing the

+2.6 f t  and, /or  +4.8 fË swl 's  wi th the 800-cfs Cuyahoga River  d ischarge

are presented in Tables 23 and,24.  For  Lest  v /aves f rom 326 deg,  wave

heights r^re-re wiÈhin the establíshed wave-heíght criteria for Severe-

tr{eather plan 6. For Ëest \^raves from 17 deg, maxímum wave heights obtained

w e r e  4 . 2 , 3 . 6 , 3 . 5 ,  a n d  2 . g  f t  a t  t h e  e x i s t i n g  e n t r a n c e  ( g a g e  1 6 )  f o r
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Severe-trIeather Plans 6-6C, respectively, for incídent I¡Iaves of I ft or

Iess.  For  test  \^ /aves f rom 279 deg,  the esLabl ished wave-heíght  cr í ter ia

\¡/ere exceed.ed. in Èhe Lakefront Harbor (i.e. '  I¡Iave heighËs \¡Iere greaÈer

than those obta ined for  exíst ing condi t jons)  and at  the ex is t ing entran 'ce

( i .e . ,  \ ¡ /aves at  gage 16 were greater  than 3 f  t  for  inc ident  wave heights

of  8 f t  or  less)  for  Severe-L{eaËher Plan 6C for  pract íca11y a l l  the

test  waves us ing both the *2.6 and +4.8 fÈ swl  ts .  In lave patÈerns secured

for Severe-I¡leaÈher Plans 6-6C are shovm in Photos 99-110.

53.  t r Iave-heíght  Ëests conducted for  Severe- t r Ieather  Plans 7,  B,

9,  and 9A for  test  waves f rom 279 deg using the +2.6 and/or  +4.8 fË

swl fs  vr i th  the 800-cfs r íver  d ischarge are presented in Tables 25 and

26 .  Max imum wave  he ighËs  were  7 .0 ,  6 .L ,  4 .2 ,  and  4 .7  fE  a t  Ëhe  ex i sË ing

entrance (gage 16)  for  Severe- I ¡ leather  Plans 7,  8,  9,  and 94,  respect ive ly

( for  inc ident  waves of  8 f t  or  less) .  Each p lan resul ted in  wave heighËs

exceecl ing the 3- f t  cr i ter ion aË gage L6 for  these 8- f t  inc idenÈ r¿aves.

In addítíon, h/ave heights in the Lakefront Harbor for corresponding wave

conditions \^/ere generally greater than those obtained for existing

cond.it. i .ons. Typical T¡rave patËerns obËained for Severe-I,üeather Plans

7-9Ã axe shor^m in Photos 111-118.

54. I^Iave-heighË daËa obËained with Severe-I¡Ieather Plans 10' 104'

and  11  i ns ta l l ed  i n  t he  mode l  us ing  the  *2 .6  and /o r  +4 .8  f t  sw l r s  f o r

tesË waves f rom 279 deg wi th the 800-cfs r iver  d ischarge are presented

i ,_n TabLe 27.  Maximum wave heíght ,s  obt ,a ined were 5.2,  3.9,  and 2.9 Í t

a t  the ex is t ing entrance (gage 16)  for  Severe- I , /eather  Plans 10,  104'

and 11,  respect í r ,e ly  ( for  inc ident  waves of  8 fË or  less) .  The 3- f t

wave-height criterion at gage L6 was satisfied only for Severe-trÍeather

Plan 11.  l , lave heighËs íns ide the Lakefront  Harbor ,  in  general  ,  were

greater  than those obËained for  ex is t ing condi t ions for  Severe- l /eather

pl  ans 10 and 1OA and equal  to  or  less than those obtaíned for  ex is t ing

condi t ions for  Severe- I ¡ Ieather  Plan 11.  In  some insËances,  r¿ i th Severe-

I ¡ Ieather  p lan 11 insta l led,  \^ /ave heights increased s l íght ly  aË a par t ic-

ular gage location, but overall condítions in the Lakefront Harbor \¡Iere

general ly  comparable Èo Ëhose obta ined for  ex is t ing condi t ions.  Typícal

h/ave patterns secured for Severe-trüeather Plans 10, 104, and 11 are shcwn

in  Pho tos  LL9 - I24 .
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55.  Resul ts  of  wave-height  tests conducted for  Severe- I {eather

Plans L2-L2E for  tesË r ¡ /aves f rom 279 deg using the *2.6 and/ot  +4.8 f t '

swl ts  wi th the BOO-cfs r iver  d ischarge are presented in Tables 28 arrd

2 9 .  M a x i m u m  w a v e  h e i g h t s  o b È a í n e d  w e r e  2 . 4 ,  2 . 0 ,  2 . L ,  2 ' 4 ,  2 ' 7 ,  a r ' r l  2 ' 4

ft at the exisÈíng enÈrance (gage 16) for Severe-l ' Ieather Plans L2-1-28,

respect ive ly  ( for  incídent  \ , , /aves of  I  f  t  or  less)  .  The 3- f t  wave-height

cr í ter ion ín the ent . rance (gage 16)  for  Ëhese B-f t  inc ident  waves ! /as

sat is f ied by a l l  these Ëest  p lans.  In lave heights íns ide the Lakefront

Harbor for severe-I,{eather Plans L2 and L2A,, in general , were greaÈer

than those obta ined for  ex is t ing condiËions for  correspol ld ing wave

cond^i t ions.  In  some cases,  wi th Severe- f t IeaËher Plans L2B-L2E insta l led '

wave heighÈs increased at  a par t icu lar  gage locat ion,  but  overal l  condi-

tíons ín the Lakefront Harbor l^7ere comparable to those obtaíned for

existing conditions. Typical hTave patterns obtained for Severe-I"leather

Plans L2-L2E are shor,øn in Photos 125-136'

56.  Resul ts  of  wave-height  tests conducted for  Severe- t rüeather

Plans 13- l3D using the *4.8 f t  swl  and.  severe- I ¡ ' Ieather  Plans 13D'  14 '

144,  anr l  15 usíng the t2.6 fE swl  are pÏesented in Tables 30 and 31.

Test. ü7aves \^rere from 279 deg with the 800-cfs Cuyahoga River discharge'

I / ü i t h  Ëhe  +4 .8  fE  sw1  ,  max imum wave  he igh ts  ob ta íned  were  3 ' 8 ,  / + ' 3 ,  3 ' 2 ,

2.7,  af rd 2.2 f t .  a t  the exísÈing ef i t rance (gage 16)  for  Severe- !üeaÈher

plans 13- I3D,  respecËively  ( for  inc ident  l ,Taves of  B f t  or  less)  '  For

the  *2 .6  f t  sw l  ,  max imum wave  he igh ts  we re  2 .9 ,  2 ,5 ,  2 .8 ,  and  1 .6  f t  a t

the ex is t ing entrance for  severc- t r ' Iea iher  Plans 13D, 14,  L4A' ,  and 15 '

respect ive ly  ( f  or  inc ident  r^ /aves of  B f  t  or  less)  .  The 3- f  Ë wave-

height  cr iÈer ion in  Èhe entrance (gage 16)  for  these 8- f t  or  less inc ident

waves r¿as sat is f ied by severe- In leather  Plans l3C,  13D, L4,  L4A,  and 15.

In general, wave heights in the Lakefront, Harbor (considering all wave

concliËions) were less for Severe-I^leather Plan 15 than for the other test

plans. Typical wave patterns obËained for severe-I^Ieather Plans 13-13D

and severe-Weather Plans 14 and 144 are shown in Photos 137-150'

5 7 . l . I a v e - h e i g h È d a t a o b t a i n e d f o r S e v e r e - I , { e a t h e r P ] . a n 1 5 f o r

test  I^7aves Í rom 279,  326,  and 17 deg usíng the +4'8 f t  swl  wi th the

3 9
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800-cfs r iver  d ischarge are presented in Table 32.  Maxínum wave heights

ob ta j -ned  a t  t he  ex í s t i ng  en t rance  (gage  1 -6 )  v re re  1 .4 ,  2 .3 ,  anð .3 .0  f t

f o r  t he  279 - ,  326 - ,  and  17 -deg  d i rec t i ons ,  r espec t i ve l y  ( f o r  í nc iden t

vüaves of  B f t  or  less) .  In  some instances,  t r rave heights in  the Lakefront

Harbor  increased s l ight ly  at  a par t icu lar  gage locat íon,  but  overal l

vrave condÍtíons in the harbor for Severe-I¡Ieather plan 15 \4/ere generally

less Ëhan those previously  obta ined for  ex isËing condi t ions.  In lave

pat tern photographs obta i -ned for  Severe- t r r leather  Plan 15 for  representa- .

t ive test  rdaves f .xom 279,  326,  and 17 deg are shown in photos 151-156.

58.  Navigat ion tests were condr, rc ted f  or  var ious severe-weather

entrance conf igurat ions for  inc ide[ t  test  v /aves of  8 f r  or  less f rom

279,  326,  and L7 deg.  t r r l inds of  30 knots (34.5 mph) r , rere super imposed

on r ¡ ¡aves dur ing the cond-urct  of  some of  these tests.  Assis t íng wí th

the navígat ion tests were CAPT I^1.  J .  Mcsweeney,  reËired vessel  master

formerly employed with Interlake Steamship Company; CAPT G. V. Chamber-

laín, retired vessel masËer formerly employed with Hanna Mining Company;

and CAPT A.  I1.  Haynes,  act ive vessel  master  present ly  ernployed wi th

Amer ican SËeamshíp Company.  Al l  three vessel  masters have had exper i -

ence operat ing 1rOoo-f t - long vessels in  the Great  Lakes;  and af ter

farn i l iar iz ing themselves \ , / í th  ship model  operat ion,  contro ls ,  etc . ,  a l l

fe l t  conf ident  that  the maneuverabí l iÈy character ís t ics of  the model

ship were real is t ic ,  compared wí th those of  the prototype,  under var ious

wave and wind conditions. It qras det.ermined from these t.ests that the

Severe-Ileather Plan 15 harbor configuraËion was optinum with respect to

a severe-hreather  entrance or ienÈed toward the west .  The vessel ts

approach upon entry r¡ras somewhat parallel to shore, and slow speeds

had to be maintaíned to make the turn into the harbor at the exísEing

entrance.  Due to the s low speeds,  Ëhe vessel rs  maneuverabi l i ty  was

decreased and some wave and wj.r.d conditions from 326 and 17 deg Eended

to seË the stern toward the shore and the bow Èoward the ne\./ east break-

vrater  as í l lusÈrated in  Photo 157.  I t  was fe l t  thaÈ only the more

experíenced and sk i l l fu l  masters would be able to safe ly  and ef f ic íent ly

enter the harbor for Ëhe worst wave and wind conditions, thus 1-eaving a

narro\,r margin of error for the average vessel masËer. AfÈer navígation
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tests rüere conducted for numerous alternative enÈrance configurations,

Èhe vessel masters expressed a preference for 1r000-fÈ-long paral lel

break¡¿ater exËensions (exÈended due lakeward) aÈ the existing entrânce

(Severe-I^Ieather Plan 16) for severe-ü/eaÈher conditíons. Views of the

model ship duríng operation with Severe-1,{eather Plans 15 and 16 installed

are shor¡tn in Photos 158-164.

59. ResulÈs of wave-heighË tests conducËed for Severe-!'IeaËher

Plan 16 for test waves from 279, 326, and 17 deg using the *4.8 f t  swl

and Ëhe 800-cfs Cuyahoga River discharge are presented in Table 33'

Evaluation of Ëhese data reveals that htavâ heíghts in Ëhe Lakefront

Harbor for Severe-I^leather Plan 16, in general' \^/ere equal to or less

than those obtained for exisÈing condiÈíons. For some l^tave condítionst

wave heighËs increased sl ight ly aÈ a part icular gage LocaÈion; but

overall conditions in the LakefronÈ Harbor hrere generally calmer for

Severe-I^Ieather Plan 16 than for existing conditions for test waves from

al l  direct ions. A comparison of wave heights obtained for exisÈing

conditions and severe-tr{eather Plan 16 is shown i-n Table 34 for the

largest test hraves (20- and lOO-year recurrence íntervals) frorn each

direcÈion. Typical wave patÈerns obtained for Severe-ftTeather Plan 16

are sho\^rn in Photos 165-170.

Disgussion 9-f ËesË results

60. Test resulEs obtained for exist ing condit ions revealed rough

and Èurbulent r,\lave conditions at Cleveland Harbor during period of storm

wave attack with wave heights in excess of 26 f t in the arrowhead (r^rest)

entrance and 10 ft aÈ Ëhe Penn Central Ore Dock. It was determined from

navígatíon tests conducÈed for exisEíng conditions that the \^7est entrance

was not safe and eff icíent wiÈh respect to Èhe passage of 1,O0O-ft- long

vessels even under faír-weather conditions (wave heíghts up to 4 ft and

winds up Èo 20 knots (23 rnPh)).

61. Navigation tests conducted for the incremental removal of the

e a s t a n d \ ^ l e s t s p u r s ( F a i r - l { e a t h e r P l a n s l - l c ) r e v e a l e d t h a t ' f o r t h e

safe and eff ic ienÈ passage of 1r000-f t-1ong vessels at Èhe west entrance

during fair-weather conditions, the east and west brealauater spurs

should be reduced in length by a minimum of 2oo ft and 300 ft'
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respectively (Fair-! ' Ieather Plan 1A). By removing Èhese spur lengÈhs,

the vessel- master could begin his turns sooner while ent,ering and

leavíng the harbor, thus alleviatíng to some extent the possÍ.bil i ty of

coll ision with the piers at the mouth of the Cuyahoga Ríver.

62. The removal of Ëhe spur lengËhs of Faír-I,rleather Plan 1A

resulted in increased wave heighÈs ín the LakefronÈ Harbor. I ' lave-he-ighÈ

Ëests for varíous alternatives indicated that wave heights ín the Lake-

front Harbor could be reduced to where they \¡rere, in general, equal to

or less than those obtained for exÍsting conditj-ons by ínstall ing trro

300-ft-1ong breakwater exÈensions and raising and sealíng the exísting

r^resË arrowhead breakwaÈer (Faír-I^feather Plan 4D). The extensions origi-

naËed at the lakeward ends of the easË and r^/est arror¿head structures and

r^rcre parallel to the entrance channel-. Overall condíËions in the Lake-

front Harbor hrere generally calmer for Fair-I^leaËher Plan 4D than for

ex is t ing condi t íons for  test  waves f rom al l  d i rect ions.

63. The wesË arrowhead breakwater of FaÍ.r-trt leather Plan 4D was

in i t ia l ly  ra ised to a crest  e levaËion of  +18 f t  and sealed to prevent

the transmissi-on and/or overtopping of the structure. Subsequent r 'Iave-

height  tests revealed Èhat  a +10 f t  sealed breakwater  crest  e levat íon

(Fair-I^Ieather Plan 5C) or a *'L4 f t unsealed breakwater elevaËÍon (Fair-

tr 'Ieat.her Plan 5G) was optimum for this sÈructure.

64. Test results for numerous severe-r¡reather entrence configura-

tions oriented toward the west índícated that r^/ave heights for most.

p lans exceeded the establ ished wave-heighË cr iÈer íon ( í .e . ,  \^ /ave heights

ín the Lakefront Harbor vüere greaËer than those obtained for existing

condi t ions and/or  wave heights at  the ex is t ing entrance (gage 16)  were

greater  than 3 f t ) .  Some plans d id meet  t .he establ ished cr iÈer ía,  and

it appeared that Severe-I^Ieather Plan 15 was the optimum considering \^rave

heights in  the Lakefront  Harbor  and or ientat Íon of  the navígat ion entrance.

Navígation tesËs conducted for Severe-I,{eather Plan 15, however, índicated

some navígatíonal díff iculties for severe-\¡reather conditions (wave

heights up to 8 f t  and r^r inds up Èo 30 knots (34.5 nph)) .  Due ro the

slow entrance speeds and subsequent. loss of maneuverabil ity, these wind

and wave condiËions f rom 326 a¡ð.  L7 deg tended to set  the vessel rs  s t .ern
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toward the shore and its bor¿ lakeward. This sítuation may be hazardous

for  the less-sk i l - led and less-exper ienced vessel  masters.

65. After the conduct of navígatíon tests for numerou's alterna-

tive entrance configurations for severe-hTeather conditions' it was

deterrnined that 1rOo0-ft-long breakwaÈer extensions (due lakeward) at

the exísting entrance (severe-I¡treather Plan 16) were optimum lr' iÈh respect

Èo navígat ion ( i .e . ,  preference exPressed by vessel  masÈers who par t ic í -

pated in  model  navigat ion Ëests) .  These extensions or igínated at  the

lakeward ends of Ëhe east and west arrowhead structures and were paral-

lel to the entrance channel. This plan also j-ncluded the removaL of

200 fÈ and 300 f t ,  respect ive ly ,  of  the ex isÈing east  and west  break-

h7aÈer spurs.

.66. lüave-height Ëests for Severe-I^Ieather Plan 16 indicated tb'at

wave heights Ín Ëhe Lakefront Harbor v/ere generally equal to or less

than those obtained for existing conditions for correspolldíng wave

condiÈions.
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PART V: CONCLUSIONS

67. Based on the results of the hydraul ic model invest, igat ion

reported herein, i t  was concluded Èhat:

a . Existing condítions are characterízed by rough and
turbulent. r^raves in the west entrance and at various
locat íons in  the Lakefront  Harbor  dur ing per iods of
storm wave at tack.

For  ex is t ing condi t ions,  the hTest  entrance is  not  safe
and ef f ic ient  wiÈh respecË to the navigat ion of  1r000-
ft-long ore carriers even under faÍr-weather condítions
(wave heights up to 4 ft and winds up to 20 knors (23

nPh) ) .

For  the safe and ef f ic ient  passage of  1r000-f t -1ong
vessels at the Ìalest entrance during fair-weather con-
ditions, the east and r¿est breakwater spurs should be
reduced in length by a mininnum of. 200 ft and 300 ft,
respect ive ly  (Fai r - t r {eather  Plan 1A).

The removal  of  the 200- and 300-f t  lengths of  the easË
and west breakwater sours, respect,ively (FaÍr-Inleather
Plan 1A),  wi l l  increase wave heights in  the Lakefront
Harbor .

Consider ing the safe and ef f ic ient  passage or  1,000- f t -
long vessels through the v/esË ent.rance during faír-
r¡reather conditíons and T¡rave protection in the Lakefront
Harbor (for all wave condíËions), Fair-tr{eather plan 4D
appeared to tre optimum.

The optinum crest elevation of the wesË arrowhead break-
T¡/aËer of Fair-hleather plan 4D (wíttr respecÈ to hrave
condi t íons Ín the Lakefront  Harbor)  was deËermined to be
+L4 f t  (Fai r -hreather  Plan 5G).  This e levat ion could be
lowered to *10 f t  províded the st ructure was sealed
(Fair-I^Ieather Plan 5C) .

Of the improvement pl.ans tested with Ëhe enErance
oriented Èor¿ard the wesÊ, Se-¡ere-tr 'Ieather Plan 15 appeared
promising considering r^rave protection in the Lakefront
Harbor (for all wave condítíons) and orientation of the
navigat ion enÈrance.  Subsequent  ÈesÈing,  however,  ind i -
cated navigat ional  d i f f icu l t ies for  severe-weaËher con-
ditíons (wave heighËs up to 8 ft and winds up to 30
k n o t s  ( 3 4 . 5  n p h ) ) .

Consider ing the safe and ef f ic íent  passage of  1r000-f t -
long vessels through the r^rest entrance during severe-
r¿eather condítions and wave proÈecÈion in Èhe Lakefront
Harbor (for all wave condiÈions), Severe-trüeather Plan l-6
appeared to be optlmum.

c .

e .

b .

d .

1

9..

h .
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Table 1

trIave Heights for AI1 Approach Angles and S

fecurrence- l{ave fu
Angle Class Angle ClassInterval

vear-

5
10
20
5 0

l_00

5
10
20
50

100

5
10
20
50

100

Angle Class
1

I,Iinter

8 . 2
LO.2
1 1 . 5
1 3 . 8
1 5 . 1

Sprfng

3 . 9
4 . 9
6 . 2
7 . 5
8 . 5

Summer

4 . 9
5 . 9
7 . 5

L0.2
1 2 . L

Fal1

8 . 9
9 . 8

10 .5
1 1 . 5
L 2 . L

LL.2
L2.L
1 3 . 4
1 4 . 8
L5.7

5 . 2
6 . 6
7 . 5
9 . 2

LO.2

10 .8
1 1 . 5
L 2 . L
1 3 . 1
1 3 . 9

6 . 9
7 . 9
8 . 9'L0.2

LL.2

6 . 2
7 . 2
8 . 2
9 . 5

1 0 . 5

9 . 8
10 .5
1 1 . 2
L2.L
L 2 . 8

5 . 6
6 . 2
7 . 2
8 . 5
9 . 2

5
10
20
5 0

100

9 . 5
10 .8
1 1 . 8
1 3 . 1
L4.4



lab]-e 2

SígnificanÈ Period, see, by Angle Class and l,¡ave lleighË

Sígnifieant Period. see
Angl-e Class Angle Class Angl-e Cl-ass

1 2 3

1
2
3
4
5

6
7
I
9

10

2 . 5
3 . 8
4 . 7
5 . 4
6 . 0

6 . 3
6 . 7
7 . O
7 . 4
7 . 7

8 . 0
8 . 4
9 . 7
9 . 1
9 . 4

9 . 7
1 0 . 1
1 0 . 4
1 0 . 9

, 1 1 . 1

1l_.4
1 1 . 8
L 2 . L
72.5
L Z . 8

2 . 4
3 . 8
4 . 7
5 . 3
5 . 9

6 . 3
6 . 6
6 . 9
7 . 3
7 . 6

8 . 0
8 . 4
8 . 7
9 . 0
9 . 4

9 . 8
1 0 , 1
10 .  s
10.  B
1 1 . 1

1 1 . 5
t_1.9
1 2 . 2
L 2 . 6
L 2 , 9

2 . 5
3 . 9
4 . 9
5 . 6
6 . 1

6 . s
6 . 9
7 . 4
7 . 8
8 . 2

8 . 6
9 . 0
9 . 5
9 . 9

l_0. 3

1 0 .  7
1 1 . 1
1 1 . 6
L 2 . O
1 2 . 4

L 2 . 8
L3.2
L3.7
L4.I
L4.s

t-6
L7
18
L9
20

2L
22
23
24
25



Table 3

I,Iave He ts for Exl-st i Condltfons 0.O-ft  swl Rl-ver Discha 800 cfs

IIe r .  f tTest
Direct ion Per iod

dee sec

2 7 9  6 . 0
7 . 0
8 . 0
9 . 0

10 .0

3 2 6  6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

L 7  6 . 0
7 . O
8 . 0

Ileight
f t

Gage
2

Gage
3

Gage
4

Gage
6

Gage
7

Gage
I

Gage
10

Gage
11

Gage
L2

Gage
9

Gage
I

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

l_0.3
10 .7

6 . 2
1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

1 2 . 2

0 . 2  0 . 2  0 . 2
0 . 1  0 .  3  < 0 .  r
0 . 8  0 . 5  0 . 2
0 . 3  0 . 5  0 . 3
1 . 1  1 . 3  0 . 8
r . 2  L . 4  1 . 0
1 . 6  1 . 6  1 . 9

0 . 4  0 . 3  0 . 3
0 . 7  0 . 9  0 . 9
0 . 3  0 . 5  0 . 5
2 . 0  L . 4  1 . 5
1 . 8  2 . L  2 . 3
0 . 8  0 . 6  0  . 7
2 . 4  2 . 3  3 . 3
4 . 3  3 . 2  3 . 4

0 . 4  0 . 2  0 . 4
1 . 0  1 . 0  1 . 0
L . 2  1 . 0  0 . 8
1 . 6  1 . 3  1 . 1
1 . 3  1 . 3  1 . 1
2 . 4  2 . 0  L . 2

0 . 3  < 0 . 1
0 . 1  0 . 2
0 . 4  0 . 3
0 . 3  0 . 3
0 . 6  0 . 7
o . 7  0 .  6
L . 7  1 . 0

0 . 4  0 .  3
0 . 7  0 . 9
0 . 3  0 . 3
1 . 0  L . 4
L . 7  2 . 3
0 . 6  0 . 7
2 . 5  2 . 8
3  . 9  3 . 7

0 . 2  0 . 2
0 . 6  0 . 7
0 . 5  0 . 7
0 . 9  0 . 7
0 . 8  0 . 8
1 . 8  L . 4

0 . 1  0 . 2
0 . 2  0 . 2
0 . 4  0 . 7
0 . 1  0 . 2
0 . 4  1 . 1
0 . 5  1 . 0
1 . 6  1 . 3

0 . 4  1 . 5
1 . 1  2 . 4
0 . 6  0 . 9
2 . 0  3 . 5
2 . 2  3 . 4
1 . 1  1 . 6
3 . 2  4 . 2
3 . 5  5 . 0

o . 7  1 . 1
r . 2  1 . 8
0 . 6  L . 7
0 . 9  2 . L
r . 2  1 . 9
1 . 9  3 . 4

0 . 1  0 . 2
0 . 1  < 0 . 1
o . 4  0 . 2
0 . 5  0 . 2
1 . 1  1 . 1
1 . 3  0 . 9
L . 2  1 . 5

o . 4  0 . 6
0 . 8  0 . 5
0 . 4  0 . 6
L . 4  1 . 6
1 . 8  2 . 8
0 . 4  1 . 3
2 . 5  3 . 9
3 . 0  3 . 4

0 . 2  0 . 4
o  . 7  0 . 8
0 . 4  0 . 6
0 . 9  1 . 1
0 . 8  1 . 0
1 . 4  L . 4

0 . 3  0 . 2  0 . 4
0 . 5  0 . 2  0 . 6
0 . 5  0 . 4  0 . 6
o . 2  0 . 4  0 . 4
1 . 1  0 . 9  1 . 6
0 . 9  L . 4  1 . 8
1 . 9  2 . 4  2 . L

2 . L  1 . 0  3 . 1
2 . 9  2 . O  4 . 5
2 . O  2 . 3  2 . L
4 . r  4 . 3  4 . 8
3 . 1  4 . 3  5 . 0
L . 4  2 . 2  2 . 8
3 . 2  5 . 7  5 . 7
6 . 7  7 . 3  6 . 4

0 . 8  0 . 4  0 . 9
0 . 8  0 . 5  1 . 8
0 . 7  1 . 0  1 . 0
1 . 0  1 . 3  r . 2
L . 4  L . 4  2 . L
2 . 4  3 . 6  4 . 9

( Continued)
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Table 3 (Concluded)

Test Ïüave I,Iave Ileleht f r
Direct ion Per iod Helght

f t
Gage
13

Gage
L4

Gage
15

Gage
L 7

Gage
18

Gage
1 9

Gage
20

Gage
16

Gage Gage Gage Gage
2L  22  23  24

Gage
25deg

2 7 9

326

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

1 0 . 3
L0.7
6 . 2

l I . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L 2 . 2

0 . 8  0 . 6
1 . 0  t . 4
0 . 7  1 . 0
0 . 5  L . 4
1 . 9  4 . 3
2 . 3  4 . 2
3 . 1  5 . 7

3 . 2  4 . 6
5 . 2  6 . 9
3 . 8  4 . 6
7 . L  g . g
7  . 9  1 1 . 0
4 . 0  5 . 3
8.5 LL.7
9 . 7  1 4 . 5

2 . 0  1 . 5
L . 7  2 . 5
1 . 6  1 . 8
2 . 3  2 . 7
2 . 7  2 . 9
6 . 2  6 . 4

1 . 1  2 . 5
2 . 4  3 . 9
1 . 5  6 . 1
2 . 3  4 . 0
5 . 1  9 . 2
5 . 0  1 0 . 3
6.5 LL.2

5 . 3  2 . 7
7 . L  g . g
5 . 7  2 . 7

L 2 . 7  7 . 6
L2 .4  LO.2
6 . 2  4 . L

1 5 . 9  1 3 . 3
20.4 21.2

1 . 6  5 . 0
4 . 3  9 . 2
3 . 5  4 . 5
4 . 8  7 . 9
4 . 6  7 . O
g .7 L4.4

0 . 7  0 . 5
0 . 6  0 . 4
L . 2  0 . 6
1 . r  0 . 9
2 . 2  2 . 0
3 . 4  1 . 9
3 . 1  2 . 5

2 . 8  1 . 0
5 . 7  1 . 0
3 . 0  1 . 0
5 . 8  2 . 9
5 . 9  3 . 7
4 . 2  2 . L
7 . L  3 . 7
8 . 2  6 . 2

o . 2  0 . 7
2 . 5  0 . 3
2 . O  0 . 4
1 . 8  0 . 5
2 . 2  0 . 9
2 . 8  L . 4

0 . 7  < 0 . 1  0 . 4
o . 4  0 . 2  0 . 1
0 . 5  0 . 6  0  . l
0 . 8  0 . 6  0 . 6
1 . 6  1 . 9  1 . 0
L . 7  2 . O  1 . 1
L . 4  2 . 6  1 . 6

r . 2  0 . 2  0 . 4
1 . 7  0 . 8  1 . 2
L . 2  0 . 9  0 . 5
2 . 5  2 . 2  1 . 3
2 . 3  3 . 3  2 . r
1 . 1  r . 7  0 . 9
2 . L  4 . 5  1 . 9
4 . 6  5 . 9  2 . 6

0 . 4  0 . r  0 . 4
0 . 3  0 . 2  0 . 4
0 . 3  0 . 4  < 0 . 1
0 . 5  0 . 6  0 . 2
0 . 7  0 . 8  0 . 2
1 . 1  1 . 5  0 . 9

< 0 . 1  < 0 . 1  0 . 2
< 0 . 1  0 . 5  < 0 . 1

0 . 8  0 . 3  0 . 3
o . 7  0 . 3  0 . 4
1 . 1  0 . 6  1 . 3
L . 7  0 . 7  0 . 9
1 . 9  0  . 9  2 . 5

0 . 3
o . 4
0 . 5
0 . 3
1 . 1
1 . 3
1 . 0

0 . 7  0 . 3  0 . 9
L . 2  0 . 4  1 . 1
0 . 5  0 . 5  0 . 9
1 . 5  L . 2  2 . 2
2 . 2  1 . 6  2 . 3
0 " 8  1 . 0  1 . 1
1 . 8  2 . 2  2 . 5
2 . r  4 . L  3 . 1

0 . 4
0 . 6
o . 7
L . 6
2 . 2
1 . 1
2 . 5
3 . 9

L7 < 0 . 1  < 0 . 1  0 . 1  0 . 2
0 . 5  0 . 4  0 . 3  0 . 3
0 . 9  0 . 2  0 . 4  0 . 6
0 . 9  0 . 4  0 . 6  0 . 5
0 . 9  0 . 4  0 . 6  0 . 6
0 . 9  0 . 4  0 . 6  1 . 1

I

T



Table 4

Wave Heights for Exist í Conditions 0 . 0 - f t  s w l River Discha 000 cfs

T2
Gage

10
Gage

9

t .  t t
t lùave

Gage
7

Gage
I

Gage
1 lDirectlon

dee
Perlod Ileight

f r
Gage

I
Gage

3
Gage

5sec

Gage
4

279  6 .0
7 . O
8 . 0
9 . 0

10 .0

326 6.0
7 - O
8 . 0

8 . 5
9 . 0

10 .0

L7  6 .0
7 . 0
8 . 0

0 . 2  0 . 2  0 . 2
0 . 1  0 . 2  < 0 . 1
0 . 8  0 . 5  0 . 3
0 . 3  0 . 4  0 . 2
0 . 9  1 . 3  0 . 9
1 . 0  L . 2  1 . 1
1 . 6  L . 7  1 . 8

0 . 5  0 . 3  0 . 2
0 . 5  0 . 8  1 . 0
1 . 0  0 . 3  0 . 6
1 . 9  1 . 5  1 . 6
2 . 0  1 . 3  L . 7
o . 7  0 . 9  0 . 6
2 . 8  2 . 7  3 . 2
4 . 0  3 . 6  2 . 8

0 . 5  0 . 3  0 . 3
0 . 8  0 . 6  0 . 9
1 . 0  0 . 9  0 . 7
1 . 5  1 . 3  1 . 1
1 . 3  1 . 3  l . r
2 . 2  L . 7  1 . 6

0 . 3  0 . 1
0 . 1  0 . 2
0 . 3  0 . 3
0 . 3  0 . 3
0 . 5  0 . 6
0 . 6  0 . 5
1 . 6  0 . 8

0 . 3  0 . 1
0 . 8  0 . 9
0 . 3  0 . 4
1 . 0  1 . 5
1 . 5  1 . 9
0 . 7  0 . 9
2 . 5  3 . 1
3 . 8  3 . 3

0 . 2  0 . 2
0 . 5  1 . 0
0 . 3  0 . 7
0 . 8  0 . 7
1 . 0  1 . 0
1 . 6  1 . 3

< 0 . 1  < 0 . 1
o . 2  0 . 4
0 . 3  0 . 6
0 . 2  0 . 2
0 . 5  0 . 8
0 . 5  0 . 9
1 . 4  L . 2

0 . 5  0 . 6
o . 7  r . 4
0 . 2  0 . 8
2 . 2  3 . 5
2 . O  3 . 4
0 . 8  1 . 4
3 . 6  4 . 4
3 . 6  4  . 9

0 . 7  0 . 9
L . 2  2 . O
0 . 8  1 . 3
o  . 7  1 . 9
1 . 1  2 . 0
1 . 8  3 . 2

0 . 1  0 . 1  0 . 2
0 . 1  0 . 1  0 . 4
0 . 4  0 . 3  0 . 7
0 . 4  0 . 2  0 . 2
1  . 1  0 . 9  0 . 7
L . 2  0 . 9  0 . 6
1 . 3  1 . 3  1 . 6

0 . 3  0 . 2  1 . 8
0 . 5  0 . 4  2 . 6
o . 2  0 . 6  1 . 6
1 . 4  1 . 6  5 . 2
1 . 8  2 . O  3 . 8
0 . 6  L . 4  1 . 8
3 . 5  3 . 9  4 . 2
2 . 5  3 . 4  6 . 8

0 . 3  0 . 4  0 . 4
0 . 5  0 . 9  1 . 3
0 . 3  0 . 5  0 . 9
o . 7  0 . 8  1 . 1
o . 7  0 . 9  1 . 3
1 . 3  1 . 3  2 . 8

0 . 1  0 . 2
0 . 2  0 . 3
0 . 5  0 . 7
o . 4  0 . 3
1 . 0  1 . 4
L . 2  r . 4
2 . 3  2 . 2

L . 7  0 . 8
2 . 4  4 . 6
L . 7  2 . 0
5 . 4  5 . 6
5 . 5  5 . 8
2 . 5  3 . 4
6 . 9  6 . 5
7 . 7  6 . 6

0 . 3  1 . 1
1 . 0  2 . 5
L . 2  r . 4
1 . 1  2 . 2
L . 2  2 . 2
3 . 9  6 . 2

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 " 2

5 . 6
8 . 0
5 . 5

1 0 . 3
1 0 . 7
6 . 2

11 .9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L2.2

( Continued)



Table 4 (Concluded)

Test ÏJave
Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage

13 14 15 16 L7 18 19 20 21 22 23 24 25
Directlon Perl-od

deg sec
Hetght

f t

279

326

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

10 .3
LO.7
6 . 2

1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L 2 . 2

L7

0 . 7  1 . 0
0 . 8  1 . 3
1 . 0  L . 2
0 . 5  1 . 0
1 . 6  3 . 3
2 . 4  4 . 2
3 . 1  5 . 2

1 . 9  3 . 9
5 . 2  7 . L
2 . 5  4 . 6
8.6 L l .z
8 . 6  L 2 . t
4 . 3  6 . 0
9 . 2  r 2 . 2

10 .5  14 .0

2 . L  1 . 3
1 . 9  3 . 1
r . 4  r . 7
2 . L  2 . 6
2 . 6  2 . 2
6 . 3  6 . 1

1 . 3  2 . 4
1 . 9  3 . 6
r . 6  6 . 4
2 . L  3 . 7
4 . 5  8 . 6
5 . 3  1 0 . 0
6 . 3  L z . O

3 . 8  2 . 8
7 . 6  8 . 7
3 . 9  4 . 9

1 5 . 0  9 . 4
1 3  . 0  9 . 2

7 . 2  5 . 3
1 6 . 8  1 5 . 1
20 .4  22 .3

1 . 0  5 . 3
4 . 7  8 . 6
3 . 1  3 . 9
4 . 7  7 . 2
5 . 0  6 . 9

11.0 L4.g

0 . 4  0 . 5
0 . 2  0 . 3
0 . 5  0 . 5
0 . 9  0 . 7
r . 8  1 . 6
1 . 9  1 . 9
2 . 2  L . 2

0 . 8  1 . 0
1 . 3  1 . 8
1 . 0  1 . 3
2 . 8  2 . 4
3 . 8  2 . 3
2 . 2  L . 2
3 . 8  2 . 3
4 . 4  3 . 4

0 . 6  0 . 3
0 . 4  0 . 2
0 . 3  0 . 3
0 . 5  0 . 4
0 . 7  0 . 7
L . 2  0 . 8

< 0 . 1  0 . 5
0 . 1  0 . 1
0 . 6  0 . 2
0 . 5  0 . 6
1 . 6  1 . 0
1 . 8  0 . 9
2 . 4  1 . 6

0 . 3  0 . 2
0 . 5  1 . 1
L . 2  0 . 3
2 . O  r . 4
3 . 0  1 . 8
2 . 2  0 . 9
4 . 3  1 . 9
4 . 5  L . 7

0 . 1  0 . 1
o . 2  0 . 2
0 . 3  < 0 . 1
0 . 5  0 . 2
0 . 8  0 . 3
L . 2  0 . 5

0 . 8
0 . 8
1 . 4
1 . r
2 . 3
3 . 6
2 . 8

3 . 5
6 . 0
3 . 1
6 . 1
6 . 2
4 . 6
6 . 5
8 . 2

0 . 3
L . 4
L . 7
1 . 6
2 . 2
2 . 5

< 0 . 1  < 0 . 1  < 0 . 1  0 . 2
0 . 1  0 .  3  0 . 1  0 . 4
0 . 8  0 . 3  0 . 3  0 . 6
o . 7  0 . 2  0 . 4  0 . 3
1 . 0  0 . 6  I . 2  0 . 9
L . 7  0 . 7  1 . 0  1 . 1
1 . 9  1 . 0  2 . 2  1 . 1

0 . 4  0  . 7  0 .  3  0 . 5
1 . 0  L . 2  0 . 9  1 . 1
0 . 7  0 . 2  0 . 5  1 . 0
2 . O  1 . 5  L . 2  2 . 4
2 . 3  1 . 5  1 . 9  2 . 3
1 . 4  0 . 7  1 . 5  r . 4
2 . 7  2 . O  2 . r  2 . 6
2 . 9  1 . 5  2 . 9  2 . 6

< 0 . 1  < 0 . 1  < 0 . 1  0 . 1
0 . 2  0 . 2  0 . 2  0 . 3
0 . 7  0 . 1  0 . 4  0 . 4
o . 7  0 . 3  0 . 6  0 . 4
0 . 8  0 . 4  0 . 7  0 . 4
0 . 8  0 . 3  0 . 6  0 . 9

ì
i
¡
I



Table 5

I,Iave IIe ts for Exist i Conditions + 2 . 6  f t swl RÍver Dischar 800 cfs

t Wave I,Iave IIe t .  t t
Gage Gage Gage

7Direct Íon
deg

279

326

Per iod
sec

6 . 0
7 . o
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

9 . 5

IIef-ght
f t

Gage
I

Gage
4

Gage
3

Gage
8

Gage
9

Gage
10

Gage
11

Gage
L2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

1 0 . 3
1 0 . 7
6 . 2

1 1 . 9
L3"7

4 . 7
7 " 3
5 . 1
8 . 9
9 . 8

L 2 . 2

0 . 5  0 . 2
o . 4  0 . 4
1 . 2  0 . 9
0 . 4  0 . 6
2 . 5  L . 6
3 . 2  2 . 5
2 . O  2 . 7

0 . 8  0 . 5
0 . 6  0 . 8
0 .  8  0 . 7
t . 7  1 . 8
2 . 5  2 . O
1 . 6  0 . 9
5 . 4  4 . 6
5 . 9  4 . 9

0 . 3  0 . 5
0 . 9  1 . 1
o . 7  0 . 9
L . 7  L . 4
1 . 8  l . l
4 . 2  3 . 8

0 . 3  0 . 3
o . 4  0 . 4
0 . 8  0  . 7
0 . 8  0 . 8
L . 7  1 . 3
2 . 0  L . 4
3 . 2  2 . 3

0 . 3  0 . 4
0 . 8  1 . 0
0 . 8  0 . 5
1 . 6  L . 4
2 . 5  1 . 9
1 . 9  1 . 3
6 . 1  3 . 9
5 . 4  8 . 1

o . 4  0 . 3
r . 2  0 . 9
1 . 0  0 . 6
1 . 5  1 . 0
L . 4  1 . 0
3 . 0  3 . 2

0 . 2  < 0 . 1
0 . 5  0 . 2
0 . 8  0 . 5
0 . 4  0 . 2
0 . 7  1 . 0
1 . 3  L . 2
L . 7  2 . O

0 . 2  0 . 8
1 . 1  1 . 3
0 . 4  0 . 4
3 . 2  3 . 6
3 . 3  3 . 5
1 . 5  L . 7
3 . 5  3 . 9
4 . 7  4 . 5

0 . 4  L . 2
1 . 2  L . 2
L . 2  2 . 2
L . 7  3 . 2
1 . 6  2 . 8
2 . L  2 . 5

0 . 3  < 0 . 1
0 . 5  0 . 5
0 . 9  0 . 8
0 . 4  0 . 7
L . 2  1 . 8
1 . 3  2 . 4
1  . 9  2 . L

L . 4  0 . 3
2 . 5  0 . 9
o . 7  0 . 9
5 . 0  2 . 7
4 . 7  2 . 4
L . 2  1 . 6
5 . 0  5 . 5
5 . 2  5 . 8

L . 4  0 . 5
2 . 8  0 . 9
2 . 2  0 . 6
3 . 4  0 . 9
2 . 9  1 . 1
4 . 2  2 . L

0 . 3  0 . 4  1 . 0
0 . 8  0 . 7  2 . 4
0 . 6  L . 4  2 . 8
L . 7  3 . 0  4 . 2
L . 7  3 . 0  3 . 6
2 . 6  3 . 5  4 . 5

0 . 1  0 . 1  < 0 . 1  0 . 2
o . 4  0 . 4  0 . 2  0 . 6
o . 7  0 . 5  0 . 9  0 . 8
0 . 5  0 . 4  r . 2  0 . 6
1 . 0  1 . 3  2 . 3  2 . 2
L . 4  1 . 1  1 . 9  1 . 8
2 . 2  1 . 9  2 . 0  2 . L

o . 7  L . 2  1 . 9  3 . 8
0 . 5  2 . 4  2 . r  4 . L
0 . 8  2 . 0  2 . 2  2 . L
2 . 6  4 . 3  5 . 3  5 . 7
4 . 0  3 .  3  4 . 7  5 . 5
2 . 0  1 . 6  3 . 8  2 . 7
4 . 5  5 . 1  7 . 0  5 . 7
5 . 6  6 . 7  7 . 7  6 . 1

LI
0 . 4
0 . 9
0 . 6
1 . 8
0 . 9
2 . 5

( Conttnued)



Table 5 (Concluded)

Test I,Iave llave Heieht f r
Per iod

sec
Iteight

f r
Gage
L4

Gage
15

Gage
16

Gage
L7

Gage
18

Gage
L 9

Gage
20

Gage
13

Gage Gage
2L  22

Gage Gage
24 25

Gage
23

Dlrect lon
deg

2 7 9

326

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
7 . O
8 . 0

8 . 5
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

1 0 . 3
L0.7
6 . 2

1 1 . 9
l-3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

T 2 . 2

0 . 5  1 . 0
1 . 3  L . 7
1 . 8  L . 4
L . 2  L . 4
3 . 3  3 . 5
2 . 3  5 . 5
2 . 9  7 . 8

3 . 2  4 . 6
6 . 1  7 . 2
3 . 3  4 . 9
8 . g  1 2 . 9
9 . 2  1 1 . 5
4 . L  5 . 7
9 . 0  1 3  . 8
9.6 L2.2

1 . 5  2 . 6
3 . 0  3 . 3
2 . 8  2 . 8
4 . 3  4 . 3
4 . L  6 . 0
5 . 5  6 . 2

1 . 0  2 . 9
1 . 9  3 . 6
L . 4  5 . 6
2 . 7  5  . 6
4 . 6  7 . 4
5  . 6  r 0 . 5
7 . L  1 1 . 9

3 . 9  3 . 3
7 . 8  9 . 2
6 . 4  5 . 0

1 8 . 0  L 2 . g
L7 .8  L2 .4
6 . 2  5 . 1

2I .4  20.6
2 L . 3  2 3 . 0

2 . 3  6 . 3
5 . 6  9 . 7
4 . 5  5 .  6
6 . 4  7 . 9
7 . L  7 . 2

10.4 21.5

0 . 9  0 . 7
0 . 5  0 . 2
r . 2  L . 4
0 . 5  1 . 3
1 . 6  1 . 6
2 . 0  3 . 4
4  . 6  4 . 0

2 . O  L . 4
3 . 2  1 . 1
2 . 8  1 . 1
6 . 6  4 . 6
6 . 9  4 . 9
2 . 7  2 . 3
8 . 0  6 . 3
9 . 7  6 . 9

L . 2  0 . 4
r . 2  0 . 9
1 . 3  0 . 6
2 . 6  1 . 3
1 . 9  L . 4
3 . 4  2 . 3

0 . 9  0 . 4  < 0 . 1
0 . 5  0 . 3  0 . 1
0 . 6  r . 1  0 . 9
1 . 0  1 . 1  0 . 6
1 . 5  1 . 9  L . 7
2 . 3  2 . 5  2 . O
2 . 6  4 . 2  1 . 5

0 . 3  0 . 3  0 . 3
0 . 5  0 . 7  0 . 5
0 . 6  1 . 1  0 . 9
3 . 8  3 . 9  2 . 7
3 . 0  5 . 4  2 . 5
1 . 0  2 . 9  1 . 5
3 . 4  4 . 9  2 . 9
5 . 4  6 . 6  3 . 1

0 . 3  0 . 4  0 . 2
0 . 3  0 . 3  0 . 3
0 . 4  0 . 5  0 . 9
0 . 5  0 . 7  0 . 9
0 . 5  0 . 7  0 . 5
2 . 0  2 . 3  1 . 5

o . 2  0 . 1  0 . 2
0 . 4  0 . 4  0 . 4
0 . 4  0 . 4  0 . 9
0 . 4  0 . 9  0 .  g
1 . 1  L . 4  l . g
L . 4  L . 2  2 . 3
L . 2  2 . 4  2 . 4

0 . 4  0 . 6  1 . 3
1 . 3  0  . 3  L . 6
0 . 5  0 . 6  1 . 1
1 . 9  2 . L  3 . 1
3 . 6  3  . 0  4 . 9
r . 0  1 . 0  L . g
3 .  8  4 . 3  4 . 9
2 . 6  4 . 2  4 . r

0 . 1  0 . 1  0 . 6
0 . 9  0 . 4  0 . 4
0 . 4  0 . 3  0 . 6
0 . 8  0 . 9  1 . 1
0 . 8  0  . 7  1 . 1
0 . 7  L . 7  1 . 9

o . 4
0 . 4
0 . 8
0 . 5
1 . 2
L . 4
3 . 2

0 . 8
0 . 7
0 . 7
2 . 4
2 . 9
1 . 8
3 . 0
4 . 8

0 . 2
0 . 5
0 . 5
0 . 9
o . 7
2 . 1

L7



Table 6

Irlave He ts for Exist i Conditions +2.6  f t  sw l River Discha 000 c fs

t l{ave I{ave He f t

Gage Gage
5

Direct ion
deg

Per iod
sec

IIef-ght
f t

Gage
1

Gage
2

Gage
4

Gage
8

Gage
9

Gage
10

Gage
3

Gage
11

Gage
L2

279 6.0
7 . O
8 . 0
9 . 0

10 .0

326 6.0
7 - 0
8 . 0

8 . 5
9 . 0

10 .0

L 7  5 . 6
7 . 0
8 . 0

0 . 5  0 . 1  0 . 3
0 . 3  0 . 4  0 . 4
r . 2  0 . 7  0 . 6
0 . 5  0 . 4  1 . 0
2 . 0  1 . 8  L . 7
3 . 0  2 . 5  2 . 2
2 . 8  2 . 8  2 . 7

o . 4  0 . 3  0 . 3
o . 7  0 . 9  0 . 9
0 . 8  0 . 9  0 . 6
2 . O  2 . 0  L . 7
2 . 6  2 . 6  2 . 8
1 . 6  1 . 3  2 . 0
6 . 2  4 . 9  5 . 6
6 . 3  5 . 7  5 . 6

< 0 . 1  0 . 3  0 . 2
0 . 6  L . 2  1 . 0
0 . 8  0  . 7  0 . 8
1 . 5  L . 4  r . 4
1 . 8  L . 7  1 . 6
4 . 4  4 . 9  3 . 7

0 . 2  < 0 . 1  0 . 1
0 . 4  0 . 2  0 . 5
0 . 5  0 . 4  0 . 6
0 . 6  0 . 3  0 . 3
0 . 8  0 . 9  L . 2
1 . 6  1 . 3  1 . 5
L . 7  2 . 1  1 . 9

0 . 2  0 . 4  0 . 4
0 . 8  0 . 7  0 . 7
0 . 6  0 . 4  0 . 7
3 . 0  3 . 0  4 . 6
3 . 2  4 . 1  4 . 4
L . 2  L . 6  1 . 3
3 . 7  4 . 3  4 . 7
4 . 6  4 . 5  6 . 3

0 . 2  l . l  1 . 1
1 . 1  0 . 9  2 . 8
0 . 9  1 . 8  2 . 5
1 . 6  2 . 8  3 . 3
1 . 5  2 . L  3 . 0
3 . 1  2 . 8  4 . 6

0 . 2  0 . 2
0 . 5  0 . 4
0 . 8  0 . 6
0 . 6  0 . 5
2 . 2  0 . 9
2 . 6  L . 4
2 . 0  2 . 5

0 . 3  0 . 6
0 . 8  0 . 9
0 . 6  0 . 6
2 . 7  2 . 4
2 . 5  4 . t
o . 7  1 . 5
4 . 9  4 . 6
6 . 5  5 . 6

o . 2  0 . 3
0 . 6  0 . 5
0 . 8  0 . 7
1 . 1  1 . 6
1 . 5  r . 6
2 . 8  2 . 2

o . 2  0 . 1  0 . 5
0 . 3  0 . 1  0 . 3
0 . 7  0 . 9  1 . 0
0 . 5  1 . 0  0 . 5
0 . 7  2 . L  2 . 0
1 . 5  L . 2  1 . 1
1 . 6  2 . 6  2 . L

1 . 5  3 . 2  4 . 4
1 . 8  2 . 2  3 . 6
2 . 7  2 . 4  3 . 0
6 . 2  7 . O  6 . 9
4 . 1  6 . 0  6 . 7
2 . 4  4 . L  3 . 4
6 . 4  7 . 8  6 . 0
7 . 9  8 . 7  6 . 7

0 . 2  < 0 . 1  0 . 9
0 . 6  0 . 8  2 . L
0 . 5  1 . 5  2 . 5
L . 7  2 . 4  3 . 7
2 . 0  1 . 8  3 . 4
2 . 7  2 . 9  4 . 5

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

1 0 . 3
10.  7
6 . 2

1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L 2 . 2

0 . 3
0 . 4
0 . 8
0 . 8
1 . 6
1 . 6
2 . 5

0 . 3
0 . 9
0 . 4
1 . 6
2 . L
l . l
3 . 3
6 . 6

0 . 3
0 . 9
0 . 6
1 . 1
0 . 9
3 . 3

(Continued)
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Table 6 (Concluded)

Test l{ave tr{ave Heísht
DlrectLon Period

deg sec
Helght

f t
Gage
13

Gage
15

Gage
L6

Gage
L7

Gage
L 9

Gage
2 0

Gage
18

Gage
I4

Gage Gage
2L  22

Gage Gage Gage
23  24  25

279

326

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

5 . 6
7 . 0
8 . 0

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

10 .3
1 0 . 7
6 . 2

1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L 2 . 2

o . 2  L . 2
1 . 1  1 . 3
1 . 9  1 . 3
1 . 3  L . 4
2 . 8  4 . 2
1 . 5  5 . 0
2 . 5  5 . 8

3 . 5  4 . 4
4 . 6  6 . 2
3 . 8  5 . 6

1 0 . 6  1 3 . 9
8 . 6  r 2 . 7
5 . 0  6 . 4
9 .5  L4 . r
9 . 9  1 3 . 1

0 . 7  2 . L
2 . 9  3 . 0
2 . 6  2 . 6
4 . L  5 . 0
4 . 0  5 . 6
5 . 3  7 . 0

L . 2  2 . 7
1 . 6  3 . 7
L . 2  3 . 5
2 . 8  5 . 5
4 . 4  8 . 3
6 . 3  1 0 . 9
6 . 9  1 1 . 5

3 . 7  3 . 3
6 . 8  8 . 9
7 . 2  4 . 6

18 .6  L4 . ' L
20 .6  13 .6
7 . 4  6 . 4

20 .7  22 .L
1 9 . 1  2 5  . O

1 . 8  5 . 5
4 . 9  1 0 . 6
4 . L  5 . 0
5 . 3  7 . 3
6 . 3  8 . 1
9 . 2  2 2 . 8

0 . 9  1 . 0
0 . 2  0 . 5
0 . 8  0 . 4
L . 4  0 . 9
L . 7  1 . 5
3 . 4  2 . 2
4 . 2  2 . 3

1 . 0  0 . 3
1 . 3  0 . 7
1 . 1  0 . 8
4 . 9  3 . 7
6 . 0  3 . 3
3 . 1  1 . 5
6 . 3  3 . 7
7 . L  5 . 6

0 . 1  < 0 . 1
0 . 8  0 . 3
0 . 7  0 . 3
L . 4  0 . 5
L . 4  1 . 0
2 . 0  l . g

0 . 5  < 0 . 1  0 . 4
o . 2  0 . 2  0 . 4
0 . 7  0 . 5  0 . 5
1 . 0  0 . 5  0 . 6
2 . L  1 . 5  0 . 9
2 . 0  1 . 9  1 . 6
4 . 3  1 . 1  3 . 3

0 . 9  0 . 3  0 . 3
0 . 8  0  . 7  0 . 6
1 . 0  1 . 1  0 . 4
4 . L  3 . 2  2 . 9
5 . 2  2 . 5  3 . 6
3 . 3  1 . 8  l . g
5 . 2  2 . 0  3 . 3
6 . 7  3 . 2  4 . 9

0 . 2  < 0 . 1  < 0 . 1
0 . 3  0 . 2  0 . 3
0 . 4  0 . 6  0 . 5
0 . 7  0 . 6  0 . 9
1 . 1  0 . 4  1 . 1
2  . ' L  1 . 3  1 . 9

0 . 2  0 . 1  0 . 2
o . 4  0 . 3  0 . 5
0 . 5  0 . 4  0 . 6
0 . 4  0 . 9  0 . 9
1 . 3  1 . 0  L . 7
L . 2  1 . 3  2 . 4
r . 3  3  . 1  2 . 2

0 . 8
0 . 5
1 . 1
0 . 7
L . 7
1 . 8
3 . 0

2 . 6
4 . 3
3 . 4
6 . 7
7 . 2
3 . 1
7 . 6
9 . 7

0 . 6
L . 2
0 . 8
2 . 4
1 . 5
3 . 2

0 . 2  0 . 3
t . 2  0 . 9
0 . 5  0 . 8
2 . 2  2 . 4
4 . r  3 . 3
0 . 9  0 . 9
2 . 9  4 . 5
2 . 7  4 . 4

1 . 0
1 . 9
L . 2
3 . 5
4 . 6
2 . 3
4 . ' L
4 . 4

L7 0 . 1  < 0 . 1  0 . 5
0 . 6  0 . 3  0 . 5
0 . 4  0 . 4  0 . 6
0 . 9  0 . 7  1 . 1
0 . 8  0 . 8  1 . 1
0 . 6  t . 7  L . 7



Table 7

Wave He ts for Exist in Conditions +4.8 f t  swl River DÍscha 800 c fs

ave lleishtt ï{ave

Direction Period Gage Gage Gage
1 3

Ilelght
f t

Gage
L2

Gage
10

Gage
8

Gage
4

Gage
5

Gage
6

Gage
7

Gage
11

deg 2

279  6 .0
7 - 0
8 . 0
9 . 0

10 .0

326  6 .0
7 - O
8 . 0

9 . 0

10 .0

L 7  6 . 0
7 . 0
8 . 0

9 . 5

0 . 2  0 . 1
o . 4  0 . 4
0 . 8  L . 4
0 . 8  0 . 7
4 . 4  2 . L
3 . 3  3 . 0

0 . 9  0 . 4
1 . 1  2 . 3
o . 7  1 . 1
2 . 5  4 . O
3 . 6  1 . 9
5 . 1  5 . 6
5 . 8  6 . 8

0 . 8  0 . 8
1 . 3  2 . 0
1 . 9  1 . 8
1 . 2  1 . 9
5 . 6  6 . 7

0 . 3  0 . 5
0 . 4  0 . 3
1 . 0  0 . 6
1 . 8  0 . 8
3 . 6  2 . 5
3 . 5  3 . 0

0 . 3  0 . 5
1 . 8  L . 7
0 . 6  0 . 5
4 . L  3 . 4
2 . 1  L . 4
7  . 3  5 . 3
9 . 1  9 . 4

0 . 5  0 . 1
0 . 6  0 . 9
L . 4  0 . 5
2 . 2  1 . 5
6 . 7  7 . 0

o . 2  0 . 1
0 . 4  0 . 2
0 . 6  0 . 6
0 . 4  0 . 3
1 . 8  L . 7
3 . 3  3 . 9

0 . 6  0 . 5
1 . 3  L . 7
1 . 0  1 . 0
3 . 2  3 . 4
1 . 6  1 . 5
6 . 0  5 . 1
5 . 8  6 . 1

0 . 9  1 . 5
0 . 7  r . 7
1 . 9  1 . 6
1 . 9  2 . 4
4 . 4  4 . 2

0 . 3  0 . 3
o . 4  0 . 5
0 . 8  1 . 1
0 . 8  0 . 4
2 . 4  1 . 8
3 . 6  2 . 7

1 . 5
3 . 1
1 . 3
3 . 5
2 . L
5 . 2
7 . 3

< 0 . 1  0 . 1
o . 2  0 . 4
0 . 6  0 . 6
0 . 7  0 . 6
2 . 2  L . 7
3 . 0  1 . 3

0 . 3  0 . 3
0 . 3  0 . 5
1 . 3  1 . 0
0 . 7  0 . 9
2 . L  2 . 6
2 . 6  2 . 9

2 . 7  4 . 6
3 . 4  4 . 8
2 . 0  2 . 3
4 . 7  5 . 1
2 . 6  3 . 4
7 . 4  8 . 2
8 . 9  8 . 1

o . 7  0 . 9
L . 7  3 . 4
1 . 1  2 . 4
3 . 8  3 . 4
4 . 8  6 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

10 .3
6 . 2

1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
9 . 8

L 2 . 2

0 . 5  0 . 7  3 . 2
1 . 9  2 . O  3 .  6
0 . 8  0 . 8  1 . 6
4 . 4  4 . 2  3 . 2
2 . 0  1 . 8  2 . 3
7  . L  5 . 6  5 . 8
7 . 6  7 . O  7 . 3

2 . r  0 . 3  1 . 0  0 . 1
2 . 9  1 . 5  1 . 8  1 . 8
2 . 2  1 . 6  L . 2  r . 4
3 . 0  1 . 8  1 . 8  1 . 3
6 . 0  7 . L  4 . 2  3 . 5

(Continued)
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Table 7 (Concluded)

Test I'Iave I'Iave HeÍeht f r
Period

sec
Helght

f t
Gage
13

Gage
74

Gage
15

Gage
16

Gage
L7

Gage
18

Gage
1 9

Gage
20

Gage Gage
2 L  2 2

Gage
25

Gage
24

Gage
2 3

DlrectLon
deg

279

326

6 . 0
7 . O
8 . 0
9 . 0

1 0 . 0

6 . 0
7 , 0
8 . 0

9 . 0

10 .0

6 . 0
7 . 0
8 . 0

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

1 0 . 3
6 . 2

1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
9 . 8

L 2 . 2

0 . 5  1 . 5
1 . 3  2 . 5
1 . 6  2 . 9
1 . 1  1 . 0
3 . 7  4 . 7
3 . 3  9 . 1

5 . 3  6 . 0
5 . 7  7 . 6
3 . 8  4 . 9
9 . 3  1 1 . 9
4 . 4  6 . 2

1 0 . 1  1 2 . 3
LL.7 L4.4

0 . 9  2 . 9
3 . 2  4 . 9
2 . 8  2 . 7
4 . 8  5 . 9
6 . 8  g . g

0 . 6  L . 4
3 . 0  2 . 6
3 . 0  5 . 3
2 . L  5 . 1
6 . 4  1 3 . 1
7 .7  L3 .4

5 . 0  4 . 6
8 . 1  9 . 6
5 . 5  3 . 0

1 5 . 9  L 2 . 3
6 . 7  5 . 1

1 8 . 7  L 7 . 4
18.3 26.2

4 . 2  3 . 9
6 . 9  9 . 3
4 . 2  4 . 3
7 . 4  1 0 . 6

1 1 . 9  2 4 . 0

0 . 9  0 . 3
2 . L  1 . 1
2 . 8  2 . 3
r . 7  1 . 3
2 . 0  4 . 7
2 . 8  5 . 7

2 . L  1 . 9
5 . 0  1 . 9
3 . 7  1  . 1
8 . 2  5 . 1
4 . 8  2 . 7
8 . 9  6 . 6
8 . 5  9 . 1

1 . 3  0 . 8
1 . 0  1 . 5
o . 7  1 . 3
3 . 1  2 . 5
4 . 4  3 . 3

0 . 6  0 . 5
0 . 7  0 . 3
1 . 3  1 . 6
0 . 4  0 . 9
2 . 9  5 . 7
4 . 1  6 . 1

0 . 4  0 . 9
1 . 5  I . 2
0 . 9  1 . 9
3 . 4  4 . 9
2 . 3  3 . 0
5 . 3  5 . 7
5 . 4  7 . 0

0 . 4  0 . 6
0 . 6  L . 2
0 . 9  1 . 0
L . 7  1 . 6
2 . 4  3 . 9

0 . 3  0 . 3  0 . 4
0 . 3  0 . 9  o . 4
0 . 6  1 . 6  L . 2
0 . 7  0 . 9  0 . 5
3 . 1  4 . 4  2 . L
4 . 3  6 . 1  2 . 9

1 . 8  0 . 7  1 . 1
L . 4  1 . 3  3 . 0
0 . 9  1 . 3  0 . 3
2 . 5  4 . O  2 . L
2 . 2  L . 7  2 . 9
4 . 5  5 . 3  5 . 4
5 . 5  6 . 0  5 . 9

0 . 8  0 . 5  0 . 1
0 . 5  0 . 6  1 . 1
0 . 7  0 . 7  0 . 5
1 . 8  L . 4  1 . 0
2 . 4  3 . 1  L . 7

0 . 2  0 . 2
0 . 4  0 . 9
L . 4  1 . 5
0 . 6  0 . 9
1 . 8  3 . 0
4 . 7  3 . 1

1 . 0  0 . 9
L . 2  L . 7
0 . 6  1 . 6
3 . 7  5 . 9
L . 6  3 . 6
5 . 5  6 . 3
6 . 0  5 . 5

0 . 3  0 . 5
0 . 6  1 . 6
0 . 4  L . 4
L . 2  2 . 5
3 . 9  3 . 4

L7

I

I



Table I

I{ave He ts for Exist l Conditions +4.8  f t  sw1 River Discha 000 c fs

Test Wave Wave He
Gage GageDirection Perlod

dee sec

279  6 .0
7 . 0
8 . 0
9 . 0

10 .0

326 6.0
7 . O
8 . 0

9 . 0

10 .0

17  6 .0
7 . 0
8 . 0

9 . 5

I letght
f r

Gage
I

Gage
2

Gage
3

Gage
4

Gage
I

Gage
9

Gage
10

Gage
11

Gage
L2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

1 0 . 3
6 . 2

1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
9 . 8

L 2 . 2

0 . 3  < 0 . 1  0 . 3
0 . 5  0 . 5  0 . 5
0 . 7  1 . 6  1 . 1
0 . ' 7  0 . 7  L . 7
4 . 7  2 . 3  4 . 0
3 . 5  2 . 6  3 . 5

0 . 6  0 . 6  0 . 2
1 . 1  2 . L  L . 7
o . 7  1 . 1  0 . 4
3 . 0  3 . 1  4 . 8
3 . 3  1 . 8  2 . L
4 . 6  5 . 7  7 . 8
5 . 3  6 . 0  7 . 3

o . 7  0 . 6  0 . 4
1 . 3  1 . 8  0 . 9
1 . 9  L . 7  1 . 3
L . 4  2 . O  1 . 9
7 . 2  7 . O  1 0 . 9

0 . 4  0 . 1
0 . 4  0 . 5
0 . 5  0 . 5
0 . 7  0 . 4
2 . 4  2 . L
3 . 7  3 .  6

0 . 7  0 . 4
L . 7  L . 7
0 . 4  0 . 8
2 . 7  3 . 7
1 . 3  1 . 3
6 . 5  5 . 7
8 . 0  6 . 2

o . 2  0 . 7
0 . 9  0 . 6
0 . 8  2 . L
1 . 5  2 . r
6 . 7  6 . 2

0 . 2  0 . 2
0 . 4  0 . 4
0 . 5  0 . 8
o . 2  0 . 9
r . 7  2 . 4
3 . 9  3 . 5

0 . 6  0 . 5
1 . 3  2 . 2
0 . 7  L . 4
3 . 4  2 . 9
L . 2  1 . 8
4 . 2  4 . 6
6 . 3  6 . 6

r . 4  1 . 8
1 . 9  2 . 8
1 . 8  2 . 4
2 . 7  2 . 2
4 . 8  6 . 2

0 . 3  < 0  . l
0 . 3  0 . 3
0 . 7  0 . 7
0 . 3  0 . 7
2 . 3  2 . 0
2 . 8  2 . 9

0 . 7  0 . 7
1 . 5  1 . 5
0  . 9  0 . 7
4 . L  3 . 8
1 . 9  2 . 2
7 . 8  5 . 7
7 . 2  6 . 4

0 . 3  1 . 1
1 . 5  0 . 9
L . 2  1 . 1
2 . L  2 . L
7 . L  4 . 1

0 . 4  < 0 . 1  0 . 4
o . 4  0 . 3  0 . 6
0 . 6  1 . 1  1 . 1
0 . 5  0 . 8  0 . 7
L . 7  2 . 2  1 . 9
1 . 5  2 . 7  3 . 0

r . 9  2 . 9  4 . O
3 . 9  3 . 4  5 . 3
2 . 4  2 . 5  3 . 5
3 . 9  5 . 2  6 . 0
2 . 2  3 . 1  3 . 6
6 . 9  6 . 9  6 . 9
7 . 9  8 . 9  8 . 0

0 . 5  0 . 4  0 .  7
1 . 3  1 . 1  2 . O
L . 6  0 . 9  2 . L
1 . 1  2 . 9  2 . 0
3 . 7  4 . 3  6 . 4

(Continued)



Table 8 (Concluded)

Test Irlave hlave Heíeht f r
DLrectlon Period

sec
Hetght

f t
Gage
13

Gage
L4

Gage
I5

Gage
L6

Gage
L7

Gage
18

Gage
L9

Gage
20

Gage
2 I

Gage
2 2

Gage Gage
23  24

Gage
25deg

2 7 9

326

6 . 0
7 . 0
8 . 0
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0

9 . 0

10.0

6 . 0
7 . 0
8 . 0

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

1 0 . 3
6 . 2

11 .9
L3.7

4 . 7
7 . 3
5 . 1
9 . 8

L 2 . 2

L7

0 . 2  1 . 6
1 . 5  1 . 9
1 . 6  2 . 7
0 . 8  1 . 3
3 . 9  4 . 9
3 . 5  6 . 2

4 . 3  5 . 6
6 . 1  7  . g
4 . 7  5 . 7
8 . 9  1 2 . 0
4 . 6  6 . 3

10.1 L2.9
10.4 L4.6

0 . 7  1 . 8
2 . 7  4 . 4
2 . 6  2 - . 4
3 . 9  6 . 0
5 . 8  1 0  . 0

1 . 0  r . 2
2 . 6  2 . 4
2 . 2  4 . 4
1 . 8  5 . 2
4 . 7  1 3 . 3
5 . 9  L z . O

3 . 5  4 . 8
9 . 1  9 . 0
7 . L  4 . 9

L7.2 LL.2
7  . 4  5 . 9

1 8 . 5  2 4 . 7
1 8 . 5  2 4 . 0

2 . 6  4 . 0
6 . 2  g . g
3 . 7  5 . 2
6 . 5  9 . 3

L2 .5  25 .0

0 . 4  0 . 8
1 . 0  0 . 7
r . 7  0 . 9
0 . 9  0 . 5
4 . 4  2 . 7
5 . 3  3 . 7

0 . 8  0 . 3
2 . 0  2 . 2
1 . 3  1 . 1
4 . 4  3 . 2
2 . 4  1 . 6
7  . 0  5 . 8
9 . 0  4 . 8

0 . 3  0 . 2
1 . 9  0  . 7
L . 4  0 . 9
2 . 4  r . 7
3 . 9  3 . 0

0 . 5  0 . 6
0 . 4  0 . 3
1 . 9  0 . 5
0 . 6  0 . 6
5 . 2  3 . 9
4 . 9  3 . 4

t . 2  1 . 5
1 . 3  L . 4
1 . 5  0 . 9
4 . 6  2 . 2
3 . 4  2 . L
7 . L  4 . 6
7 . 4  6 . 3

0 . 4  0 . 9
1 . 0  0 . 4
0 . 6  0 . 7
L . 7  L . 7
3 . 4  L . g

0 . 4  0 . 4
0 . 9  0 . 9
0 . 8  1 . 1
0 . 6  0 . 3
5 . 0  2 . L
6 . 8  2 . 6

0 . 8  0 . 9
1 . 9  t . 7
1 . 3  0 . 5
4 . 2  2 . 3
r . 4  2 . 9
5 . 8  5 . 5
7 . L  5 . 7

0 . 5  0 . 2
1 . 0  1 . 1
1 . 0  0 . 5
L . 4  1 . 0
2 . 7  L . 7

0 . 2  0 . 3
0 . 6  0 . 7
L . 4  1 . 1
0 . 7  0 . 7
2 . 2  2 . 9
6 . 0  3 . 6

0 . 9  0 . 9
L . 2  2 . 7
0 . 9  2 . 0
2 . 5  6 . 3
I  . 1  3 . 7
3 . 6  6 .  3
5 . 9  6 . 3

0 . 3  0 . 6
0 . 9  L . 2
0 . 5  1 . 6
1 . 1  2 . 6
3 .  8  3 . 9

0 . 5
1 . 8
1 . 5
1 . 6
L . 7
2 . 9

2 . L
5 . 0
4 . 4
7 . 8
4 . 2
8 . 7
9 . 6

1 . 5
0 . 8
1 . 0
2 . 2
3 . 1



Table 9

I{ave Heights for Fair-I ' leather Plans 1-1C for l{aves

326 deg, +2.6 f t  sw1, Rlver Dlscharge 800 cfs

t l.Iave I,lave lle r .  f t
Gage Gage Gage

5Plan
Period

sec

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

1 0 . 0

Itetght
f t 4

Gage Gage
1 2

Gage
8

Gage
6

Gage
7

1A

5 . 6
8 . 0
5 . 5

1 0 . 3
1 0 . 7

6 . 2
1 1 . 9
13.7

5 . 6
8 . 0
5 . 5

1 0 . 3
1 0 . 7

6 . 2
1 1 . 9'L3.7

5 . 6
8 . 0
5 . 5

1 0 . 3
1 0 . 7
6 . 2

1 1 . 9
Lï.7

5 . 6
8 . 0
5 . 5

1 0 . 3
1 0 . 7

6 . 2
1 1 . 9
L3.7

0 . 5  0 . 3
1 . 5  1 . 9
0 . 8  0 . 7
2 . 9  2 . 2
3 . 1  2 . 2
1 . 1  1 . 3
4 . 7  3 . 5
6 . 3  6 . 1

0 . 4  0 . 4
1 . 5  L . 4
0 . 9  0 . 4
2 . L  2 . 3
3 . 5  3 . 4
1 . 6  2 . 0
5 . 1  6 . 1
6 . 5  6 . 7

0 . 4  0 . 6
0 . 8  0 . 8
0 . 9  0 . 6
2 . 0  1 . 9
2 . r  L . 7
1 . 5  L . 4
3 . 8  3 . 8
4 . 9  5 . 6

0 . 5  0 . 3
0 . 9  1 . 3
0 . 9  0 . 9
r . 4  1 . 9
2 . 9  2 . 6
2 . 0  1 . 5
4 . 2  4 . 4
3 . 8  6 . L

0 . 3  0 . 3
1 . 0  1 . 0
0 . 6  0 . 5
2 . 0  1 . 5
2 . 6  2 . 4
L . 7  1 . 3
5 .  1  4 . 4
4 . 6  5 . 8

o . 2  0 . 6
1 . 3  I .  L
0 . 4  0 . 2
2 . 1  2 . 3
L . 9  2 . 6
2 . 3  1 . 8
5 . 2  4 . 2
7 . 0  5 . 9

0 . 5  0 . 6
0 . 8  L . 4
0 . 4  0 . 4
1 . 6  1 . 5
2 . L  1 . 8
L . 4  0 . 9
3 . 7  2 . 6
5 . 0  4 . 3

0 . 4  0 . 4
1 . 0  L . 2
o . 2  0 . 3
L . 7  1 . 3
3 . 0  2 . 5
2 . L  t . 2
5 . 6  3 . 8
6 . 8  5 . 8

0 . 3  0 . 5
1 . 1  1 . 1
0 . 5  0 . 3
2 . 7  3 . 2
3 . 5  3 . 8
1 . 0  L . 2
3 .  8  4 . 2
4 . 5  4 . 6

0 . 4  0 . 7
1 . 0  1 . 0
0 . 8  0 . 5
2 . 0  1 . 9
4 . 6  3 . 9
1 . 5  1 . 6
5 . 5  4 . 8
5 . 7  5 . 5

0 . 6  0 . 6
1 . 0  0 . 6
0 . 8  0 . 6
3 . 1  2 . L
2 . 2  2 . 8
0 . 4  L . 4
4 . 5  5 . 6
4 , 6  5 . 6

1 . 9  0 . 5
2 . 2  0 . 7
2 . 2  0 . 4
5  . 3  2 . 7
5 . 7  3 . 3
1 . 3  1 . 3
5 . 9  3 . 5
5 . 8  4 . 5

2 . 0  0 . 5
3 . 0  1 . 0
1 . 3  0 . 4
4 . 9  2 . 7
6 . 0  2 . 9
2 . 2  L . 2
6 . 2  4 . 9
7  . L  6 . 3

L . 7  0 . 5
2 . 6  1 . 0
1 . 6  0 . 9
5  . 8  2 . 1
5 . 4  2 . 7
0 . 9  1 . 6
7 . 5  3 . 9
7 . 0  4 . 4

IB

1C 0 . 4
0 , 7
0 . 9
3 . 5
3 . 7
1 . 5
3 . 9
5 . 7

0 . 8  1 . 9  0 . 3
0 . 7  4 . 6  1 . 1
0 . 5  1 . 0  0 . 7
2 . 7  6 . 0  2 . 3
4 . 2  6 . 0  2 . 9
1 . 6  ) . 3  L . 2
4 . 3  6 . 2  5 . 0
5 . 8  6 . 8  6 , 2

( Cont inued)
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Table 9 (Cont lnued)

Test hlave Llave Height ,  f t
Gage Gage Gage Gage Gage Gage Gage Gage

9 1 0 1 1  1 2  t 3 T4 1 5 1 6Plan
Per iod

sec
IIe ight

f t

1A

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

1 0 . 0

5 . 6
8 . 0
5 . 5

1 0 .  3
IO.7
6 . 2

I 1 . 9
L3.7

5 . 6
8 . 0
5 . 5

1 0 . 3
r0.7
6 . 2

1 1 . 9
13.7

5 . 6
8 . 0
5 . 5

1 0 .  3
1 0 . 7
6 . 2

1 1 . 9
13.7

5 . 6
8 . 0
5 . 5

1 0 . 3
1 0 . 7
6 . 2

1 1 . 9
13.7

1 . 9
2 . 0
1 . 8
4 . 6
4 . 6
4 . 2
6 . 7
8 . 9

0 . 4  2 . I
1 . 3  2 . 6
0 . 9  1 . 1
3 . 5  3 . 6
3 . 7  3 . 6
1  . 5  2 . 1
3 . 9  4 . 6
4 . 3  6 . 8

0 . 5  2 . 4
1 . 5  2 . 2
0 . 8  1 . g
2 . 1  3 . 0
3 . 8  3 . 0
2 . L  2 . 7
5 .  1  5 . 0
5 .  I  8 . 8

0 . 6  2 . 0
0 . 6  2 . 2
0 . 8  |  . 4
2 . 0  3 . 6
3 .  1  2 . 9
1 . 1  I . 7
4 . L  4 . 7
4 . L  7 . L

0 . 6  1 . 6
0 . 5  2 . 2
0 . 7  r . 7
2 . 3  3 . 3
4 . 3  3  . 3
1 . 1  2 . 4
4 . r  4 . 7
5 .  8  9 . 7

3 . 0  3 . 9
2 . 9  4 . 6
2 . 4  2 . 8
5 . 1  6 . 7
5 . 8  6 . 5
3 . 8  2 . 8
6 . 1  6 . 3
7 . 3  6 . 3

3 . 8  5 , 7
6 . 4  8 .  1
3 . 5  3 . 9
9 . 5  r I . 4
8 . 9  1 3 . 1
3 . 8  6 .  I
g  . 4  L 2 . 7
9 . 4  r 2 . 3

4 . 6  3 . 7
7 . 9  1 2 . 0
5 . 4  4 . 3

16.4  16 .4
2 r . 5  L 7 . g

7  . 8  8 . 8
2 0 . r  1 8 . 9
20.0 24.1

4 . 7  5 . 0  3 , 4
7 . 9  6 . 4  l l . z
5 . 9  6 . 3  1 . 9

1 0 . 6  1 3 . 9  1 0 . 3
1 3 . 0  1 g . g  L 2 . 2
8 . 0  1 0 . 3  9 . 6

14.9  23 .2  24 .6
1 8 . 6  2 2 . 7  2 5 . 9

4 . 2  4 . 3  4 . 0
7 . 0  7 , 8  1 1 . 3
5 . 1  4 . t  2 . 7

L 2 . 7  1 8 . 4  1 2 . 0
1  1 . 5  1 6 . 7  1 2 . 6
6 . 1  8 . 7  7 . 4

1 5 . 2  2 0 . 9  l g . 5
1 6 . 2  2 2 . 0  2 3 . 9

3 . 7  3 . 7
4 . 0  4 . 3
2 . 4  2 . 9
4 . 6  7 . 2
5 . 1  9 . 1
3 . 6  4 . 7
7 . 5  1 0 . 3
7 . 8  l L . 2

2 . 0  3 . 7  3 . 0
2 . r  4 . 0  5 .  I
2 . 0  2 . 4  3 . 1
4 . 5  5 . 4  7 . 5
4 . 6  5 . 0  7 . 2
3 . 1  2 . 5  4 . 0
7 . r  6 . 6  1 0 . 6
8 . 2  7 . 2  1 0 . 6

2 . 6  3 . 6
2 . 6  4 . r
1 . 9  1 . 3
4 . 4  4 . 7
4 . 7  5 . 4
3 . 7  3 . 8
6 . 4  6 . 5
8 . 7  7 . 4

3 . 9  5 . 4  4 . L
4 . 7  7 . 2  6 . 7
2 . 6  4 . 9  5 . 2
7  . 2  I  1 . 8  L 5 . 4
7 . 2  I  1 . 3  1 7  . 3
4 . 5  6 . 0  9 . 3
9 . 4  1 3 . 3  L g . 2

1 0 . 4  l 3 . l  2 L . L

1B

1 C 3 . 5
9 . 9
l . g

L 2 . 6
l 5  . 5
9 . 2

L8.2
2 2 . 8

(Contlnued)
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Table 9 (Concluded)

r
llave Height E t

Test l,Iave
Per iod

sec
ile ight

f r

5 . 6
8 . 0
5 . 5

1 0 . 3
1 0 . 7

6 . 2
1 1 . 9
L3.7

5 . 6
8 . 0
5 . 5
7 . 2

1 0 . 7
6 . 2

1 1 . 9'L3.7

5 . 6
8 . 0
5 . 5

1 0 . 3
LO.7

6 . 2
t l . 9
L3.7

5 , 6
8 . 0
5 . 5

1 0 . 3
LO.7
6 . 2

1 1 . 9
L3.7

Gage
20

Gage
2 L

Gage
2 2

Gage
2 3

Gage
24

Gage
2 5

Gage Gage
L7 18

Gage
L 9Plan

I

IA

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

1 0 . 0

6 . 0
7 . O
8 . 0

1 0 . 3
8 . 5
9 . 0

1 0 . 0

6 . 0
7 . o
8 . 0

8 . 5
9 . 0

1 0 . 0

6 . 0
7 . O
8 . 0

8 . 5
9 . 0

1 0 . 0

2 . 9  1 . 8
4 . 9  1 . 1
4 . 3  1 . 5
7 , 8  3 . 2
9 . 4  6 . 3
3 . 4  3 . 1
6 . 3  6 . 3
7 . 2  6 . 1

2.4 
'L .4

4 . 4  1 . 3
3 . 7  0  . 9
7  , 2  3 . 8
8 . 4  5 . 5
3 . 8  3 . r
8 . 0  7 . 9

1 1 . 0  7 . 3

3 . 4  0 . 7
4 . 6  1 . 3
3  . 4  l . l
9 . 1  5  . 2
8 . 6  4  . 4
4 . 0  3 . 6
7 . 5  6 . 0

L 2 . 0  6 . 2

3 . 7  1 . 0
3 . 8  L . 9
2 . 3  0 . 8
7 . 3  4 . 5
8 . 8  5 . 0
3 . 8  3 . 5
8 . 7  7 . L

1 0 . 1  6 . 7

1 . 1  0 . 3
1 . 1  1 . 1
0 . 9  1 . 6
L . 7  4 . 3
4 . 5  6 . 2
1 . 8  2 . L
4 . 2  4 . 9
4 . 3  5 . 9

o . 2  0 . 3
1 . 1  0 . 8
0 . 5  0 . 6
1 . 9  3 . 4
3 . 2  6 . 6
2 . 2  2 . 6
5  . 2  6 . 5
4 . 6  7 . 5

0 . 5  0 . 2
1 . 1  1 . 3
o  . 7  0 . 4
2 . 9  3 . 4
2 . 7  4 . 0
2 . 0  2 . 8
3  . 4  4 . 8
4 . 6  6 . 0

0 . 6  0 . 6
1 . 9  1 . 5
0 . 6  0 . 6
2 . 8  2 . 8
3 . 2  5 . 0
1 . 6  2 . 5
4 . 4  6 . 3
5  . 2  6 . 8

0 . 5  0 . 3
L . 4  0 . 6
0 . 5  0 . 6
L . 2  2 . 5
1 . 3  2 . 8
0 . 7  1 . 5
2 . 0  3 . 1
2 . 6  3 . 3

0 . 6  0 . 6
L . 6  1 . 0
0 . 4  0 . 4
L . 2  1 . 6
1 . 5  2 . L'L .4 L.2
2 . 3  2 . 7
3 . 6  3 . 8

0 . 5  0 . 5
1 . 3  1 . 0
0 . 3  0 . 3
1 . 4  2 . 3
L . 2  1 . 6
r . 2  1 . 8
2 . 2  2 . 9
3 . 0  3 . 9

1 . 0  0 . 4
2 . 2  L . 4
0 . 6  0 . 8
L . 2  L . 6
L . 7  2 . 4
L . 4  1 . 8
2 . 9  3  . 3
3 . 2  3 . 2

0 . 9  0 . 4  1 . 6
1 . 1  0 . 8  2 . 2
0 . 3  0 . 7  2 . L
1 . 0  2 . 0  5 . 5
1 . 9  3 . 2  6 . L
0 .  6  0 . 7  1 . 8
3 . 0  3 . 0  4 . 7
2 . 2  2 . 7  4 . 7

0 . 6  0 . 6  0 . 3
0 .  8  0 . 7  2 . 3
0 . 3  0 . 6  0 . 4
L . 4  1 . 3  3 . 7
1 . 8  3 . 0  5 . 0
0 . 8  1 . 3  1 . 9
3 . 7  4 . 0  6 . 0
3 . 3  4 . 6  5 . 7

0 . 5  0 . 6  L . 2
2 . 4  1 . 0  1 . 9
0 . 5  0 . 3  0 . 8
2 . O  1 . 6  5 . 2
L . 7  2 . 6  4 . 9
0 . 5  0 . 7  2 . 5
2 . 8  3  . 1  4 . 6
2 . 6  4 . 0  4 . 0

L . 2  0 . 4  L . 9
1 . 1  0 . 9  2 . 8
0 . 5  0 . 9  0 . 5
2 . 5  L . 4  3 . 8
2 . 5  3 . 8  6 . 0
1 . 3  L . 7  3 . 7
2 . 8  4 . 7  5 . 3
2 . 5  3 . 9  4 . 8

1B

1C
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Table 10

tr{ave Heights for Fair-I,Ieather Plans 2-2C for Test I^Iaves

fron 326 deg, +2.6 f t  swl,  River Discharge 800 cfs

Test trrlave I,Iave Height, ft
Period

PIan sec
He lght

f r
Gage

1
Gage

6
Gage

2
Gage Gage Gage

3 4 5
Gage Gage

7 8

2^

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

5 . 6
8 . 0
5 . 5

1 0 . 3
I0.7
6 . 2

1 1 . 9
L3.7

5 . 6
8 . 0
5 . 5

1 0 . 3
1 0 . 7
6 . 2

1 1 . 9
L3.7

5 . 6
8 . 0
5 . 5

1 0 . 3
1 0 . 7
6 . 2

1 1 . 9
L3.7

5 . 6
8 . 0
5 . 5

1 0 . 3
10.  7
6 . 2

1 l .  g
L3.7

0 . 4
1 . 3
0 . 3
2 . 9
3 . 8
0 . 6
4 . 3
3 . 9

0 . 4
L . 4
0 . 7
2 . 5
3 . 4
1 . 3
4 . 2
4 . 2

0 . 5  0 . 2
1 . 1  1 . 5
0 . 8  0 . 7
2 . 7  2 . 7
3 . 0  3 . 1
1 . 5  0 . 9
3 . 3  4  . 5
5 . 2  4 . 6

0 . 4  0 . 4
L . 2  L . 4
1 . 0  0 . 5
3 . 1  2 . 2
3 . 0  2 . 6
2 . 0  L . 4
5 . 3  4  . L
6 . 2  7 . 2

0 . 4  0 . 5
0 . 7  1 . 0
0 . 7  0 . 9
1 . 5  L . 9
3 . 2  2 . 8
1 . 1  0 . 9
3 . 7  4 . 9
5 . 6  5 . 8

0 . 5  0 . 4
0 . 8  L . 2
r . 0  0 . 9
1 . 5  1 . 3
3 . 0  3 . 1
1 . 9  0 . 9
4 . 3  4 . 4
5 . 3  7  . L

0 . 3  0 . 3
0 . 9  0 . 9
0 . 6  0 . 3
2 . 4  2 . r
4 . 6  2 . 9
L . 4  0 . 9
5 . 9  3 . 7
5 . 0  5 . 9

0 . 1
0 . 9
0 . 3
2 . 4
3 . 3
1 . 8
7 . 7
6 . 6

0 . 2
0 . 8
0 . 3
1 . 8
3 . 0
1 . 0
4 . 3
4 . 9

0 . 1  0 . 3
L . 4  0 . 9
0  . 7  0 . 3
2 . 2  2 . 5
4 . 3  3 . 9
1 . 1  1 . 5
4 . 4  5 . 0
6 . 9  5 . 9

r . 5  0 . 3
3 . 1  L . 2
2 . 2  0 . 7
4 . 8  3 . 8
5 . 1  5 . 0
1 . 5  0 . 6
5 . 3  4 . 7
6 . 1  5 . 1

L . 9  0 . 4
3 . 5  0 . 9
1 . 9  0 . 5
4 . 6  3 . 2
5 . 5  2 . 9
1 . 9  L . 7
6 . 1  5 . 7
6 . 4  5 . 2

2 . 2  0 . 5
3 . 6  L . 2
1 . 5  0 . 7
4 . 4  2 . 4
4 . 8  3 . 2
2 . 5  1 . 3
5 . 5  4 . 3
6  . 4  4 . 9

1 . 6  0 . 4
3 . 4  0 . 7
1 . 9  0 . 7
5 . 0  2 . 9
5  . 6  3 . 0
3  . 1  1 . 1
5 . 9  5 . 4
7 . 4  6 . 6

0 . 6
L . 2
0 . 4
L . 6
2 . 8
1 . 5
3 . 6
5 . 5

28 0 . 5  0 . 5
L . 2  L . 4
0 .  3  0 . 7
1 . 4  2 . 3
2 . 2  3 . 9
0 . 9  1 . 1
3 . 2  4 . 9
5 . 0  4 . 3

0 . 4
0 . 5
0 . 8
2 . 9
3 . 1
1 . 1
4 . 0
5 . 8

0 . 7
1 . 3
0 . 3
2 , 1
3 . 4
1 . 5
5 . 5
5 . 5

0 . 7
0 . 6
0 . 5
2 . 3
4 . 4
1 . 9
4 . 3
5 . 7

2 C 0 . 4  0 . 5
0 . 7  1 . 0
0 . 5  0 . 4
1 . 6  1 . 2
2 . 9  2 . 5
L . 6  1 . 5
5 . 0  3 . 5
5 . 8  6 . 7

(Cont inued)
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Table 10 (Conttnued)

P1an

Gage
15

Gage
1 1sec

Iletght
f t

Gage
9

Gage
1 0

Gage
L2

Gage
13

Gage
L4

Gage
1 6

2Ã

2B

2C

6 . 0
7 . O
8 . 0

8 . 5
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0

1 0 . 3
8 . 5
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

1 0 . 0

5 . 6
8 . 0
5 . 5

1 0 . 3
L0.7
6 . 2

1 1 . 9
1 3 . 7

5 . 6
8 . 0
5 . 5
7 . 2

L0.7
6 . 2

1 1 . 9
L3.7

5 . 6
8 . 0
5 . 5

1 0 . 3
1 0 . 7

6 . 2
1 1 . 9
L3.7

5 . 6
8 . 0
5 . 5

1 0 . 3
L0.7
6 . 2

1 1 . 9
L3.7

1 . 4  2 . 4
1  . 8  2 . 0
1 . 4  1 . 8
3 . 6  4 . 7
3 . 0  4 . 7
2 . 1  3 . 3
4 . 1  5 . 6
7 . 5  8 . 0

0 . 4  2 . 0
t . 2  2 . 4
c . 8  |  . 2
3 . 5  3 . 3
3 . 2  3 . 3
1 .  I  1 . 7
3 . 5  4 . 5
4 . 0  6 . 4

0 . 5  1 . 8
r . 2  2 . 0
0 . 8  2 . O
2 . 2  3 . 4
3 . 6  3  . 3
L . 9  2 . 2
3 .  1  4 . 8
4 . 1  7 . 6

0 . 6  2 . 1
0 . 7  2 . 3
0 . 5  1 . 2
2 . 4  3 . 8
3 . 0  2 . 7
1 . 7  1  . 6
3 . 5  3 . 9
4 . 3  6 . 9

2 . 2  3 .  I
2 . 7  4 . 6
2 . 3  2 . 5
4 . 8  5 . 7
5 . 5  5 . 9
3 . 3  2 . 5
6 . 0  6 . 1
7  . 3  6 . 3

t . 7  2 . 9
1 . 8  3 . 8
1  . 9  2 . 5
4 . 6  4 . 9
5 . 0  5 . 6
3 . 1  2 . 6
6 . 4  6 . 1
7 . 9  6 . 4

2 . 0  3 . 2
2 . 0  3 . 8
1 . 8  2 . 2
4 . 6  5 . 0
4 . 5  4 . 7
3 . 4  3 . 3
6 . 8  6 . 4
8 . 0  6 . 8

3 . 7  5 . 6
6 . 0  8 . 5
3 . 2  3 . 7
8 . 7  L O . 2
7 . 6  1 1 . 8
3 . 4  4 . 9
9 . 4  1 1 . 5
9  . 7  L L . 2

3 . 1  4  . L
4 . 7  6 . 9
2 . 9  5 . 9

LO.2  10 .8
9 . 6  L 3 . 7
3 . 1  6 . 1
9 .5  L3 .9

10.2  L6 .5

3 . 5  4 . 3
4 . 9  6 . 3
2 . 7  4 . 5
6 . 9  L r . 2
7 .6  LL .4
3 . 7  5 . 8
9 . 7  1 4 . 0

1 0 . 1  1 6 . 1

4 . 5  3 . 2
8 .0  L2 .8
5 . 3  3 . 8

L4.2 L2.9
16 .3  L5 .4
5 . 6  4 . 2

16.1 L6.4
16 .2  24 .2

4 . 9  3 . 8
5 . 9  1 0 . 6
6 . 9  2 . 7

1 0 . 6  7 . 2
L7.4 ] -3 .2
6 . 2  6 . 6

1 9 . 8  2 L . 2
24 .L  2 .40

4 . 3  4 . t
6 . 3  1 0 . 9
3 . 5  2 . 4

1 3 . 5  1 0 . 7
14.4 L4.6
6 . 7  5 . 1

20 . r  15 .5
20.4 23.0

4 . L  3 . 0
7 . 0  9 . 9
5 . 0  2 . 4

LL.7 10.5
L7 .2  13 .8
7 . 7  7 . 7

1 9 . 5  1 5 . 8
22 .L  20 .8

0 . 5
0 . 7
0 . 7
2 . 3
4 . 9
1 . 5
3 . 7
5 . 2

3 . 5  4 . 0  5 . 0
3 . 9  4 . 6  6 . 7
1 . 2  2 . 3  4 . 5
5 . 1  7 . L  1 1 . 0
5  . 7  7  . 8  1 1 . 9
3 . 3  4 . 2  5 . 5
5 . 6  8 . 2  L 2 . 7
6 . 2  9 . 4  L 3 . 7
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Table 10 (Conclu<led)

Test llave
Perl-od He ight

Plan sec f t

hlave Helght. f t
Gage Gage Gage

L7  18  19
Gage Gage Gage

2 0  2 t  2 2
Gage Gage

2 4  2 5
Gage
23

2A

2B

2C

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

1 0 . 0

5 . 6
8 . 0
5 . 5

1 0 . 3
1 0 . 7

6 . 2
1 1 . 9
L3.7

5 . 6
8 . 0
5 . 5

1 0 . 3
LO.7
6 . 2

l r . 9
L3.7

5 . 6
8 . 0
5 . 5

1 0 .  3
L0.7
6 . 2

1 1 . 9
L3.7

5 . 6
8 . 0
5 . 5

1 0 . 3
LO.7
6 . 2

1 1 . 9
L3.7

2 . 7  1  . 1
4 . 5  1 . 3
3 . 9  1 . 5
8 . 5  2 . 8
6 . 7  4 . 0
2 . 4  2 . 3
5  . 8  4 . 9
7 . 5  7 . 3

3 . 0  1 . 6
4 . L  1 .  6
3 . 1  1 . 1
7 . 2  2 . 7
8 . 2  5 . 4
3 . 6  3 . 7
7 . 4  7 . O
9 . 9  9 . 0

3 . 4  1 . 0
4 . 0  1 . 3
3 . 2  I  . 1
9 . 0  3 . 9
8 . 1  4 . 6
3 . 7  1 . 9
8 . 8  5 . 6

1 0 . 4  6 . 7

3 . 9  L . 2
3 . 8  L . 7
L . 9  0 . 6
6 . 7  3 . 1
8 . 3  5 . 6
3 . 2  3 . 2
7 . 2  6 . 0
9  . 7  l l . 6

0 . 4  1 . 1
1 . 6  1 . 0
0 . 9  1 . 5
L . 4  4 . 5
2 . 6  5 . 7
L . 4  1 . 8
3 . 4  4 . 4
4 . 9  5 . 0

0 . 2  0 . 4
1 . 3  1 . 0
0 . 5  0 . 3
L . 7  2 . 2
3 . 0  5 . 1
2 . 3  2 . 4
4 . 8  5 . 7
5 . 3  9 . 7

0 . 7  0 . 3
L . 4  1 . 1
0 . 8  0  . 7
2 . 5  3 . 1
2 . 9  4 . 3
1 . 0  L . 6
3 . 3  3 . 9
4 . 9  6 .  I

0 . 8  0 . 7
1 . 5  - 1 . 3
0 . 8  0 . 4
2 . 6  2 . 3
3 . 4  5 . 3
1 . 3  1 . 5
4 . 0  5 . 3
7 . 5  8 . 4

0  . 5  0 . 4
1 . 3  0 . 9
0 . 6  0 . 7
1 . 3  2 . 8
1 . 3  2 . 3
0 . 4  1 . 3
2 . 5  3  . 5
3 . 3  4 . 5

0 . 6  0 . 7
1 . 8  1 . 1
0 . 3  0 . 5
L . 2  1 . 6
L . 2  2 . 8
0 . 9  L . 4
2 . 5  3  . 3
4 . 4  4 . 9

0 . 4  0 . 2
1 . 5  L . 2
0 . 4  0 . 5
1 . 5  2 .  L
L . 2  1 . 9
0 . 5  1 . 0
1 . 8  2 . 7
3 . 2  4 . 0

1 . 0  0 . 2
L . 4  1 . 0
0 . 6  0  . 4
r . 2  1 . 6
2 . 3  2 . 4
1 . 0  L . 4
3  . 1  3 . 6
4 . 5  5 .  9

0 . 6  0 . 5  1 . 5
L . 2  0 . 7  2 . 2
0 . 3  0 . 7  1 . 8
t . 2  1 . 8  4 . 8
1 . 8  2 . 8  4 . 9
0 . 6  0 . 9  1 . 6
2 . 7  2 . 5  3 . 1
2 . 7  3 . 1  4 . 6

0 . 5  0 . 5  0 . 7
0 . 9  0 . 9  2 . 5
0 . 3  0 . 6  0 . 5
1 . 5  1 . 3  3 . 5
L . 9  2 . 3  4 . 0
0 . 6  0 . 8  2 . 3
3 . 6  3 . 5  4 . 0
3 . 1  5 . 3  5 . 3

0 . 3  0 . 4  1 . 0
2 - . L  0 . 9  1 . 8
0 . 4  0 . 3  1 . 1
r . 7  1 . 8  4 . 5
2 . L  2 . 8  3 . 5
0 . 9  1 . 0  1 . 6
2 . 6  2 . 9  4 . L
2 . 5  3 . 1  4 . 6

1 . 0  0 . 4  L . 4
0 . 9  0 . 7  1 . 6
0 . 7  0 . 6  0 . 5
2 . 7  1 . 3  3 . 7
2 . 5  2 . 4  4 . 6
0 . 9  1 . 0  3 . 8
2 . 2  3 . 3  3 . 8
3 . 9  4 . 0  5 . 7
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Table 1 1

I,rlave ltelghts for Fair-I^leather Plans 2A and 3-4C for Test l^laves

fron 279 deg¿ +2.6 f t  swl ,  Ríver  Dlscharge 800 cfs

Test l.Iave-----Period-

Plan s e c
He ight

f t L 2 3 4 5 6 7 q-

1A

2A

6 . 0
7 . 0
8 . 0
9 . 0

1 0 . 0

6 . 0
7 . O
8 . 0
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0
9 . 0

1 0 . 0

9 . 0
1 0 . 0

9 . 0
1 0 . 0

9 . 0
1 0 . 0

9 . 0
1 0 . 0

9 . 0
1 0 . 0

9 . 0
1 0 . 0

9 . 0
10.0

9 . 0
10.0

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

0 . 8
L . 4

o . 2  0 . 2
0 . 3  0 . 6
0 . 9  0 . 5
o . 2  0 . 5
2 . 2  1 . 6
3 . 1  2 - . 9
3 . 0  2 . 8

0 . 2  0 . 2
0 . 2  0 . 4
1 . 1  0 . 7
0 . 3  0 . 5
2 . 5  1 . 8
2 . 7  2 . 0
2 . 9  1 . 9

0 . 3  0 . 2
0  . 2  0 . 3
0 . 8  0 . 8
0 . 4  1 . 0
3 . 2  2 . 3
2 . 0  1 . 8
2 . 4  1 . 9

2 . L  L . 7
2 . 6  2 . 3

2 . 6  1 . 9
3 . 0  2 . 7

2 . 0  2 . 5
3 . 2  3 . 1

2 . 6  2 . 4
2 . 2  2 . 9

0  . 2  0 . 4
0 . 4  0 . 7
0 . 4  0 . 7
0 . 5  0 . 6
2 . 2  L . 7
2 . 4  1 . 9
3 . 4  3 . 2

0 . 2  0 . 3  0 . 1
0 . 3  0 . 6  0 . 5
0 . 5  0 . 6  0 . 5
0 . 7  0 . 7  0 . 3
2 . 1  L . 7  0 . 8
3 . 1  L . 7  L . 4
3 . 0  2 . 6  2 . 5

0 . 1  0 . 2
0 . 5  0 . 5
0 . 6  0 . 3
o . 2  0 . 3
0 . 9  1 . 1
1 . 1  L . 7
2 . 6  2 . 4

0 . 2  0 . 3
0 . 7  0 . 4
0 . 7  0 . 5
0 . 1  0 . 5
L . 4  2 . L
L . 7  1 . 8
2 . O  2 . 5

3A

3B

3 C

3D

4A

4B

3 . 3  2 . O  2 . 3
2 . 4  2 . 4  2 . O

0 . 2  < 0 . 1  0 . 3  0 . 3
0 . 6  0 . 2  0 . 2  0 . 4
o . 4  0 . 5  0 . 6  0 . 9
0 . 5  0 . 5  0 . 7  0 . 6
1 . 5  1 . 0  2 . 0  L . 7
0 . 9  1 . 3  L . 7  2 . 3
1 . 3  2 . 3  2 . 3  1 . 8

L . 2  1 . 0  2 . 7  2 . 0
2 . 5  2 . 3  2 . 9  2 . 5

1 . 3  L . 4  2 . 6  3 . 0
3 . 0  2 . 6  2 . L  3 . 2

1 . 1  2 . L  1 . 9  2 . 3
2 . 8  3 . 1  3 . 0  2 . 2

L . 2  2 . 1  1 . 5  2 . 2
2 . 4  2 . 7  1 . 8  2 . 4

0 . 9  I . 2  1 . 0  2 . L
2 . 3  1 . 9  2 . 3  2 . L

1 . 3  L . 2  2 . O  2 . 3
2 . L  2 . t  2 . 0  2 . 2

1 . 1  L . 2  2 . L  2 . 9
3 . 2  2 . 6  2 . 0  1 . 9

o . 2  0 . 1  0 . 4
0 . 5  0 . 5  0 . 5
0 . 3  0 . 7  0 . 5
0 . 3  0 . 3  0 . 5
1 . 0  1 . 3  2 . O
L . 6  r . 7  2 . 0
2 . 2  2 . 7  3 . 0

1 . 1  1 . 0  1 . 9
2 . 2  2 . 2  2 . 3

o . 2  0 . 3
o . 2  0 . 4
0 . 8  0 . 5
0 . 5  0 . 7
1 . 8  1 . 9
1 . 5  1 . 6
3 . 5  L . 7

2 . 2  1 . 6
3 . 3  2 . 6

2 . L  1 . 8
3 . 2  3 . 0

1 . 6  1 . 5
3 . 3  3 . 2

1 . 8  1 . 3
2 . 2  2 . 4

1 . 5
2 . 2

2 . 5  2 . 0
2 . 7  L . 7

2 . 2  2 . 5
2 . 8  2 . 5

1 . 6  L . 2
2 . 6  2 , 2

( Contlnued)

2 . L  1 . 3
2 . 9  2 . 2

2 . 2  1 . 5
2 . L  2 . 0

L . 9  1 . 5
3 . 3  2 . 3

4 C
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Table l1  (Cont tnued)

Test I'Iave Il lave Hefght, f t
Gage Gage Gage Gage Gage Gage Gage Gage

9 1 0 1 1 L 2 1 3 L 4 1 5 1 6

2A

Plan

1A

Per iod
sec

6 . 0
7 . 0
8 . 0
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0
9 . 0

1 0 . 0

9 . 0
1 0 . 0

9 . 0
10.0

9 . 0
1 0 . 0

9 . 0
1 0 . 0

9 . 0
1 0 . 0

9 . 0
1 0 . 0

9 . 0
10.0

9 . 0
1 0 . 0

Ileight
f r

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

0 . 2  0 . 4
o . 2  1 . 0
0 . 6  1 . 0
0 . 5  0 . 1
1 . 0  0 . 9
L . 2  1 . 8
2 . 4  4 . r

0 . 1  0 . 3
0 . 3  0 . 7
0 . 7  0 . 4
0 . 4  0 . 3
1 . 0  0 . 7
L . 4  L . 4
2 . 3  3 . 2

< 0 . 1  0 . 5
o . 4  0 . 4
0 . 5  1 . 0
0 . 5  0 . 2
r . 4  L . 4
1 . 8  7 . 4
2 . 2  3 . 2

0 . 4  0 . 4
0 . 4  L . 2
0 . 3  1 . 0
1 . 2  0 . 8
3 . 0  2 . 4
2 . 2  L . 7
4 . 8  4 . 2

0 . 3  0 . 5
0 . 6  0 . 9
0 . 5  0 . 4
0 . 8  0 . 4
L . 7  1 . 6
2 . 3  L . 7
3 . 8  4 . 4

0 . 2  0 . 2
0 . 4  0 . 3
r . 4  1 . 3
0 . 7  0 . 5
3 . 1  1 . 8
2 . 3  1 . 6
2 . 9  2 . 2

1 . 1  1 . 3
1 . 0  2 . 4
1 . 3  2 . 0
1 . 8  1 . 8
2 . O  5 . 1
1 . 1  5 . 1
4 . 3  5 . 8

0 . 6  1 . 0
1 . 3  1 . 3
1 . 5  2 . 0
1 . 6  2 . 4
2 . 4  3 . 2
2 . 4  1 . 9
4 . 5  4 . 1

L . 7  1 . 5
2 . 2  4 . 7
1 . 9  5 . 9
2 . 2  4 . 9
5 . 2  1 0 . 1
4 . 5  1 0 . 4
7 . 2  9 . 9

0 . 6  1 . 0  2 . L  1 . 1
0 . 6  1 . 5  2 . 6  4 . 6
0 . 5  1 . 1  L . 4  6 . 8
0 . 9  L . 2  1 . 9  5 . 7
2 . 0  3 . 4  5 . 9  9 . 1
2 . 9  3 . 5  4 . 6  7 . 9
3 . 0  4 . 5  6 . 4  8 . 6

1 . 3  1 . 4  3 . 2  1 . 6  3 . 1
2 . 3  2 . 4  3 . 4  3 . 4  4 . 7

1 . 1  1 . 6
2 . 4  3 . 3
1 . 9  4 . 8
1 . 9  4 . 3
5 . 6  1 0  . 5
5 . 2  9 . 7
5 . 8  7  . 0

2 . 7  5 . 9  8 . 4
4 . L  7 . O  7 . 9

3 . 0  4 . 8  7 . 7
4 . 4  4 . 4  5 . 7

L . 4  3 . 3
3 . 1  4 . 0

3A

3 B

3 C

3D

4A

4B

4 C

L . 7  1 . 3  2 . L
3 . 5  2 . 2  3 . 1

1 . 3  1 . 5  L . 7
4 . 0  2 . L  3 . 9

1 . 3  1 . 1  1 . 5
2 . 6  1 . 7  2 . 8

L . 4  1 . 0  L . 4
2 . 2  1 . 5  L . 7

2 . r  2 . O  4 . 4
3 . 0  4 . 9  3 . 1

2 . 5  5 . 8
7 . 0  6 . 2

1 . 8  1 . 1
2 . L  1 . 6

L . 7  1 . 9  1 . 6
1 . 9  2 . 0  L . 7

2 . O  1 . 6
2 . 9  3 . 5

1 . 0  1 . 5
1 . 6  1 . 9

4 . r  3 . 1  6 . 4
4 . 8  3 . 5  4 . L

2 . 5  3 . 5  6 . 3
2 . 8  4 . L  5 . 4

2 . 3  3 . 7  7 . 6
3 . 5  3 , 7  5 . g

2 . L  1 . 5  2 . 5
2 . 5  1 . 6  2 . r

L . 4  1 . 1  1 . 8  1 . 3
2 . 0  2 . 5  2 . 4  2 . L

2 . 0  2 . 4  3 . 2  3 . 6  6 . 0
2 . 7  4 . 0  5 . 6  6 . 6  9 . 3

1 . 3
1 . 5

2 . 3  3 . 2  7 . 4
3 . 8  5 . 0  7 . 2

(Contlnued)
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Table 11 (Concluded)

Itlave eieht
Gage Gage Gage
2 3  2 4  2 5

t t
Gage
2 2

Test l,lave

Plan
Perlod

sec
lte ight

f r
Gage Gage
19 20

Gage
L7

Gage
18

Gage
2 1

1A

2A

6 . 0
7 . 0
8 . 0
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0
9 . 0

1 0 . 0

9 . 0
10.0

9 . 0
1 0 . 0

9 . 0
1 0 . 0

9 . 0
1 0 . 0

9 . 0
10.0

9 . 0
10.0

9 . 0
1 0 . 0

9 . 0
1 0 . 0

3 . 9
) . )
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
) . )
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

8 . ó
o t

8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

8 . 6
9 . 2

0 . 4  1 . 5
L . 7  1 . 0
L . 2  1 . 8
1 . 3  L . 7
2 , r  4 . 6
1 . 5  5 . 9
2 . 5  5 . 9

1 . 0  1 . 5
0 . 9  0 . 9
0 . 4  L . 7
1 . 0  2 . 1
1 . 7  4 . 0
1 . 8  4 . 7
2 . 5  3 . 7

0 . 7  1 . 5
L . 3  1 . 0
1 . 1  2 . 4
1 . 5  L , 7
1 . 4  5 . 0
2 . 3  4 . 8
4 . 2  5 . 7

2 . 3  4 . 5
3 . 6  5 . 0

2 . 8  4 . 1
4 . 5  3 . 6

3 . 3  2 . 0
3 . 5  4 . 0

0 . 5  0 . 6
1 . 0  0 . 6
1 . 6  L . 2
0 . 6  1 . 3
2 . 7  2 . 3
2 . 8  5 . 1
4 . 6  5 . 8

0 . 4  0 . 6
0 . 8  0 . 3
1 . 5  L . 2
0 . 7  r . 2
1 . 9  3 .  3
2 . L  3 . 5
2 . 5  3 . 6

0 . 4  0 . 7
0 . 8  0 . 7
1 . 8  1 . 3
0 . 6  0 . 4
2 . 9  3 . 8
3 . 0  4 . L
3 . 7  5 . 3

2 , 3  4 . 8
3 . 6  6 . 2

2 . O  4 . 5
2 . 8  4 . 2

1 . 1  3 . 0
2 . 6  4 . L

0 . 4  0 . 3
0 . 5  1 . 1
0 . 4  1 . 5
0 . 8  0 . 9
1 . 8  2 . O
2 . 2  2 . 7
? - . 2  5 . 5

0 . 9  0 . 6
0 . 9  0  . 7
0 . 4  1 . 5
1 . 0  1 . 1
2 . 4  2 . 0
t . 4  2 . L
2 . O  4 . 3

1 . 2  0 . 5
0 . 3  0 . 6
0 . 6  0 . 9
1 . 0  0 . 7
0 . 9  1 . 1
2 . O  1 . 6
2 . 0  3 . 1

2 . 3  2 . t
2 . 7  3 . 9

2 . 2  2 . 1
3 . 2  5 . 2

2 . 4  2 . 0
2 . 3  4 . 5

0 . 5  0 . 5  0 . 7
t . 0  0 . 7  0 . 6
o . 7  0 . 5  1 . 8
0 . 2  0 . 7  L . 7
L . 2  1 . 7  2 . 9
1 . 6  1 . 8  1 . 9
2 . 5  4 . 0  4 . L

0 . 4  0 . 6  0 . 7
0 . 7  0 . 5  0 . 5
0 . 8  0 . 5  r . 7
0 . 4  0 . 7  1 . 8
o . 7  1 . 3  3 . 1
1 . 6  1 . 4  1 . 6
1 . 9  4 . 4  4 . 6

0 . 1  0 . 1  0 . 2
0 . 4  0 . 4  0 . 6
0 . 9  0 . 5  0 . 9
0 . 3  0 . 4  t . 2
1 . 6  1 . 8  1 . 0
L . 4  2 . O  2 . 0
r . 2  3 . 5  2 . 7

1 . 8  2 . 5  1 . 6
2 . 0  3 . 9  3 . 6

1 . 9  1 . 5  2 . 9
2 . 0  3 . 8  2 . 8

1 . 8  1 . 8  L . 4
L . 7  4 . 3  2 . 2

3A

3B

3C

3D

4A

4 B

4 C

2 . 8  2 . 8  1 . 5
4 . 3  2 . 2  1 . 5

1 . 3  2 . 4  L . 4
2 . 7  3 . 1  2 . 5

3 . 4  2 . 2  2 . 3  1 . 7  L . 7  1 . 6
3 . 1  2 . 2  3 . 7  1 . 6  3 . 5  2 . 2

2 . 6  1 . 3  1 . 5  1 . 5  1 . 0  1 . 4
2 . 9  1 . 3  3 . 3  L . 4  2 . 9  3 . 0

1 . 3  2 . 6
3 . 3  3 . 2

2 . 7  3 . 2
4 . 5  4 . 5

1 . 8  3 . 1
2 . 9  4 . 0

1 . 6  2 . 2
3 . 2  2 . 9

1 . 8  4 . L
3 . 3  5 . 3

r . 7  2 . 6
2 . 9  3 . 7

0 . 8  0 . 9  0 . 9
1 . 3  3 . 3  r . 7

2 . 1  1 . 5  1 . 3
2 . 7  4 . 7  1 . 6

1 . 0  1 . 5  1 . 3
1 . 4  2 . 8  1 . 1

1 . 3  1 . 1
2 . 2  3 . 0

1 . 0  1 . 5
5 . 2  3 . 7

1 . 0  1 . 0
2 . 6  2 . 2
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Table 12

for  Tes t  l , t raves  f ron  326 deg,  *2 .6  f t  sw l ,  R iver  D ischarge 800 c fs

Per l Hefght
Plan aec t 1

Wave IIe
Gage Gage

t 2  1 3 14  t 5 2L  22

0  . 2  0 . 4
0 . 8  0 . 6
0 .  3  0 . 5
0 . 4  0 . 7
0 . 5  1 . 3
L . 4  r . 9

o  . 2  0 . 5
o . 7  0 . 4
0 . 3  0 . 4
0 . 5  1 . 0
o . 7  1 . 1
r . 4  1 . 9

0  . 4  0 . 2
0 . 3  0 . 2
0 . 1  0 . 2
0 . 3  0 . 5
0  . 5  1 . 0
L . 7  2 . L

0  . 4  0 . 7
1 . 9  L . 7

0 . 9  0 . 8
7 . 7  0 . 8
0 . 5  0 . 6
1 . 8  2 . O
3 . 0  3 . 0
0 . 9  1 . 1

2 . 5  4 . 6

uage
2 420

Gage Gage cage Gage
1 6  t 7  1 8  1 9

Gege Gage cage
8 9 1 0

Gage Gage cage
1 2 3 4 5 6 7

17 Degrees

tA 6.0
7 . 0
8 . 0

2A 6.0
7 . O
8 . 0

4D  6 .0
7 . O
8 . 0

1 . 0  2 . L
3 . 3  4 . 2

4 E  8 . 0
a q

9 . 5

9 . 5

o <

5 . 1
8 . 9
9 . 8

L2.2

a 1

5 . 1
8 . 9
9 . 8

L2.2

7 . 3
5 . 1
8 . 9
q q

L 2 . 2

o q

L2.2

0 . 3  0 . 6
0 . 9  0 . 7
0 . 9  1 . 6
1 . I  2 . 0
L . 2  r . 3
4 . 5  5 . 0

o . 2  0 . 5
0 . 9  1 . 1
0 . 8  2 . 3
I . 6  2 . 9
2 . 0  3 . 1

0 . 2  0 . 2
0 . 6  0 . 4
0 . 5  1 . 1
0 . 6  0 . 9
L . 4  1 . 6
4 . 4  3 . 6

0 . 6  0 . 5
t - . 0  0 .7
0 . 8  0 . 7
L . 7  L . 4
r . 4  0 . 9

0 . 5  0 . 1
1 . 3  L . 2
0 . 9  0 . 6
1 . 8  1 . 0
2 . 2  1 . 5
? a  a e

0 . 2  0 . 1
0 . 4  0 . 4
o . 4  0 . 2
0 . 5  0 . 5
1 . 6  0 . 9
4 . 9  4 . 2

l o l z

0 . 3  0 . 5
o . 7  r . 0
0 . 4  0 . 5

1 . 3  1 . 3
1 a  ? ô

5 . 0  4 . 7

1 . 5  2 . 6
r . 2  2 . 2
2 . 3  3 . 6
L . 9  3 . 8
3 . 6  s . l

0 . 9  2 . 3
1 . 9  2 . 6
r . 2  1 . 5
2 . O  2 . 9
2 . O  3 . 0
3 . 5  4 . 2

0 . 2  0 . 9
0 . 7  L . 4
0 . 3  r . 3
r . 1  2 . 9
1 . 6  3 . 0

0 . 9  2 . 4

0 . 7  0 . 9
t . 0  1 . 5
0 . 4  0 . 5
,  q  a a

3 . 4  4 . 2
0 . 9  1 . 3

L . 2  t . 4  0 . 5
0 . 9  3 . 1  3 . 4
2 . 4  2 . 4  3 . 3
¿ . J  4 . J  ) . r

2 . L  3 . 3  4 . 4
4 . 7  6 . 4  7 . 2

o . 7  1 . 1  0 . 9
0 . 7  r . 9  1 . 8
r . 7  1 . 8  1 . 8
1 . 8  3 . 3  2 . 8
r . o  J . o  ¿ . 1

2 . 9  4 . 0  4 . 6

2 . 5  4 . 7  1 0 . 1
2 . 9  4 . 2  5 . 9
2 . 8  4 . 2  6 . 9
4 . 0  4 . 8  8 . 0
1 .4  I 2 . I  22 .4

1 '  t o

r . 4  4 . 7  9 . 0
2 . 3  4 . 0  5 . 3
2 . 3  4 . 3  6 . 0
2 . 6  3 . 9  7 . O
4 .9  9 .4  L9 .6

0 . 8  r . 6  2 . 3
¿ . ¿  ¿ . ¿  ) . )

3 . 5  3 . 9  6 . 3
4 . 4  ) .  t  ) . 4

4 . 5  1 . 4  L 7 . 4

2 . 4  3 . 1  6 . 0
J ¡ 4  O I 2  L I  ' J

q . c  Ò . 4  4 .  I

6 . 9  9 . 4  1 0 . 5

8 . 1  L 2 . 7  1 5 . 5
9 .8  13 .3  13 .6
3 . 1  4 . 3  7 . 1
9 . 4  1 3 . 8  1 9 . 5
9.8 l .6.4 23.3

1 . 0  0 . 6
2 . 2  0 . 6
0 . 9  0 . 5

L . 2  1 . 5
5 . 7  2 . 8

1 . 0  0 . 7

1 . 3  0 . 5
1 . 9  1 . 0
2 . 1  I .  3
4 . 6  2 . 9

0 . 4  0 . 7
0 . 5  0 . 2
L . 4  0 . 7
L . 7  L . 6
2 . 2  1 . 1
3 . 3  1 . 9

3 . 1  2 . 7

2 . 7  0 . 9
5 . 4  2 . r
3 . 8  1 . 8
6 . 2  3 .  9
5 . 5  3 . 9
2 . 6  2 . 4

8 . 0  7 . 2

0 . 2  0 . 2
0 . 2  0 . 4
0 . 4  0 . 4
0 . 5  0 . 7
0 . 9  r . 4
2 . 3  3 . 5

0 . 3  0 . 1
0 . 4  0 . 5
0 . 4  0 . 4
0 . 9  1 . 1
0 . 9  1 . 3
2 . L  3 . 3

0 . 2  0 . 5
o . 2  0 . 3
0 .  6  0 . 3
0  . 9  0 . 7
o . 7  1 . 0
r . o  ¿ . )

1 . 1  1 . 4
1 ? 1 0

o . 2  1 . 0
1 . 6  0 . 8
L . 4  0 . 5
2 . 8  3 . 4
2 . r  5 . 0
ñ o  |  <

3 . 0  4 . O
5 . 2  6 . 5

0 . 3  0 . 1  0 . 6
0 . 5  0 . 4  1 . 1
0 . 3  0 . 2  0 . 6
0 . 8  0 . 6  1 . 0
0 . 9  0 . 6  1 . 0
0 . 8  L . 4  2 . L

o . 4  0 . r  0 . 3
o . 7  0 . 5  1 . 1
0 . 3  0 . 3  0 . 8
0 . 4  0 . 5  t . 2
1 . 0  0 . 7  1 . 8
0 . 9  1 . 8  2 . 3

0 . 1  0 . 1  0 . 3
0 . 5  0 . 2  0 . 7
0 . 3  0 . r  0 . 3
0 . 5  0 . 5  0 . 8
0 .  8  0 . 9  r . 2
0 . 8  1 . 6  r . 7

0 . 4  0 . 2  0 . 8  0 . 5
2 . 6  0 . 8  2 . 3  0 . 9
2 . O  0 . 7  1 . 1  0 . 7
¿ . t  L . ¿  ¿ . ¿  a . +

2 . L  L . 4  2 . 2  1 . 0
5 . 0  3 . 8  3 . 6  2 . 7

0 . 4  0 . 2  0 . 7  0 . 5
T . 4  0 . 8  2 . L  0 . 6
2 . 3  0 . 4  1 . 9  0 . 9
2 . 8  0 . 9  3 . 0  1 . 5
2 . 9  1 . 0  3 . 0  2 . O
4 . 2  3 . 1  3 . 0  1 . 9

0 . 3  0 . r  0 . 2  0 . 4
0 . 8  0 . 6  0 . 8  0 . 5
2 . O  0 . 2  0 . 9  0 . 9
1 . 3  0 . 6  1 . 3  0 . 7
1 . 9  L . 4  2 . L  1 . 0
) t t  J . t  5 . t  I . ð

0 . 4
n o

0 . 8
r . 4
1 . 6
2 . L

0 . 3  0 . 3
0 . 6  1 . 1
1 0  a a

2 . 3  3 . 1
1 a  a  2

1 . 5  L . 2  1 . 8
t . c  J . o  J .  J

t 1  I  O  a ^

2 . 7  2 . 9  2 . 8

326 Degrees

2 . 2
1 . 1  0 . 8
1 . 0  L . 7

7 . 2

z . r
1 . 9
L . 7

5 . 0

4 . 6

6  . 0  5 . 6
7 . 0  8 . 0

10 .3
8 .5  10 .7
9 . 0  6 . 2

1 1 . 9
10.0 L3.7

0 . 4  0 . 2
0 . 8  1 . 0
1 . 0  0 . 6
1 . 3  2 . r

l a t ç

4 . 7  6 . 6

0 . 3  0 . 9  r . 2
0 . 6  1 . 6  2 . 6
0 . 4  0 . 8  0 . 6
¿ . 1  J . J  ¿ . +
a ^  1 q  t  1

L . 2  1 . 4  1 . 1

3 . 5  3 . 2  3 . 2
6 . 0  4 . 6  6 . 2

I  O  a t ,  a 1

2 . 8  4 . 0  4 . 4
2 . 7  2 . 3  3 . 1
3 . 9  3 . 7  6 . 0
4 . 5  4 . 5  1 . 4

2 . L  1 . 4  2 . O
L  O  2 I  < 1

o . 4  ) . o  ó . 1

0 . 5  0 . 2  1 . 0
2 . 3  0 . 1  2 . 5
0 . 6  0 . 4  L . 2
2 . 0  1 . 8  4 . 8
3 . 4  2 . 2  4 . 4
0 . 4  0 . 7  2 . L
2 . O  2 . 8  3 . 4
, \  ? î  < 1



Table 13

9-sec ,  8 .6 - f  t  I ' Iaves*

E C  3 . 2  2 . 5  2 . 0
1 A  3 . 1  2 . 9  2 . 4
2 A  2 . 7  2 . 0  3 .  1
3  2 . O  1 . 8  1 . 5
3 A  2 . 1  1 . 7  2 . 2
3 8  2 . 6  1 . 9  2 . L
3 C  2 . O  2 . 5  1 . 6
3 D  2 . 6  2 . 4  1 . 8
4  3 . 3  2 . 0  2 . 3
4 A  2 . 5  2 . 0  2 . r
4 8  2 . 2  2 . 5  2 . 2
4 C  1 . 6  1 . 2  1 . 9

r . 4  1 . 3  L . 2  1 . 3
r . 9  1 . 1  r . 7  I . 7
r . 7  r . 4  1 . 6  L . 7
1 . 6  0 . 9  1 . 3  r . 7
1 . 6  L . 2  1 . 0  2 . 7
1 . 8  1 . 3  1 . 4  2 . 6
I . )  r . l  ¿ . L  L o )

1 . 3  L . 2  2 . 1  1 . 5
1 . 5  0 . 9  r . 2  1 . 0
1 . 3  r . 3  1 . 2  2 . 0
1 . 5  l - . 1  I . 2  2 . L
1 . 5  0 . 8  r . 1  1 . 0

2 . 3  1 . 7  2 . 0  1 , 9
3 . 2  2 . 6  2 . 4  2 . 0
2 . 6  2 . 5  2 . 2  2 . 7
L . 7  1 . 3  2 . 3  2 . 3
2 . 6  2 . 5  2 . 3  2 . 9
3 . 0  3 . 0  2 . 6  2 . L
3 . 2  2 . 8  3 . 1  3 . 0
2 . 4  2 . 4  2 . 7  1 . 8
2 . 2  2 . 3  r . 9  2 . 3
2 . 2  2 . L  2 . L  2 . O
2 . O  3 . 2  2 . 6  2 . 0
2 . 3  L . 4  2 . 2  2 . 2

2 . 4  1 . 4  1 . 1  1 . 9
1 . 8  L . 2  1 . 8  2 . 2
2 . 0  1 . 4  1 . 4  2 . 3
2 . 3  1 . 8  L . 4  2 . 3
2 . O  r . 3  7 . 4  3 . 2
3 . 0  1 . 7  r . 3  2 . r
2 . 3  1 . 3  r . 5  r . 7
2 . 2  1 . 3  1 . 1  1 . 5
2 . L  L . 4  1 . 0  L . 4
2 . 3  1 . 8  1 . 1  L . 7
2 . 9  2 . 7  1 . 5  2 . 5
r . 9  1 . 4  1 . 1  1 . 8

2 . r  2 . 2  1 . 9  2 . 0
2 . 5  2 . 4  4 . L  4 . 8
3 . 0  2 . 3  3 . 2  3 . 8
r . 8  2 . 2  3 . 2  2 . 9
2 . 5  2 . 3  2 . 4  3 . 4
3 . 2  3 . 5  2 . 2  3 . 1
2 . 2  4 . 0  2 . L  3 . 9
2 . 4  2 . 6  L . 7  2 . 8
2 . L  2 . 2  1 . 5  L . 7
2 . 2  2 . L  1 . 6  1 . 9
r . 9  2 . 5  1 . 6  2 . r
2 . 3  2 . 0  2 . 5  2 . 4

5 . s  5 . 6  r 0 . 5  2 . O  3 . 4
5 . r  4 . 5  r 0 . 4  1 . 5  5 . 9
3 . 5  4 . 6  7 . 9  1 . 8  4 . 7
r . 9  5 . 2  9 . 7  2 . 3  4 . 8
2 . 7  5 . 9  8 . 4  2 . 3  4 . s
3 . 0  4 . 8  7 . 7  2 . 8  4 . 1
4 . 4  2 . 5  5 . 8  3 . 3  2 . O
4 . r  3 . r  6 . 4  2 . 8  2 . 8
2 . 5  3 . 5  6 . 3  1 . 3  2 . 4
2 . 3  3 . 7  7 . 6  r . 3  2 . 6
3 . 2  3 . 6  6 . 0  2 . 7  3 . 2
2 . 3  3 . 2  7 . 4  1 . 8  3 . 1

7 . L  1 r . 9  4 . 6  4 . 0
7  . 2  9  . 9  2 . 5  5 . 9
6 . 4  8 . 6  2 . 5  3 . 7
5 . 8  7 . 0  4 . 2  5 . 7
7 . O  7 . 9  3 . 6  5 . 0
4 . 5  5 . 7  4 . s  3 . 6
7 . 0  6 . 2  3 . 5  4 . 0
3 . 5  4 . L  4 . 3  2 . 2
4 t L  ) ¡ S  ¿ . 1  J . t

3 . 7  5 . 8  3 . 3  3 . 2
6 . 6  8 . 3  4 . s  4 . 5
5 . 0  7 . 2  2 . 9  4 . 0

2 . J  2 . 5  2 . 0  1 . 4
2 . 8  5 . 1  2 . 2  2 . 7
2 . r  3 . 5  1 . 4  2 . 1
3 . 0  4 . L  2 . O  I . 6
2 . 3  4 . 8  2 . 3  2 . 1
2 . O  4 . 5  2 . 2  2 . r
1 .  r  3 . 0  2 . 4  2 . O
A . )  5 . q  ¿ . ¿  ¿ . J

t . 4  2 . 6  1 . 3  1 . 5
r . 6  2 . 2  0 . 8  0 . 9
1 . 8  4 . r  2 . r  1 . 5
r . 7  2 . 6  1 . 0  1 . 5

1 t ,  l a  a 1

1 . 6  I . 8  I . 9
1 . 6  r . 4  1 . 6
r . 4  2 . O  2 . O
1 . 8  2 . 5  1 . ó
1 . 9  I . 5  2 . 9
1 . 8  I  . 8  1 . 4
r . 7  t . 7  I . 6
1 . 5  1 . 0  1 . 4
0 . 9  I . 3  1 . 1
1 . 3  1 . 0  1 . 5
1 . 3  1 . 0  1 . 0

1 . 8  2 . 3
1 . 7  r .  r
I  a  ) o

1 . 6  2 . 4
1 . 6  3 . 1
L . 4  3  . 3

t n  1 A

I . U  I . )

L . t  l .  O

2 . O  2 . 4
1 . 3  1 . 3

I0 -sec ,  9 .2 - f t  I , laves**

EC
IA
2A

3A
3B
3C
3D
4

4^
4 É

4C

2 . 6  2 . 7  3 . 2
3 . 0  2 . 8  3 . 4
2 . 9  1 . 9  3 . 0
2 . 4  1 . 9  3 . 5
2 . 6  2 . 3  3 . 3
3 . 0  2 . 7  3 . 2
3 . 2  3 . 1  3 . 3
2 . 2  2 . 9  2 . 2
2 . 4  2 . 4  2 . 0
a 1  |  7  a o

2 . 8  2 . 5  2 . L
2 . 6  2 . 2  3 . 3

2 . 7  2 . 9  7 . 8
4 . 2  4 . 3  5 . 8
4 . 4  3 . 0  4 . 5
2 . 2  4 . 5  4 . 7
3 . 4  4 . 7  4 . 1
3 . 1  4 . 0  4 . 4
3 . 0  4 . 9  3 . 1
2 . 9  3 . 5  4 . 8
1 . 6  r . 9  2 . 8
2 . O  L . 7  3 . 5
2 . 7  4 . 0  5 . 6
1 1  1 <  1 a

2 . 6  4 . 2  1 . 5  3 . 2  1 . 2  2 . 4  2 . 4
4 . 6  5 . 8  2 . 2  5 . 5  2 . 5  4 . 0  4 . 1
2 . 5  3 . 6  2 . 0  4 . 3  I . 9  4 . 4  4 . 6
3 . 7  5 . 3  2 . 0  3 . 1  r . 2  3 . 5  2 . 7
3 . 6  6 . 2  2 . 7  3 . 9  2 . O  3 . 9  3 . 6
2 . 8  4 . 2  3 . 2  5 . 2  2 . 0  3 . 8  2 . 8
2 . 6  4 . r  2 . 3  4 . 5  1 . 7  4 . 3  2 . 2
1 . 5  3 . 1  2 . 2  3 . 7  1 . 6  3 . 5  2 . 2
2 . 5  2 . 9  t . 3  3 . 3  r . 4  2 . 9  3 . 0
3 . 2  2 . 9  r . 3  3 . 3  r . 7  2 . 2  3 . 0
3 . 3  5 . 3  2 . 7  4 . 7  1 . 6  5 . 2  3 . 7
2 . 9  3 . 7  L . 4  2 . 8  1 . 1  2 . 6  2 . 2

* ZO-year recurrence interval.
** 100-year recurrence interval.

- l -
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I
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Table 14

Plans 14, 24, 4D, 4E for Test lJaves from 17 deg, +2.6 f t  swl,

River Dlscharge 800 cfs

Plan
No.

EC
1A
2A
4D
4E

1 . 8
r . 2
2 . 0
L . 4
1 . 0

4 . 2
4 . 5
5 . 0
4 . 4
3 . 3

1 . 1
1 . 3
3 . 1
1 . 6
2 . L

3 . 8
5 . 0
4 . 5
3 . 6
4 . 2

L . 4
L . 4
2 . 2
1 . 6
1 . 9

1 . 1
L . 4
1 . 0
L . 4
1 . 2

2 . L
3 . 8
3 . 1
3 . 7
3 . 6

0 . 9
2 . 2
3 . 0
2 . L
1 . 8

2 . 5
3 . 6
3 . 0
3 . 7
3 . 3

L . 7
1 . 0
2 . 0
1 . 0
1 . 6

2 . 6
2 . 7
1 . 9
1 . 8
2 . 2

3 . 0
2 . L
1 . 6
1 . 6
2 . 7

3 . 5
4 . 7
2 . 9
2 . 1
2 . 7

3 . 6
3 . 3
3 . 6
3 . 2
1 . 9

_ W1e HeigEt, f t  _
Gage Gage Gage Gage Gage Gage Cage

1 2 3 4 s 6 7 8 9 1 0 1 1 L t

8-sec 8-ft ÏJaves*

EC
1A
2^
4D
4E

1 . 0  1 . 6
0 . 9  L . g
1 . 5  2 . 0
0 . 9  L . 6
1 . 3  0 . 9

2 . 8  2 . 9
3 .  B  2 . r
3 . 0  2 . 9
3 . 0  r . g
2 . 4  1 . 5

9 . 5 - s e c L2 2-ft l{aves**

3 . 0
4 . 6
3 . 8
4 . 9
5 . 3

3 . 2
3 . 6
3 . 8
4 . 2
3 . 6

2 . L
3 . 6
3 . 5
3 . 3
2 . 7

4 . 2
5 . 0
4 . 2
3 . 7
3 . 4

4 . 5
6 . 4
4 . 0
3 . 9
2 . 9

2 . 5
5 . 1
4 . 2
3 . 5
3 . 6

(Continued)

lc 2O-year recurrence
** 100-year recurïence

interval .
in terval .



Table 14 (Concluded)

Plan Cage eage Cage 
-eage 

Cage Gage Gage Gage Gage Gage Gage Gage Gage

No. 13 L4 15 16 17 18 19 20 2L 22 23 24 25

8-see 9.8-ft l,Iaves*

EC
IA
2L
4D
4E

EC
1A
2A,
4D
4E

4 . 1
4 . 4
2 . 7
3 . 3
3 . 0

5 . 5
7 . 2
4 . 6
3 . 7
2 . 8

6 . 0
4 . 0
2 . 6
4 . L
2 . 4

6 . 2
7 . 4
4 . 9
4 . 5
3 . 4

7 . L
4 . 8
3 . 9
3 . 7
3 . 7

1 0 . 4
T 2 . L
9 . 4
7 . 4
6 . 2

o . 7
L . 4
1 . 3
1 . 0
1 . 4

2 . 3
3 . 5
3 . 3
2 . 5
1 . 9

0 . 5
0 . 5
o . 7
0 . 5
o . 4

1 . 5
1 . 4
L . 4
t . 7
1 . 9

o . 7
1 . 3
1 . 1
1 . 0
0 . 7

0 . 8
0 . 9
1 . 0
0 . 8
1 . 1

0 . 7
0 . 8
0 . 9
0 . 8
1 . 0

7 . 2  1 . 9
8 . 0  L . 2
7 . 0  2 . L
5 . 1  2 . 2
6 . 0  2 . 4

9 .5 -sec

L . 4
1 . 5
1 . 3
1 . 1
1 . 8

L 2 . 2 - f  t

0 . 5
0 . 9
0 . 9
0 . 7
1 . 1

[,Iaves**

o . 7  1 .  r
0 . 6  1 . 0
0 . 7  1 . 8
0 . 9  L . 2
0 . 8  L . 2

L . 7  1 . 8
L . 4  2 . L
1 . 8  2 . 3
1 . 6  1 . 7
L . 7  2 . 2

2 L . 5
2 2 . 4
19.6
L 7 . 4
L7 .3

3 . 4  2 . 3
5 . 7  2 . 8
4 . 6  2 . 9
3 . 3  1  . 9
3 . 1  2 . 7

2 . O
2 . 3
2 . L
1 . 6
1 . 3

2 . L
1 . 9
1 . 9
2 . r
L . 7

*
* *

2O-year
100-year

recurrence interval.
ïecurrence interval.

I
I



Table 15

ConParison of Wave Heights for Existing CondltLons (fC) and Fair-I,Ieather

River Discharge 800 cfs

Plans 14, 4-4D for Test üIaves from 326 +2.6 f  t  sr¿I

Plan
No.

EC
1A
2^
4D
4E

L . 4
L . 4
2 . 2
1 . 6
1 . 9

3 . 6
3 . 3
3 . 6
3 . 2
1 . 9

Gage
3

Gage
4

3 . 2
3 . 6
3 . 8
4 . 2
3 . 6

Gage
5

Gage
7

Gage
I

Gage
9

0 . 9
2 . 2
3 . 0
2 . r
1 . 8

2 . 5
3 . 6
3 . 0
3 . 7
3 . 3

Gage
10

L . 7
1 . 0
2 . 0
1 . 0
1 . 6

Gage
11

3 . 0
2 . L
L . 6
L . 6
2 . 7

Gage
L2

I{ave He t
Gage

6

8-sec 9.8-ft trrlaves*

1 . 8
L . 2
2 . O
! . 4
1 . 0

4 . 2
4 . 5
5 . 0
4 . 4
3 . 3

r . 1
1 . 3
3 . 1
1 . 6
2 . L

3 . 8
5 . 0
4 . 5
3 . 6
4 . 2

3 . 0
4 . 6
3 . 8
4 . 9
5 . 3

2 . L
3 . 6
3 . 5
3 . 3
2 . 7

2 . 6
2 . 7
1 . 9
1 . 8
2 . 2

3 . 5
4 . 7
2 . 9
2 . L
2 . 7

4 . 5
6 . 4
4 . 0
3 . 9
2 . 9

1 . 0  1 . 6
0 . 9  1 . 9
1 . 5  2 . 0
0 . 9  1 . 6
1 . 3  0 . 9

2 . 8
3 . 8
3 . 0
3 . 0
2 . 4

2 . 5
5 . 1
4 . 2
3 . 5
3 . 6

( Cont lnued)

2 . 9  1 . 1
2 . L  L . 4
2 . 9  1 . 0
1 . 9  L . 4
1 . 5  1 . 2

4 . 2  2 . L
5 . 0  3 . 9
4 . 2  3  . 1
3 . 7  3 . 7
3  . 4  3 . 6

9.5-sec ,  12 .2- f t  t r Iaves**

EC
1A
2A
4D
4E

:< 2l-year recurrence interval.
** 100-year recurrence interval.



Gage
13

Gage
15

Table

Gage
L7

Gage
18

Gage
L9

Gage
2 2

Gage
2 3

Gage
24

Gage
25

,r.rded)

tr{ave He t t
Gage

2 0
Gage

2 L
Gage

L6
Gage
L4

8-sec 9.8-f t üIaves*

EC
1A
2^
4D
4E

EC
1A
2L
4D
4E

4 . 1
4 . 4
2 . 7
3 . 3
3 . 0

5 . 5
7 . 2
4 . 6
3 . 7
2 . 8

6 . 0
4 . 0
2 . 6
4 . L
2 . 4

6 . 2
7 . 4
4 . 9
4 . 5
3 . 4

7 . L
4 . 8
3 . 9
3 . 7
3 . 7

0 . 7
1 . 4
1 . 3
1 . 0
1 . 4

2 . 3
3 . 5
3 . 3
2 . 5
1 . 9

0 . 5
0 . 5
o . 7
0 . 5
o . 4

o . 7
1 . 3
1 . 1
1 . 0
0 . 7

2 . L
1 . 9
1 . 9
2 . r
I . 7

0 . 8
0 . 9
1 . 0
0 . 8
1 . 1

1 0 . 4  2 L . 5
L 2 . L  2 2 . 4
9 . 4  1 9 . 6
7 .4  L7 .4
6 . 2  L 7 . 3

3 . 4  2 . 3
5 . 7  2 . 8
4 . 6  2 . 9
3 . 3  1 . 9
3 . 1  2 . 7

7 . 2  1 . 9
8 . 0  L . 2
7 . 0  2 . L
5 . 1  2 . 2
6 . 0  2 . 4

9 .5 -sec

1 . 4
1 . 5
1 . 3
1 . 1
1 . 8

L2.2-f t

0 . 5
0 . 9
0 . 9
o . 7
1 . 1

I^Iaves**

0 . 7  1 . 1
0 . 6  1 . 0
0 . 7  1 . 8
0 . 9  L " 2
0 . 8  L . 2

L . 7  1 . 8
r . 4  2 . L
1 . 8  2 . 3
1 . 6  1 . 7
L . 7  2 . 2

2 . O
2 . 3
2 . L
1 . 6
1 . 3

1 . 5
L . 4
L . 4
L . 7
1 . 9

o . 7
0 . 8
0 . 9
0 . 8
1 . 0

*
* *

ZO-year
100-year

recurrence interval.
recurrence interval.



Table 16

0.O-ft  sw1, River Discharge 800 cfs

Test Ïùave I,Iave He
PerLod

sec
Height

f t
Gage

2
Gage

3
Gage

7
Gage

9
Gage
10

Gage
8

Gage Gage
5 6

Gage
4

Gage
I

Gage Gage
11  L2

Direct lon
deg

2 7 9

326

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

1 0 . 3
ro.7
6 . 2

1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

1 2 . 2

0 . 1  < 0 . 1  0 . 2
0 . 3  0 . 2  < 0 . 1
0 . 6  0 . 6  0 . 5
o . 2  0 . 6  0 . 4
0 . 7  0 .  9  0 . 9
0 . 9  1 . 3  1 . 1
2 . 0  2 . L  2 . 5

0 . 3  0 . 2  0 . 2
0 . 4  0 . 6  0 . 5
0 . 2  0 . 3  0 . 2
1 . 8  1 . 9  1 . 5
L . 7  2 . 0  1 . 5
1 . 1  L . 4  0 . 7
2 . 4  2 . 0  2 . 3
2 . 6  2 . 7  2 . 9

0 . 1  0 . 2  0 . 2
0 . 3  0 . 5  0 . 6
0 . 4  0 . 3  0 . 2
0 . 6  0 . 5  0  . 4
0 . 8  0 . 6  0 . 5
1 . 5  1 . 6  1 . 4

o . 2  < 0 . 1
0 . 2  0 . 3
0 . 4  0 . 4
0 . 3  0 . 6
0 . 6  0 . 7
o . 7  L . 2
2 . 0  0 . 9

0 . 5  0 . 6
0 . 7  0 . 4
0 . 1  0 . 4
1 . 1  2 . 1
1 . 1  2 . 2
0 . 5  0 . 5
L . 7  2 . 2
2 . 9  2 . 5

0 . 3  0 . 3
0 . 4  0 . 4
0 . 3  0 . 2
0 . 3  0 . 5
0 . 5  0 . 5
1 . 3  1 . 6

(Cont inued)

0 . 1  < 0 . 1
0 . 4  0 . 2
0 . 5  0 . 6
0 . 4  0 . 5
0 . 5  0 . 9
0 . 8  L . 4
1 . 1  L . 4

0 . 3  1 . 9
L . 4  2 . 9
0 . 5  1 . 5
2 . L  3 . 9
2 . 4  4 . 5
0 . 8  1 . 6
3 . 1  4 . 9
2 . 9  4 . 2

0 . 4  0 . 8
1 . 0  L . 7
0 . 8  2 . 0
1 . 0  2 . 6
L . 2  2 . 7
2 . L  3 . 9

0 . 1  < 0 . 1
< 0 . 1  0 . 3

0 . 5  0 . 4
0 . 5  0 . 4
1 . 0  0 . 9
r . 4  1 . 1
L . 4  1 . 3

o . 4  0 . 6
0 . 6  0 . 4
o . 4  0 . 6
L . 4  1 . 5
L . 7  2 . 0
1 . 1  0 . 6
2 . 4  2 . 4
2 . 4  2 . 3

0 . 3  0 . 2
0 . 4  0 . 3
0 . 2  0 . 3
0 . 3  0 . 5
0 . 4  0 . 7
0 . 9  L . 7

0 . 2  0 . 1  0 . 2
0 . 3  0 . 1  0 . 3
0 . 5  0 . 9  0 . 5
0 . 3  0 . 3  0 . 4
0 . 5  0 . 6  0 . 9
0 . 6  0 . 6  0 . 9
1 . 3  2 . 5  1 . 9

2 . 2  1 . 0  3 . 3
2 . 3  1 . 5  3 . 1
1 . 3  r . 2  1 . 0
3 . 4  3 . 6  4 . 6
2 . 2  4 . 5  4 . 5
0 . 9  2 . 2  2 . 5
2 . 6  4 . 9  5 . 0
4 . 9  4 . 7  4 . 6

0 . 4  0 . 2  0 . 1
o . 7  0 . 2  L . 4
0 . 4  0 . 4  1 . 1
L . 2  1 . 2  1 . 9
r . 2  L . 2  2 . 3
L . 2  2 . 7  3 . 6

L7



Table 16 (Concluded)

Test Ï,Iave Wave Heieht f t

326

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

6 . 0
7 . O
8 . 0

9 . 5

0 . 3  0 . 3
0 . 5  0 . 5
0 . 4  0 . 8
0 . 3  0 . 5
0 . 9  1 . 6
l . l  1 . 5
1 . 5  3 . 1

3 . 6  5 . 0
3 . 8  5 . 5
2 . 3  3 . 2
5 . 9  8 . 0
6 . 3  8 . 1
2 . 2  3 . 5
6 . 9  9 . 0
7 . 6  9 . 7

0 . 5  0 . 9
1 . 8  1 . 6
L . 4  1 . 1
2 . L  1 . 8
2 . 7  2 . L
4 . 5  5 . 5

0 . 7  0 . 8
L . 6  2 . L
1 . 5  5 . 2
0 . 9  3 . 8
2 . L  7 . L
1 . 9  8 . 3
5 . 2  7 . 5

7 . L  3 . 8
8 . 6  9  . 5
4 . 3  5 . 7

1 1 . 9  L 2 . 4
12.L 13.8
4 . 9  5 . 7

L 2 . 5  1 6 . 0
11 .3  L9 .2

0 . 6  3 . 3
1 . 3  6 . 5
0 . 8  3 . r
2 . 0  4 . 9
2 . 4  6 . 1
7 . 3  1 5 . 5

3 . 7  L . 2
5 . 2  1 . 7
2 . 3  1 . 0
5 . 1  2 . 7
6 . 0  4 . 0
3 . 7  2 . O
5 . 7  4 . 4
6 . 2  4 . 7

o . 2
1 . 0
0 . 2
1 . 5
1 . r
1 . 9

0 . 6  0 . 2
1 . 6  0 . 6
0 . 9  0 . 9
2 . 2  1 . 5
2 . 8  2 . 6
L . 4  L . 7
2 . 6  3 . 7
3 . 2  4 . 4

o . 2  < 0 . 1  < 0 . 1
0 . 2  0 . 2  0 . 2
0 . 4  0 . 4  0 . 2
0 . 6  0 . 5  0 . 5
0 . 6  0 . 5  0 . 4
1 . 6  0 . 9  1 . 5

o . 4  < 0 . 1
0 . 5  0 . 2
0 . 3  0 . 4
0 . 7  0 . 4
L . 4  1 . 1
1 . 1  L . 2
1 . 1  2 . 0

0 . 6  0 . 3
1 . 4  0 . 4
0 . 2  0 . 4
0 . 8  1 . 0
1 . 9  L . 4
1 . 1  0 . 6
2 . O  L . 7
1 . 8  3 . 0

0 . 1  < 0 . 1
0 . 2  0 . 1
0 . 2  0 . 2
o . 2  0 . 3
o . 2  0 . 4
1 . 3  1 . 1

Hel-ght
f t

Gage
13

Gage
15

Gage
T7

Gage
18

Gage
19

Gage
20

Gage
2 2

Gage
24

Gage
25

Gage
23

Gage
2 L

Gage
L6

Gage
L4

L7

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

10 .3
10 .7
6 . 2

1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L 2 . 2

0 . 2  0 . 4  0 . 2  0 . 1
0 . 2  0 . 5  0 . 4  0 . 2
1 . 0  0 . 9  0 . 9  0 . 7
1 . 5  L . 2  0 . 8  0 . 8
2 . 8  2 . 3  1 . 6  L . 7
2 . 2  2 . 3  L . 7  2 . r
2 . 9  2 . 7  2 . 6  3 . 4

< 0 . 1  < 0 . 1  0 . 1
0 . 5  0 . 1  0 . 3
0 . 3  0 . 5  0 . 6
0 . 3  0 . 5  0 . 2
0 . 8  L . 2  0 . 8
0 . 8  1 . 1  0 . 8
0 . 9  2 . 5  1 . 1

0 . 1  0 . 2  0 . 5
0 . 5  0 . 6  L . 7
0 . 3  0 . 5  1 . 1
1 . 3  0 . 9  3 . 1
1 . 5  r . 4  3 . 1
0 . 7  1 . 1  L . 2
L . 4  r . 2  2 . 8
1 . 3  2 . 4  3 . 0

< 0 . 1  < 0 . 1  < 0 . 1
0 . 2  0 . 2  0 . 2
o . 2  0 . 1  0 . 3
0 . 2  0 . 2  0 . 3
0 . 2  0 . 2  0 . 4
0 . 5  0 . 7  L . 4

l -



Table 17

I{ave Heights for Fair-I^leather Plan 4D,

0 .O- f t  sw l ,  R iver  D ischarge 8 ,000 c fs

Test Ilave I{ave Height.
Dlrectlon PerLod

deg sec
Ilelght

f r
Gage Gage Gage Gage Gage Gage Gage

L 2 3 4 s 6 7
Gage

9
Gage

8
Gage Gage Gage
10 11 L2

279

326

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

10 .3
LO.7
6 . 2

1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L 2 . 2

T7

0 . 1  < 0 . 1
0 . 2  0 . 2
0 . 6  0 . 5
0 . 2  0 . 5
0 . 7  l . l
1 . 0  t . 2
2 . 2  l . g

0 . 5  0 . 2
0 . 3  0 . 4
0 . 3  0 . 4
1 . 9  L . 2
r . 8  2 . L
0 . 8  L . 4
2 . 2  2 . 4
3 . 0  2 . 7

0 . 1  0 . 2
0 . 4  0 . 4
0 . 4  0 . 3
0 . 5  0 . 4
0 . 7  0 .  5
1 . 8  L . 7

0 . 2  0 . 2  < 0 . 1
0 . 2  0 . 2  0 . 2
0 . 4  0 . 4  0 . 4
0 . 3  0 . 2  0 . 6
0 . 8  0 . 6  0 . 9
L . 2  0 . 7  1 . 1
2 . 5  1 . 9  0 . 9

0 . 2  0 . 3  0 . 3
0 . 5  0 . 6  0 . 6
0 . 5  0 . 2  0 . 4
L . 2  0 . 9  1 . 9
1 . 5  1 . 1  1 . 9
0 . 7  0 . 7  0 . 5
2 . 5  L . 6  2 . 3
2 . 6  3 . 1  2 . 7

0 . 2  0 . 2  0 . 2
0 . 5  0 . 4  0 . 2
0 . 2  0 . 3  0 . 2
0 . 4  0 . 3  0  . 4
0 . 5  0 . 5  0 . 5
L . 7  1 . 5  1 . 9

(Cont inued)

0 . 1  0 . 1
0 . 3  0 . 4
0 . 6  0 . 6
0 . 4  0 . 6
0 . 5  0 . 9
0 . 9  L . 4
L . 2  1 . 5

0 . 5  0 . 7
1 . 0  1 . 5
0 . 8  1 . 6
2 . 2  4 . O
2 . 7  4 . 5
0 . 6  1 . 6
3 . 2  4 . 8
3 . 7  4 . 9

0 . 2  0 . 6
0 . 8  2 . L
0 . 8  2 . 0
1 . 0  2 . 6
1 . 3  2 . 9
r . 7  4 . 9

0 . 1  < 0 . 1
0 . 1  0 . 2
0 . 5  0 . 3
0 . 5  0 . 4
r . 2  0 . 9
1 . 1  1 . 0
1 . 5  1 . 4

0 . 2  0 . 2
0 . 4  0 . 6
0 . 3  0 . 6
r . 2  L . 2
L . 7  2 . 2
o  . 7  0 . 6
2 . 4  2 . 5
2 . 3  3 . 1

0 . 2  0 . 2
0 . 4  0 . 3
0 . 2  0 . 3
0 . 3  0 . 6
0 . 4  0 . 7
1 . 3  L . g

0 . 2  < 0 . 1  < 0 . 1
o . 2  0 . 1  0 . 1
0 . 6  0 . 9  0 . 9
0 . 3  0 . 3  0 . 3
0 . 3  0 . 5  0 . 9
0 . 5  0 . 7  0 . 9
r . 5  2 . 2  L . 7

L . 4  1 . 6  3 . 5
2 . 3  2 . L  3 . 3
1 . 5  1 . 9  I . 4
3 . 5  3 . 6  4 . 3
2 . L  4 . L  4 . 4
0 . 8  2 . O  2 . L
2 . 6  4 . 9  4 . 6
5 . 3  5 . 6  5 . 2

< 0 . 1  0 . 4  0 . 6
0 . 6  0  . 4  0 . 9
0 . 4  0 . 4  1 . 1
r . 4  0 . 7  2 . 5
1 . 6  0 . 9  2 . 9
1 . 4  2 . 7  3 . 9



Table 17 (Concluded)

Test l,Iave
Sfrection Perlod lleight

deg sec f r 13 L4 15 16 L7 18 19 20 2L 22 23 24 25

2 7 9  6 . 0
7 - O
8 . 0
9 . 0

10 .0

326 6.0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

L 7  6 . 0
7 . O
8 . 0

0 . 1  0 . 4  0 . 2
0 . 4  0 .  5  0 . 4
r . 0  0 . 9  0 . 9
1 . 3  1 . 0  0 . 6
2 . 6  L . 9  1 . 5
2 . 2  2 . L  L . 7
3 . 1  2 . 4  2 . 3

3 . 3  L . 2  0 . 4
5 . 2  2 . 0  1 . 5
2 . 6  1 . 1  0 . 8
5 . 2  2 . 7  2 . L
6 . 8  4 . 3  2 . 7
3 . 7  1 . 8  1 . 3
6 . 1  4 . 4  2 . 5
5  . 8  3 . 8  2 . 7

0 . r  0 . 1  < 0 . r
0 . 5  0 . 3  0 . 1
0 . 2  0 . 4  0 . 4
L . 4  0 . 6  0 . 5
1 . 6  0 .  6  0 . 4
2 . 0  t . 4  0 . 9

< 0 . 1  < 0 . 1  < 0 . 1  0 . 1
0 . 2  0 . 3  < 0 . 1  0 . 1
0 . 5  0 . 3  0 . 4  0 . 5
0 .  4  0 . 3  0 .  3  0 . 2
1 . 0  0 . 6  1 . 0  0 . 7
1 . 1  0 . 8  1 . 1  0 . 7
1 . 8  0 . 8  1 . 8  1 . 3

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

10 .3
1 0 . 7
6 . 2

1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L2.2

0 . 2  0 . 3
0 . 4  0 . 3
0 . 6  1 . 0
0 . 3  0 . 3
0 . 7  1 . 5
0 . 8  L . 4
1 . 6  3 . 0

3 . 1  4 . 0
4 . L  5 . 3
2 . 7  3 . 5
5 . 9  8 . 1
7 . L  8 . 5
2 . 3  3 . 3
6 . 9  9 . 4
8 . 3  1 1 . 1

0 . 4  0 . 7
1 . 4  1 . 9
L . 4  1 . r
2 . 2  2 . L
2 . 8  2 . 9
5 . 0  5 . 3

0 . 6  0 . 8
r . 2  L . 7
1 . 8  5 . 0
0 . 5  3 . 6
1 . 8  7  . 4
1 . 8  8 . 6
4 . 8  7  . 8

5 . 7  3 . 4
8 . 6  1 0 . 0
4 . 9  6 . 1

11.6 L2.6
1 1 . 9  1 5 . 5
4 . 5  5 . 3

1.3 .5  19.0
13.6 20.1

0 . 6  2 . 4
L . 4  6 . 3
0 . 8  3 . 1
2 . 4  4 . 9
2 . 8  5 . 8
7 . 8  1 3 . 5

0 . 2  0 . 4
0 . 1  0 . 4
0 . 6  0 . 3
0 . 6  0 . 7
L . 4  1 . 2
1 . 9  1 . 1
3 . 0  r . 2

0 . 1  0 . 2
o . 7  0 . 9
1 . 0  0 . 2
1 . 3  0 . 8
2 . 7  2 . L
1 . 5  0 . 9
3 . 6  2 . L
3 . 9  1 . 9

< 0 . 1  < 0 . 1
0 . 1  0 . 3
0 . 2  0 . 2
0 . 4  0 . 2
0 . 4  0 . 3
L . 4  1 . 0

0 . 4  0 . 2  0 . 2  0 . 5
0 . 5  1 . 0  0 . 5  1 . 0
0 . 6  0 . 3  0 . 6  1 . 0
0 . 8  1 . 3  0 . 9  3 . 2
1 . 6  L . 7  L . 6  2 . 8
0 . 6  0 . 5  0 . 9  1 . 0
1 . 8  1 . 5  1 . 3  3 . 3
2 . L  1 . 3  1 . 9  2 . 6

< 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1
0  . 1  0 . 3  0 . 2  0 . 4
0 . 2  0 .  2  0 . 1  0 .  3
0 . 5  0 . 2  0 . 2  0 . 3
0 . 5  0 . 3  0 . 3  0 . 3
1 . 1  0 . 4  0 . 6  1 . 3

I
i



Table 18

Wave Heights for Fair-I,Ieather Plan 4D,

+2.6 f t  swl ,  River  Discharge 800 cfs

Test I,Iave I,Iave Height, ft
DLrect ion Perlod

deg sec
Height

f r
Gage Gage Gage Gage Gage Gage Gage

1 2 3 4 5 6 7
Gage

I
Gage

9
Gage Gage Gage
10 11 L2

2 7 9

326

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

1 0 . 3
1 0 . 7

6 . 2
1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

1 2 . 2

0 . 4
0 . 2
1 . 0
0 . 4
1 . 5
1 . 9
3 . 3

0 . 4
0 . 8
1 . 0
1 . 3
2 . 6
1 . 3
3 . 8
4 . 7

0 . 2
0 . 6
0 . 5
0 . 6
L . 4
4 . 4

L7

0 . 2  < 0 . 1
0 . 3  0 . 5
0 . 7  0 . 7
0 . 3  1 . 1
2 . 0  1 . 6
2 . 4  2 . 5
2 . 5  3 . 6

0 . 2  0 . 3
1 . 0  0 . 7
0 . 6  0 . 4
2 . L  1 . 5
2 . 5  2 . 3
r . 5  1 . 3
3  . 5  3 . 9
6 . 6  5 . 0

0 . 2  0 . 2
o . 4  0 . 4
1 . 1  0 . 4
0 . 9  0 . 5
1 . 6  1 . 6
3 . 6  4 . 9

0 . 3
0 . 5
0 . 8
0 . 5
1 . 5
1 . 9
2 . 3

0 . 5
1 . 0
0 . 5
1 . 3
L . 7
1 . 3
3 . 0
4 . 7

0 . 1
0 . 4
0 . 2
0 . 5
0 . 9
4 . 2

(Cont inued)

0 . 2  < 0 . 1
0 . 4  0 . 2
0 . 9  0 . 5
0 . 5  0 . 5
1 . 0  1 . 2
1 . 3  1 . 6
2 . 2  2 . 3

0 . 7  0 . 9
1 . 0  1 . 5
0 . 4  0 . 5
2 . 5  2 . 8
3 . 4  4 . 2
0 . 9  1 . 3
3 . 7  4 . 2
4 . 6  5  . 5

0 . 2  0 . 9
0 . 7  L . 4
0 . 3  1 . 3
1 . 1  2 . 9
L . 6  3 . 0
3 . 3  3 . 5

0 . 3  0 . 3
0 . 5  0 . 6
0 . 4  0 . 8
0 . 7  0 .  9
0 . 9  2 . 3
1 . 5  2 . 7
1 . 8  2 . 2

2 . t  0 . 3
r . 9  0 . 6
L . 7  0 . 4
4 . 9  2 . 4
5 . 0  2 . 0
1 . 5  L . 2
5 . 2  3 . 5
4 . 6  6 . 0

0 . 3  0 . 1
0 . 8  0 . 6
2 . 0  0 . 2
1 . 3  0 . 6
1 . 9  L . 4
3 . 7  3 . 7

0 . 2  0 . 3
0 . 5  < 0 . 1
0 . 8  0 . 2
0 . 3  0 . 2
r . 2  1 . 3
L . 2  1 . 5
3 . 2  2 . 0

0 . 9  r . 2
1 . 6  2 . 6
0 . 8  0 . 6
3 . 3  2 . 4
3 . 5  2 . 7
L . 4  1 . 1
3 . 2  3 . 2
4 . 6  6 . 2

0 . 2  0 . 4
0 . 8  0 . 5
0 . 9  0 . 9
1 . 3  0  . 7
2 . I  1 . 0
3 . 7  1 . 8

0 . 1  < 0 . 1
0 . 3  0 . 3
0 . 6  0 . 6
0 . 3  0 . 4
0 . 8  r . 4
1 . 1  1 . 6
1 . 9  1 . 5

1 . 9  3 . 4
2 . 8  4 . 0
2 . 7  2 . 3
3  . 9  3 . 7
4 . 3  4 . 3
2 . L  L . 4
4 . 9  3 . 7
6 . 4  5 . 6

0 . 4  0 . 3
0 . 9  0 . 6
0 . 8  1 . 9
L . 4  2 . 3
1 . 6  3 . 2
2 . L  3 . 9

r



Table 18 (Concluded)

Test trIave Ifave Height, ft
Direct ion

deg

2 7 9

326

Period Height
sec  f t

Gage Gage
L4 15

Gage
L7

o . 7  < 0 . 1
L . 2  0 . 3
6 . 2  L . 2
3 . 0  1 . 0
7  . 3  1 . 8
8 . 2  L . 7
6 . 8  3 . 0

Gage
19

0 . 6  0 . 3
0 . 6  0 . 4
1 . 5  L . 4
1 . 5  0 . 5
2 . 5  1 . 1
2 . 7  L . 2
2 . 7  2 . 6

Gage
2L

0 . 3  0 . 4
o . 2  0 . 3
0 . 8  0 . 5
0 . 6  0 . 3
2 . 2  1 . 0
2 . 6  1 . 3
2 . 9  0 . 9

Gage
23

0 . 3  0 . 2
0 . 6  0 . 9
o . 7  0 . 3
0 . 7  0 . 2
0 . 8  0 . 9
1 . 0  0 . 8
2 . 6  1 . 1

0 . 8
0 . 8
0 . 6
2 . O
3 . 0
1 . 1
2 . 6
4 . 6

o . 2
0 . 2
0 . 2
0 . 5
1 . 0
2 . L

Gage Gage
24 25

Gage
2 2

Gage
20

Gage
18

Gage
13

Gage
16

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
9 . 6
9 . 2

5 . 6
8 . 0
5 . 5

1 0 . 3
r 0 . 7
6 . 2

1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L 2 . 2

0 . 4
0 . 7
0 . 5
0 . 3
0 . 9
1 . 3
1 . 8

2 . 7
4 . 4
3 . 1
6 . 0
7 . 4
2 . 0
6 . 7
8 . 1

0 . 3
1 . 1
2 . 2
3 . 1
3 . 3
3 . 7

0 . 5
0 . 8
0 . 6
1 . 0
1 . 3
1 . 3
2 . 5

0 . 6
L . 2
1 . 1
0 . 5
l . l
1 . 3
4 . 9

4 . 4  6 . 4
6 . 9  9 . 4
3 . 9  5 . 1
g . l  L 2 . 7
g . g  1 3 . 3
3  . 1  4 . 3
9 . 4  1 3 . 8
g .g  L6 .4

4 . 7
10 .5
6 . 4

1 5 . 5
1 3 . 6
7 . L

1 9 . 5
23.3

1 . 6  2 . 3
2 . 2  5 . 5
2 . 6  4 . 5
3 . 9  6 . 3
3 . 7  5 .  r
7 . 4  L 7 . 4

2 . 7  0 . 9
5 . 4  2 . L
3 . 8  1 . 8
6 . 2  3 . 9
5 . 5  3 . 9
2 . 6  2 . 4
5 . 0  5 . 5
8 . 0  7 . 2

o . 4
0 . 5
L . 4
L . 7
2 . 2
3 . 3

0 . 2  1 . 0
1 . 6  0 . 8
L . 4  0 . 5
2 . 8  3 . 4
2 . L  5 . 0
0 . 9  1 . 5
3 . 0  4 . 0
5 . 2  6 . 5

0 . 5  0 . 4
0 . 3  0 . 3
0 . 3  0 . 1
0  . 7  0 . 3
1 . 0  0 . 5
2 . 5  L . 7

0 . 2  0 . 2
0 . 3  0 . 4
0 . 6  r . 4
0 . 6  1 . 0
1 . 3  1 . 6
1 . 5  2 . O
1 . 9  2 . 6

0 . 5  0 . 2  1 . 0
2 . 3  0 . 7  2 . 5
0 . 6  0 . 4  L . 2
2 . 0  1 . 8  4 . 8
3 . 4  2 . 2  4 . 4
0 . 4  0 . 7  2 . L
2 . 0  2 . 8  3 . 4
2 . 5  3 . 3  5 . 1

0 . 1  < 0 . 1  0 . 3
0 . 5  0 . 2  0 . 7
0 . 3  0 . 1  0 . 3
0 . 5  0 . 5  0 . 8
0 . 8  0 . 9  L . 2
0 . 8  1 . 6  L . 7

0 . 9
L . 7
0 . 5
1 . 8
3 . 0
0 . 9
2 . 5
2 . 5

L7 0 . 8
2 . 2
1 . 9
3 . 5
4 . r
4 . 5

0 . 7
0 . 2
o . 7
1 . 6
1 . 1
r . 9

o . 2
0 . 2
0 . 6
0 . 9
0 . 7
L . 6



Table 19

llave Ileights for Fair-I{eather Plan 4D,

+2 .6  f t  sw1 ,  R fve r  D i scha rge  8 ,000  c f s

Test l{ave
Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage

7 8 9 1 0 1 1 L 2
PerLod Height

sec  f t
Dlrect iou

deg

279

326

6 . 0
7 . O
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

10 .3
1 0 . 7
6 . 2

1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 9

L 2 . 2

0 . 2
0 . 3
0 . 4
o . 4
0 . 9
2 . 6

0 . 3  0 . 2
0 . 3  0 . 3
0 . 9  0 . 5
0 . 5  0 . 5
r . 7  1 . 9
L . 7  2 . 5
3 . 5  2 . 3

0 . 9  0 . 5
0 . 8  1 . 1
1 . 0  0 . 4
1 . 3  1 . 8
2 . 8  3 . 0
1 . 1  1 . 3
4 . 0  4 . L
4 . 7  6  . l

o . 2
0 . 3
0 . 5
1 . 0
1 . 5
2 . 7

0 . 1  0 . 3
0 . 5  0 . 5
0 . 7  0 . 7
1 . 0  0 . 4
2 . O  L . 4
1 . 9  2 . L
3 . 5  2 . 2

0 . 4  0 . 5
0 . 7  0 . 9
0 . 3  0 . 5
1 . 3  L . 2
2 . 6  1 . 8
1 . 5  1 . 1
3 . 5  2 . 9
5 . 2  5 . 5

0 . 2  < 0 . 1
0 . 3  0 . 2
0 . 8  0 . 5
0 . 4  0 . 6
0 . 8  L . 2
1 . 3  1 . 3
2 . 3  2 . 0

0 . 3  0 . 9
1 . 0  L . 2
0 . 5  0 . 4
2 . 0  2 . 8
3 . 5  3 . 8
0 . 8  1 . 1
3 . 5  3 . 9
4 . 3  5 . 7

0 . 2  0 . 8
0  . 4  1 . 6
0 . 4  0 . 8
0 . 7  2 . 2
1 . 1  2 . 3
2 . 9  2 . 7

0 . 3
0 . 3
0 . 4
0 . 8
r . 2
1 . 5
L . 7

0 . 8
2 . 0
r . 6
4 . 5
5 . 4
L . 7
5 . 0
5 . 1

0 . 6  < 0 . 1
L . 2  0 . 8
2 . 2  0 . 4
2 . 4  L . 2
2 . 2  1 . 5
3 . 1  2 . 3

0 . 2  0 . 2
o . 7  0 . 6
0 . 7  0 . 9
0 . 8  0 . 2
2 . 3  1 . 1
2 . 5  1 . 1
2 . 4  2 . 5

0 . 4  0 . 4
0 . 7  1 . 5
0 . 4  0 . 9
2 . 4  3 . 0
2 . L  4 . 4
1 . 0  1 . 0
4 . L  3 . 4
6 . 5  4 . 9

0 . 2  0 . 2  0 . 1
0 . 1  0 . 2  0 . 6
0 . 5  0 . 5  0 . 9
0 . 2  0 . 2  0 . 4
L . 4  1 . 1  r . 2
1 . 5  L . 2  L . 7
1 . 8  1 . 5  L . 2

1 . 3  3 . 0  3 . 7
2 . 2  2 . 2  3 . 2
1 . 0  2 . 3  2 . 5
2 . 7  3 . 7  4 . 4
2 . 9  4 . 6  4 . 9
L . 4  3 . 0  2 . 8
4 . 4  5 . 7  5 . 8
6 . 3  7  . 4  5 . 9

17 0 . 2  0 . 1
0 . 3  0 . 2
0 . 4  0 . 7
r . 2  0 . 7
1 . 8  1 . 5
2 . 6  2 . 8

0 . 3  0 . 5
0 . 4  0 . 6
0 . 6  0 . 6
1 . 6  0 . 9
L . 7  1 . 1
2 . 7  1 . 9

0 . 6  0 . 5
1 . 0  1 . 3
0 . 5  1 . 3
1 . 0  L . 9
0 . 9  2 . L
L . 7  3 . 8

(Cont lnued)

I

1



Table 19 (Conclu<led)

Test l,Iave t

Direct ion
deg

PerLod llelght
sec  f t

Gage Gage
15 16

Gage
L7

0 . 5  0 . 8  0 . 1
1 . 3  1 . 5  0 . 2
0 . 9  5 . 4  0 . 9
0 .  3  2 . 9  0 . 8
1 . 8  7 . 7  L . 7
L . 2  7 . 7  L . 7
4 . 7  7 . L  2 . 9

5 . 7  4 . 0  2 . 7
8 . 1  8 . 6  4 . 2
5 . 2  6 . 8  3 . 8

1 3 . 4  1 5  . 9  6  . 6
L3.7 L6.6 6.1
5 . 2  8 . 9  2 . 2

L 4 . 2  2 2 . 9  5 . 7
L 5 . 4  2 2 . 9  8 . 9

Gage Gage
18 19

Gage
20

0 . 5  0 . 3  0 . 3
0 . 6  0 . 5  0 . 3
L . 2  L . 2  0 . 6
1 . 3  0 . 4  0 . 6
2 . 6  L . 2  2 . 6
2 . 8  L . 2  1 . 9
2 . 4  2 . 4  2 . 7

1 . 6  0 . 7  1 . 0
L . 7  1 . 3  0 . 9
2 . 0  L . 7  0 . 5
3 . 6  2 . 8  3 . 0
4 . 8  2 . 4  5 . 4
2 . r  1 . 0  1 . 8
5 . 9  3 . 4  4 . 3
6 . 8  5 . r  6 . 0

0 . 3  < 0 . 1  < 0 . 1
0 . 6  0 . 3  0 . 2
0 . 4  0 . 4  0 . 5
0 . 9  0 . 7  0 . 7
L . 2  0 . 8  0 . 9
1 . 9  1 . 1  2 . 0

Gage Gage Gage
22  23  24

Gage
13

Gage
L4

Gage
2 L

Gage
25

2 7 9  6 . 0
7 . 0
8 . 0
9 . 0

326

10 .0

6 . 0
7 . O
8 . 0

8 . 5
9 . 0

10.0

6 . 0
7 . 0
8 . 0

9 . 5

0 . 2  0 . 3
0 . 8  0 . 6
0 . 8  0 . 6
0 . 3  1 . r
1 . 1  L . 4
1 . 1  L . 2
1 . 6  2 . 4

2 . 9  4 . 0
4 . 3  5 . 8
3 . 3  3 . 8
6 . 5  7 . 9
9 . 3  1 0 . 6
2 . 7  3 . 9
8 . 4  9 . 9
8 . 5  1 0 . 6

0 . 4  0 . 3
0 . 3  0 . 6
0 . 4  0 . 5
0 . 2  0 . 6
L . 2  1 . 2
L . 2  1 . 0
0 . 9  2 . 6

1 . 1  0 . 8
1 . 3  1 . 0
0 . 5  0 . 6
1 . 8  1 . 6
2 . 6  2 . 9
1 . 1  1 . 0
2 . 0  3 . 0
2 . 8  4 . 5

0 . 1  0 . 2  0 . 2
1 . 0  0 . 2  0 . 4
0 . 3  0 . 6  L . 2
0 . 2  0 . 5  0 . 7
1 . 0  L . 2  1 . 5
0 . 7  1 . 5  2 . 2
0 . 9  1 . 8  2 . 6

0 . 3  0 . 4  0 . 8
2 . 4  0 . 7  2 . 4
0 . 7  0 . 4  1 . 3
2 . 2  1 . 9  4 . 2
3 . 7  2 . 4  4 . 5
0 . 5  0 . 6  L . 7
2 . 3  2 . 5  3 . 8
2 . 4  3 . 3  4 . 8

L7

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

10 .3
1 0 . 7
6 . 2

1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L 2 . 2

0 . 8  0 . 7  1 . 5  3 . 0  0 . 5
0 . 9  2 . L  2 . 5  6 . 6  0 . 5
1 . 9  2 . L  2 . 3  3 . 7  0 . 9
2 . 2  2 . 9  4 . r  4 . 3  1 . 8
1 . 6  3 . 2  3 . 4  4 . 5  1 . 9
3 . 8  4 . 5  6 . 5  1 5 . 0  2 . 5

0 . 3  < 0 . 1  < 0 . 1  < 0 . 1  0 . 2
o . 2  0 . 4  0 . 5  0 . 2  0 . 6
0 . 1  0 . 3  0 . 2  0 . 2  0 . 6
0 . 3  0 . 4  0 . 6  0 . 4  0 . 6
0 . 4  0 . 6  0 . 6  0 . 6  L . 2
1 . 3  1 . 1  0 . 6  r . 0  1 . 3



Table 20

I'Iave llelghts for Fair-I^Ieather Plan 4D,

+4.8 f t  swl¡  River Discharge 800 cfs

Itave HeTest I'lave
Gage Gage
11 L2

Gage
10

Gage
9

Gage
8

Gage
7

Gage Gage
5 6

Gage
4

Gage
2

Gage
t

Period
sec

Helght
f r

Gage
3

Dl.rectfon
deg

279

326

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

1 0 . 3
LO.7
6 . 2

1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L 2 . 2

0 . 2  0 . 3
o . 2  0 . 5
0 . 5  2 . 3
0 . 5  1 . 0
3 . 8  2 . L
3 . 2  2 . 7
3 . 3  2 . 9

0 . 5  0 . 4
L . 2  r . 4
I . 2  L . 4
2 . 3  3 . 0
2 . L  2 . 9
3 . 2  2 . O
3 . 8  6 . 2
5 . 8  8 . 6

0 . 2  < 0 . 1
0  . 7  0 . 6
r . 0  1 . 1
2 . 6  3  . 1
L . 7  2 . 7
5 . 2  5 . 0

0 . 2  0 . 3
0 . 4  0 . 3
L . 2  1 . 1
L . 4  0 . 5
2 . 4  1 . 6
2 . 6  1 . 6
3 . 6  4 . 6

0 . 4  0 . 9
1 . 5  L . 4
0 . 7  0 .  3
2 . L  2 . 4
1 . 8  2 . 0
2 . 0  1 . 5
6 . 3  4 . 9
7 . 9  9 . 0

0 . 3  0 . 4
0 . 5  0 . 6
0 . 7  0 . 6
2 . 0  1 . 8
1 . 9  L . 6
5 . 1  5 . 7

0 . 1  0 . 4
o . 2  0 . 3
1 . 1  L . 2
0 . 5  0 . 4
L . 7  L . 7
1 . 9  2 . 6
3 . 2  3 . 8

0 . 5  1 . 5
2 . L  3 . 7
L . 2  1 . 5
3 . 4  3 . 7
5 . 3  5 . 3
1 . 9  1 . 5
5 . 2  5 . 0
5 . 8  6 . 7

1 . 3  0 . 9
3 . 1  1 . 1
2 . 3  2 . 7
2 . 2  2 . 3
2 . 4  2 . 4
5 . 4  3 . 9

0 . 2  0 . 1
0 . 3  0 . 3
o . 7  0 . 7
0 . 8  0 . 6
1 . 9  L . 4
2 . 5  2 . O
3 . 6  4 . 2

o . 4  0 . 6
0 . 9  2 . 9
0 . 3  1 . 0
3 . 7  3 . 7
4 . 4  4 . 3
1 . 8  1 . 1
6 . 0  4 . 7
9  . 6  6 . 3

0 . 3  0 . 4
0 . 6  1 . 1
o . 7  1 . 5
1 . 8  r . 7
2 . 6  1 . 3
5 . 0  5 . 2

0 . 2  0 . 1  0 . 5
o . 2  0 . 4  0 . 7
0 . 7  L . 2  1 . 1
0 . 3  0 . 4  0 . 7
0 . 9  0 . 8  1 . 1
L . 4  L . 2  2 . 2
1 . 9  3 . 4  2 . 9

2 . O  2 . L  3 . 7
2 . 8  2 . 6  4 . 4
r . 4  2 . 5  2 . 3
2 . 4  4 . o  4 . 3
2 . 6  4 . L  4 . 6
L . 7  2 . 4  3 . 9
4 . 5  5 . 3  6 . 2
4 . 7  5 . 7  6 . 0

0 . 5  0 . 6  0 . 6
1 . 5  0 . 7  2 . 9
1 . 0  1 . 1  L . 4
r . 4  1 . 6  3 . 1
1 . 3  2 . 5  3 . 0
2 . 7  4 . L  6 . 4

0 . 2
0 . 2
0 . 8
o . 4
1 . 6
r . 5
3 . 6

0 . 4
L . 4
0 . 9
3 . 2
3 . 6
1 . 4
4 . 2
5 . 6

0 . 8
L . 4
L . 4
2 . 3
2 . 8
4 . 2

17

(Cont inued)

I



Table 20 (Concluded)

Test tr{ave Iüave Hel-ght, ft
Dlrectlon

deg

2 7 9

3 2 6

Period Height
sec  f t

Gage Gage Gage
15 16 L7

Gage Gage
18  19

Gage
13

Gage
L4

0 . 5
0 . 6
2 . 2
0 . 8
2 . 0
1 . 8
2 . 7

Gage
2 L .

Gage
2 2

0 . 6
0 . 2
0 . 6
0 . 6
1 . 3
2 . 3
3 . 9

Gage
23

Gage
20

Gage Gage
24 25

L7

6 . 0
7 . O
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

10 .3
1 0 . 7
6 . 2

1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L 2 . 2

0 . 6
0 . 4
0 . 9
1 . 0
0 . 9
L . 7
4 . 5

3 . 6  4 . 6
4 . 3  6 . 5
2 . 7  3 . 6
7 . L  9 . 3
7  . 9  1 0 . 1
4 . 5  3 . 6
8 . 4  9  . 7

10 .1  10 .8

1 . 3
2 . 8
1 . 9
2 . 9
2 . 3
6 . 9

0 . 5
1 . 9
2 . 8
4 . L
5 . 1
6 . 3

0 . 8
L . 7
2 . 0
L . 7
2 . L
2 . 4
3 . 4

6 . 9  4 . 4
9 . 4  9 . 0
5 . 6  6 . 1

1 3 . 6  1 9 . 1
L3.7 L6.7
5 . 3  9 . 2

L4.5 24.8
L4.5 23.4

2 . 2  1 . 6
3 . 6  6 . 8
3 . 1  4 . 5
4 . 7  3 . 8
6 . 2  3 . 9
9 . 3  1 5 . 8

0 . 9  0 . 4
2 . 3  0 . 4
5 . 8  1 . 6
3 . 4  1 . 8
7 . 2  2 . 5
8 . 6  2 . 9
6 . 9  2 . 6

2 . 5
4 . 6
4 . 2
7 . 0
5 . 9
4 . 8
8 . 1
8 . 4

1 . 0
L . 2
2 . 6
3 . 3
2 . O
3 . 5

1 . 0
0 . 6
1 . 5
1 . 8
2 . 0
2 . 4
3 . 3

0 . 9  0 . 2
1 . 9  1 . 1
L . 4  0 . 8
4 . 9  2 . 6
3 . 5  1 . 8
2 . 2  2 . 9
7 . 3  6 . 3
8 . 4  5 . 7

1 . 0
1 . 6
l . r
1 . 8
2 . 3
4 . 9

0 . 3
0 . 4
0 . 7
L . 2
1 . 6
3 . 9

0 . 4  0 . 8  0 . 6
0 . 4  0 . 5  < 0 . 1
0 . 9  1 . 1  1 . 0
1 . 1  L . 2  1 . 0
1 . 5  2 . 5  0 . 8
1 . 8  2 . 5  L . 4
1 . 8  3 . 8  L . 7

0 . 6  0 . 7  0 . 3
0 . 5  0 . 5  0 . 6
0 . 8  0 . 8  1 . 3
0 . 3  0 . 7  0 . 5
0 . 8  2 . O  L . 7
1 . 3  3 . 1  2 . 3
3 . 1  4 . 9  2 . 9

1 . 1
0 . 8
1 . 5
4 . 1
2 . 8
2 . 3
6 . 6
7 . 6

0 . 3
0 . 4
0 . 4
7 . 2
L . 2
2 . 9

0 . 3
1 . 1
0 . 5
0 . 7
L . 4
r . 2

L . 4
1 . 6
L . 4
2 . 4
2 . 5
1 . 9
3 . 2
4 . 5

0 . 1  0 . 5
0 . 5  0 . 5
0 . 2  0 . 7
0 . 6  0 . 8
1 . 0  1 . 0
1 . 8  2 . 6

0 . 9  0 . 3
L . 7  2 . L
0 . 8  1 . 9
2 . 5  4 . 9
2 . 3  4 . 9
1 . 6  L . 2
5 . 6  3 . 0
5 . 7  4 . 2

1 . 0  1 . 1
L . 2  2 . 7
0 . 4  3 . 0
2 . 8  5 . 0
2 . 7  3 . 6
L . 2  2 . 5
4 . L  6 . 2
7 . 2  1 0 . 5

o . 2  1 . 0
0 . 3  1 . 1
0 . 3  L . 4
0 . 7  1 . 6
0 . 6  L . 4
3 . 8  2 . 9



Table 21

I{ave Heights for Fair-Weather Plan 4D,

*4.8 s¡^¡ l  ,  River Discharge 8,000 cf s

Test I'Iave l , Iave Helght, ft
DLrectlon Period

sec
Height

f t
Gage Gage Gage Gage Gage Gage Gage

L 2 3 4 5 6 7
Gage Gage

11  12
Gage

9
Gage

I
Gage

10deg

279

326

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

9 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

1 0 . 3
L0.7
6 . 2

1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L 2 . 2

0 . 2
0 . 3
1 . 1
L . 4
2 . 5
2 . 7
3 . 6

0 . 4
1 . 5
0 . 8
2 . 4
3 . 5
2 . 3
5 . 6
8 . 6

0 . 2
0 . 5
0 . 8
2 . 0
L . 4
6 . 3

0 . 4
0 . 3
1 . 0
0 . 4
1 . 6
1 . 5
4 . 7

0 . 8
L . 4
0 . 5
2 . L
2 . 7
1 . 5
4 . 7
8 . 6

0 . 5
0 . 6
0 . 6
t . 6
L . 4
5 . 1

0 . 1
0 . 2
0 . 9
0 . 6
1 . 1
L . 7
2 . 6

0 . 4
1 . 6
0 . 9
3 . 1
4 . 3
L . 4
4 . 7
6 . L

0 . 8
1 . 0
L . 4
2 . 5
2 . 7
5 . 2

0 . 2
0 . 2
0 . 9
0 . 5
1 . 9
1 . 9
3 . 4

o . 7
2 . 2
1 . 0
3 . 9
6 . 1
1 . 5
5 . 1
5 . 3

1 . 3
3 . 0
2 . 3
2 . 5
2 . 4
5 . 0

0 . 3
0 . 3
L . 2
0 . 4
2 . O
2 . 7
3 . 1

L . 7
3 . 6
L . 6
4 . 5
5 . 4
L . 7
4 . 9
6 . 3

1 . 1
1 . 1
2 . 3
2 . 2
L . 7
3 . 6

L7

0 . 2  0 . 3
0 . 2  0 . 4
0 . 5  1 . 9
0 . 4  0 . 6
3 . 8  1 . 9
3 . 4  2 . 7
2 . 8  2 . 8

0 . 4  0 . 3
0 . 8  L . 7
L . 2  L . 2
1 . 8  2 . 9
2 . 6  4 . 1
2 . 8  I . 7
4 . L  5 . 1
6 . 1  8 . 2

o . 2  0 . 1
0 . 6  0  . 4
1 . 0  L . 2
2 . 9  3 . 0
1 . 6  1 . 5
6 . 2  7 . 5

0 . 2  0 . 2
0 . 2  0 . 3
0 . 8  0 . 8
0 . 6  0 . 6
2 . 5  1 . 9
2 . 9  1 . 8
3 . 8  4 . L

0 . 5
0 . 8
0 . 7
4 . 2
3 . 7
2 . 4
6 . r
9 . 2

0 . 1
0 . 4
0 . 5
1 . 9
2 . 6
4 . 6

0 . 2
0 . 2
0 . 6
0 . 2
0 . 5
1 . 3
L . 4

0 . 4  2 . 0
L . 9  3 . 1
1 . 1  1 . 9
3 . 9  2 . 8
3 . 0  3 . 8
1 . 6  2 . 3
4 . 9  4 . 6
6 . 2  4 . 9

0 . 4  0 . 2
0 . 8  L . 2
L . 6  0 . 9
2 . 2  L . 4
1 . 0  1 . 5
4  . 7  3 . 3

0 . 2  0 . 3
0 . 3  0 . 5
1 . 0  1 . 0
0 . 3  0 . 4
o  . 7  1 . 0
1 . 3  1 . 3
3 . 3  3 . 2

2 . 5  3 . 5
3 . 5  4 . 5
2 . 7  2 . 6
4 . 3  4 . 2
5 .  6  5 . 4
3  . 1  3 . 6
5 . 7  5 . 5
5 . 7  6 . 9

0 . 7  1 . 1
0 . 9  1 . 9
0 . 6  L . 7
1 . 3  3 . 3
L . 7  3 . 2
4 . L  5 . 1

(Cont inued)



Table 2l  (Concluded)

Test l{ave I{ave Height, ft

Di rect ion
deg

Perlod
sec

Ilelght
f t

Gage
13

Gage
1 9

Gage
20

Gage
23

Gage
24

Gage
25

Gage
18

Gage
15

Gage
L4

Gage Gage
16 L7

Gage Gage
2 L  2 2

2 7 9  6 . 0
7 . 0
8 . 0
9 . 0

10 .0

326 6.0
7 . 0
8 . 0

8 . 5
9 . 0

r0.0

L 7  6 . 0
7 . O
8 . 0

9 . 5

0 . 4  0 . 3
0 . 5  0 . 4
0 . 5  1 . 8
0 . 7  0 . 5
t . 2  2 . 2
1 . 9  1 . 5
3 . 8  2 . 6

4 . 0  5 . 0
5 . 4  7 . O
3 . 3  3 . 8
7 . 0  9 . 9
6 . 9  1 0 . 0
5 . 3  4 . 5
8 . 5  1 0 . 1
9 . 0  L 2 . L

0 . 9  0 . 7
2 . 4  2 . 0
2 . 2  2 . 6
2 . 8  3 . 2
2 . 2  5 . 2
5 . 8  6 . 0

0 . 7  1 . 0
1 . 5  2 . 6
1 . 9  5 . 7
0 . 8  3 . 1
L . 6  5 . 9
2 . 0  8 . 0
3 . 4  6 . 4

7 . 3  4 . 6
9  . 9  9 . 3
5 . 8  6 . 4

1 3 . 6  2 L . L
14 .4  2 .43
6  . 1  1 0 . 5

L4.L 23.0
14.1 21.7

2 . 2  L . 7
3 . 0  6 . 5
2 . 9  3 . 9
5 . 6  3 . 0
6 . 5  3 . 7

LO.2 15.5

0 . 4  1 . 0
0 . 4  0 . 5
L . 7  L . 2
1 . 5  1 . 6
2 . L  L . 7
2 . 9  1 . 8
2 . 8  3 . 4

2 . 6  0 . 7
3 . 7  1 . 8
4 . 2  L . 4
7 . r  4 . 5
6 . 3  5 . 6
5 . 0  2 . 6
7 . 5  7 . 5
8 . 3  8 . 3

0 . 9  0 . 9
1 . 3  1 . 5
2 . 6  L . 2
3 . 2  1 . 8
2 . t  2 . 4
3  . 9  4 . 5

0 . 4  0 . 8
0 . 3  0 . 4
0 . 8  0 . 9
0 . 9  0 . 9
1 . 3  L . 9
1 . 5  2 . r
2 . 3  4 . 2

0 . 3  L . 2
L . 2  1 . 1
0 . 8  1 . 3
2 . L  4 . r
3 . 4  4 . 9
2 . 9  2 . 4
6 . 4  6 . L
5 . 8  7 . 7

0 . 3  0 . 3
0 . 4  0 . 4
o  . 7  0 . 4
1 . 3  1 . 3
1 . 5  L . 2
3 . 5  3 . 7

0 . 8  0 . 6
0 . 2  0 . 3
0 . 8  0 . 6
1 . 0  0 . 6
0 . 8  1 . 1
1 . 3  2 . 2
2 . 0  4 . 3

L . 2  L . 2
1 . 9  1 . 7
1 . 6  0 . 5
2 . 2  2 . 2
2 . 8  3 . 0
1 . 1  1 . 8
3 . 2  5 . 4
4 . 7  6 . 6

0 . 1  0 . 4
0 . 6  0 . 5
0 . 3  0 . 6
0 . 7  0 . 8
0 . 8  0 . 9
1 . 9  2 . 5

0 . 7  0 . 4  0 . 5
0 . 5  0 . 4  0 . 6
0 . 8  0 . 7  1 . 3
0 . 3  0 . 8  0 . 7
0 . 9  2 . 0  1 . 8
L . 2  3 . 8  2 . 2
1 . 9  4 . 4  3 . 1

0 . 4  0 . 8  1 . 5
L . 7  L . 4  2 . 2
1 . 8  0 . 6  2 . 7
3 . 8  2 . 9  4 . 6
5 . 4  2 . 9  5 . 9
1 . 3  1 . 4  3 . 0
3 . 6  5 . 4  6 . 0
4 .5  6 .9  LO.7

0 . 2  0 . 2  1 . 3
1 . 1  0 . 4  0 . 9
0 . 5  0 . 4  1 . 3
0 . 7  0 . 7  L . 7
L . 4  0 . 6  2 . 0
1 . 6  3 . 5  3 . 3

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

10 .3
1 0 . 7
6 . 2

11 .9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L 2 . 2



TabLe 22

Plan 4D, and Faír-Iùeather Plans 5-5G for Representative Test

I{aves fror 279 deg, Rive

I,Jave Hefght, ft
Plan
No.

EC
4D
5
5A
5B
5C
5D
5E
5F
5G

E C
4D
5
5A
5B
5C
5D
5E
5F
5G

EC
4D
5C
5 E

E C
4D
5C
5E

Gage
13

2 . 3
1 . 3
1 . 1
1 . 1
1 . 5
1 . 3
1 . 6
1 . 9
1 . 5
L . 6

2 . 9
1 . 8
2 . 0
1 . 9
2 . 0
2 . 4
3 . 5
3 . 4
2 . 6
3 . 2

Gage
L4

5 . 5
1 . 3
1 . 5
L . 6
1 . 6
L . 4
L . 7
2 . 8
2 . 6
2 . 4

Gage
15

5 . 6
1 . 3
2 . 5
1 . 4
3 . 0
2 . r
2 . 3
3 . 0
2 . 7
2 . ' 2

Gage
16

1 0 . 5
8 . 2
9 . 4
8 . 4
9 . 9
9 . 1
9 . 9
9 . 1
8 . 4
7 . 4

Gage
L7

Gage
18

Gage
20

2 . 5
2 . 6
2 . 5
2 . 2
3 . 1
2 . 8
3 . 4
4 . L
3 , 7
3 . 0

4 . 2
2 . 9
3 . 3
3 . 2
3 . 7
4 . L
4 . 6
5 . 5
5 . 5
3 . 9

Gage
2 2

r . 4
1 . 0
1 . 5
1 . 8
2 . 0
L . 9
L . 7
1 . 8
L . 7
L . 6

9-sec, 8.6-f  t  l , Iaves; +2.6 f  t  swl

10-sec 9.2- f  t  ü Iaves:

2 , 0
L . 7
2 . 4
L . 4
2 . 0
1 . 5
1 . 6
2 . L
1 . 6
1 . 5

+ 2 . 6  f t  s w l

3 . 4
2 . 7
3 . 3
2 . 9
3 . 1
2 . 7
3 . 3
4 . r
3 . 8
3 . 4

7 . 8
2 . 5
3 . 1
3 . 2
3 . 0
3 . 0
2 . 8
4 . L
3 . 6
2 . r

7 . L
4 . 9
4 . 3
4 . L
4 . 6
4 . 6
4 . 7
6 . 9
4 . 6
4 . 2

1 1 . 9
6 . 9
6 . 0
6 . 0
6 . 1
5 . 9
5 . 7
6 . 6
6 . 0
4 . 9

4 . 6
3 . 0
2 . 9
2 . 6
2 . 3
2 . 3
3 . 1
2 . 6'1.7

2 . 3

4 . 0
2 . 7
3 . 6
3 . 5
4 . L
4 . 4
4 . 7
6 . L
5 . 2
j . 6

3 . 2
2 . 6
3 . 5
3 . 9
3 . 7
3 . 4
3 . 5
4 . 0
3 . 7
3 . 6

9-sec, 8.6-f t  t rr laves; +4.8 f t  sr¡ l

3 . 7
L . 7
2 . 2
3 . 8

3 . 3
4 . 5
4 . L
3 . 6

4 . 7
1 . 8
L . 7
3 . 2

6 . 4
2 . 4
2 . 0
4 . 0

1 3 . 1
8 . 6
7 . 6
8 . 5

2 . 0
2 . 9
2 . 2
3 . 5

4 . 7
2 . 4
2 . 5
3 . 8

5 . 7
2 . 5
3 . 4
4 . 6

6 . 1
3 . 8
l + . 4

6 . 3

4 . 4
2 . 3
3 . 0
3 . 0

6 . 1
3 . 9
4 . 4
5 . 6

l0-sec 9.2- f . t  l laves: +4 8 ft sw1

8 . 1
2 . 7
3 . 2
3 . 8

7 . 7
3 . 4
3 . 5
6 . 9

L3.4
6 . 9
6 . L
7 . 5

2 . 8
2 . 6
3 . 2
4 . L

5 . 7
3 . 3
4 . L
6 . 3



Table 23

I{ave Helghts for Severe-I,Ieather Plan 6 for Test llaves

froø 326 and 17 deg, Ríver Discharge 800 cfs

Test l{ave I{eve Hefght, ft
cage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage

L 2 3 4 5 6 7 8 9 1 0 1 1 L 2 1 3 L 4

+2.6 f  t  s l r l

DirectLon PerLod
deg sec

Helght
f t

5 . 6
8 . 0
5 . 5

1 0 . 3
1 0 . 7

6 . 2
1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

1 2 . 2

5 . 6
8 . 0
5 . 5

1 0 . 3
L0.7

6 . 2
1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8
L2.2

o . 2
0 . 8
o . 4
1 . 3
2 . 7
o . 7
3 . 4
3 . 3

< 0 . 1
0 . 6
0 . 6
0 . 8
1 . 6
2 . 8

0 . 5
1 . 5
0 . 5
2 . 9
4 . 4
L . 7
7 . O
5 . 6

0 . 3
0 . 7
r .4
2 . 4
2 . r
4 . 7

0 . 1
0 . 9
o . 2
r . 2
t 1

0 . 9
3 . 7
5 . 0

< 0 .  I
1 . 0

0 . 8
1 . 3
2 . O

0 . 8
1 . 5
0 . 5
1 . 8
3 . 3
2 . 4

7 . 3

0 . 3
L . 2
L . 2
2 . 0
I A

4 . )

0 . 3
0 . 7
0 . 3
L . 4
L . 7
0 . 6
3 . 9
5 . 0

0 . 1
0 . 9
0 . 3
0 . 8
1 . 1
2 . 1

0 . 9
1 . 6
0 . 5
2 . 2
4 . 4
r . 8
4 . 7
9 . 2

^ t

1 . 1
1 . 1
1 . 8
1 . 6
4 . 2

o . 2
0 . 5
0 . 3
1 . 1
L . 2
0 . 9
1 . 6
3 . 0

r ì 7

r . 7
J - . J

2 . 3
2 . 0
2 . 8

0 . 6
0 . 6
0 . 8
2 . 4
2 . 2
0 . 9
2 . 9
4 . 9

1 . 1
2 . 3
r . 9
2 . 5
1 . 9
4 . r

o . 2
0 . 3
o . 4
1 . 5
2 . 8
0 . 8
3 . 5

< 0 . 1
0 . 7
0 . 3
0 . 5
1 . 0
r . 5

0 . 6
1 . 1
o . 7
4 . 7
3 . 2
1 . 9
7 . 8
9 . 0

0 . 5
0 . 8
0 . 6
L . 7
2 . 0
2 . 3

0 . 3
0 . 3
0 . 3
1 .1 -
1 . 3
0 . 5
r . 6
3 . 0

< 0 . 1
0 . 8
0 . 4
1 . 0
I ¡ Y

3 . 0

o . 2
1 . 5
0 . 6
2 . O
2 . 7
t . )

2 . 8
4 . 9

0 . 5
t . 2
L . 2
L . 4
L . 7
3 . 8

326 6 .0
7 . O
8 . 0

8 . 5
9 . 0

1 0 . 0

1 7  6 . 0
7 . O
8 . 0

9 . 5

326 6 .0
7 . 0
8 . 0

8 . 5
9 . 0

r0 .0

L 7  6 . 0
7 . 0
8 . 0

+4.8  f t  sw l

0 . 6  1 . r
L . 2  1 . 0
r . 4  L . 4
2 . 6  3 . 0
2 . r  3 . 5
2 . O  1 . 9
3 . 5  3 . 9
5 . 0  5 . 9

0 . 8  0 . 6
2 . 0  1  . 6
L . 7  2 . r
2 . L  4 . 3
2 . 4  3 . 5
5 . 9  5 . 0

1 . 3  r . 5
1 . 8  L . 7
2 . 8  r . 9
4 . 8  3 . 4
4 . 0  4 . s
2 . 6  3 . 1
5 . 2  4 . 5
6 . 9  9 . 8

r . 2  L . 2
2 . 0  2 . 2
2 . 6  2 . 6
3 . 7  2 . 8
3 . 3  4 . O
5 . 3  8 . 79 . 5

0 . 2
1 . 0
0 . 8
1 . 3
3 . 3
1 . 3
2 . 9
3 . 8

0 . 1
0 . 8
0 . 5
t . 2
1 a

2 . 2

0 . 4
2 . r
1 . 6
2 . 0
2 . 8
2 . 4
3 . 2
5 . 3

0 . 3
0 . 6
1 . 6
2 . 3
3 . 1
6 . 7

0 . 3
0 . 3
o . 2
1 . 3
L . 4
0 . 6
2 . L
3 . 5

0 . 1
r ì o
0 . 5
^ - l

1 . 8
2 . 2

0 . 3
0 . 8
o . 4
3 . 0
3 . 0
1 . 3

5 . 6

0 . 8
r .5
1 . 0
1 a

l _ .6
4 . 8

0 . 8
1 . 3
0 . 6
2 . L
2 . 4
1 . 0
2 . 4
3 . 9

0 . 7
0 . 9
1 . 1
1 . 6
r . 4
2 . 5

1 . 1
1 . 8
r . 4
3 . 0
3 . 7
r . 5
1 ( ¡

5 . 8

0 . 5
1 . 8
J A

1 . 8
2 . 2
3 . 8

o . 4
L . 2
o . 7
1 . 5
L . 4
r l o

t . 7
2 . 9

0 . 4
t n

0 . 5
1 . 3
1 . 1
2 . O

r . 2
1 . 9
r . 7
1 . 8
1 . 5
1 . 5
2 . L
3 . 8

0 . 9
L . 7
2 . L
3 . 2
3 . 6
3 . 1

0 . ó
0 . 6
l_ .1
1 . 3
1 . 5
L . 2
2 . 2
3 . 5

o . 4
0 . 4
0 . 9
0 . 6
I . 2
3 . 6

1 .0
0 . 9
1 ^

t . )

? ?

1 . 8
a 1

3 . 7

0 . 7
r . 2
t . 1
2 . 3
t - l

3 . 9

0 . 9
L . 2
1 . 3
1 . 6
2 . O
r . 1
2 . 7
3 . 3

0 . 5
L . 4
1 . 3
2 . 6

3 . 8

1 . 6
1 . 5
1 . 6
2 . 2
2 . 8
1 . 9
3 . 8
4 . 3

t . 2
2 . 6
1 . 3
3 . 2
4 . 2
4 . 9

( Cont lnrred)

I



Table 23 (Concluded)

Test I'Iave Wave llelght, ft
G a g e G a g e G a g e G a g e G a g e G a g e G a g e G a g e G a g e G a g e G a g e G a g ã @

15  16  L7  18  19  20  2L  22  23  24  25  26  27  28  2 t

Dfrect fon
deg

326

Perlod
sec

Hefght
f t

+2.6  f t  sw1

I7

6 . 0
7 . O
8 . 0

8 . 5
9 . 0

10.0

6 . 0
7 . O
8 . 0

9 . 5

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

5 . 6
8 . 0
5 . 5

1 0 . 3
L0.7
6 . 2

1 1 . 9
13.7

4 . 7
t . 5

5 . 1
8 . 9
9 . 8

L 2 . 2

5 . 6
8 . 0
5 . 5

1 0 . 3
1 0 . 7

6 . 2
1 1 . 9
13.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L 2 . 2

1 . 0
0 . 6
0 . 5
1 . 6
2 . 4
0 . 6
2 . 9
J . 4

0 . 5
1 . 3
^ 1

1 . 5
2 . r
2 . 9

L . 2
L . 7
0 . 8
2 . 5
2 . 3
1 . r
3 . 5
6 . 9

0 . 2
2 . 3
3 . 0
3 . 3
3 . 0
3 . 0

0 . 8
0 . 4
0 . 2
1 . 6
2 . 9
r . 5
4 . L
3 . 3

0 . 1
0 . 4
0 . 2
0 . 8
0 . 8
1 . 6

0 . 7
0 . 8
0 . 6
1 a

2 . 7
1 . 9
5 . 3
7 . 3

o . 2
0 . 4
0 . 8
1 . 3
1 . 3
3 . 3

r .0
1 . 9
0 . 9
t 1

3 . 5
J . J

7 . 5
3 . 5

0 . 5
1 . 0
0 . 3
0 . 7
0 . 8
2 . 6

1 . 0
7 . 2
1 . 3
2 . 9
4 . 7
1 a

6 . 9
5 . 6

0 . 4
0 . 6
0 . 9
0 . 9
r . 2
2 . 9

r . 4
r . 4
1 . 8
6 . 2
5 . 4
2 . 0
3 . 1
4 . 2

o . 2
0 . 6
0.É
t 1

2 . 8

0 . 4
0 . 6
0 . 8
3 . 0
3 . 7
1 . 3
5 . 0
5 . 2

0 . 3
o . 7
0 . 8
r . ð
1 . 6
2 . 7

L . 4
2 . 5
1 . 9
2 . 6
J . I

2 . 3
3 . 7
6 . 9

1 . 1
2 . L
L . 4
3 . 4
3 . 2
6 . 9

L ¡ L

r . 7
2 . O
3 . 1
3 . 7
2 . 8
4 . 5
7 . 4

o . 7
2 . 8
1 . 8
4 . 7
4 . 2
7 . O

2 . 7  1 . 9
2 . 0  3 . 0
3 . 1  2 . 5
5 . 4  4 . 4
5 . 0  4 . 9
3 . 3  2 . 2
6 . 8  5 . 8
9 . 5  1 0 . 5

o . 2  0 . 5
1 . 0  0 . 4
0 . 5  0 . 4
r . 4  1 . 1
r . 7  1 . 1
o . 4  1 . 0
2 . 2  2 . 9
3 . 6  3 . 0

0 . 4  0 . 2
1 . 3  0 . 2
0 . 6  0 . 3
0 . 7  0 . 6
o . 7  0 . 7
1 . 6  1 . 6

0  . 2  0 . 8
1 . 3  0 . 9
0 . 7  0 . 5
2 . 5  1 . 9
2 . 7  3 . 2
r . 2  L . 4
3 . 5  3  . 5
5 . 8  2 . 8

0 . 7
2 . 0
1 . 5
2 . L
2 . 4
3 . 9

0 . 3
L . 2
0 . 8
1 . 5
L . 4
2 . O

0 . 8
1 . 0
0 . 2
0 . 8
1 .5
n o

3 . 2
2 . 2

0 . 5
0 . 6
0 . 4
1 . 3
2 . 7
1 . 0
2 . 8
2 . 6

0 . 4  < 0 . 1
0 . 3  0  . 2
o . 2  0 . 1
o . 4  0 . 8
0 . 5  1 . 0
1 . 8  1 . 3

0 . 5
1 . 3
0 . 5
2 . 2
2 . 7
0 . 9
1 . 8
2 . 0

o . 2
0 . 5
0 . 5
2 . 0
2 . 2
0 . 8
4 . L
2 . 6

0 . 1  < 0 . 1
0 . 6  0 . 3
0 . 3  0 . 2
0 . 6  0 . 6
0 . 9  0 . 7
o . 7  1 . 3

1 . 0  1 . 5
2 . 3  2 . I
0 . 6  2 . O
2 . 7  3 . 2
3 . 0  4 . 5
1 . 3  L . 4
3 . 6  4 . 8
4 . 0  8 . 4

1 . 0  1 . 0
0 . 6  r . 9
0 . 4  2 . 2
o . 7  2 . 7
0 . 9  4 . 7
L . 7  1 1 . 1

1 . 3  I . 2
1 . 9  2 . 8
1 . 4  2 . 4
5 . 9  4 . 4
3 . 6  6 . 8
2 . 7  2 . 8
7 . 0  6 . L
6 . 4  1 0 . 1

0 . 5  2 . 3  5 . 9
1 . 9  4 . 0  9 . 6
1 . 9  2 . O  8 . 4
3 . 4  4 . 8  1 4 . 3
3 . 8  4 . 8  L 7 . 5
L . 6  3 . 1  9 . 8
4 . r  5 . 1  L 7 . 6
7 . 4  8 . 3  2 L . 9

L . 4  0 . 8  1 . 9
2 . 5  2 . 2  2 . 8
1 . 1  1 . 5  2 . 8
3 . 2  3 . 3  5 . 1
3 . 4  3 . 3  6 . 8
5 . 4  6 . 5  9 . 5

L . 7  3 . 3  6 . s
2 . 3  4 . 4  L 2 . 8
r . 8  5 . 0  6 . 4
5 . r  6 . 6  1 6 . 8
6 . 0  7 . 7  2 0 . 6
2 . 7  4 . 4  1 0 . 0
6 . 6  7 . O  L 9 . 2
8 .1  10 .0  23 .6

+4.8  f t  sw1

326

L7 6 . 0
7 . 0
8 . 0

1 . 8
4 . 0
3 . 1
3 . 5
4 . 6
8 . 2

1 . 6
4 . r
4 . 2
7 . 6
7 . 3
8 . 9

1 . 1  2 . 3  0 . 8
r . 4  4 . 6  3 . 2
0 . 8  1 . 3  2 . 2
2 . 7  3 . r  4 . 4
2 . 4  6 . 2  5 . 1
3 . 7  r 2 . 4  1 1 . 1

2 . 9  3 . 0
2 . 2  4 . 6
2 . L  3 . 7
5 . 1  6 . 0
6 . 0  7 . 2
7 . 5  7 . O9 . 5



Table 24

llave lleíghts for Severe-Weather Plans 6A-6C for Test l,Javes

lrom 17 and/or  279 deg,  River Discharge 800 cfs

Test lJave W"rro H

Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage GageDtrection Perfod
deg

L 7

Helght
f t r 2 3 4 5 6 7 8 9 1 0 1 1 L 2 1 3 1 4

Plan 6Á', +4.8 ft sr¡l

7 . O
8 . 0

7 . 3
5 . 1

7 . 3
5 . 1

7 . 3
5 . 1

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . r
8 . 6
9 . 2

1 . 0
1 . 1

1 . 1
0 . 7

r . 1
t . 4

L . 4
0 . 5

0 . 8
1 . 0

1 . 0
0 . 6

0 . 8
0 . 6

0 . 9
0 . 3

1 . 0
0 . 9

0 . 8
1 .0

1 . 0
L . 2

0 . 1
1 . 1
L .4
0 . 5
r . 2
1 . 8
3 . 6

0 . 2
0 . 1
0 . 6
0 . 3
L . 2
1 . 6
2 . 2

1 .0
1 . 9

0 . 9
1 . 6

2 . L
1 . 9

0 . 5
1 . 5
2 . 3
L . 2
3 . 0
3 . 4
3 . 1

0 . 7
1 . 0
1 .5
0 . 6
1 . 6
2 . L
4 . 9

1 . 5
0 . 9

r .4
0 . 8

1 . 5
r . 9

0 . 4  0 . 9
0 . 6  0 . 7

PIan 68

1 . 6  1 . 6
L . 4  L . 7

+4.8  f t  sw l

0 . 9  2 . 5
2 . 4  3 . 0

1 . 1
r . 7

L . 2  2 . 5
1 . 5  3 . 8
2 . 3  3 . 3
2 . O  L . 7
4 . 2  6 . 4
4 . 5  7 . 9
6 . 5  9 . 8

t . 2  2 . L
1 . 6  1 . 9
3 . 8  2 . 6
1 . 5  2 . 5
3 . 9  5 . 0
4 . 5  6 . 6
5 . 7  8 . 2

7 . 0
8 . 0

7 . 0
8 . 0

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
7 . O
8 . 0
9 . 0

10 .0

0 . 5  0 . 6  1 . 0
0 . 3  0 . 6  1 . 1

r . 4
L . 4

3 . 3
1 . 8

1 . 3
1 . 3

1 . 9  2 . 2
2 . r  2 . 4

Plan 6C +4.8 ft  sw1

2 7 9 0 . 2
o . 2
1 . 6
1 . 6
4 . 6
5 . 2
4 . 9

0 . 3
0 . 4
L . 7
1 . 0
2 . O
1 0

3 . 5

0 . 3
o . 7
r . 9
2 . 2
2 . 6
3 . 2
3 . 9

< 0 . 1
0 . 5
l . r
0 . 5
1 . 5
1 . 6
2 . O

0 . 3
0 . 2
0 . 9
0 . 5
2 . 8
2 . 5
4 . 3

0 . 3
0 . 2
0 . 7
0 . 7
1 . 9
2 . 5
3 . 4

0 . 3
0 . 8
0 . 8
0 . 9
2 . 8
3 .0
4 . 4

0 . 4
0 . 6
0 . 8
0 . 9
L . 2
L . 7
2 . 0

r . 3
0 . 9

0 . 2
0 . 3
1 .1
0 . 4
2 . 0
1 . 5
2 . 5

0 . 2
0 . 3
0 . 8
0 . 4
1 . 5
1 . 8
2 . 5

o . 2
0 . 3
t . 4
0 . 2
1 . 3
t . 7
3 . 3

0 . 5
0 . 2
0 . 5
o . 7
1 . 1
1 . 3
r . 3

1 . 5
1 . 9

0 . 2
0 . 8
1 . 0
0 . 4
2 . O
2 . 4
3 . 3

o . 2
0 . 7
0 . 6
0 . 4
1 . 3
L .4
2 . 7

o . 2
0 . 7
L . 2
1 . 3
3 . 1
2 . 6
4 . 1

0 . 2
o . 4
0 . 5
1 . 3
2 . 2
3 . 0
2 . 9

0 . 1
0 . 6
1 . 5
1 . 8
4 . 5
4 . 4
4 . 5

0 . 3
0 . 4
1 . 1
0 . 9
2 .8
3 .0
4 . 9

3 . 2
1 . 8

0 . 8
r . 7
2 . 8
1 .3
3 . 0
3 .0
3 . 9

0 . 7
0 . 9
1 . 8
1 . 0
2 . 8
3 . 2
5 . r

1 . 5
0 . 6

2 . 6
1 . 8

1 . 5  1 . 5
0 . 8  1 . 0

1 . 5  L . 2
L . 4  r . 9

0 . 9
1 . 0

P lan  6C ,  +2 .6  f t  sw l

(Contlnued)

I
I



TabLe 24 (Concluded)

t úIave
Dlrectl.on Period lteight

qeg sec f r
Gage

15

1 . 5
7 . 7

L . 9
r . 6

J . J

2 . 4

1 . 1
4 . 2
5 . 7
4 . 4

q o

J _ .  )

3 . 1
6 . 0

6 . 8
5 . 5
7 . 7

Gage Gage
28  2926

Gage Gage
24 25

Gage
2 3

Gage
20

Gage
16

0 . 6
0 . 3

Gage
L 9

llave IIe
Gage
2L  22

Gage
2 7

3 . 6  2 . O  4 . 0
3 . 1  2 . 3  2 . 7

4 . r  2 . 3  3 . 8
1 . 8  2 . 7  3 . 8

3 . 7  2 . 4  4 . 7
3 . 1  1 . 5  3 . 9

4 . 4  4 . 7  3 . 1
5 . 8  5 . 6  8 . 2

r 1 . 8  4 . 9  6 . 6
3 . 9  5 . 5  4 . 8
8 . 8  1 0 . 5  7 . 9

10 .9  11 .5  9 .0
13 . r  I 5 .7  7 .8

Plan 6A +4.8  f t  sw1

L 7 7 n

8 . 0
7 . 3
q l

7 . 3
5 . 1

7 2

5 . 1

? o

5 . 5
6 . 6
4 . 5

8 . 6
8 . 2

3 . 9
5 . 5
6 . 6
4 . 3
Q ]

8 . 6
9 . 2

3 . 6
3 . 3

2 . 2

2 . 6
2 . 9

3 . 1

7 . 2
5 . 7
6 . 5
6 . 8
7 . 6

3 . 7
3 . 1
5 . 6
2 . 7
6 . 1
8 . 7
9 . 2

2 . 5

I . 2
2 . 4

r . 0
2 . 5

0 . 9
t ^

3 . 6
1 . 8
4 . 5
5 . 3
6 . 0

1 . 0
' t o

L . 7
1 . 5
1 r ì
3 . 1
6 . 1

1 . 9
1 . 6

1 . 9
1 . 3

0 . 3
ô o

0 . 8
1 . 0

n q

0 . 8

0 . 6
0 . 3

0 . 5
0 . 9

0 . 3
0 . 8

0 . 5
o . 7

0 . 5
L . 4
1 . 8
1 . 8
r . 7
2 . 9
5 . 6

0 . 9
1 . 5
3 . 6
1 . 0
t o

2 . 4
2 . O

L . 2
0 . 6

1 . 3
0 . 4

0 . 5
0 . 6

0 . 5
4 . 3
1 . 6
0 . 5
1 . 1
r . 7
? ?

1 . 5
5 . 0
1 . 8
0 . 4
0 . 9
1 . 0
L . 7

0 . 9
1 . 1

0 . 8
0 . 9

0 . 5
1 . 1

0 . 3
L . 7
2 . O
1 . 3
4 . L
4 . 9
6 . 7

0 . 5
2 . L
1 . 1
0 . 8
2 . 6
2 . 4
2 . 4

1 . 5  3 . 8
1 . 1  1 . 5

1 . 6  4 . O
0 . 8  1 . 3

1 . 9  4 . 8
0 . 9  L . 4

1 . 1  5 . 9
r . 7  2 . 7
2 . 4  4 . 7
1 . 8  3 . 3
1 . 8  9 . 8
1 . 9  8 . 7
4 . 1  1 1 . 8

P lan  68 ,  +4 .8  f t  sn l

7 . O
8 . 0

o . 7
^ 7

Plan 6C, +4.8 ft  s¡¡1

2 7 9

7 . 0
8 . 0

6 . 0
7 . 0
8 . 0
9 . 0

r0 .0

6 . 0
7 n

8 . 0
o n

1 0 . 0

2 . 2
L . 7

L . 7
4 . 8
1 . 8
2 . r
5 . 5
6 . 3
6 . 5

0 . 6
r | 7

1 . 3
3 . 3
1 ( )

2 . 2
4 . 8
6 . 3
3 . 6

0 . 8
1 . 0

0 . 8
1 . 5
2 . 6
1 a

4 . 4
5 . 8
7 . 7

0 . 8
0 . 3

0 . 9
0 . 6
0 . 8
r . 7
L . 2
1 . 6
2 . 2

Plan 6C +2.6  f t  sw l

t ñ

3 . 6
3 . 0
0 . 6
3 . 0

4 . 5

2 . O
1 . 6
2 . 1
1 ( )

3 . 7
4 . 4
4 . 8

1 . 1
0 . 4
r . 7
3 . 1
3 . 0
5 . 0
4 . r

1 . 5
r . 8
1 . 0
,, 1

2 . 7
2 . 5
L . 4

0 . 7
1 . 4
3 . 4
1 . 8
3 . 4
3 . 8
3 . 0

2 . 5  3 . 7
5 . 8  6 . r
s  . 6  8 . 3
4 . L  4 . 9
8 . 0  6 . 5
8 . 5  8 . 4
7 . 5  1 0 . 9

3 . 0  3 . 2
4 . r  5 . 4
5 . 8  6 . 3
4 .9  4 .o
7 . 9  9 . 4
9.2 L0.2
8 . 4  9 . 3



Table 25

lJave Heights for Severe-I,Ieather Plans 7 and 8 for Test tr'Iaves

from 279 ¿"g, ntver Ot".tt"r

Gage Gage
3 4L 2

+2.6  f t  sw l

Gage

0 . 3  0 . 1
0 . 5  0 . 4
0 . 5  0 . 9
0 . 6  0  . 7
1 . r  1 . 8
1 . 5  1  . 9
1 . 5  L . 7

0 . 2  0 . 2
0 . 3  0 . 5
0 . 4  0 . 6
0 . 5  0 . 7
1 . 0  \ . 1
1 . r  1 . 9
L . l  l . +

Gage
13L2

Gage
109

i h t ,
Gage

I

1 . 3
r . 6
' A

Gage
I1

0 . 4
0 . 5
0 . 6
o . 7
2 . 5
2 . 6
4 . 5

0 . 5
0 . 4
0 . 6
1 . r
2 . 7
2 . 5
4 . 2

0 . 3
0 . 4
1 . 5
L . 7
4 . 5
4 . 7
4 . 7

Gage
L4

sec

6 . 0
7 . O
8 . 0
9 .0

10.0

6 . 0
7 . 0
8 . 0
9 . 0

10.0

6 . 0
7 . 0
8 . 0
9 . 0

10.0

0 . 3  < 0 . r
0 . 8  0 . 4
1 . 0  0 . 5
o . 7  0 . 4
L . 4  0 . 9
1 . 3  1 . 3
2 . O  2 . 3

0 . 5  < 0 . r
0 . 8  0 . 1
0 . 7  0 . 6
0 . 8  0 . 5
1 . 5  1 . 3
2 . 2  r . 4
2 . L  3 . 3

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

o . 2
0 . 5
1 . 5
0 . 4
2 . O
2 . 5
2 . 9

0 . 1
0 . 6
1 . 5
o . 4
1 . 9
2 . 3
3 . 1

o . 2
0 . 3
r . 3
1 . 5
4 . 0
5 . 1
4 . 3

0 . 1
0 . 5
1 . 3
0 . 8
1 . 6
L . 7
2 . 2

0 . 1
0 . 4
1 . 1
0 . 5
1 . 5
1 . 9
2 . 5

0 . 3
0 . 5
2 . 0
I t

2 . 9
3 . 0
4 . 9

0 . 3
0 . 7
0 . 8
0 . 3
1 . 9
2 . 4
3 . 0

0 . 3
0 . 5
o . 7
1 . 0
1 . 9
2 . 6
3 . 9

0 . 3
0 .3
0 . 6
0 . 5
3 . 4
2 . 6
3 . 5

0 . 2
0 . 3
0 . 8
0 . 6
2 . r
2 . 3
2 . 2

0 . 4
0 . 3
1 . 1
0 . 8
2 . 4
3 . 3
2 . 5

0 . 1
0 . 5
r . 6
L . 2
2 . 9
2 . 8
2 . 8

0 . 1
0 . 5
0 . 9
o . 4
1 . 1
L .4
1 . 7

0 . 1
0 . 5
0 . 6
0 . 4
0 . 9
1 . 8
2 . 0

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

0 . 5

L.  ¿+

0 . 5
1 . 6
2 . 1
4 . 6

u . 4

L . 2
0 . 7
L . 4
2 . O
3 . 9

0 . 4
I . 3
2 . 2
r . 2
2 . 2
3 . 0
4 . L

0 . 5
o . 7
1 . 5
0 . 8
2 . r
2 . 4
4 . 9

0 . 4
0 . 5
I . 4
1 . r
2 . L
2 . 6
4 . 3

o . 7
1 . 3
2¡6
1 . 3
3 . 9
3 . 9
3 . 6

0 . 4  0 . 1
o . 7  0 . 3
0 . 6  0 . 8
0 . 9  0  . 4
2 . 7  1 . 5
2 . 8  1 . 8
3 . 8  2 . 7

0 . 2  0 . 4
0 . 4  0 . 5
0  . 9  r . 0
0 . 3  0  . 7
1 . 8  2 . O
1 . 9  2 . 2
2 . 3  2 . 6

r . 4  2 . 3
0 . 8  2 . 2
2 . O  3 . 3
L . 7  3 . 4
4 . 3  5  . 3
5 . 5  5 . 0
s . 6  5 . 8

0 . 4  r .  5
0 . 6  2 . O
1 . 6  4  . r
2 . r  3 . 4
4 . 3  5 . 0
4 . 2  6 . 0
4 . 9  6 . 4

1 . 5  2 . 3
1 . 8  4 . 4
2 . 5  2 . 2
1 . 8  1 . 6
4 . 2  6 . 1
4 . 7  6 . 5
7 . 5  9 . 9

+4.8 f t  s \ t l

(Cont lnued)
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i
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Table 25 (Concluded)

Test l,Iave úIave llelght, ft
cage Gage Gage cage Gage Gage cage Gage cage Gage Gage cage Gage Gage Gage

L 6 r 7 1 8 1 9 2 0 2 L 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9

+2 .6  f t  sw1

Plan
Perl-od

sec

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0
o n

10 .0

Helght
f t

3 . 9
5 . 5
6 . 6
4 . 5

8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
Q ]

8 . 6
9 . 2

r . 4
3 . 5
4 . 3
3 . 5
6 . 6
6 . 5
7 . 0

1 . 8
4 . 0
4 . 4
3 . 2

6 . 0
6 . 0

1 . 8
5 . 2
6 . 2
4 . 6
5 . 2
5 . 5
6 . 1

3 . 7
a a

7 . O
2 . 6
6 . 9
o l

7 '1.

3 . 5
3 . 8
5 . 8
î o

6 . 4
Þ . 1

8 . 0

3 . 2
5 . 0
4 . 6
5 . 4
5 . 1
5 . 8
7 . 3

0 . 7
2 . O
1 . 6
1 . 1

2 . 4

0 . 5
L . 7

0 . 8
2 . 0
1 . 5
6 . 0

7 . 6
2 . 4
3 . 5
1 . 8
5 . 5
5 . 4
4 . 8

2 . r
2 . 3
2 . 5
1 . 1
3 . 0

4 . 1

t ç

¿ . t

2 . 6
1 . 6
3 . 0
3 . 4
3 . 9

2 . 4
4 . 9
2 . O
2 . 2
5 . 6
6 . 0
5 . 5

' l o

r . 4
r .4
1 . 8
? t

3 . 3
4 . 8

1 . 0
1 . 8

1 . 8

? o

4 . 5

1 . 0
0 . 8
t . 7
1 . 9
7. 'l

3 . 8
3 . 2

0 . 8
0 . 8
2 . 7
2 . r
3 . 7
4 . 2
J . ö

1 . 0
1 . 9
0 . 7
1 . 8
2 . 7
3 . 2
3 . 2

L . 4
1 . 3
0 . 6
2 . 3
5 . 1

4 . 3
2 . 3

1 . 1
0 . 4
0 . 8
L . 4
r . 3
7 . 4
2 . 0

1 . ó
2 . r
1 . 0
2 . 6
3 . 0
3 . 0

0 . 7
1 . 0
0 . 9
1 . 0
2 . 3
2 . 2
3 . 0

0 . 4
L . 4
1 . 8
r . 6
2 . 0
3 . 9
5 . 1

L . 4
2 . 9
L . 4
0 . 4
o . 7
1 . 3
2 . 0

L . 2
2 . 4
1 . 0
0 . 3
0 . 9
0 . 8
L . 7

0 . 8
q r ì

2 . 2
0 . 7
1 . 0
2 . 3
3 . 7

0 . 5
1 . 0
1 ( )

r . 2
3 . 0
a 1

2 . 7

r . 2
1 . 3
1 . 1
t o

2 . 7
2 . 0

0 . 5
2 . L
2 . 6
L . 2
+ . J

5 . 0
6 . 0

0 . 9
1 . 6
t . )

1 . 6
3 . 3
3 . 7
2 . 8

0 . 6
2 . O
L . 4
1 . 8
3 . 1
J . t

2 . 5

L . 4
2 . 3
t <

r . 7
r . 8
t t

3 . 8

5 . 3
4 . 5
4 . 0
8 . 8
9 . 1
6 . 8

3 . 4
4 . 6
6 . 1
3 . 5
Á t

6 . 5
o . )

4 . 4
4 . 3
6 . 0

8 . 6
8 . 6
9 . 0

4 . r
4 . )

7 . O
4 . 0
8 . 3
9 . 5
9 . 4

3 . 3  2 . 7
5  . 1  4 . 5
5 . 0  6 . 7
4 . 0  4 . 4
A 1  Q 1

6 . 9  9 . 6
9  . 4  8 . 8

+4.8  f t  sw1

3 . 0  3 . 2  3 . 7
5 . 2  4 . 4  4 . 2
5 . 9  5 . 9  4 . 8
4 . 2  5 . 2  5 . 5
6 . 2  8 . 5  9 . 2
7 .O  9 .8  LO.z
7 . 8  9 . 2  8 . 9

4 . 9  3 . 7  4 . 1
5 . 8  4 . 2  5 . 2
8 . 0  5 . 2  5 . 5
4 . 4  5 . 6  4 . 4
7  . 6  9 . 6  8 . 5
8 .2  rO .2  8 .3
9 . 5  L 4 . 4  7 . 6

2 . 0
? a

2 . O
2 . 2
R '

5 . 7
2 . 6

0 . 9
1 . 1
2 . 4
r . 3

5 . 0
6 . 2

I

I
I



TabLe 26

llave lleights for Severe-lleather Plans 8-94 for Test fleves

fron 279 deg, +4.8 ft  swl, Rlver Dlscharge 800 cfs

Test l,Iave
Per lod

lJave Helsht. ft

H"Tch-:f Gage Gage Gage Gage Gage Gage

P l a n s e c f t L 2 3 4 5 6 7 8 9 I 0 1 I L 2 1 3 L 4

9A

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
7 . O
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

o . 2
0 . 3
1 . 3
1 . 3

4 . 6
4 . 5

< 0 . 1
0 . 4
o . 7
1 . 6
3 . 8
3 . 8
3 . 7

0 . 1
0 . 3
0 . 9
1 . 5
4 . 2
4 . 4
5 . 9

0 . 2
0 . 5
1 . 8
2 . O
3 . 6
3 . 3
2 . 7

o . 4
o . 7
1 . 6
2 . O
3 . 7
3 . 8
3 . 4

0 . 1
0 . 4
0 . 8
2 . L
3 . 6
4 . 2
3 . 1

o . 2
o . 2
0 . 9
0 . 7
3 . 6
3 . 5
3 . 7

o . 2
0 . 3
0 . 8
1 . 0
2 . 7
3 . 3
2 . 3

0 . 3
0 . 4
1 . 1
0 . 7
2 . 8
3 . 4
3 . 1

0 . 3
0 . 6
0 . 9
0 . 6
2 . 6
2 . 9
3 . 0

0 . 4
0 . 5
0 . 6
0 . 6
2 . 4
2 . L
3 . 8

0 . 3
0 . 3
0 . 6
0 . 6
1 . 4
2 . L
3 . 6

0 . 3
0 . 4
0 . 9
^ a

2 . L
' l o

3 . 3

o . 2
0 . 3
L . 4
1 . 0
2 . O
2 . L
2 . r

o . 2
0 . 3
0 . 8
0 . 8
1 . 8
2 . 3
2 . 8

0 . 1
0 . 6
0 . 8
1 . 0
2 . 3
2 . 6
4 . 6

0 . 3
0 . 4
r . 4
1 . 0
1 . 8
2 . 3
3 . 6

^ t

0 . 4
0 . 6
1 . 1
1 . 8
2 . 5
3 . 4

0 . 3
1 . 0
r ì o
0 . 5
1 . 6
2 . O
2 . 7

0 . 3
0 . 6
0 . 9
1 . 0
r . 9
2 . L
2 . 5

0 . 4
0 . 4
0 . 5
o . 2
t . 2
1 . 1
2 . 3

o . 2

L . 7
1 . 0
2 . 4
2 . 6
4 . 0

0 . 3
1 . 6
' l o

1 . 2
2 . 7
2 . 9
4 . 2

0 . 3
0 . 3
L . 2
L . 2
1 . 8
2 . 5
3 . 8

o . 2  0 . 2
0 . 3  0 . 1
0 . 7  0 . 5
0 . 4  0 . 3
1 . 6  1 . 6
2 . r  1 . 6
2 . 6  2 . L

0 . 1  < 0 . 1
0 . 4  0 . 3
0 . 8  0  . 4
1 . 6  0 . 6
2 . O  1 . 7
2 . L  L . 7
2 . L  2 . r

o . 2  0 . 2
0 . 2  0 . 3
0 . 6  0 . s
L . 2  0 . 2
L . 4  1 . 3
1 . 8  1 . 3
2 . 0  2 . L

0 . 4  0 . 7
0 . 4  0 . 9
1 . 3  2 . 2
1 . 8  1 . 1
4 . 0  2 . 7
3 . 8  2 . 8
3 . 9  3 . 1

0 . 6  < 0 . 1
0 . 5  1 . 6
1 . 6  2 . 2
2 . 2  r . 4
4. .1 3.1
3 . 8  3 . 1
3 . 7  3 . 3

0 . 4  0 . 1
0 . 3  0 . 2
1 . 1  1 . 6
1 . 6  0 . 7
3 . 1  2 . 6
3 . 2  2 . 3
3 . 9  3 . 2

0 . 4  r . 5
0 . 8  2 . 4
l . s  4 . 4
L . 2  2 . 2
3 . 2  4 . 5
2 . 8  5 . 8
4 . 3  5  . 9

0 . 7  2 . 4
L . 4  2 . 2
2 . 7  2 . 7
3 . 2  2 . O
6 . 3  5  . 7
6 . 5  7 . 3
6 . 9  7 . 4

0 . 8  0 . 8
1 . 1  1 . 9
1 . 6  3 . 6
1 . 9  1 . 8
4 . 5  3 . 3
4 . 6  4 . 0
4 . 3  5 . 2

(Cont lnued)

I



labLe 26 (Concluded)

Test l/ave

Plan

8

Per iod
sec

Helght
f t

3 . 9

6 . 6
4 . 3
Q I

8 . 6
o t

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

J . t

5 . 5
6 . 6
4 . 3
Q ]

8 . 6
o t

Gage
15

1 . 0
4 . 5

4 . 9
3 . 5
6 . L
6 . 6
6 . 1

n <
1 . 6

4 . 6
4 . ð

4 . 3

0 . 8
3 . 4
1 A

¿ . >
4 . 9

5 . 3

Gage
16

3 . 2
. + . ¿
6 . r
4 . 0
6 . 8
7 . 3
7 . 7

n o
, , 4

3 . 9
4 . 4
4 . 6
9 )

, A
' r a

4 . 7
3 . 0
5 . 6
5 . 7
7 . O

Gage
L I

0 . 4
r . 7
? n

5 . 3
4 . 6
4 . 9

1 . 1
L . 7
3 . 2
r . 7
4 . 2
? o

5 . 9

0 . 9
L . 2

L . 2
3 . 8
5 - Z

3 . 3

Gage Gage
26  27

Gage Gage Gage
18  19  20

Gage Gage
21  22

Gage Gage Gage
23 24  25

0 . 7  0 . 5  I . 2
3 . 1  1 . 6  L . 2
L . 7  1 . 5  1 .  s
0 . 6  0 . 5  1 . 3
L . 2  3 . 7  1 . 6
2 . r  4 . 2  1 . 9
2 . 2  5 . 5  3 . 0

1 . r  0 . 4  0 . 7
2 . 5  1 . 0  0 . 2
t . 2  L . 7  1 . 5
0 . 4  1 . 1  0 . 9
L . 4  4 . 9  2 . 4
1 . 8  4 . 7  r . 8
2 . O  3 . 4  3 . 6

1 . 0  0 . 5  0 . 9
2 . 5  0 . 5  I . 2
0 . 4  1 . 6  1 . 1
0 . 5  0 . 6  0 . 8
r . 4  4 . 4  1 . 3
1 .  9  4 . 6  1 . 3
2 . O  3 . 3  2 . 7

Gage Gage
28  29

6 . 0
7 . O
8 . 0
9 . 0

1 0 . 0

6 . 0
7 . O
8 . 0
o ^

10 .0

o . u
7 . 0
8 . 0
o n

1 0 . 0

1 . 1
3 . 6
2 . O
2 . 3
5 . 1
5 . 8
3 . 8

0 . 9
1 . 5

2 . O
4 . 3
4 . 7

2 . 2
1 . 5

4 . 3
4 . 3
4 . 2

0 . 8
2 . 4
2 . L
t a

5 . 2
5 . 8
2 . 4

0 . 4
1 . 3

2 . L

4 . 4
2 . r

r . 2
2 . O
1 . 0
1 0

4 . O
4 . 2
1 . 6

4 . 2
4 . J

5 . 6
? o

7 ^

6 . 2

3 . 0
3 . 7
2 . 9
3 . 9

10.  7
11 .5
5 . 6

4 . 0
3 . 9
5 . 9
3 . 5
5 . 8
6 . 4
o . J

0 . 9  1 . 3  0 . s
0 . 3  1 . 6  1 . 1
3 . 2  1 . 0  2 . 5
2 . 6  1 . 1  L . 6
4 . L  2 . 7  3 . 4
5 . 0  2 . 5  3 . 9
5 . 0  r . 9  3 . 4

0 . 7  1 . r  0 . 7
L . 7  2 . 7  2 . L
2 . 3  0 . 9  1 . 9
1 . 5  1 . 0  1 . 4
4 . r  1 . 6  1 . 8
4 . 3  1 . 6  2 . O
5 . 0  2 . L  3 . 5

0 . 7  0 . 9  0 . 8
0 . 3  1 . 6  r . 4
2 . 4  0 . 8  L . 7
1 . 8  0 . 7  1 . 1
3 . 1  1 . 9  2 . 2
3 . 5  2 . 3  2 . r
4 . 4  0  . 9  3 . 6

3 . 7  3 . 6  4 . L
4 . 7  4 . 4  s . 7
6 . 2  6 . 3  6 . 1
3 . 8  s . l  5 . 0
6 . 4  9 . 0  9 . 3
7  . 5  9 . 9  9 . 7
7 . 5  9 . 3  7 . 8

2 . 3  3 . 0  3 . 9
4 . 4  4 . 9  4 . 8
8 . 7  6 . 0  7 . 3
2 . 5  3 . 3  2 . 7
7  . 2  8 . 2  7 . 6
7 . 6  8 . 5  7 . 9
5 . 6  L O . z  r 0 . 7

3 . 7  4 . 2  4 . 5
4 . 8  5 . 3  6 . 7
6  . 1  6 . 3  3 . 6
4 . 0  4 . 7  3 . 4
7 . 6  8 . 8  6 . 6
8 . 1  1 0 . 4  8 . 1
8 . 5  1 0 . 0  9 . 8



TabIe 27

flave llelghts for Severe-úIeather Plans 10, 104, and l1 for Test Ïrlaves

from 279 deg, Rlver Discharge 800 cfs

Gage
L2

Gage
108 9

I{ave I
Gage

7
Gage

65
Gage

4
Gage

2
Gage

I

Gage
13

Gage
L4

Plan

10

10A

sec

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
7 . O
8 . 0
9 . 0

10.0

6 . 0
7 . 0
8 . 0
9 . 0

10.0

6 . 0
7 . 0
8 . 0
9 . 0

10.0

f t

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

0 . 3
0 . 5
0 . 9
0 . 8
3 . 8
4 . 2
4 . 3

o . 2
0 . 5
1 . 3
o . 7
3 . 8
4 . 9
2 . 8

0 . 1
0 . 4
1 . 0
0 . 6
3 . 3
3 . 2
2 . 2

0 . 2
^ t

1 . 1
0 . 6
1 . 8
2 . 4
2 . 2

o . 2
0 . 4
L . 7
1 , 3
a t

2 . 7
3 . 9

o . 2
0 . 3
1 . 1
o . 7
2 . 7
3 . 4
3 . 9

0 . 1
o . 2
t . 2
1 . r
2 . 1
2 . 3
2 . 9

0 . 1
0 . 4
0 . 9
0 . 4
1 . 5
2 . 2
2 . 5

3

o . 2
o . 7
1 t

L , 2
3 . 9
3 . 1
2 . 6

0 . 2
0 . 8
1 . 6
t . 4
4 . 0
3 . 1
J . 4

o . 2
0 . 3
r . 1
t . 2
3 . 6
3 . 6
3 . 1

0 .5
0 . 5
0 . 9
0 . 5
1 . 2
2 . 6
2 . 4

o . 2
0 . 5
L . 2
0 . 9
1 . 9
2 . 3
1 . 5

0 . 2
0 . 5
0 . 9
0 . 9
1 . 5
1 . 8
2 . O

0 . 2
0 . r
0 . 5
o . 7
2 . 6
2 . 2
1 . 6

0 . 2
0 . 4
o . 4
0 . 3
0 . 6
1 . 1
r . 2

0 . 3
0 . 6
1 . 0
1 . 1
2 . 0
2 . 7
3 . 0

0 . 3
0 . 6
1 . 6
0 . 6
L . 7
2 . 7
5 . J

0 . 3
0 . 4
1 . r
0 . 5
1 . 3
3 . 4
4 . O

0 . 3
0 . 2
0 . 5
0 . 9
1 . 8
2 . 5
2 . 2

11

0 . 8
0 . 3
1 . 1
1 . 0
t ^

1 . 9
3 . 1

0 . 8
0 . 3
1 . 6
0 . 6
2 . 5
3 . 0
4 . 0

< 0 .  r
0 . 2
0 . 4
0 . 7
2 . 4
3 . 2
1 . 0

0 . 4
0 . 3
o . 2
0 . 4
0 . 6
0 . 6
1 . 6

r . 0
2 . 2
2 . 0
0 . 9
2 . 2
t ^

3 . 6

0 . 9
2 . 5
2 . 5
1 . 0
2 . 9
3 . 4
2 . 9

0 . 1
0 . 8
r . 0
0 . 3
1 . 5
L . 7
1 . 5

0 . r
0 . 6
o . 7
0 . 4
0 . 5
0 . 9
1 . 8

1 1

+4.8 f t  s Ì t l

0 . 3  0 . 4  0  . 2
0 . 7  0 . 2  0 . 5
r . 4  0 . 9  0 . 5
0 . 4  0 . 2  0 . 2
2 . 4  1 . 3  1 . 6
2 . 5  2 . O  1 . 9
2 . 8  2 . 9  2 . 4

0 . 4  0 . 3  < r . 0
0 . 6  0 . 3  0 . 4
0 . 8  0 . 6  0 . 4
L . 2  0 . 3  0 . 3
2 . 6  1 . 9  L . 2
1 .  6  2 . 1  1 . 5
3 . 8  2 . 9  2 . 2

0 . 2  < 0 . 1  0 . 2
0 . 4  0 . 2  0 . 3
0 . 8  0 . 4  0 . 6
0 . 3  0 . 5  0 . 2
2 . r  1 . 5  I . 7
1 . 8  2 . L  1 . 9
3 . 2  2 . 3  3 . 1

+2 .6  f t  sn l

0 . 4  < 0 . 1  < 0 . 1
0 . 6  0 . 5  0 . 2
L . 2  0 . 7  0 . 7
0 . 8  0 . 3  0 . 3
1 . 1  0 . 8  0 . 6
r . 7  0 . 8  0 . 8
2 . 2  r . 9  2 . 0

0 . 3  0 . 7
0 . 3  1 . 9
2 . L  1 . 9
0 . 3  0 . 8
L . 7  1 . 6
2 . 6  2 . 0
2 . 5  3 . 4

0 . 5  0 . 5
o . 2  2 . L
L . 2  2 . r
0 . 5  L . 2
1 . 5  L . 7
1 . 6  r . 4
2 . 6  3 . 0

0 . 2  < 0 . 1
0 . 3  0 . 9
0 . 6  0 . 9
0 . 6  0 . 5
1 . 9  1 . 0
2 . 5  1 . 5
4 . 9  2 . 3

0 . 3  0 . 3
0 . 4  0 . 6
0 . 8  0 . 7
0 . 3  0 . 1
0 . 8  0 . 6
r . 3  0 . 8
r . 7  1 . 9

1 . 0  3 . 7
1 . 9  3 . 7
L . 2  2 . 9
1 . 8  2 . 8
3 . 6  6 . 7
3 . 7  7 . 8
5 . 0  7 . 9

0 . 8  4 . 2
2 . 3  4 . 2
2 . 3  4 . 0
o . 7  2 . 7
3 . 9  6 . 5
4 . 4  5 . 5
4 . 3  9 . 6

0 . 7  0 . 7
1 . 1  0 . 6
r . 0  3 . 4
1 . 0  1 . 0
1 . 9  L . 7
2 . 9  2 . 2
4 . 2  5  . 8

0 . 9  0 . 9
1 . 1  0 . 6
0 . 6  1 . 6
0 . 3  1 . 6
L . 2  2 . 6
L . 4  2 . 3
3 . 1  4 . 7

(Cont inued)



TabLe 27 (Conclúded)

Test I'Iave llave Height, ft
Gage Gage Gage Gage Gage Gage Gage Gage cage Gage Gage Gage Gage Gage Gage

15 16 17 18 19 20  2 t  22  23  24  25  26  27  28  29

+4.8  f t  sw1

10A

Plan
PerLod
sec

6 . 0
7 . O
8 . 0
9 . 0

10 .0

6 .0
7 . 0
8 . 0
9 . 0

10.0

6 . 0
7 . O
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

Ileight
f r

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . r
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

2 . 4
3 . 1
t <

1 . 6
4 . 0
4 . 4
7 . 6

2 . 5
L . 7
2 . 7
r . 4
4 . 8
5 . 4
6 . 9

0 . 8
0 . 5
2 . 4
3 . 2
2 . 6
3 . 4
4 . 8

0 . 5
r . 7
r . 9
r . 7
3 . 1
4 . 2
2 . 4

2 . 3
2 . r
5 . 2
3 . 0
5 . 6
5 . 4
6 . 5

1 . 3
2 . 6
3 . 9
r . 7
5 . 3
4 . 5
5 . 3

1 . 8
2 . 7
2 . 7
2 . 9

4 . 7
6 . 5

0 . 8
2 . 3
1 . 6
1 . 6
2 . 6
3 . 7
5 . 1

r . 7
1 . 9
2 . 9
2 . 1
4 . 2
4 . 8
4 . 8

1 . 9
2 . 3
3 . 4
0 . 8
4 . L
3 . 7
4 . 7

1 . 1
1 . 1
0 . 8
L . 2
7 . 2
3 . 9

0 . 6
0 . 3
0 . 5
1 . 0
2 . r
2 . O
4 . 4

0 . 6
2 . 6
3 . 9
2 . 2
5 . 3
5 . 8
6 . 6

0 . 9
2 . 2
4 . 5
2 . 6
5 . 8
5 . 6
6 . 9

0 . 6
0 . 6
3 . 2
0 . 4
2 . r
1 . 9
4 . r

2 . 8
2 . O
L . 2
0 . 9
2 . 5
3 . 0
L . 7

2 . 5
2 . L
L . 4
1 t

2 . 9
2 . 5
1 . 9

1 . 1
0 . 4
o . 7
0 . 2
1 . 0
n o
t <

1 . 0
0 . 4
0 . 3
o . 7
0 . 9
1 . 3
L . 7

0 . 8
2 . 0
2 . O
1 . 1
3 . 8
4 . 2
5 . 5

1 n

1 . 5
2 . 7

3 . 8
4 . 0
7 . 3

0 . 5
f ì (

2 . O
o . 7
2 . 6
2 . 9
5 . 0

o . 4
0 . ó
0 . 9
0 . 6
1 . 8
2 . L
1 . 9

L . 4

1 . 0
o . 4
2 . 3
3 . 1
3 . 3

L . 4
0 . 8
0 . 8
0 . 3
1 . 3
r . 4
2 . 3

0 . 6
1 . 0
0 . 9
0 . 2
0 . 7
0 . 9
L . 7

0 . 9
1 . 5
0 . 5
0 . 2
0 . 5
0 . 8
1 . 9

0 . 5
0 . 8
0 . 7
1 . 3
q q

o . t

6 . 4

o . 7
0 . 4
1 . 5
1 . 3
6 . 8
5 . 5
7 . 1

0 . 5
0 . 9
1 . 3
0 . 9
2 . 2
2 . 5
4 . 9

0 . 5
0 . 3
0 . 6
0 . 6
L . 7
2 . 2
2 . 9

0 . 6
0 . 4
o . 7
n o
1 . 9
¿ . L

4 . 5

0 . 8
1 . 1
1 . 1
0 . 3
L . 2
1 . 6
4 . 8

o . 7
0 . 6
0 . 9
o . 7
1 . 5
1 . 6
3 . 0

0 . 5
0 . 5
0 . 8
0 . 7
L . 7
2 . L
L . 7

1 . 0
1 . 3
3 . 1
2 . 2
5 . 1
4 . 4
4 . 8

0 . 9
3 . 2
3 . 3
1 . 9
5 . 8
5 . 3
4 . L

1 . 5
0 . 9
2 . r
3 . 4
4 . L
4 . 6
4 . 8

2 . 0
t ^

3 . 0
7 . 7
3 . 8
4 . 8
' r a

3 . 1  2 . 2
2 . L  2 . L
r . 2  0 . 9
2 . r  1 . 6
4 . 8  4 . 0
5 . 5  4 . 5
4 . 3  3 . 1

3 . 3  2 . 3
2 . 4  2 . 3
L . 4  1 . 1
2 . 0  1 . 9
5 . 7  4 . 3
4 . 7  4 . 2
4 . 5  3 . 1

1 . 8  r . 0
0 . 3  0  . 4
1 . 8  0 . 6
0 . 5  0 . 5
1 . 8  2 . 2
3 . 0  2 . 9
3 . 4  1 . 6

1 . 9  1 . 6
2 . O  3 . 1
1 . 8  3 . 4
3 . 3  1 . 5
6 . 5  6  . 6
6 . 8  8 . 4
3 . 6  1 0 . 4

4 . 6  4 . 9
3 . 9  7 . 5
5 . 3  7 . 2
3 . 3  4 . 8
5 . 7  8 . 6
6 . 6  8 . 9
8 . 4  9 . 4

3 . 9  4 . r
4 . 8  6 . 4
5 . 5  7 . 1
2 . 2  5 . 4
4 . 8  6 . 4
6 . 7  9 . 3
6  . 9  9 . 3

1 1 0 . 3  2 . 7  5 . 6
1 . 3  2 . 9  6 . 9
3 . 8  5 . 9  7 . 6
3 . 1  5 . 1  6 . 7
8 . 0  7 . L  1 0 . 6
7  .9  7  .9  L r .2
8 . 5  1 r . 3  L 3 . 2

7 . 2  2 . 2  4 . 9
2 . 2  L . 4  9 . 2
1 . 6  4 . 6  r 0 . 1
2 . r  3 . 4  5 . 0
4 . 0  5 . 2  1 0 . 3
s . 3  5 . 5  L 4 . 3
8 . r  9 . 3  L 3 . 2

+2.6  f t  sw1

1 . 1  0 . 6
0 . 7  0 . 6
o . 7  0 . 4
0 . 9  1 . 0
2 . 2  r . 7
2 . 6  1 . 8
2 . 6  2 . 8

o . 4
0 . 6
0 . 9
L .4
2 . 6
2 . 3
3 . 5

I
i
I

t



Table 28

Wave Heíghts for Severe-f,Ieather Plans L2-L2B for Test Waves

fron 279 deg, +4.8 ft  s\r l ,  Rlver DÍschârge_too_S¡g

Test llave lJ"ve II
Gage cage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage

r 2 3 4 5 6 7 8 9 1 0 1 1 L 2 1 3 L 4Plan

L2A

LzB

Perlod
sec

6 . 0
7 . O
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
7 . O
8 . 0
9 . 0

10.0

Hetght
f t

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
+ . 5

8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

o . 2
0 . 5
1 . 0
0 . 8
3 . 8
3 . 8
J . J

0 . 3
0 . 2
r . 2
o . 7
4 . 3
3 . 3
3 . 4

0 . 1
0 . 4
0 . 9
0 . 7
3 . 9
3 . 6
3 . 2

0 . 3
0 . 7
1 . 9
0 . 8
2 . 3
2 . 9
3 . 1

o . 2
0 . 5
1 . 3
o . 7
3 . r
4 . 2
t o

0 . 2
0 . 3
L . 7
0 . 4
3 . 6
3 . 8
2 . 7

0 . 2
o . 7
r . 6
1 . 6
, A

3 . 5
4 . 3

0 . 5
0 . 3
L . 2
1 . 6
3 . 1
4 . 2
3 . 6

0 . 2
0 . 5
I . J

1 . 3
2 . 9
3 . 3
2 . 7

o . 4
0 . 4
0 . 7
0 . 4
1 . 8
2 . L
3 . 3

0 . 3
0 . 5
0 . 9
0 . 3
2 . O
1 . 8
3 . 4

o . 4
0 . 5
0 . 8
0 . 3
2 . L
r . 9
2 . 8

o . 2
0 . 4
^ ' l

0 . 9
r . 7
2 . O
3 . 0

0 . 1
o . 2
0 . 3
0 . 9
t . 4
3 . 0
2 . 7

<1 .0
o . 2
0 . 5
0 . 8
1 . 0
2 . 3
2 . 5

0 . 3
0 . 1
0 . 5
0 . 7
1 . 8
2 . 2
L . 7

0 . 1
0 . 5
0 . 4
0 . 4
1 . 8
1 . 8
2 . 7

o . 2
0 . 3
0 . 5
0 . 3
L . 7
L . 4
2 . 2

0 . 2
0 . 4
o . 7
0 . 8
L . 7
L . 7
3 . 5

o . 4
0 . 4
0 . 6
o . 4
L . 4
1 . 1
2 . 4

o . 2
0 . 5
0 . 3
0 . 3
2 . L
1 . 3
2 . 6

0 . 3
0 . 4
1 . 0
0 . 8
1 . 3
2 . 7
3 . 4

0 . 1
o . 2
1 . 8
o . 7
2 . 7
2 . 5
3 . 6

0 . 2
0 . 4
r . 2
0 . 6
2 . 3
2 . 2
3 . 0

0 . 4
0 . 3
o . 7
0 . 8
1 . 6
2 . O
3 . 1

0 . 2
0 . 4
1 . 0
o . 7
L . 2
2 . 3
3 . 8

0 . 3
0 . 1
0 . 8
0 . 5
1 . 3
L . 7
3 . 2

0 . 3
1 . 1
1 . 8
0 . 9
2 . O
1 . 6
1 . 9

0 . 4
1 . 1
L . 4
0 . 6
L . 4
1 .3
2 . 6

0 . 2
0 . 3
0 . 5
0 . 6
0 . 9
1 . r
L . 2

0 . 8
0 . 5
r . 6
L . 7
2 . 2
1 . 9
2 . 8

0 . 8
0 . 3
L . 4
L . 2
2 . 8
2 . 2
1 . 9

0 . 4
0 . 3
1 . 1
t . 1
1 . 9
L . 4
1 .8

0 . 5
1 .0
2 . L
t . 3
2 . 3
1 . 8
2 . 6

o . 2
1 . 1
L . 4
1 .0
2 . 9
1 . 5
2 . 0

o .4
0 . 4
0 . 8
0 . 8
r . 5
1 . 1
L . 7

1 . 3  t . 7
2 . O  4 . 7
2 . 2  4 . 5
2 . O  2 . 4
4 . 9  s . 6
4 . 3  5 . 9
4 . 2  6 . 9

1 . 8  L . 9
1 . 5  3 . 9
1 . 9  4 . 5
2 . 2  2 . 3
6 . 2  4 . 7
4 . 9  5 . 7
3 . 5  7 . 5

0 . 8  1 . 6
o . 7  2 . 3
1 . 6  2 . 5
1 . 9  0 . 8
4 . 4  2 . 7
2 . 9  3 . 2
2 . 5  4 . 7

(Cont lnued)



Table 28 (Concluded)

Test l{ave lfave lleleht. ft
Per lod

sec
He fght

f t

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

Gage Gage cage Gage Gage Gage Gage Gage Gage cage Gage Gage Gage
PIan

L2

L2A

I-2B

ó . 0
7 . 0
8 . 0
o n

1 0 . 0

6 . 0
7 . O
8 . 0
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0
9 . 0

1 0 . 0

2 . 4
3 . 5
1 . 9
L . 7
1 . 8
3 . 5
5 . 5

L . 4
3 . 1
1 . 3
1 . 1
2 . 8
2 . 4
6 . 2

1 . 5
3 . 1
1 . 1
1 . 5
2 . 7
2 . 5
( n

2 . 4
1 . 8
t . 2
L . 7
2 . 6
3 . 6
4 . 6

7 . 4
2 . O
2 . O
' t 7

2 . 8
2 . 5
5 . 6

1 . 3
1 . 6
r . 8
2 . 1
t n

3 . 1
6 . 1

1 . 8
2 . 4
4 . 0
0 . 9
3 . 8
J . I

3 . 3

1 . 3
2 . 2
3 . 2
0 . 6
3 . 9
2 . 7
2 . 9

0 . 3
1 . 6
2 . O
0 . 5
2 . 6
1 . 6
2 . L

0 . 9
L . 4
1 . 9
1 . 9
4 . 2
5 . 3
2 . 8

1 . 1
1 . 1
2 . 3
2 . 2
5 . 9
6 . 3
2 . 6

1 . 5
1 t

t . 2
r . 9
3 . 7
4 . 2
r . 9

1 . 1
2 . O
7 . 7
1 . 5
2 . 8
3 . 7
1 . 6

0 . 8
1 . 9
L . 7
1 . 9
4 . t
4 . 4
r . 7

1 . 1
1 . 5
0 . 9
1 . 4
2 . 9
3 . 4
1 . 1

0 . 5
1 . 8
4 . 2
2 . 0
4 . L
4 . 6
4 . r

0 . 9
2 . 2
4 . 2
1 . 9
5 . 1
5 . 7
4 . L

o . 7
1 . 1
2 . 4
L . 2
3 . 4
3 . 9
3 . 3

1 . 8
2 . 7
0 . 6
0 . 5
2 . L
3 . 5
3 . 2

r . 6
3 . 0
1 . 1
0 . 4
2 . 3
2 . L
2 . 8

t . 4
1 . 9
0 . 4
o . 2
1 . 1
1 . 1
2 . L

2 . L
3 . 2
2 . 3
L . 2
3 . 2
4 . L
6 . 3

L . 2
2 . 6
2 . 3
1 . 0
2 . 6
4 . 0
6 . 3

0 . 5
r . 4
1 . 3
0 . 6
L . 7
2 . 4
3 . 7

2 . 9
5 . 3
0 . 5
0 . 4
L . 4
1 . 9
2 . 5

2 . 3
3 . 4
0 . 8
0 . 3
2 . 0
1 . 4
2 . 4

1 . 1
r . 7
0 . 6
0 . 3
1 . 5
1 . 3
2 . 2

0 .5
r .4
1 . 6
0 . 9
5 . 2
5 . 9
5 . 7

o . 4
0 . 8
1 . 3
1 . 1
5 . 9
6 . 2
6 . 4

0 . 5
1 . 1
1 . 3
0 . 6
3 . 5
4 . 5
4 . 9

0 . 5  1 .  r
o . 4  2 . 7
1 . 9  5 . 0
0 . 7  5 . 5
2 . 8  4 . 2
4 . 0  3 . 8
4 .L  10 .8

0 . 8  1 . 1
0 . ó  2 . 8
1 . 5  5 . 8
1 . 0  4 . 3
4  . L  5 . 6
4 . 3  s . 4
3 . 3  8 . 2

0 . 6  0 . 9
1 . 1  3 . 2
o . 7  5 . 1
0 . 5  4 . 7
r . 7  5  . 3
2 . 3  4 . 8
2 . L  8 . 9

L . 6  2 . 9  4 . 9
4 . 0  4 . 4  7 . L
3 . 2  5 . 1  7 . 7
4 . L  2 . L  8 . 9
5 .6  10 .8  Lz .L
6 .1  10 .4  13 .1
6.4 8.1 r4.2

2 . 8  2 . 4  4 . 6
2 . 5  4 . 8  7 . 8
2 . L  4 . 9  9 . 5
4 . 3  2 . 8  7 . 8
6 . 5  7 . L  1 1 . 9
7 .3  9 .3  15 .0
5 . 6  4 . 7  1 6 . 3

2 . 0  2 . 5  5 . 0
3 . 0  4 . 3  8 . 3
2 . 7  4 . 4  8 . 0
4 . 5  3 . 4  7 . 0
6 . 0  7 . 2  1 r . 3
7 .L  8 .8  L4 .6
4 . 8  5 . 2  1 6 . 0

15 16  L7  18  L9  20  2L  22  23  24  25  26  27  28  29

I



Table 29

lJave Heights for Severe-lJeather Plans I2C-I2E for Test l.Iaves

from 279 deg, River Discharge 800 cfs

Test lùave U.rro H

cage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage

L 2 3 4 5 6 7 8 9 1 0 1 1 L 2 1 3 L 4
PerÍod

sec
Ilelght

f tPlan

LzC

LzB

L2C

+4 .8  f t  sw l

L2D

6 . 0
7 . O
8 . 0
9 . 0

10.0

6 . 0
7 . 0
8 . 0
9 . 0

10.0

6 . 0
7 . O
8 . 0
9 .0

10 .0

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

0 . 1
o . 4
o . 7
0 . 4
3 . 0
2 . 9
3 . 6

o . 2
0 . 3
0 . 9
0 . 8
3 . 5
3 . 6
3 . 8

< 0 . 1
o . 2
0 . 9
0 . 7
5 . 1
4 . r
2 . 9

0 . 3
0 . 1
1 . 0
0 . 5
1 . 9
2 . 0
2 . 0

0 . 1
o . 2
1 . 5
L . 2
3 . 3
3 . 5
2 . 6

o . 2
0 . 2
1 . 3
0 . 9
2 . 7
1 ^

J . U

0 . 3
0 . 5
1 . 8
0 . 5
3 . 3
3 . 3
3 . 0

o . 2
0 . 4
o . 7
0 . 5
1 . 6
2 . 0
2 . 2

0 . 3
0 . 4
1 . 1
1 . 5
2 . 5
2 . 6
3 . 5

0 . 3
o . 4
1 . 3
L . 2
2 . 4
3 . 3
3 . 8

0 . 2
0 . 6
1 . 5
L . 4
2 . 9
3 . 4
3 . 7

o . 4
^ ' l

0 . 6
0 . 6
1 . 6
2 . 6
2 . 6

0 . 3
n <

0 . 5
r ì 7
0 . 8
1 . 1
3 . 0

0 . 1
0 . 3
o . 7
0 . 7
1 . 0
L . 2

o . 4
^ , ,
0 . 6
0 . 6
0 . 9
1 . 3
I . 7

o . 2
0 . 5

o . 2

0 . 8
0 . 7

0 . 5
o . 4
1 . 1
l - . J

1 . 6
L . 2
3 . 5

u . 4
0 . 6
0 . 9
0 . 6
L . 7
1 . 0
3 . 0

0 . 3
0 . 3
L . 2
a r o
1 . 9
1 . 3
1 . 6

0 . 2
0 . 2
o . 2
0 . 5
1 . 6
1 . 1
1 . 0

0 . 4
0 . 6
n <

0 . 8
7 . 6
1 . 3
2 . 3

0 . 4
o . 4
0 . 6
0 . 8
2 . 2
1 . 3
2 . 2

0 . 6

0 . 9
0 . 7
1 . 3
1 . 9
1 . 8

0 . 4
o . 4
0 . 8
0 . 5
1 . 3
1 . 5
1 . 6

o . 4  0 . 1
0 . 5  0 . 2
o . 7  0 . 7
0 . 4  0 . 6
1 . 6  L . 2
1 . 8  r . 2
3 . 7  3 . 4

0 . 3  0  . 2
0 . 5  0 . 2
t_.0 1.0
0 . 3  0 . 7
r . 9  1 . 1
2 . t  2 . 1
3 . 1  2 . 7

0 . 3  < 0 . 1
0 . 3  0 . 3
1 . 0  0 . 5
0 . 3  0 . 7
1 . 8  1 . 3
2 . L  r . 6
2 . 8  3 . 2

0 . 2  0 . 3
0 . 3  0 . 5
0 .  7  0 . 7
0 . 6  0  . 4
t . 7  2 . 0
2 . 3  2 . 3
L . 9  3 . 8

0 . 1  0 . 2
0 . 3  0 . 4
0 . 6  0 . 9
0 . 5  0 . 3
L . 6  1 . 9
L . 7  2 . 7
. t t  1 ?

0 . 3  0 . 2
0 . 5  0 . 3
0 . 8  0 . 5
0 . 3  0 . 3
L . I  . 1 . õ

t . 3  1 . 9
3  . 0  2 . 9

0 . 5  0 . 2
0 . s  o . 4
1 . 1  0  . 7
0 . 6  0 . 6
1 . 8  L . 2
2 . 6  1 . 7
2 . 6  3 . 2

< 0 . 1  < 0 . 1
0 . 5  0 . 3
t . J  v . I

0 . 8  0 . 5
1 . 5  1 . 3
2 . 2  r . 7
3 . 4  3 . 2

0 . 3  0 . 2
0 . 3  0 . 3
1 ?  ^ a

0 . 6  0 . 4
1 . 6  L . 4
2 . 6  1 . 8
3 . 8  2 . 8

o . 4  0 . 2
0 . 1  0 . 2
0 . 6  0  . 7
0 . 7  0 . 3
1 . 9  r . 2
2 . 9  L . 7
2 . 0  1 , 8

L . 2  2 . O
1 . 2  2 . 3
1 . 8  2 . 5
1 . 8  L . 4
4 . 3  3 . 3
4 . L  3 . 8
3 . 5  6 . 5

0 . 6  0 . 5
1 . 0  2 . O
t . 2  2 . 6
t . 2  1 . 1
3 . 5  2 . 2
2 . 5  2 . 7
3 . 4  3 . 9

0 . 4  r . 0
1 . 0  2 . 3
1 . 5  2 . L
1 . 6  0 . 8
3 . 9  2 . 4
1 . 9  3 . 6
2 . 2  3 . 8

0 . 5  1 . 0
1 . 0  L . 7
1 . 5  2 . 5
0 . 6  0 . 4
2 . 0  2 . 4
1 . 9  2 . 4
2 . 5  2 . 7

+2.6  f t  sw1

0 . 4  0 . 2
0 . 7  0 . 2
1 . 0  0 . 6
o . 7  0 . 3
1 . 1  0 . 9
1 . 8  1 . 0
2 . 5  r . 7

0 . 3  0 . 2
0 . 4  0 . 6
o . 4  0 . 2
^ , ) r ì 1

0 . 7  0 . 7
0 . 9  L . 2
1 . 4  1 . 8

(Cont inued)

r
t

I
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Table 29 (Concluded)

I{ave Height, ft
Gage Gage Gage Gage Gage Gage cage Gage cage Gage Gage cage Gage cage cage

l s  L6  L7  18  19  20  2L  22  23  24  25  26  27  28  29

+4.8 f t  s¡¡ l

IzD

L2E

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
7 . O
8 . 0
9 . 0

10 .0

6 . 0
7 . O
8 . 0
9 .0

10 .0

6 . 0
7 . 0
8 . 0
9 . 0

10.0

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
a l

8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

2 . 4
2 . 7
L . 2
t o

2 . 3
3 . 6
4 . 5

3 . 1
3 . 0
t . 4
1 . 5
2 . 2
J . J

5 . 3

2 . 3
2 . 8
2 . 5
r . 8
2 . 9

4 . 6

0 . 5
r . 4
1 . 3
0 . 5
3 . 2
2 . 6
3 . 0

0 . 5
1 . 0
2 . 4
2 . L
2 . 8
3 . 5
4 . 2

1 . 6
1 . 1
2 . 7
r . 6
2 . 9
3 . 5
4 . L

2 . L
2 . 4
r . 4
1 . 8
' l (

5 . 5
4 . 4

0 . 6
2 . L
t . 2
L . 7
2 . 7
4 . 5
5 . 2

o . 7
1 . 6
2 . 6
0 . 5
3 . 0
2 . 4
2 . 2

0 . ó
1 .3
2 . 4
1 . 3
2 . 3
2 . 2
2 . L

0 . 5
2 . 0
2 . 5
0 . 7
2 . O
2 . 5
2 . O

0 . 8
1 . 1
L . 2
o . 4
1 . 6
1 . 6
3 . 4

L . 7
1 r ì
1 . 3
1 ?

3 . 2
3 . 3
3 . 4

1 . 3
n o
L . 4
1 . 8
2 . 3
2 . 4
2 . 0

1 . 0
0 . 9
L . 2
1 . 8
3 . 0
? 1

1 . 6

1 . 0
0 . 9
0 . 6
0 . 9
t . 4
r . 4
1 . 6

1 . 0
1 . 4
0 . 8
1 . 3
2 . 5
2 . 8
1 . 6

1 . 0
r . 4
1 . 1
1 . 6
1 . 8
1 . 6
r . 1

0 . 9
L . 2
0 . 8
L . 4
2 . 5
2 . 5
0 . 9

0 . 9
0 . 9
2 . 4
1 . 0
2 . 8
2 . 8
3 . 4

0 . 8
o . 7
2 . 2
L . 2
1 . 9
2 . O
2 . O

0 . 1
0 . 5
2 . 6
1 . 0
2 . 5
2 . 5
2 . 5

o . 7
L . 7
0 . 3
0 . 6
1 . 1
t . 3
1 . 9

1 . 5
1 . 6
0 . 5
0 . 5
0 . 8
1 . 6
1 . 6

1 . 1
1 . 0
0 . 6
0 . 3
0 . 8
r . 2
7 . 4

0 . 8
0 . 8
o . 2
0 . 4
1 . 3
L . 2
2 . r

o . 2
0 . 5
o . 7
0 . 5
3 . r
3 . 4
3 . 9

0 . 5
o . 7
1 . 1
0 . 7
3 . 1
3 . 6
3 . 3

0 . 2
1 . 3
r . 2
0 . 6
3 . 2
3 . 3
2 . 9

0 . 2
0 . 9
o . 7
0 . 4
1 . 3
1 . 3
1 . 9

0 . 2
0 . 8
0 . 8
n <

2 . 0
2 . 2
2 . 4

0 . 9
0 . 9
0 . 8
0 . 4
1 . 5
1 . 1
1 . 8

0 . 6
1 . 0
0 . 9
0 . 5
1 . 3
2 . r
L . 7

o . 2
0 . 9
o . 4
0 . 7
0 . 6
0 . 9
1 . 4

0 . 6
4 . 5
5 . 3
6 . 1
4 . 7
2 . 4
9 . 2

0 . 9

7 . L
4 . )

5 . 2
3 . 6
7 . 5

2 . 9
2 r l

5 . 0
4 . 2
4 . 8
4 . )

6 . 7

L . 4
, 4 .

r . 5
3 . 9
5 . 1
4 . 3
4 .4

r2c

+2.6  f t  sn l

0 . 6  1 . 3
L . 2  L . 2
L . 2  0 . 4
0 . 7  0 . 4
1 . 8  1 . 0
2 . O  1 . 5
3 . 4  1 . 8

0 . 8  1 . 0
1 . 3  r . 2
1 . 6  0 . 2
0 . 7  0 . 4
1 . 8  0 . 7
2 . 7  1 . 0
2 . 8  1 . 5

0 . 5  1 . 3
1 . 2  2 . 4
2 . O  0 . 6
0 . 6  0 . 2
1 . 6  < 0 . 1
2 . O  O . 7
3 . 2  1 . 8

0 . 5  0 . 8
1 . 0  1 . 3
1 . 0  0 . 7
0 . 5  0 . 2
1 . 0  0 . 6
1 . 0  0 . 6
1 . 3  0 . 8

3 . 1  3 . 0  4 . 7
4 . 6  4 . 5  9 . L
1 . 9  5 . 8  9 . 2
3 . 8  2 . 4  8 . 1
5 . 4  8 . 0  r 2 . O
6.5  10 .6  L4 .3
6 . 1  5 . 3  1 3 . 5

4 . 7  2 . 4  5 . 1
6 . 2  4 . 9  8 . 1
2 . O  6 . 0  9 . 3
2 . L  2 . 2  6 . 0
5 . 1  9 . 3  1 1 . 8
5 . 6  r 0 . 4  L 3 . 7
6 . 9  7 . O  L 4 . 3

2 . 6  3 . 0  4 . O
4 . I  4 . r  5 . 4
3 . 9  4 . 8  8 . 1
3 . 4  3 . 7  6 . 1
4 . 9  7 . t  L 0 . 2
4 . 1  9 . 1  1 3 . 8
5 . 3  7 . 4  L 5 . 2

1 . 5  2 . 0  2 . L
2 . 3  r . 2  6 . 4
5 . 3  3 . 5  6 . 2
2 . I  2 . 8  4 . 8
5 . 3  8 . 5  1 0 . 0
6 . 8  6 . 1  L L . 4
5 .0  10 .8  L4 .5

0 . 6
0 . 8
0 . 7
0 . 7
1 . 1
1 . 1
I . J

0 . 4
0 . 6
0 . 9
0 . 6
L . 7
1 . 6
1 . 8

I

I



Table 30

I.Iave l lelghts for Severe-I,leather Plans 13-13D for Test Ìüaves

from 279 deg,  +4.8 f t  swl ,  Rlver  Discharge 800 cfs

Test Wave I ' Iave Helsht. t t

Plan

13

13A

138

13D

PerÍod
sec

6 . 0
7 . 0
8 . 0
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0
9 . 0

1 0 . 0

6 . 0
7 . 0
8 . 0
9 . 0

1 0 . 0

6 . 0
7 . O
8 . 0
9 . 0

1 0 . 0

Ilelght
f t

3 . 9
) . )
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
o t

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
) . )
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

0 . 2  0 . 4
0 . 4  0 . 4
1 . 1  1 . 1
0 . 8  L . 4
2 . 8  2 . 7
3 . 1  3 . 3
2 . 7  4 . L

Gage Gage Gage Gage Gage Gage Gage Gage Gage

L 2 3 4 5 66 7 8 9

0 . 2
0 . 4
0 . 9
0 . 8
2 . 5
3 . 2
2 . 7

0 . 3
0 . 4
1 . 0
o . 2
2 . 2
2 . O
3 . 4

0 . 4  0 . 3  0 . 2
0 . 5  0 . 4  0 . 3
1 . 5  0 . 8  0 . 6
1 . 1  0 . 4  0 . 6
3 . 1  2 . L  1 . 5
4 . 4  2 . 6  2 . 5
4 . 8  3 . 6  3 . 4

o . 2  < 0 . 1  0 . 2  0 . 1  0 . 2
o . 2  0 . 3  0 . 4  0 . 3  0 . 5
0 . 6  0 . 8  1 . 0  L . 2  0 . 5
o . 7  0 . 4  0 . 8  0 . 7  0 . 6
L 4  L . 4  L . 7  L . 7  1 . 3
2 . 3  1 . 3  1 . 8  2 . 2  2 . O
2 . 7  2 . 2  3 . 3  2 . 4  3 . 2

0 . 3  0 . 2
0 . 5  0 . 3
1 . 3  l _ . 0
0 . 8  1 . 0
3 . 6  2 . 7
2 . 9  2 . 2
3 . 1  2 . 9

0 . 2  0 . 3
0  . 2  0 . 3
0 . 9  1 . 5
0 . 9  0 . 8
3 . 3  3 . 2
4 . 2  2 . 8
4 . r  3 . 4

o . 4  0 . 3
0 . 5  0 . 3
1 . 4  0 , 7
1 . 3  0  . 4
2 . 2  L . 4
3 . 3  L . 9
3 . 4  3 . 2

o . 2  0 . 2
0 . 1  0 . 5
0 . 5  0 . 6
0 . 6  0 . 5
1 . 2  L . 4
2 . 0  1 . 5
1 . 9  1 . 9

0 . 2  0 . 1  0 . 2
o , 2  0 . 3  0 . 3
0 . 4  1 . 1  0 . 4
0 . 4  0 . 6  0 . 6
1 . 3  I . 7  L . 4
1 . 9  L . 7  2 . 6
1 . 4  2 . 4  1 . 8

o . 2  0 . 2  0 . 2
0 . 1  0 . 4  0 . 4
0 . 4  0 . 9  0 . 9
0 . 7  0 . 9  0 . 5
1 . 1  L . 7  L . 6
2 . L  2 . 6  2 . t
2 . L  2 . 4  2 . 6

0 . 2  0 . 4  0 . 3  0 . 1
o . 2  0 . 2  0 . 4  0 . 3
0 . 5  0 . 5  1 . 1  1 . 0
0 . 3  1 . 0  0 . 7  0 . 8
1 . 5  L . 4  1 . 9  1 . 8
1 . 3  1 . 3  2 . 5  1 . 8
2 . 0  2 , 3  2 . 5  3 . 4

13C 0 . 2  0 . 4  0 . 3
0 . 3  0 . 4  0 . 6
L , 2  1 . 0  1 . 8
1 . 1  1 .  t  L . 4
3 . 0  2 . 5  L . 9
2 . 7  2 . 8  i . 2
3 . 3  2 . 8  4 . 0

0 . 2  0 . 4
0 . 5  0 . 6
o . 7  1 . 0
0 . 7  0 . 9
2 . 2  3  . 1
3 . 0  2 . 6
3 . 0  3 . 1

0 . 4  0 . 3  0 . 3
0 . 4  0 . 4  0 . 2
0 . 8  0 .  5  0 . 4
0 . 4  0 . 7  0 . 3
1 . 5  1 . 2  L . 7
1 . 9  L . 6  2 . 2
3 . 1  3 .  3  L . 7

0  . 2  0 . 3  < 0  . 1
0 . 3  0 . 5  0 . 3
1 . 3  0 . 8  0 . 6
L . 2  0 . 2  0 . 7
3 . 6  1 . 6  L . 2
3 . 2  2 . L  t . 5
3 . 0  2 . 8  2 . 4

o . 2  0 . 2  0 . 2  0 . 3
o . 2  0 . 6  0 . 4  0 . 7
0 . 9  0 . 7  1 . 1  0 . 4
0 . 5  0 . 6  0 . 5  0 . 7
L . 4  2 . 2  I . 7  L . 7
L . 4  2 . O  2 . 2  2 . 2
2 . 5  2 . 8  2 . 7  3 . 2

( Cont inued)
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Table 30 (Contlnued)

Test Irlave
Perlod Height

Plan sec f t 10 11 L2 13 L4 15 L6 L7 18 19

1 3  6 . 0
7 . O
8 . 0
9 . 0

o . 7
L . 2
2 . O
r . 4
3 . 8
2 . 9
2 . 9

2 . 3
2 . 8
3 . 0
r . 7
5 . 7
6 . 1
6 . 2

o . 7  1 . 3
0 . 5  1 . 9
0 . 9  2 . 2
1 . 0  2 . L
2 . 6  3 . 3
2 . 8  3 . 8
4 . O  5 . 7

1 . 9  0  . 7
3 . 1  1 . 8
3 . 8  3 . 6
2 . L  1 . 0
4 . 3  3 . 1
4 . 9  2 . 3
5 . 3  2 . 6

2 . 7  1 . 9
0 . 5  1 . 1
L . 4  0 . 8
1 . 3  1 . 1
5 . 2  4 . 6
6 . 4  5 . 2
5 . 4  2 . 9

0 . 9  0 . 9
0 . 5  0 . 5
0 . 8  0 . 5
0 . 4  0 . 5
5  . 1  4 . 3
6 . 1  4 . 9
5  . 2  3 . 3

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

o . 2
1 . 1
1 . 1
0 . 5
1 . 0
1 . 8
2 . 3

0 . 3
0 . 4
1 . 5
0 . 7
1 . 4
L . 7
3 . 7

0 . 1
L . 4
1 . 5
0 . 4
1 . 5
2 . 2
3 . 0

2 . 7
3 . 1
3 . 1
L . 4
4 . 5
7 . 0
7 . 31 0 . 0

13A 6 .0
7 . O
8 . 0
9 . 0

1 0 . 0

1 0 . 0

138 6 .0
7 . O
8 . 0
9 . 0

1 0 . 0

13C 6 .0
7 . O
8 . 0
9 . 0

1 0 . 0

1 3 D  6 . 0
7 . O
8 . 0
9 . 0

0 . 7  0 . 4
1 . 5  0 . 3
L . 7  1 . 3
0  . 1  0 . 4
1 . 3  2 . 3
L . 4  r . 9
2 . L  2 . 5

0 . 5  0 . 2
1  . 1  0 . 2
1 . 3  r . 4
0 . 3  0 . 6
0 . 7  2 . 0
L . 2  2 . 2
2 . L  2 . 2

0 . 3  1 . 8  L . 7
1 . 6  0 . 7  3 . 1
L . 7  1 .  r  3 . 0
0 . 3  0 . 7  2 . 6
2 . L  3 . 1  4 . 2
1 . 5  3 . 5  4 . 5
2 . 4  3 . 7  6 . 0

0 . 1  0 . 8  1 . 8
1 . 1  0 . 8  2 . 0
1 . 3  0 . 8  2 . 4
0 . 5  0 . 7  2 . 2
2 . 0  3 . 3  3 . 8
1 . 8  3 . 8  4 . 4
2 . 0  3 . 6  4 . 7

2 . 5  1 . 5
2 . 9  4 . 3
4 . 4  3 . s
1 . 5  3 . 1
5 . 3  4 . 9
6 . 0  5 . 1
7 . L  4 . O

2 . 4  2 . 0
2 . 5  2 . 6
3 . 6  3 . 2
r . 5  2 . L
4 . 8  5 . 5
5 . 4  5 . 9
4 . 8  3 . 7

1 . 8  0 . 9
r . 7  2 . 7
3 . 9  2 . 6
1 . 6  2 . 4
4 . 7  5 . 2
4 . 9  6 . s
5 . 8  5 . 8

1 . 5  1 . 9  L . 2
0 . 9  0 . 4  1 . 1
2 . 7  1 . 6  0 . 7
0 . 7  L . 7  1 . 8
2 . 5  4 . O  3 . 5
3 . 0  4 . 2  4 , r
3 . 6  4 . L  3 . 0

L . 2  1 . 6  0 . 9
L . 4  0 . 4  0 . 9
3 . 2  L . 2  0 . 7
0 . 6  1 . 6  1 . 5
3 . 1  4 . L  4 . L
3 . 2  4 . 7  5 . 2
2 . 4  3 . 9  1 . 9

1 . 1  0 . 8  0 . 4
0 . 7  0 . 3  0 . 9
L . 7  1 . 1  0 . 7
0 . 8  1 . 9  1 . 6
2 . 6  3 . 1  3 . 7
2 . 6  3 . L  3 . 4
3 . 8  2 . 9  1 . 8

o . 2  0 . 3  0 . 2
r . 2  0 . 3  1 . 1
1 . 5  1 . 0  1 . 3
0 . 2  0 . 4  0 . 6
1 . 3  2 . 3  2 . L
r . 4  1 . 9  L . 2
2 . O  2 . L  2 . L

0 . 3  0  . 2
0 . 7  0 . 1
0 . 6  L . 2
0 . 3  0 . 7
0 . 9  L . 6
1 . 3  1 . 6
2 . 5  4 . L

o . 2  1 . 8
0 . 9  1 . 3
0  . 9  1 . 5
0 . 5  0 . 7
1 . 6  3  . 9
2 . O  3 . 4
2 . 6  2 . 6

1 . 8  2 . 0
1 . 9  3 . 0
2 . 2  2 . 9
r . 7  0 . 8
4 . 4  4 . 4
5 . 7  4 , 2
6 . 5  6  . 9

L . 4  1 . 5
2 . 2  L . 4
L . 7  3 . 1
L . 7  0 . 6
3  . 3  3 . 5
4 . 0  2 . L
5 . 3  2 . 6

(Cont inued)
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Table 30 (Concluded)

Test l¡lave
Gage Gage Gage
27 J9__ 2e

f t
Gage

2 6

.8ht '
Gage
]t_

Gage Gage Gage
2 L  2 2  2 3

hlave lle

Perlod
Plan sec

1 3  6 . 0
7 . 0
8 . 0
9 . 0

Hetght Gage
f t  2 0

Gage
24

1 0 . 0

13A 6 .0
7 . 0
8 . 0
9 . 0

1 0 . 0

138 6 .0
7 . 0
8 . 0
9 . 0

1 0 . 0

13C 6 .0
7 . O
8 . 0
9 . 0

0 . 1  0 . 5  0 . 4
1 . 3  0 . 8  3 . 3
1 . 1  0 . 5  4 . 5
0 . 7  0 . 6  5 . 1
3 . 9  1 . 9  4 . 6
4 . 0  2 . 6  5 . 0
6 . 4  4 . 2  4 . 7

o . 2  0 . 5  0 . 6
0 . 7  0 . 6  1 . 6
L . 2  0 . 6  2 . 5
0 . 7  0 . 7  L . 7
2 . 3  1 . 9  2 . 4
4 . 3  2 . 5  1 . 8
4 . L  2 . 8  3 . 3

0 . 3  0 . 3  2 . r
0 . 9  0 . 8  2 . L
0 . 8  0 . 6  4 . 0
0 . 8  0 . 8  4 . 9
3 . 4  2 . O  4 . 8
3 . 6  2 . 3  7 . 7
5 . 3  3 . 3  4 . 4

t . 7  3 . 7  4 . O
4 . 5  3 . 5  7 . 2
2 . 7  5 . 9  7 . 2
2 . 3  2 . 8  6 . 8
2 . 7  5 . 3  9 . 0
5 . 1  6 . 9  1 0 . 8
5 . 8  4 . 6  1 1 . 8

r . 4  3 . 1  3 . 3
L . 2  2 . 7  5 . 3
2 . 8  3 . 7  7 . O
2 . 4  1 . 6  4 . 6
4 . 2  6 . 0  8 . 4
4 . L  5 . 6  L l . 4
2 . 9  4 . 1  1 1 .  3

2 . 1  3 . 4  2 . 8
4 . !  4 . 0  5 . 0
2 . 2  5 . 8  4 . 8
L . 7  3 . 1  3 . 7
6 . 6  5 . 4  7 . 0
5 . 2  5 . 5  7 . 8
4 . 4  7 . 2  9 . 0

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

0 . 9  2 , 3
1 . 3  2 . 3
3 . 0  0 . 8
L . 2  0 . 7
4 . 9  L . 7
5 . 9  2 . 2
6 . 4  1 . 9

0 . 6  L . 7
L . 4  2 . 0
3 . 4  0 . 9
1 . 9  0 . 6
4 . 8  2 . 9
4 . 6  2 . 8
4 . 8  1 . 8

0 . 9  1 . 8
1 . 0  2 . L
3 . 4  0 . 9
1 . 6  0 . 8
3 . 8  2 . 5
4 . 6  2 . 8
4 . 7  1 . 3

0 . 4  0 . 7
1 .0  1 , .2
2 . 4  0 . 6
1 . 6  0 . 6
4 . 0  2 . 5
3 . 4  2 . 2
4 . 2  1 . 8

0 . 6  2 . 2
0 . 7  2 . r
L . 4  0 . 7
0 . 9  0 . 5
3 . 4  1 . 3
5 . 1  r . 4
6 . 5  2 . 1

1 . 5  2 . 2
1 . 9  1 . 8
2 . 8  0 . 5
0 . 9  0 . 3
3 . 3  L . 4
4 . 5  1 . 3
6 . 2  1 . 8

L . 2  2 . 2
L . 7  1 . 8
2 . 9  0 . 6
L . 7  0 . 4
4 . 0  1 . 5
4 . 4  1 . 4
6 . 8  1 . 9

1 . 1  r . 6
r . 4  1 . 9
2 . 5  0 . 9
1 . 5  0 . 4
3 . 4  1 . 3
4 . 3  L . 7
4 . 4  1 . 8

0 . 8  1 . 3
1 , . 2  L . 2
2 . 0  0 . 7
1 . 5  0 . 4
3 . 0  1 . 6
3 . 2  1 . 5
5 . 7  1 . 6

L . 2  1 . 6
1 . 9  2 . 6
1 . 8  0 . 9
1 . 2  0 . 3
2 . 3  1 . 3
3 . 0  1 . 5
6 . 1  1 . 9

0 . 5  0 . 7
1 . 2  0 . 8
1 . 1  0 . 8
0 . 7  0 . 6
3 . 2  2 . 3
4 . 6  3 , 2
5 . 2  4 . L

o . 2  0 . 6
0 . 9  0 . 8
1 . 0  0 . 8
0 . 9  0 . 9
2 . 2  1 . 1
3 . 4  1 . 6
3 . 9  3 . 4

1 . 5  0 . 6
3 . 7  4 . r
3 . 4  3 . 8
5 . 3  1 . 8
2 . 6  6 . 1
4 . 4  5 . 5
5 . 8  2 . 6

3 . 5  4 . 0
4 . 0  6 . 9
5 . 6  5 . 7
3 . 0  4 . r
6 . 7  1 0 . 5
7 . 2  1 0 . 9
7 . 2  L 2 . 6

2 . 4  4 . 0
4 . 5  6 . 5
5 . 8  5 . 8
2 . 7  4 . 7
4 . 4  7 . 5
5 . 3  9 . 7
7 . 5  1 1 . 1

1 0 . 0

13D 6 .0
7 . 0
8 . 0
9 . 0

1 0 . 0

L . 7  2 . O
3 . 7  4 . 5
2 . 7  1 . 9
4 . 4  0 . 9
3 . 9  5 . 6
5 . 2  5 . 3
4 . 2  3 . 8
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Tab1e 31

Wave HeLghts for Severe-Ìrleather Plans l3D, 14, l4A, and 15 for Test úIaves

fron 279 deg, +2.6 ft  sw1, Rlver Dfscharge 800 cfs

Test Wave Itlave Helght, f t
Gage Gage cege Gage cage Gage Gage cage Gage cage Gage cage Gage Gage

r 2 3 4 5 6 7 8 9 1 0 1 1 L 2 1 3 L 4Plan

13D

14A

PerLod
sec

Eeight
f t

L4

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

6 . 0
1 ^

8 . 0
9 . 0

r0 .0

6 . 0
7 . 0
8 . 0
9 . 0

10.0

6 . 0
7 . O
8 . 0
9 . 0

10 .0

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
o t

3 . 9
5 . 5
6 . 6
4 . 3
8 . r
8 . 6
o ?

1 0

6 . 6
4 . 3
Q 1

8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3
q l

8 . 6
9 . 2

^ t

o . 2
r ì a

0 . 5
r . 5
1 . 9
2 . 2

0 . 1

0 . 9

1 . 8
1 . 9
t t

< 0 . 1
0 . 2
0 . 9
0 . 3
1 . 6
2 . 4
1 . 8

o . 2
0 . 3
^ 7

o . 2
1 . 6
1 . 6
1 0

0 . 3
0 . 5
0 . 6
o . 4
1 . 4
2 . r
z . r

0 . 3
0 . 6
o . 7
1 . 0
1 . 3
1 . 6
2 . L

o . 2
0 . 4
0 . 5
0 . 4
r . 1
r . 5
r . 5

0 . 2
0 . 4
0 . 5
0 . 5
1 . 1
r . 4
1 . 5

0 . 5
0 . 7
0 . 5
0 . 8
1 . 0
2 . 0
J 7

0 . 2
0 . 6
0 . 6
0 . 3
1 . 3
1 . 8
2 . 5

o . 2
0 . 7
0 . 6
o . 7
L . 7
1 . 8
2 . 3

o . 4
0 . 6
0 . 6
0 . 7
1 . 0
2 . 0
¿ - L

0 . 3
o . 7
0 . 8
0 . 4
1 . 1
I . 7
1 . 8

0 . 3
0 . 8
0 . 9
0 . 6
1 . 0
7 . 4
2 . 6

0 . 3
0 . 8
0 . 9
0 . 5
l 2

r . 7
2 . 7

0 . 3
0 . 7
0 . 8
0 . 6
t . 2
r . 4
2 . L

0 . 1
0 . 2
o . 4
0 . 3
1 . 0
o . 7
r . 6

0 . 1
r ì ?

0 . 4
0 . 3
0 . 9
0 . 8
2 . O

o . 2
0 . 2

0 . 3
0 . 9
0 . 6
1 . 8

< 0 . 1
0 . 3
0 . 4
0 . 2
0 . 9
0 . 9
1 . 6

0 . 1
0 . 3
0 . 4
0 . 3
^ 7

1 . 1
r . 2

0 . 2
0 . 5
0 . 6
o . 2
r ì o
r . 4
r . 7

0 . 5
0 . 5
0 . 3
1 . 0
1 . 3
1 . 5

0 , 1
0 . 3
0 . 4
0 . 2
0 . 9
0 . 9
1 . 0

0 . 1
0 . 2
0 . 4
0 . 2
1 . 1
r . 4
L .4

0 . 2
o . 4
o . 2
0 .4
f ì o

1 . 8
2 . 0

< 0 . 1
0 . 4
0 . 3
0 . 3
0 . 9
1 . 5

< 0 . 1
0 . 5
0 . 3
0 . 3
7 . 4
L . 7
L . 4

0 . 4
1 . 0
0 . 8
0 . 3
1 .0
L . 2
1 . 6

0 . 3
0 . 8
0 . 9
o . 4
1 . 1
1 . 6
2 . L

o . 2
0 . 8
0 . 9
0 . 3
1 .0
r . 2
L . 7

0 . 3
0 . 5
o . 7
0 . 3
1 . 3
r . 2
L . 7

0 . 5
1 . 1
1 . 4
0 . 4
3 . 5
3 . 7
3 . 5

0 . 9
L . 2
1 . 8
0 .8
3 . 4
2 . 9
3 . 1

0 .4
o . 7
1 . 6
0 . 8
3 .0
2 . 7
2 . 6

0 . 2
1 .0
2 . 0
0 .9
3 . 1
3 . 6
2 . L

2 . 0
1 . 6
L . 7
1 . 3
3 . 4
3 . 6

L . 7
2 . 5
2 . 4
L . 2
2 . 8
2 . 7
4 .8

2 . 3
2 . L
2 . 7
r . 3
3 . 7
3 . 4
3 . 7

0 . 6
1 .8
2 . 5
1 . 3
1 . 8
L . 4
1 .8

o . 2  0 . 2
0 . 1  0 . 2
0 . 4  0 . 6
0 . 6  0 . 3
l . s  0 . 8
2 . r  1 . 5
L . 7  1 . 9

0 . 3  0 . 2
0 . 3  < 0 . 1
0 . 6  0 . 6
1 . 0  0 . 4
2 . L  1 . 0
2 . 9  1 . 5
2 . 2  2 . 0

0 . 3  0 . 2
0 . 2  0 . 2
o . 7  0 . 6
0 . 3  0 . 2
2 . L  1 . 0
2 . 2  1 . 6
2 . 4  1 . 9

0 . 2  0 . 1
0 . 2  0 . 2
0 . 7  0 . 7
0 . 8  0 . 5
2 . 2  1 . 0
2 . 4  L . 4
1 . 6  1 . 8

o . 2  0 . 2
0 . 3  1 . 0
0 . 8  1 . 3
0 . 4  0 . 4
L . 4  1 . 3
1 . 3  1 . 8
1 . 6  2 . 2

0 . 1  0 . 3
0 . 2  0 . 7
0 . 9  1 . 8
0 . 5  0 . 4
1 . 8  L . 2
1 . 4  L . 7
1 . 8  2 . 7

o . 2  0 . 3
0 . 2  0 . 8
0 . 8  L . 2
o . 4  0 . 4
1 . 0  1 . 1
1 . 1  r . 3
2 . O  2 . O

0 . 1  < 0 . 1
0 . 3  0 . 4
0 . 8  1 . 0
0 . 5  0 . 5
1 . 6  L . 4
1 . 6  1 . 5
1 . 3  1 . 6

15
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Tabte 3l  (Concluded)

Test Weve
Perlod

sec

Itelght
f t

3 . 9

6 . 6
4 . 3
Q I

8 . 6
o 2

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
o t

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

3 . 9
5 . 5
6 . 6
4 . 3

Gage
15

Gage
16

Gage
L 9 20

Gage
2 L

Gage
2 2

t
Gage
2 3

Gage
18

Gage
L7

Gage Gage Gage Gage Gage Gage

24  25  26  27  28  29

aq

13D 6 . 0
7 . O
8 . 0
9 . 0

r0 .0

6 . 0
7 . O
8 . 0
9 . 0

l_0.0

6 . 0
7 f ì

8 . 0
9 . 0

10.0

6 . 0
7 . 0
8 . 0
9 . 0

10 .0

2 . 6  1 . 7
2 . 5  1 . 6
2 . 4  2 . 9
L . 7  0 . 8
4 . 7  2 . 4
4 . L  3 . 3
5 . 2  2 . 4

3 . 7  2 . 5
J . J  L ¡  I

3 . 1  1 . 3
1 . 0  2 . 3
4 . 6  2 . I
3 . 7  2 . O
4 . 5  5 . 2

2 . 8  2 . 5
2 . 5  2 . 3
2 . 2  1 . 6
1 . 0  2 . 8
3 . 0  1 . 3
3 . 5  1 . 6
3 . 0  4 . 0

L . 2  1 . 3
2 . 8  1 . 1
1 . 0  1 . 6
0 . 8  1 . 5
2 . 7  2 . 8
2 . 9  3 . 6
2 . 4  3 . 1

0 . 8  1 . 9
0 . 5  0 . 3
1 . 3  0 . 5
0 . 5  0 . 6
2 . 6  3 .  r
2 . 8  3 . 2
4 . 5  4 . 2

1 . 3  0 . 9
1 . 1  0 . 6
2 . L  O . 7
0 . 6  1 . r
2 . 6  3 . 0
1 . 9  3 . 3
4 . 4  2 . 9

1 . 0  2 . 3
0 . 8  0 . 7
1 . 8  0 . 9
0 . 3  1 . 5
1 . 1  3  . 1
1 . 9  3 . 4
3 . 3  2 . 8

0 . 2  0 . 4
0 . 8  0 . 9
1 . 3  1 . 0
0 . 6  r . 2
1 . 3  r . 7
r . 7  L . 7
2 . 8  L . 7

r . 0  0 . 4  3 . 1
0 . 5  1 . 1  1 . 3
0 . 6  1 . 1  0 . 3
o . 7  r . 4  1 . 0
1 . 9  1 . 9  2 . 5
2 . 3  3 . 0  2 . 3
4 . s  4 . 4  1 . 8

0 . 5  0 . 4  3 . 9
0 . 9  0 . 7  1 . 6
0 . 8  1 . 1  0 . 5
r . 3  1 . 7  1 . 3
2 . 4  2 . 1  2 . 3
2 . 3  2 . 2  2 . O
2 . 8  3 . 3  1 . 8

1 . 3  0 . 8  3 . 1
0 . 9  0 . 6  L . 2
0 . 9  1 . 5  0 . 4
0 . 9  1 . 0  0 . 8
2 . L  2 . 4  2 . 6
2 . 5  2 . 7  2 . 4
2 . 8  3 . 0  1 . 8

0 . 2  < 0 . 1  1 . 3
o . 7  0 . 6  0 . 8
0 . 3  0 . 9  0 . 4
0 . 8  1 . 0  r . r
0 . 9  1 . 6  1 . 1
o . 7  L . 4  1 . 1
r . 4  2 . 7  L . 7

r . 6  1 . 6
1 . 9  1 . 9
L . 4  0 . 3
0 . 7  0 . 2
L . 4  0 . 9
1 . 6  1 . 0
2 . 4  t . 2

2 . L  2 . 7
2 . 2  1 . 8
1 . 8  0 . 5
0 . 8  0 . 2
L . 2  1 . 0
1 . 6  r . 2
L . 4  0 . 8

1 . 3  1 . 5
L . 4  1 . 0
L . 2  0 . 5
0 .  7  0 . 2
L . 2  1 . 0
r . 3  0 . 8
1 . 9  L . 2

0 . 6  1 . 0
L . 7  2 . 1
0 . 8  0 . 7
0 . 4  0 . 5
1 . 8  0 . 8
1 . 8  L . 2
2 . 4  1 . 0

0 . 7  1 . 3
1 . 1  0 . 7
0 . 5  0 . 8
0 . 5  0 . 9
1 . 6  2 . 0
1 . 6  2 . 1
2 . 7  2 . 8

0 . 7  1 . 1
1 . 3  1 . 6
0 . 8  r . 2
0 . 8  1 . 1
r . 4  2 . L
1 . 8  2 . 0
r . 7  1 . 8

0 . 7  0 . 9
1 . 0  L . 2
0 . 8  0 . 8
0 . 6  1 . 3
t . 2  1 . 6
L . 2  1 . 5
2 . 2  1 . 9

0 . 3  0 . 5
0 . 9  1 . 2
0 . 9  L . 2
0 . 8  1 . r
1 . 6  0 . 9
L . 7  1 . 2
1 . 8  2 . 1

0 . 4  0 . 9
2 . 7  1 . 8
4 . 4  4 . L
r . 2  4 . O
3 . 4  6 . 8
2 . 8  6 . 5
2 . 8  6 . 1

L . 2  2 . 0
0 . 7  1 . 3
2 . 8  4 . 4
0 . 8  3 . 7
3 . 2  6 . 3
2 . 2  6 . 5
4 . 7  8 . 4

L . 7  2 . 3
1 . 5  1 . 3
4 . 0  3 . 3
1 . 1  3 . 8
2 . 5  5 . 9
3 . 0  5 . 9
4 . 2  7 . O

0 . 6  1 . 1
2 . 6  L . 7
2 . 4  2 . O
0 . 9  2 . 7
3 . 9  4 . 6
4 . L  5 . 4
3 . 8  6 . s

3 . 7  2 . 9
2 . 7  5 . 4
3 . 3  6 . 7
2 . 7  2 . 6
6 . 5  9 . 0
6 . 2  7 . 2
8 . 4  9 . 0

4 . 6  5 . 5
3 . 9  7 . 6
2 . 9  5 . 9
3 . 8  5  . 9
6 . 8  1 0 . 0
6 . 6  1 1 . 1

10.6  L4 .2

2 . 9  4 . L
4 . 9  6 . 1
2 . 4  6 . 2
2 . 8  5 . 9
4 . 6  1 1 . 3
5 .3  LL .7
7 . 5  L z . L

1 . 1  2 . 3
2 . 4  3 . 9
5 . 3  6 . 0
1 . 5  4 . L
3 . 6  8 . 2
4 . 8  9 . 3
6 . 7  8 . 6

t4A

8 . 1
8 . 6
9 . 2



Gage
2

Gage
1

Table 32

Wave Helghts for Severe-Ir/eather Plan 15,

+4.8 f t  swl ,  Rf-ver Dfscharge 800 cfs

I,Iave He
Gage Gage

T413
GAge

10
Gage

5
ge
4

Test I,lave
DfrectLon Perl.od Helght

deg sec f t

279 3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

1 0 . 3
1 0 . 7

6 . 2
1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L 2 . 2

326

6 . 0
7 . 0
8 . 0
9 . 0

10.0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10.0

< 0 . 1
0 . 3
0 . 4
o . 7
2 . 5
2 . 8
2 . 7

0 . 3
1 . 5
0 . 8
2 . r
2 . 6
L . 4
3 . 7
4 . 3

o . 2
0 . 2
1 . 0
1 . 0
r . 2
3 . 3

o . 2
0 . 3
1 . 1
0 . 7
2 . 8
2 . 6
2 . 5

o . 2
1 . 3
0 . 6
2 . O
2 . 7
r . 2
3 . 9
7 . 5

o . 2
^ t

0 . 5
0 . 8
0 . 8
3 . 0

0 . 1
o . 4
r . 2
L . 7
3 . 2
3 . 3
3 . 5

o . 4
1 . 3
0 . 4
r . 5
1 . 6
0 . 8
4 . 2
5 . 2

o . 2
0 . 5
o . 7
L . 2
r . 1
3 . 9

0 . 3
0 . 6
0 . 5
t . 2
1 . 8
1 . 0
2 . 4
4 . 9

0 . 8
2 . O
1 . 0
1 . 9
1 . 9
3 . 5

0 . 2
0 . 4
0 . 8
0 . 6
2 . 3
2 . 6
3 . 1

0 . 8
1 . 9
L . 4
2 . 7
2 . 9
1 . 5
a 1

3 . 7

0 . 6
1 . 1
1 . 1
2 . 0
L . 7
t o

o . 2
0 . 3
1 . 1
0 . 6
2 . 6
t a

2 . 5

o . 4
0 . 8
o . 4
2 . 5
3 . 0
r . 4
4 . J

6 . 6

0 . 2
0 . 5
1 . 1
1 . 3
1 . 5
t o

0 . 3
o . 2
0 . 6
0 . 7
2 . O
1 . 6
3 . 7

o . 2
0 . 6
0 . 6
1 . 3
1 . 8
1 . 3
2 . r
3 . 7

0 . 3
o . 7
0 . 8
1 . 3
1 . 5
2 . 8

o . 2
o . 2
o . 7
0 . 7
1 . 0
1 . 3
2 . 7

0 . 8
0 . 5
o . 4
1 .0
L . 7
0 . 7
1 . 5
2 . 7

0 . 3
0 . 9
1 . 3
r . 9
2 . 2
2 . 4

Gage
11

0 . 3
0 . 3
0 . 6
1 . r
1 . 3
1 . 6
3 . 4

0 . 7
0 . 8
0 . 5
r . 5
L . 6
o . 7
2 . 4
3 . 0

0 . 8
0 . 8
1 . 1
L . 7
2 . 3
4 . 0

12

o . 2
o . 2
0 . 9
0 . 8
I . 3
2 . L
2 . 4

1 . 3
0 . 8
0 . 5
L . 7
L . 4
1 . 3
3 . 6
3 . 6

0 . 4
t . 7
2 . 2
3 . 5
5 . t

3 . 8

0 . 3  0 . 1
0 . 5  0 . 2
1 . 0  0 . 5
0  . 4  0 . 5
2 . 4  L . 2
1 . 8  L . 4
3 . 6  2 . 6

o . 7  0 . 2
L . 4  1 . 0
o . 2  1 . 1
2 . 0  L . 2
1 . 5  1 . 6
0 . 8  0 . 9
3 . 6  1 . 9
7 . 4  3 . 6

0 . 1  < 0 . 1
0 . 5  0 . 4
0 . 6  L . 2
0 . 8  1 . 6
0 . 7  1 . 5
3 . 1  3 . 0

1 . 1  0 . 5
1 . 0  1 . 9
1 . 8  2 . O
L . 4  1 . 6
2 . 3  2 . 8
2 . 3  1 . 3
3 . 1  3 . 9

I . 2  1 . 3
1 . 0  1 . 5
1 . 1  0 . 8
2 . 2  2 . 4
1 . 9  3 . 7
1 . 8  2 . O
3 . 6  2 . 7
5 . 0  5 . 8

1 . 1  t . 2
2 . 7  2 . 7
2 . 3  2 . 7
3 . 6  3 . 6
5 . 4  4 . )

5 . 3  5 . 7

17 6 .0
7 . O
8 . 0

9 . 5

(ContLnued)



Table 32 (Concluded)

279 6.0
7 . 0
8 . 0
9 . 0

10.0

326 6.0
7 . O
8 . 0

8 . 5
9 .0

10.0

L7  6 .0
7 .O
8 . 0

2 . 0  1 . 3
2 . 3  0 . 9
1 . 3  1 . 4
1 . 1  1 . 4
2 . 0  2 . 5
2 . 8  2 . 7
2 . L  4 . 0

1 . 8  L . 2
2 . 6  2 . 3
L . 7  L . 4
3 . 8  4 . 5
4 . 4  5 .  r
2 . 3  2 . O
3 . 4  5 . 7
7 . 2  7 . 9

0 . 9  L . 4
2 . 2  3 . 0
2 . 4  2 . 5
3 . 0  3 . 0
3 . 3  2 . 5
7 . 3  8 . 0

0 . 4  1 . r
1 . 5  0 . 8
2 . 9  0 . 8
0 . 5  0 . s
L . 7  3 . 1
1 . 6  2 . 7
1 . 9  2 . 7

0 . 6  r . 2
r . 2  L . 2
1 . 0  0 . 6
2 . O  2 . 5
3 . 4  2 . 4
1 . 5  1 . 6
3 . 8  4 . r
4 . 4  5 . 4

0 . 6  0 . 8
r . 4  0 . 4
0 . 8  L . 2
o . 7  1 . 0
2 . 5  2 . 6
2 . 2  2 . 7
1 . 5  3 . 8

0 . 3  0 . 8
0 . 4  0 . 9
0 . 5  0 . 7
1 . 6  2 . 6
1 . 8  4 . 3
1 .  r  2 . 5
4 . 3  6  . 0
3 . 0  5 . 2

0 . 9  0 . 7
1 . 6  1 . 6
o . 7  1 . 8
0 . 4  r . r
1 . 3  2 . 0
1 . 4  2 . 4
2 . r  4 . 6

o . 7  0 . 5
r . 8  1 . 3
L . 2  1 . 0
t . 1  2 . 8
2 . t  4 . 2
L . 2  L . 7
4 . 5  5 . 9
2 . 5  4 . 4

0 . 3  0 . 4
o . 4  0 . 5
0 . 9  0 . 9
1 . 0  1 . 4
0 . 9  1 . 6
2 . 2  2 . 7

1 . 3  < 0 . 1
2 . 7  0 . 8
1 .  r  1 . 3
o . 7  0 . 7
1 . 1  3 . 0
1 . 1  2 . 7
2 . O  5  . 3

1 . 3  0 . 6
1 . 1  0 . 7
r . 7  0 . 6
4 . 2  2 . 3
4 . 3  3 . 0
1 . 6  L . 2
3 . 7  4 . 8
4 . 6  5  . 1

0 . 3  0 . 3
0 . 8  0 . 5
0 . 9  0 . 4
r . 5  1 . 0
1 . 8  1 . 1
r . 4  2 . 5

0 . 6  0 . 7
0 . 4  3 . 5
1 . 0  5 . 3
0 . 8  2 . 8
r . 2  2 . 4
2 . 2  3 . 6
1 . 8  6 . 4

1 . 0  1 . r
L . 7  2 . 6
1 . 3  1 . 6
4 . 8  4 . 8
4 . O  5 . 2
2 . 2  3 . 1
t  - L  o . +

6 . 2  8 . 6

0 . 5  1 . 1
1 . 9  2 . 4
r . 7  r . 6
1 . 8  3 . 6
2 . 0  4 . 2
2 . 6  7 . 4

2 . 5  L . 2  2 . 8
2 . 2  1 . 6  5 . 9
4 . 3  3 . 9  4 . L
0 . 7  2 . 3  3 . 0
4 . 6  7 . 2  9 . 6
6 . 9  6 . 6  7 . O
5 . 6  6 . 1  9 . 6

1 . 8  1 . 5  2 . L
3 . 4  4 . O  4 . L
1 . 9  2 . 6  2 . 4
3 . 4  5 . 0  4 . 0
5 . 8  5 . 0  5 . 7
2 . r  L . 7  5 . 4
5 . 6  6 . 6  4 . 9
7 . O  1 0 . 3  L 2 . 8

t . 2  0 . 9  L . 7
2 . 8  r . 3  2 . 2
2 . 4  1 . 6  2 . 4
4 . O  2 . 4  3 . 4
4 . 4  2 . 4  2 . 8
7 . L  5 . 8  7 . 49 . 5

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 , 6
8 . 0
5 . 5

10 .3
10 .7
6 . 2

11 .9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L 2 . 2

o . 7
0 . 5
L . 7
1 . 6
L . 7
4 . L

0 . 3
o . 4
0 . 9
1 .6
1 . 8
5 . 0

L . 2  < 0 . r
L . 7  0 . 7
1 . 6  0 . 9
2 . 0  1 . 3
2 . O  1 . 6
4 . 2  2 . 4



Table 33

llave llel-ghts for Severe-I{eather Plan 16,

+4.8 ft  swl, River Dlscharge 800 cfs

Test I.Iave Wave llefght, ft
Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage

1 2 3 4 5 6 7 8 9 1 0 1 r L 2 1 3 1 4
Perlod Helght

sec  f tPlan

2 7 9

326

6 . 0
7 . O
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10 .0

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

1 0 . 3
L0.7
6 . 2

1 1 . 9
]-3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

L 2 . 2

o . 2
o . 2
1 . 3
0 . 4
2 . 6
3 . 3
2 . 4

0 . 4
1 . 8
0 . 8
2 . 3
2 . 2
1 . 9
3 . 0

0 . 2
0 . 5
1 . 3
L . 4
1 . 3
3 . 7

o . 2
0 . 5
r . 7
o . 7
2 . 4
2 . 4
2 . 8

0 . 3
t . 7
o . 7
2 . 6
2 . 2
' l o

2 . 8
6 . 1

0 . 2
0 . 6
1 . 1
1 . 9
1 . 5
4 . 0

0 . 3
0 . 6
1 . 3
1 . 6
2 . 3
2 . 8
2 . O

o . 2
1 . 1
0 . 4
2 . 3
1 . 6
r . 4
4 . 2
6 . 1

o . 2
0 . 5
0 . 6
2 . L
t . 7
4 . L

0 . 3
0 . 6
1 . 0
0 . 3
1 . 6
1 . 6
3 . 9

0 . 6
1 . 5
0 . 4
1 . 8
2 . 5
1 . 0
3 . 9
8 . 8

0 . 2
0 . 4
0 . 8
1 . 3
1 . 3
4 . 2

0 . 1
0 . 4
0 . 5
0 . 3
L . 4
L . 4
2 . 5

0 . 6
1 . 0
0 . 9
1 . ó
2 . L
r . 7
3 . 5
5 . 5

o . 4
0 . 8
1 . 0
1 . 6
1 . 5
3 . 2

0 . 2
0 . 3
0 . 4
0 . 3
1 . 1
r . 0
2 . 8

1 . 0
1 . 8
1 . 3
2 . L
2 . 9
1 . 3
2 . 6
4 . 9

0 . 8
r . 4
0 . 9
r . 7
L . 2
2 . 9

0 . 2
0 . 3
0 . 8
0 . 5
1 . 8
2 . O
2 . 3

1 . 8
3 . 1
I ¡ ¿ l

3 . 5
3 . 6
1 . 0
3 . 0
5 . 5

0 . 2
1 . 5
o . 7
1 . 6
1 . 8
2 . 6

0 . 1
0 . 2
1 . 0
o . 2
1 . 1
1 . 3
1 . 8

0 . 4
0 . 6
0 . 8
2 . 3
2 . 6
1 . 9
4 . 3
6 . 0

0 . 2
0 . 5
0 . 8
0 . 5
0 . 8
1 . r
3 . 1

0 . 5
2 .0
o . 7
2 . 7
3 . 1
1 . 1
3 . 5
5 . 8

0 . 2
o . 7
0 . 8
0 . 8
1 .0
3 . 5

o . 2
0 . 6
0 . 6
0 . 3
1 . 0
1 . 1
1 . 8

2 . 9
2 .5
0 . 8
1 . 8
2 . L
L . 2
3 . 9
4 . 8

0 . 6
0 . 8
1 . 0
1 . 6
L . 7
2 . 9

o . 2
0 . 3
0 . 7
0 . 5
1 . 6
L . 7
3 . 4

2 . O
1 . 8
1 . 9
2 . 0
2 . 8
t . 4
4 . 4
5 . 3

0 . 5
0 . 7
r . 2
t . 7
1 . 3
4 . 6

0 . 3
0 . 8
0 . 6
0 . 5
r . 5
2 . O
3 . 2

3 . 5
3 . 7
L . 7
2 . 6
3 . 1
2 . L
4 . 5
5 . 5

0 . 4
1 . 8
1 . 3
3 . 2
3 . 6
5 . 1

0 . 5
1 . 0
1 . 6
1 . 0
3 . 2
2 . 5
4 .4

0 . 3
0 . 8
1 . 1
1 . 1
2 . L
2 . 8
3 .0

L 7  6 . 0
7 . O
8 . 0

0 . 4
0 . 6
0 . 7
1 . 3
1 . 8
2 . 8

4 . r  4 . L
4 . L  6 . 0
2 . I  2 . 5
5  . 1  4 . 9
3 . 6  5 . 3
3 . 2  4 . 4
6 . 2  6 . 5
7 . 3  8 . 7

0 . 8  0 . 5
2 . O  1 . 5
1 . 5  2 . O
3 . 0  3 . 4
2 . 9  3 . 4
6 . 8  s . 59 . 5

( Cont lnued)



Table 33 (Concluded)

Test l{ave
Perlod

lJave He

Helght
f t

Gage
I6

0 . 2
L . 7
2 . O
L . 4
1 (

2 . O
2 . 3

5 . 5
9 . 6
ç 7

10.8
9 . 6
4 . 6

1 0 . 2
L 6 . 9

1 . 5
r . 7
2 . 6
4 . 9
5 . 4
/ . o

Gage
22

0 . 2
0 . 5
1 . 0
0 . 7
1 (

1 . 8
2 . r

0 . 6
1 . 0
1 . 0
3 . 0
3 . 2
1 . 6
4 . 4
5 . 3

0 . 2
0 . 7
0 . 6
r . 0
1 . 1
2 . 2

Gage
23

Gage
31

Gage Gage Gage Gage

L7 18 19 20
Gage
15

Gage Gage Gage
24 25 30

deg

2 7 9

sec

6 . 0
7 . O
8 . 0
9 . 0

10 .0

6 . 0
7 . 0
8 . 0

8 . 5
9 . 0

10.0

6 . 0
7 . O
8 . 0

9 . 5

326

3 . 9
5 . 5
6 . 6
4 . 3
8 . 1
8 . 6
9 . 2

5 . 6
8 . 0
5 . 5

1 0 . 3
10.  7

6 . 2
1 1 . 9
L3.7

4 . 7
7 . 3
5 . 1
8 . 9
9 . 8

l-2.2

0 . 5
0 . 6
1 . r
0 . 8
L . 7
2 . 4
t 1

6 . 0
8 . 0
3 . 8
6 . 5
8 . 5
5 . 3
8 . 0

10 .1

L . 7
1 . 8
2 . 4
2 . 9
2 . 8
6 . 4

o . 2
0 . 9
L . 4
0 . 4
2 . L
2 . r
2 . 8

2 . 7
4 . 9
3 . 6
5 . 6
3 . 2
3 . 8
5 . 3
ó . 8

0 . 9
0 . 6
2 . 6
1 . 5
2 . 1
4 . 8

0 . 8
0 . 3
0 . 6
1 . 1
2 . O
2 . 6
2 . 8

1 . 6
1 . 3
1 . 3
3 . 0
3 . 3
2 . 2
7 . O
5 . 7

1 . 0
t . 2
1 . 3
1 . 4
2 . 6
4 . O

0 . 5
o . 4
0 . 9
0 . 8

2 . 3
1 . 5

o . 2
t 1

0 . 8
3 . 1
2 . 2
1 . 9
5 . 1
3 . 3

0 . 1
0 . 4
L . 2
1 . 3
1 . 0
2 . 7

0 . 4
0 . 7
L . 2
0 . 6
u t

2 . 3
3 . 8

0 . 6
o . 7
0 . 8
2 . 7
3 . 9
2 . 5
5 . 7
6 . 7

0 . 2
o . 7
1 . 3
r . 0
l . . J

3 . 3

2L

0 . 5
0 . 5
0 . 8
o . 4
r . 4
r .5
2 . 3

0 . 8
r . 5
0 . 8
2 . 4
J . U

2 . 1
3 . 2
4 . 0

0 . 4
0 . 6
0 . 6
0 . 8
0 . 8
r . 9

0 . 3
o . 2
0 . 8
0 . 3
1 . 5
2 . O
2 . 7

0 . 9
2 . 0
1 . 8
3 . 3
3 . 5
3 . 1
4 . 8
7 . L

0 . 8
1 . 0
I . 2
L . 7
L . 7
2 . 4

0 . 2  < 0 . 1
o . 7  0 . 4
0 . 5  0 . 6
0 . 3  0 . 3
1 . 1  1 . 3
L . 4  1 . 9
2 . 4  2 . 4

7 . 2  0 . 4
r . 3  0 . 8
2 . 0  r . 1
3 . 9  2 . 7
3 . 0  2 . 8
1 . 4  r . 2
3 . 6  5 . 1
3 . 8  5 . 2

0 . 3  0 . 1
0 . 6  0 . 4
0 . 7  0 . 8
t . 2  0 . 8
1 . 3  0 . 7
1 . 0  2 . L

r . 4  1 . 9
1 . ó  4 . L
3 . 4  4 . 0
1 . 0  2 . 9
2 . 9  5 . 5
2 . 9  6 . 4
3 . 0  7 . 3

5 . 0  5 . 3
LL.z 8.1
4 . 9  4 . 3

L5.2 r2.5
L5.7 L2.2
6 . 9  5 . 4

18 .6  15 .6
2L.4 23.L

3 . 2  4 . 8
2 . 5  5 . 4
3 . 2  5 . r
5  . 9  5 . 9
4 . 9  6 . 4

11 .8  15 .5

T7



* 2O-year recurrence interval.
** 100-year recurrence interval.
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.  INDICATES NO CURRENT MOVEMENT

photo l .  Typical  wave patterns, current patterns, and current magnltudes (prototype feet per second)

for exÍst ing condit iãns; 6-sec, 3.9-f t  \üaves from 279 deg; 0.0-f t  sw1; r fver dlscharge 800 cfs



Photo 2. Typlcal wave patterns, current
for  ex ls t l -ng condi t ions;  6-sec,  3.9- f t
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. INDICATES NO CURRENT IIOVEIIENT

current nagnftudes (prototype feet per second)
deg; 0.0-f t  swl;  r fver discharge 81000 cfs

patterns, and
naves fxom 279
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. INDICATES NO CURRENT MOVEMENT

photo 3. Typical \4rave patterns, current patterns, and current magnitudes (prototype feet per second)

for  ex is t ing condi t ions;  9-sec,  8.6- f t  waves f rom 279 deg;  0.0- f t  swl ;  r lver  d ischarge 800 cfs
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.  INDICATES NO CURRENT MOVEMENT

Photo 4. Typfeal wave patterns, current patterns, and current negnitudes (prototype feet per second)
for exist ing condÍt ions; 9-see, 8.6-f t  rüaves from 279 deg; 0.0-f t  swl;  r iver dlscharge 81000 cfs
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Photo 5.  Typical  wave pat terns,  current  pat terns,  and current  magni tudes (prototype feet  per  second)
for  ex is t ing eondi t ions;  6-sec,  3.9- f t  \^ raves f rom 279 deg;  +2.6 f t  swl ;  r iver  d ischarge 800 cfs
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Photo 6. Typical wave patterns, current
for  ex is tLng condl t ions;  6-sec,  3.9- f t

#

patterris, and
weves from 279

current magnLtudes
deg;  +1.$ f t  swl ;

CURRENT MOVEMENT

(prototype feet  per  second)
rLver  dLscharge 8r000 cfs



MOVEMENT;

Photo 7. Typical wave patterns' current

for existLng condit ions; 9-sec, 8.6-f t
patterns, and current magnitudes (prototype feet per second)
\{aves from 279 deg: '  +2.6 f t  swl;  r iver discharge 800 cfs
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patterns, and current magnltudes
waves from 279 deg; +1.6 ft swl;
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[i-uoveMÈnf,

(prototype feet  per  second)
r fver  d ischarge 8,000 cfs
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Photo 8. Typlcal wave patterns, current
fo r  ex i s t i ng  cond i t l ons ;  9 - sec ,  g .6 - f t
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Photo 9. Typical rüave patterns, current

fo r  ex i s t i ng  cond i t i ons ;  6 - sec ,  3 .9 - f t

.  ¡NDICATES NO CURRENT MOVEMENT

patterns, and currerit magnLtudes (prototype feet per second)
rüaves from 279 deg; +{.$ ft swl; rlver discharge 800 cfs
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Photo 10.  Typical  wave pat terns,
f o r  ex i s t i ng  cond i t i ons ;  6 - sec ,

current patterns and
3.9-ft waves from 279

,9
T
v

.  INDICATES NO CURRENT MOVEMENT

current nagnLtudes (prototype feet per second)
deg; +/¡ .3 f t  swl;  r lver dLscharge 81000 cfs
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'  INDICATES NO CURRENT MOVEMENT

Photo 11. Typical wave patterns, current patterns, and current magnitudes (prototype feet per second)
for  ex is t lng condi t ions;  9-sec,  8.6- f t  \ raves f rom 279 deg;  +/ ¡ .8 f t  swl ;  r iver  d lscharge 800 cfs
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Photo 12.  Typical  wave pat terns,  current
fo r  ex i s t i ng  cond i t l ons ;  9 - sec ,  8 .6 - f t

pat terns,  and
\üaves from 279

current magnltudes
deg;  + { .3  f t  sw1;

IND¡CATES NO CURRENT MOVEMENT

(prototype feet  per  second)
r iver  d lscharge 8r000 cfs



Photo 13. Typlcal r^tave paEEerns, currerlE
fo r  ex i s t i ng  cond i t i ons ;  6 - sec ,  5 .6 - f t

paErerns ,  anCI
úraves from 326

current magnltudes
d e g ;  0 . 0 - f t  s w l ;

INDICATES TtO CUNNËNfMOVEMENT
(prototype feet per second)

r iver dlscharge 800 cfs
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Photo 14. Typical \^rave patterns, current
fo r  ex i s t i ng  cond i t i ons ;  6 - sec ,  5 .6 - f t

-  INDICATES NO CURRENT

current  magni tudes (prototype feet  per
deg ;  0 .0 - f t  sw l ;  r i ve r  d i scha rge  81000

pat terns,  and
\raves from 326

MOVEMENT I

second)
c f s
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Photo 16. Typical wave patterns, current patterns, and current magnl-tudes
for  ex l -s t lng condi t l -ons;  9-sec,  r l .9- f t  \ {aves f rom 326 deg;  0.0- f t  swl ;

. iï*

_s " ,  =#
(prototype feet  per  second)
r Íver  d lscharge 8,000 cfs
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Photo 15. Typlcal  rrrave patterns, current patterns, and current
for exist ing condit ions; 9-sec, 11.9-f t  hTaves frorn 326 deg;

magni tudes (prototype feet
0 .0 - f t  sw l ;  r i ve r  d i scha rge

per second)
800  c f s
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Photo 17. Typical wave patterns, current patterns, and currerit
for  ex is t ing condl t lons;  6-sec,  5.6- f t  \ùaves f rorn 326 deg;

*.dffißÍ:*" 
¡¡i# - ' '}-7;,gø''6

'  INDICATES NO CURRENT MOVEMENT

magnitudes (prototype feet per second)
+2.6 f t  srùl ;  r iver discharge 800 cfs
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Photo 18. Typical wave patterns, current
for exist lng condit lons; 6-sec, 5.6-f t

¿¿r*+/;+"

patterns, and current xnagnLtudes
deg;  +1 .6  f t  sw l ;

INDICATES NO CURRENT MOVEMENT

(prototype feet per second)
r lver discharge 81000 cfswaves fron 326

I
;
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Photo 19. Typical rùave petterns, current
fo r  ex is t ing  cond i t ions ;  9 -sec ,  11 .9- f t

Patterns, and current magnl-tudes
rüaves from 326 deg; +1.$ ft sr¿1;

(prototype feet per second)
r iver discharge 800 cfs



Photo 20. Typlcal rreve patterns,
for exist ing condit ions; 9-sec,

'¡c¡¡5aLl¡|r;¡1 ¡r-¡ryHüart'sd'#

current
1 1 . 9 - f t

- - .  - . . . - d n ' e ú t r ' i " i i ¡ '

patterns, and current magnltudes (prototype feet per second)
rùaves from 326 deg; +1.6 f t  s lr l ;  r iver discharge 81000 cfs
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Photo 21. Typical \ irave patterns, current
fo r  ex i s t i ng  cond i t i ons ;  6 - sec ,  5 .6 - f t
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iHorc¡reS No cu-RñËNT TövÈi;Ëffi

patterns, and current nagnLtudes (prototype feet per second)
waves from 326 deg; +/¡.$ ft swl; rlver discharge 800 cfs
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current magnftudes (prototype feet per second)
deg; +(.$ f t  swl;  r lver discharge 8,000 cfs

,;â:, HiÊQ¡J5r¡¡ft{¡a$rÉ,

Photo 22. Typical rüeve patterns, current
for exLst ing condit ions; 6-sec, 5.6-f t

patterns, and
rüaves fuom 326



Photo 23. typlcal \üave Patterns'
for exLst ing condLt lons; 9-sec,

current petterns, and current
11.9-ft \üaves frorn 326 deg;

magnltudes (prototype feet per second)
+4.8 f t  swl;  r lver dlscharge 800 efs

ì
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24. Typical wave patterns,
ex is t ing condi t ions;  9-sec,

'."ç*¡:1,;.*ruí;úi.er#f 
I *:¡Ë¡"'Þ'!rjrj?au{r'

current patterns, and current magnltudes
11.9-f t  waves from 326 deg; +/¡ .9 f t  swl;

I NDr cArEs no ¿u nï-ehËu-öîHif
(prototype feet per second)
r iver dlscharge 8r000 cfs
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CUNRENT

Photo 25.  Typícal
for  ex is t ing

wave pat terns,  current  Pat terns,  and

condl" t lons;  6-sec,  4.7- f t  rsaves f rom
current magnltudes

17 deg;  0 .0 - f t  sw1;
(prototype feet
r iver discharge

Per
800

MOVEME

second)
c fs

ù:
\Ê

''ih

INDICATES
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' INDICATES NO CURRENT MOVEMENT

Photo 27.  Typical  wave pat terns,  current  pat terns,  and
for  ex is t ing condi t ions;  8-sec,  9.8- f t  waves f rom

current magnitudes
17  deg ;  0 .0 - f t  sw l ;

(prototype feet  per  second)
r iver  d ischarge 800 cfs
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Photo 28.  Typical  wave pat terns,  current  pat terns,  and
for  ex is t ing condi t ions;  8-sec,  9.8- f t  Ì raves f rorn 17

current  magni tudes (prototype feet  per  second)
deg ;  0 .0 - f t  sw l ;  r i ve r  d i scha rge  8 ,000  c f s



Photo 29.  Typical  r tave Pat terr ls '  current
fo r  ex i s t i ng  cond i t i ons ;  6 - sec ,  l + .7 - f t

pat terns,  and
\^raves from 17

current magnltudes
deg ;  +1 .$  f t  sw l ;

(prototype feet
r iver  d ischarge

NO CUBRENT MOVEMENT

second)
c f s

Per
800



Photo 30.  Typical  wave ¡pat terns,  current
fo r  ex i s t i ng  cond i t i ons ;  6 - sec ,  4 .7 - f t

'..; ,.t"

NO CURRENT MOVEME

second)
c f s

ì

.\
{ü,"

ç. , .4,.
I 1lq- -'

pat terns,  and
vraves from 17

current  magni tudes (prototype feet  per
deg ;  +1 .6  f t  sw l ;  r i ve r  d i scha rge  8 ,000



Photo 31.  Typieal  wave p,at terns,  currer i t

f o r  ex i s t i ng  cond i t i o :ns ;  8 - sec ,  9 .8 - f t

.  - 1*  INDICATES NO CURRENT MOVEMENT

current  magni tudes (prototype feet  per  second)
deg ;  +2 .6  f t  sw l ;  r l ve r  d i scha rge  800  c f s

pat terns,  and
\^7aves fron 17



INDICATES NO CURRENT

Photo 32. Typical rüave patterns, current
for exist ing condlt ions; 8-sec, 9.8-f t

current rnagnitudes (prototype feet per second)
deg; +1.6 f t  swl;  r iver discharge 8,000 cfs

patterns, and
rüaves from 17

r
I
I
I
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Photo 33" Typical  \ ¡ rave pat terns,  current
fo r  ex i s t i ng  cond Í t i ons ;  6 - sec ,  l ¡ . 7 - f t

nr 4lrl 
. 

rü
. | q  È , . , _  _ _

"  INDICATES NO CURBENT

current magnitudes (prototype feet per second)
deg; +4.8 f t  swl;  r iver dischar:ge 800 cfs

"q,

MOvEMENT

pat terns,  and
\raves from 17
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Photo 34. Typical r^rave patterns,
for  ex is t ing condf t l -ons;  6-sec,

; - q
q

* ' q
+

current petterns, and
4.7-f.t naves from 17

.  INDICATES NO CURRENT MOVEMENT

current rnagnitudes (prototype feet per second)
deg;  +/ ¡ .$ f t  swl ;  r lver  d l -scharge 8,000 cfs
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Patterns, afid
hraves frorn 17

MOVEMENT ì

second)
c f s

Photo 35. Typical \rave patterns' current
fo r  ex i s t i ng  cond i t i ons ;  8 - sec ,  9 .8 - f t

per
800
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Photo 36.  Typical  nave pat terns,  current
fo r  ex i s t i ng  cond i t i ons ;  8 - sec ,  9 .8 - f t

current magnl-tudes (prototype feet per second)
deg; +{.6 f t  swl;  r iver discharge 8,000 cfs

pat terns,  and
rùaves fron 17

t -
t

I
I



¿4oJ?

the harbo(Photo  37 .  Mode l carr ier preparing to enter
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Photo 38. Model ore carrier entering present arrowhead entrance



Fhoto 39.  Model  ore carr i -er  turn ing in  harbor  af ter  enter ing
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Piroto 41. CAPT l,üil l iam J. Mcsweeney docking the model ore carrier



Photo 42. Model ore carrÍer preparLng to leave the harbor
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Photo 43. Model ore carrier exitfng the existing maln entrance
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Photo 44" Typical  wave pat terns at  the r" rest
f rorn 326 deg;  +1.5

entrance for
f t  swl ;  r iver

Fair-trIeather Plan
discharge 800 cfs



Photo 45.  Tvpicai  wave pat terns at  the
f rom 326  deg ;

\"rest entrance for
+2 "6  f t  sw l  ;  r i ve r

Fair-I,'Ieather PIan
discharse 800 cfs
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Photo 46. Typlcal wave pat terns at  the west
f rorn 326 deg;  + l .g

entrafice for
f t  swl ;  r iver

Fair-lJeather Plan 1B; 9-sec, 11.9-ft \raves
discharge 800 cfs



Photo 47.  Typical  ! ' raver  pat terns at  the west

f rom 326  deg ;  +1 .$
Fair-lüeather
discharge 800

lC ;  9 -sec ,  11 .9 - f t  l ¡ r avesPlan
c f s



Photo 48. Typical \"/ave patterns
from 326

at the \dest entrance for Fair-Lleather
deg: '  +1.6 f t  swl ;  r iver  d ischarge 800

2 ;  9 -sec ,  11 .9 - f t  wavesPlan
c f s



r{est entrance for
+2 .6  f t  shr l ;  r i ver

Fair-lJeather Plan 2A;
discharge 800 cfs

Ì : . r ; í ¡ .s" ' r l  r*  i ' ; : r ' r

9-sec ,  11 .9- f t  \ ravesPhoto  49 . Patterns
frorn 326

at  the
cleg;



Photo 50.  Typical  \ , rave pat terns at  the west
f rom 326  deg ;  +2 .6

entrance for
f t  swl ;  r iver

Fair-I^Ieather Plan 28;
d ischarge 800 cfs

1 1 . 9 - f t



Photo 51. Typical  wave Patterns
frorn 326

at the \.rest entrance for
d leg ;  + l "S  f t  sw l ;  r i ve r

Fair-hleather PIan
discharge 800 cfs

2C;  9 -sec ,  11 .9- f t  waves
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Photo 61. Typfcal ¡ùave patterns et the west entrance for
fron 17 ð.e93 +2.5 f t  swl;  r iver

Fair-lIeather Plan
discharge 800 cfs

8-sec, 9.8-f t  rùaves



Typical 'hrave pat terns
from 17

at the west entrance for Fair-L{eather
deg: '  +1.6 f t  swl ;  r iver  d ischarge 800

Plan 4E;  8-sec,  9.8- f t  r i raves
c f s

Pho to  62 .



Photo 63. Typical  wave patterns, current patterns, and current magnitudes
(prototype feet per second) at the west entrance for Fair-Weather Plan 4D;

6-sec, 3.9-f t  waves from 279 deg; 0.0-f t  swl;  r iver discharge 800 cfs

r i
I

I

O I N D I C A T E S  N O  C U R R E N T  M O V E M E N T



Photo 64. Typical r^rave patterns, current patterns, and current magnitudes
(prototype feet per second) at the r¿est entrance for Fair-lJeather Plan 4D;

6-sec, 3.9-f t  hraves fuom 279 deg; 0.0-f t  swl;  r iver discharge 8,000 cfs

f
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O  I N D I C A T E S  N O  C U R R E N T  M O V E M E N T
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O I N D I C A T E S  N O  C U R R E N T  M O V E M E N T

Photo 66" Typical !¡ave patterns, current patterns, and current magnltudes
(prototype feet per second) at the west entrance for Fair-I.Ieather Þlan 4O;

9-sec,  8.6- f t  hraves f rom 279 deg;  0.0- f t  swl ;  r iver  d ischarge gr00o cfs



O INDICATES NO CURRENT MOVEMEI \T

photo 67.  Typlcal  hrave pat terns,  current  pat terns,  and current  magnl tudes

(prototype feet per second) at the west entrarice for Fair-Weather Plan 4D;

6 -see ,  3 .9 - f t  h raves  f ro rn  279  deg ;  +2 .6  f t  sw l ;  r i ve r  d i scha rge  800  c f s



O  I N D I C A T E S  N O  C U R R E N T  M O V E M E N T

Photo 68.  Typical  wave pat terns,  current  pat terns,  and currer i t  magni tudes
(prototype feet per second) at the west entrance for Fair-I.Ieather Plan 4D;
6-sec,  3.9- f t  waves f rom 279 degl  +/ .6 f t  swl ;  r iver  d ischarge 8,000 cfs



O  I N D I C A T E S  N O  C U R R E N T  M O V E M E N T

Photo 69. Typical wave patterns' current Patterns, and current magnitudes

(prototype fãet per second) at the ¡¡est entrance for Fal-r-I,Ieather Plan 4D;- 
9-sec, 8.6-f t  l taves f . rom 279 deg3 +2'6 f  t  swl;  r iver discharge 800 cfs

I
I
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' J I : . i  ' ,  o INDICATES NO cURRENT MoVEMENT

Photo 70. Typlcal rüave patterDs, current patterns, and current magnitudes
(prototype feet per second) at the west entrance for Fair-I,rleather Plan 4D;
9-sec, 8.6-f t  waves f .rom 279 deg3 +2.6 f t  swl;  r iver diseharge 8,000 cfs
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. I N D I C A T E S  N O  C U R R E N T  M O V E M E N T

photo 71.  Typical  r íave pat terns,  current  pat terr is ,  and curreût  magni tudes
(prototype feet per second) at the west entrance for Fair-I, ' Ieather Plan 4D;

6-sec,  3.9- f t  hraves f rom 279 deg;  + l ¡ .8  f t  swl ;  r iver  dfscharge 800 cfs
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O  I N D I C A T E S  N O  C U R R E N T  M O V E M E N J T

PÌ l 'o to 72.  Typical  r 'üave pat terns,  current  pat terns,  and current  magnl tudes
(prototype feet  per  second) at  the west  entrance for  Fai r - I {eather  Plan 4D;
6 -sec ,  3 .9 - f t  \ 47aves  f rom 279  deg ;  + { .8  f t  sw l ;  r i ve r  d l scha rge  81000  c f s
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NO CURREÑT n¡OVe n¡rrur

Photo 73. TypLcal wave patterns, current patterns, and current magnl-tudes
(prototype feet per second) at the west entrance for Falr-Iùeather Plan 4D;

9-sec,  8.6- f t  waves f rom 279 deg;  +/ ¡ .8 f t  swl ;  r iver  díscharge 800 cfs

l
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O I N D I C A T E S  N O  C U R R

Photo 74. Typi-cal qtave patterns, current patterns, and current magnitudes
(prototype feet per second) at the west entrance for Fair-I,Ieather Plan 4D;

9 -sec ,  8 .6 - f t  waves  f rou r  279  deg ;  +4 .8  f t  sw l ;  r i ve r  d l scha rge  8 ,000  c f s

ENT MOVEMENT
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O I N D I C A T E S  N O  C U R R E N T  N 4 O V E M Ë N T

photo 75. Typical  war¡e patterns, current patterns, and currer i t  magnitudes
(prototyper feet per second) at the west entrance for Fair- lJeather Plan 4D;

6-sec ,  5 i .6 - f t  r {aves  f ron  326 deg;  0 .0 - f t  sw l ;  r i ver  d ischarge 800 c fs



Photo 76. Typical  ¡üave patterns, current petterns,
(prototype feet per second) at the l ¡est entrance for
6-sec, 5.6-f t  waves fron 326 deg; 0.0-f t  swl;  r iver

O I N D I C A T E S  N O  C U R R E N T  M O V E M E N T

and current magnitudes
Fair-I{eather Plan 4D;
d ischarge 8 ,000 c fs
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photo 77. Typical wave patterns, current Patterns, and current magnitudes

(prototype feet per second) at the west entrance for Fair-I{eather Plan 4D;
-  

9-sec,  11.9- f t  l faves f rom 326 deg;  0.0- f t  swl ;  r iver  dLscharge 800 cfs
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orNDrcArÈs Ño CÙRRÈNr Moveuettr
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O I N D I C A T E S  N O  C U R R E N T  M O V E M E N T

Photo 78. Typlcal lrave patterns, current patterns, and current magnitudes
(prototype feet per second) at the west entrance for FaLr-lùeather Plan 4D;
9-see, 11.9-f t  h?aves fron 326 deg; 0.0-f t  swl;  r lver dlscharge 81000 cfs



.  O  I N D I C A T E S  N O  C U R R E N T  M O V E M Ë N T

Photo 79. Typical rüave patterns, current patterns, and current rnagnltudes
(prototype feet per second) at the west entrance for Fair-Ifeather Plan 4D;

6-sec, 5.6-f t  waves frour 326 d,eg; +2.6 f t  swl;  r lver dLscharge 800 cfs
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O I N D I C A T E S  N O  C U R R E N T  M O V E M E N T

Photo 80. TypLcal wave patterns, currerit patterns, and current magnltudes
(prototype feet per second) at the west entrance for Fair-Iùeather Þlan 4l;

6 - sec ,  5 .6 - f t  \ { aves  f ron  326  deg ;  +2 .6  f t  sw l ;  r i ve r  d i scha rge  81000  c f s
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O INDICATES NO CURRENT MôVÈ'#

photo 81. Typical rüave patterns, current patterns' end current magnitudes
(prototype feet per second) at the west entrance for Fair-I,Ieather Plan 4D;-9-sec, 

11.9-f t  waves f . toø 326 deg; +2.6 f t  s¡r l ;  r lver dlscharge 800 cfs
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O INDICATES NO CURRENT MOVEMÑï

Photo 82. Typical wave patterns, current patterns, and current magnitudes
(prototype feet per second) at the rsest entrance for Fafr-I,Ieather Plan 4D;
9-sec ,  11 .9- f t  h raves  f ron  326 deg;  +1 .6  f t  sw l ;  r i ver  d ischarge 8 ,000 c fs
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.  . . , : . ,¿ . .  O INDICATES NO CURR.ËNT MOVEMENT

Photo 84.  Typical  r {ave pat terns,  current  pat terns,  and current  magni tudes
(prototype feet  per  sêcon.d)  at  the west  entrance for  Fai r - I^ leather  Plan 4D;
9 -sec ,  11 .9 - f t  waves  f . r om 326  deg ;  + ( .8  f t  sw l ;  r i ve r  d i scha rge  8 ,000  c f s

'!'(t



O IND lCATES NO CURRENT MOVEMENT.

photo 85. Typical wave patterns, current patterns, and current magnltudes
(prototype feet per second) at the west entrance for Fair-I{eather Plan 4D;-6-sec, 

5.6-f t  w¿rves f . rom 326 deg; +/¡ .8 f t  swl;  r lver discharge 800 cfs
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O I N D I C A T E S  N O  C U R R E N T  M O V E M E N T

Photo 87. Typical  l^tave patterns, current patterns, and current magnitudes

(prototype feet per second) at the west entrance for Fair- lüeather Plan 4D;

6-sec, 4.7-f t  \^raves from 17 deg; 0.0-f  t  swl;  r ive¡ discharge 800 cf s
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O INDICATES NO CURRENT MOVEMENT

Photo 88. Typlcal wave patterns, current patterns, and current magnl-tudes
(prototype feet per second) at the west entrance for Fair-I.Ieather plan 4D;

6 -sec ,  4 .7 - f t  r üaves  f ron  17  deg ;  0 .0 - f t  sw l ;  r i ve r  d i scha rge  8 ,000  c f s

I
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O INDICATES NO CURRENT MOVEMENT

photo 89. Typical \rave patterns, current petterns, and current rnagnitudes
(prototype feet per second) at the west entrance for Fair-Ìleather Plan 4D;

8-sec, 9.8-f t  \ùaves from 17 deg; 0.0-f t  swl;  r iver discharge 800 cfs

F
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OINDICATES NO CURRENT MOVEMENT

Photo 90. Typical \üave patterns, current petterns, and current magnitudes
(prototype feet per second) at the rüest entrance for Fair-I,Ieather Plan 4D;

8-sec, 9.8-f t  ì raves from 17 deg; 0.0-f t  swl;  r lver discharge 81000 cfs

I
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Photo 94. Typical rüave patterns,
(prototype feet per second) at the
8-sec, 9.8-f  t  rraves fron 17 deg;

O  I N D I C A T E S  N O  C U R R E N T  M O V E M E N T

current patterns, and current magnitudes
\,rest entrance for Fair-I,Ieather Plan 4D;

+2.6  f t  sw l ;  r l ver  d ischarge 8 ,000 c fs



O INDICATES NO CURRENT MOVEMENT

Photo 95. Typical Tüave patterns, current patterris, and current magnitudes
(prototype feet per second) at the west entrance for Fal-r-lJeather Plan 4D;

6-sec,  4.7- f . t  rüaves f ron 17 deg;  +/ ¡ .8 f  t  swl ;  r iver  d ischarge 800 cfs



Photo 96. Typical  wave patterns, current patterns,
(prototype feet per second) at the west entrance for
6-sec, 4.7-f t  hraves from 17 deg; +4.8 f  t  sr¡ l  ;  r iver

:-:.----r¡ì. :-;.'--- -..",-, -,--.  
O  I N D I C A T E S  N O  C U R R E N T  M O V E M E N T

and current magnitudes
Fair-l,Ieather Plan 4D;
d l -scharge 8 ,000 c f  s



Photo 97. Typical rÀtave patterns'
(prototype feet  per  second) at  the

8 -sec ,  9 .8 - f t  waves  f ron  17  deg ;

OINDICATES NO CURR MOVEMENT

current patterns, and current magnitudes
west entrance for Fair-I.rleather Plan 4D;
+4.8 f t  swl;  r iver discharge 800 cfs
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Photo 98.  Typical  r^rave pat terns,
(prototype feet  per  second) at  the
8 -sec ,  9 .8 - f t  h raves  f rom 17  deg ;

\,,)
.  O I N D I C A T E S  N O  C U R R E N T  M O V E M E N T

current patterns, and current magnitudes
\.rest entrance for Fair-Weather Plan 4D;

+4 .8  f t  sw l ;  r i ve r  d i scha rge  8 ,000  c f s



Photo 99. Typical wave patterns
8-ft waves from 326 deg; +\.$

for Severe-I{eather PIan 6; 7-sec,
ft swl; river dlscharge 800 cfs
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Photo 100. TypLcal wave
L3.7-f.t waves from 326

patterns for Severe-I^Ieather Plan
deg; +d.$ f t  sw1¡ r lver discharge

- 
;ri-

'rJa/

6 i  10 -sec ,
800 cfs



Photo 101. Typical
7 .3-f.t waves from

f o r  Seve re -Wea the r  P lan  6 ;  7 - sec ,
f t  swl ;  r lver  d ischarge 800 cfs

$rave pa tterns
L7 deg;  +4.8



[ ' t ro to  102.  Typ icaL
l2^2* f t  waveg f l ro rn

\,/ave pa l- teri ls
- [ 7  d e g ; " r ' 4 . 8

for  Sever:e-Weathr : r  P l "an
f t  srv[ ;  r i -ver  c l :Lschi l rge

6 ,  9  n 5 - s e c  u
800 c'J: s



Photo 103" Typl"ca1. wave patter l rs
7 .3*f  t  \ , raves fr :orn 1' I  deg3 +4,8

for  Severe- . .Weather  Pl -an
f. t srvl; r l"ver clf scha rge

t : .
\l

rx.\ -

.r-;'.1

6A;
800

7 - s e c ,
c f s
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Photo 104. Typlcal lrave patterns for Severe-I^Ieather Plan 6A; 9.5-sec,
L2.2-f . t  waves fro,m 17 deg; +4.8 f t  swl;  r iver discharge 800 cfs



Photo 105. Typical  l rave patterns
7 .3- f t  \ ^ raves  f rom 17 deg;  +4 .8

for Severe- l^Ieather Plan 68; 7-sec,
f t  swl;  r iver discharge 800 cfs

-ù"i
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Photo 106. Typlcal wave
I2.2-f.t rüaves fron 17

patterns for Severe-I{eather Plan 68; 9.5-sec,
deg; +4.8 f t  swl;  r fver discharge 800 cfs



Photo 107. Typleal wave patterns
7.3-f t  lüaves from 17 deg; +{.9

for Severe-Weather Plan 6C; 7-sec,
f t  swl;  r iver dl-scharge 800 cfs

:s'
ft.
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Photo 108. lypfcal llave patterns for
L2.2-ft rüavea fron 17 deg; +4.8 ft

ìe*i

Severe-hleather Plan 6C; 9.5-sec,
swl;  r lver dlscharge 800 cfs

lfr :+;s



Photo 109.  Typical  wave
6.6- f  t  \^ raves f lom 279

pat terns for  Severe- I^ leather  Plan 6C; B-sec,
d .g ;  +4 .8  f t  sw l ¡  r i ve r  d i scha rge  800  c f s



Photo 110. Typical wave
9.z-ft waves fxom 279

jt'-¿\

Severe-I,ùeather Plan 6C;
swl;  r fver discharge 800

patterng
deg;  +4 .8

for
f t

10-sec,
c fs



Photo 11.1.  Typfca, l
6 .6-- f  t  waves f ru in

wave p¿l t [ernÉi
2 ' /9  r leg " t - l+ '8

.f i¡ r: Seve"r:e,"1{eather Pl.an 7 ; 8""sr:c o
f i :  swl- ;  r l -ver :  d f -schai :ge 800 cfs



Photo 112. Typlcal !úave patterns for
9.2-f . t  naves from 279 deg; +{.$ ¡¡

Severe-I{eather Plan 7; 10-sec,
swl; rlver dlscharge 800 cfs



Photo 113. Typlcal
6.6-f . t  waves from

wave patterns
279 deg;  +4 .8

for Severe-I .Jeather Plan 8; 8-sec,
f t  swl;  r lver discharge 800 cfs



Photo 114. Typlcal  wave patterns for
9.2-f t  \ raves f . tom 279 d.eg; +4.8 f t

Severe-I^Ieather Plan 8; 10-sec,
swl;  r lver dlscharge 800 cfs



t*ss"t '
+ '  \  b , i t

wave patterns for Severe-l,Ieather Plan 9; 8-sec,
279 deg +4.8 f t  swl;  r lver dlscharge 800 cfs

Photo 115. Typlcal
6.6-f t  waves from



Photo 116. Typical hreve patterns for
9.2-f t  naves from 279 deg; +d.$ f¡

Severe-Weather Plan 9; 10-sec,
swl; rlver dlscharge 800 cfs

l - *
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Photo 117. Typfeal wave
6.6-f  t  \üaves f lom 279

Severe-I,leather Plan 9A; 8-sec,
sw1; r iver discharge 800 cfs

pat te rns  fo r
d e g ;  + 4 . 8  f t



Photo 1I8. TypÍcal wave
9.2-f . t  waves f .rom 279

Severe-f,Ieather Plan 9A; 10-sec,
swl;  r iver discharge 800 cfs

patterns for
deg;  + / ¡ .8  f t



Photo 119. Typical wave
6.6-f  t  I raves f . rom 279

patterns for Severe-I{eather Plan 10; 8-sec,
deg;  +4 .8  f t  sw1;  r i ver  d lscharge 800 c fs



Photo 120. Typieal wave
9.2-f . t  waves f .rom 279

< . i \

f \ .

!

patterns for Severe-l.Ieather Plan
deg; +/¡ .$ f t  swl;  r iver discharge

.93

-Ét:J

,r!

1 0 ; 1 0 - s e c ,
800 cfs
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Photo 121. Typical  wave
6.6- f  t  waves  fuom 279

patterns for Severe-I . Ieather Plan 104; 8-sec,
de8;  +4 .8  f t  sw l ;  r i ver  d ischarge 800 c fs



Photo L22. Typical wave
9.z-f . t  \ {aves f . rom 279

patterns for Severe-hleather Plan 104; 10-sec,
deg; +4.8 f t  swl;  r lver dLscharge 800 cfs
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lhoto 123" l iyp ical -  ' iave fo r  Seve re - I ¡ Jea the r  P lan  1 i ;  8 - sec  ,  6  "  6 - f  t
f ' :  s i , : l ; : ' v e :  c i s c h a r g e  8 C C  c f s

^ ^ + + ^ r ñ , -
l e  L  ! s l i : )
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'úiaves Íron 279 deg;
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Photo 125.  Typical  wave pat terns for  Severe- I {eather  PLan L2;  8-sec,  6.6- f t  waves f . rom 279 deg;
+4.8 f t  swl ;  r iver  d ischarge 800 cfs  r



Photo 126. Typical rüave patterns for severe-Iùeather plan 12;
+4.8 f t  swl;  r iver discharge 800

10-sec, 9.2-f t  ¡ùaves frour 279 deg;
c fs



Photo 127. Typlcal wave patterns for Severe-Iùeather Plan 124; 8-sec, 6.6-ft \üaves froø 279 deg;
+4.8 f t  swl;  r fver discharge 800 cfs



Photo 128. Typfcal rùave patterns for Severe-I^Ieather Plan 124; lO-sec, 9.2-ft \{aves frour 279 deg;
+4.8 f t  swl;  r iver discharge 800 cfs

i -
I
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Photo 129. Typical  wave patterns for Severe-hleather Plan 128; 8-sec, 6.6-f t  rùaves f .rom 279 deg3
+4.8 f t  swl;  r lver discharge 800 cfs



Photo 130. Typical weve patterns
+ 4 . 8

for Severe-I{eather Plan 12B; 10-sec, 9.z-f.t waves from 279 deg3
ft  swl;  r lver discharge 800 cfs



Photo 131.  T¡¡p ica l for  Severe- I , r leather  PLan L2C; 8-sec,
f t  swl ;  r iver  d ischarge 800 cfs

6.6- f t  \ ¡ /aves f ron  279 deg;r¡7ave patterfis
L/,  Q



Photo 132. Typlcal wave patterns for Severe-Weather Plan
+4.8 f t  swl;  r iver discharge

LZC; 10-sec, 9.2-f t  waves froø 279 deg;
800 c fs



Photo 133. Typlcal wave patterns for Severe-['leather Plan 12D; 8-sec, 6.6-ft rftrves fron 279 deg;
+4.8 f t  swl;  r lver dLscharge 800 cfs



:,or Severe--vdeather Plan
-=:  sr . r l ;  : . - :e :  C:-scharge

L2D3 10,-sec , 9 "Z-ft wares
80û cfsr

i ram 279 aegS



Photo 135.  Typical  nave pat terns for  Severe- l leather  Plan 12E; 8-sec,  6.6- f t  waves f rom 279 deg;
+4.8 f t  swl ;  r l -ver  d ischarge 800 cfs
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for Severe-trrleather Plan
f t  swl ;  r iver  d ischarge

8-sec 
"  

5"6- f t  r^raves î rom 279 deg1,
c f s

\rave patterns
+ 4 . 8

T3;
800

Photo l -37"  Typicar



Photo 138. Typlcal wave patterns for Severe-hleather Plan 13; 10-sec, 9.2-f.t waves from 279
+4.8 f t  swl ;  r lver  d ischarge 800 cfs
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+ 4 " g

i lor Severe-:oiTeather Plan 13A; 8-sec, 6"{i-f i  -r.r 'aves

Í t  s r v i ;  r í - ¡ e r  d i scha rge  B0O c f s



Typlcal rrave patterns
+ 4 . 8

for Severe-I,Ieather Plan
f t  swl ;  rLver  d lscharge

134; 10-sec ,  9.2-f . t  hraves from 279
800 cfs

Photo 140.



p :o : .  =4 - "  - yç -ca -  ?v -êv - .3  )å - j t e rns  i o r  Seve re - l üea the r  P tan  13 ts ;8 -se¿ .  ó ' ó - := ; ' v /âvês ' - : c : t  21  9  i =93
;-4"3 f t  swi ;  r iver  d ischarge 8CI0 cfs



Photo 142. Typical Ìüave patterris
+ 4 . 8

for Severe-Weather Plan
ft swl; river dlscharge

138; 10-sec, 9.2-f t  \üaves
800 cfs

from 279 deg;
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Photo 145. TYPical wave patterns for Severe-I'Ieather Plan
+4.8 f t  swl;  niver discharge

13D; 8-sec, 6.6-f t  waves from 279 deg;

800 cfs



for Severe-I,rleather Plan
f t  swl ;  r iver  d ischarge

\,/ave Patterns
+ 4 . 8

1 3 D ;  1 0 - s e c ,  9 . 2 - f t
800 c fs

146.  Typical waves f ron 279



Photo  147. Typical wave patterns for Severe-I{eather Plan
+4.8 f t  swl ;  r iver  d lseharge

8-sec,  6.6- f  t  \ taves Erom 279 degl
c f s

L4;
800

--
I

I
I
I



L4;
800

' l

I

Typical wave patterns
+ 4 . 8

for Severe-I.Ieather Plan
f t  swl ;  r iver  d ischarge

10-sec ,  9.2-f t  r^raves from 279 deg;
c fs

Photo 148"



Photo 149. Typical \¡rave Patterns
+ 4 . 8

for  Severe- I r leather  Plan 144;  8-sec,  6.6- f t  \^7aves f rour  279 deg;

f t  swl ;  r iver  d ischarge 800 cfs



Photo 150.  Typical  ü/ave pat terns
+ 4 . 8

for  Severe- I^ Ieather  Plan 144;  10-sec,  9.2- f t  \daves f rom 279 deg;
f t  swl ;  r iver  d ischarge 800 cfs



Photo 151. Typical wave patterns for Severe-I,rleather Plan
+4.8 f t  swl;  r iver discharge

15 ;
800

6.6-f t  rdaves from 279

- l

I

I
I



Photo 152. Typlcal \rave patterns
+ 4 . 8

for Severe-Weather PIan
f t  sw1;  r iver  d ischarge

10-sec, 9.2-f t  hraves f .rom 279 deg;
c f s

1 5 ;
800

T-



Photo 153.  Typical  wave pat terns
+ 4 . 8

for Severe-I^Ieather Plan
f t  sw1;  r fver  d iseharge

7-sec ,  8 - f t  waves . f rom 326 deg;
c fs

15 ;
800



Photo 154. Typical \ùave Patterns
+ 4 . 8

for Severe-I^Ieather PIan
ft swl; river discharge

10-sec, L3.7-f.t rdìeves
c fs

f ron 326 deg;1 5 ;
800



Photo 155. $plcal wave patterns
+ 4 . 8

for Severe-I^leather Plan
ft swl; river discharge

7-sec,  7.3- f t  rdaves f rom 17 deg;
c f s

15 ;
800



Photo 156. Typical wave patterns for Severe-l.Ieather Plan 15; 9.5-sec, L2.2-ft ¡¡aves from L7 ð,e93
+4.8 f t  sw1; r iver dl-scharge 800 cfs

.e* .
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Photo 157.  Simulated
stern tor¡ard shore

3o-knot wLnds and
and its bow toward

7-sec,  8- f t  test  ruaves f rom
the Severe-Lleather Plan 15

326 deg tend to
east breakrdater

se t  t he  vesse l r s
at  s lo l ¡  speeds



Photo 158. 1r000-f t- long ore carr ier
under attack by

entering the Severe-Iùeather Plan 15 harbor entrence while
8-sec, 6.6-f t  wages from 279 deg

r
I

I
I



Photo 159. Model vessel leeLving harbor r,¿hile under
279 deg; Severe-trrleather

at tack by 8-sec,  6.6- f  t  ¡^¡aves f rom
Plan 15



Photo 160. 1r0OO-ft- long ore carr ier
under attack

entering harbor with
by 7-sec, 8-f t  waves

Severe-lJeather Plan 15 installed while
f rou 326 deg
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Photo 162.  Model  vessel  leaving harbor  r¿t r i le  under at tack by 8-sec,  6.6- f t  r^¡aves f rom
279 deg; Severe-l,Ieather Plan 16

¡ * -;åf"¿. 
1



Photo 163.  Mode1

'll.'-2-

ore

s  . i

carrier entering the harbor r¿ith Severe-I,{eather Plan 16 installerl whlle under
attack by 7-sec, 8-f t  hraves frorn 326 deg
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photo 165.  Typical  wave pat terns for  Severe- I^ Ieather  Plan 16;  8-sec,  6.6- f t  LTaves f rom 279 deg;
+4 .8  f t  sw l ;  r i ve r  d i scha rge  800  c f s
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Photo 166.  Typical  wave pat terns for  Severe-L leather  Plan 16;  l0-sec,  9.z- f t  r raves f rom 279 deg1'
+4 .8  f t  sw1 ;  r i ve r  d i scha rge  800  c f s
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Photo 167.  Typical for Severe-I^Ieather Plan 16;
f t  swl ;  r iver  d ischarge 800

8-f t  waves f rom 326Ì.rave patterfis
+ 4 . 8

7 -sec  ,
c fs



L3.7- f  t  Í /aves f rom 326 deg;Photo 168.  Typical  wave pa t te rns
+ 4 . 8

for Severe-l ' Ieather Plan
f t  swl ;  r iver  d ischarge

t 6 ; 1 0 - s e c ,
800 c fs
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Photo 170.  Typieal  ! ì rave pat terns for  Severe-h leather  Plan 16;  9.5-sec,  L2.2- f t  waves f rom 17 deg;
+4.8 f t  swl ;  r iver  d ischarge 800 cfs
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APPENDIX I¡IAVE-REFRACTION ANALYSIS,
CLEVELAND HARBOR

1. Pr íor  to  the hydraul íc  model  invesÈígat ion of  c leveland

Harbor, a r¡/ave-refraction analysís was conduct,ed at the u. s. Army

Engineer Inlaterways Experiment. Station (I^IES) to determine Ëhe shallow-

I^/ater wave height and the refracted wave dírection at the model wave
generaËor p i t  for  representat ive wave per iods f rom the er í t ica l  dí rec-

tiorrs of deepwater Inrave approach. Thís analysis was conducted usíng a

linear wave-refraction theory originally developed at Stanford Univer-

sity by Dobson (r967):t and rnodif ied by IIES (l¡halin L97r). All compu-

ÈaÈions and p lot t ing were done using an Electronic  AssociaÈes,  rnc.
(EAI)  Pac,er  100 min icomputer  and Versatec e lect rostat ic  p loEter  aÈ I ¡ ¡ES.

2 .  I n  t h i s  ana l ys i s ,  Ëhe  e f f ec t s  o f  bo th  re f l ec t i on  and  d i f f r ac -

Ëion are negleeted.  These assumpt ions are val id  except  ín convergence

areas where caust ícs occur  and l inear  theory does not  apply.  Therefore,

the major assumption in determining the wave heighË aË any point on a

r¡ /ave orËhogonal ,  wi th in the l tmÍ ts  of  the l inear  theory,  is  that  no

energy is transmítted perpendicular to the orthogonal along the wave

crest' in which case the height at any given poínt is given by

H = H K Ko s r

where

FOR

H =o
K =

S

K =
r

wave height in deep water

shoal- íng coef f íc ient

ref  ract ion coef  f  ic ient

This assumption has been shor^m

induce only gradual bendj.ng of

refractíon, fai lure to consider

can lead to sÍgnif icant errors

Ëo be reasonable for mi ld sl_opes whích

the orthogonals.  For areas of exÈreme

the flow of energy along the wave crests

ín the eomputed wave height. Since

T

See references at  the end of mai-n Ëext.
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previous research at  l {ES by Whal in (L97L,  1972) has shown that  wave

energy wil l tend Èo flow along the l^rave cresËs in areas of energy con-

cent , rat ion,  a maximum refract ion coef f ic ienË of  1.4 and a min imum refrac-

t i on  coe f f i c i en t  o f  0 .45  were  se lec ted  as  be ing  reasonâb le  va lues .

3. Refraction diagrams for Cleveland Harbor were produced from a

rectangular  depth gr id (8.4 mi les by 5 '2 mí les)  whÍch paral le led the

shorel íne in  the. , ' ic in i ty  of  the pro ject  area and extended lakeward

beyond the deepwater rnrave data gage location (Plate A1) frorn which wave

characÈer is t ics were ohta ined (Resio and VíncenÈ 1976a).  L imi ts  of  the

depth grid used are shov¡n in Plate 41. The gricl spací.ng was 400 f t and

depths were taken f rom the la test  lake survey char ts .  SÈorm condí t ions

r¡ rere represented by superímposing a waEer level  of  4.0 f t  on the dePth

g r i d .

4 .  t r I ave  o r thogona l s  we re  p rcduced  fo r  5 - '  6 - ,  J - ,  B - ,  9 - ,  and

10-sec vraves from Ëhe west, \^rest-northr¿est, riortht/estr north-northv/estt

nor th,  and nor th-nor theasÈ. The p lots  obta ined are shov¡n ín Plates

A3-438.  Ident í f icat ion of  var ious features shown on these p laËes are

present ,ed in  Plate 42.

5.  Refract ion coef f ic ients and shal low-water  or thogonal  d i rec-

t ions obËained for  Èhe var ious wave per iods f rom the síx  deepwaÈer wave

di- rect ions are presented in Table 41.  These values represer i t  an average

of  the or thogonals in  the immediate v ic in i ty  of  the harbor  s i te  (approxi -

mately  the locat ion of  the wave generator  ín  the rnodel) .  Shoal ing

c o e f f i c i _ e n r s  o f  1 . 0 0 ,  0 . 9 9 ,  0 . 9 7 ,  0 . 9 4 ,  0 . 9 2 ,  a n d  0 . 9 1  f o r  5 - ,  6 - ,  7 - ,

8 - , 9 - r a n d l O - s e c \ ^ / a v e p e r i o d s r r e s p e c È i v e l y t T ^ r e r e c o n p u t e d Í o r a 9 4 - r L

úrater depth corresponding to the simulated depth aÊ the model wave

generator  ( inc ludes 90- f t  depth in  p i t  wiÈh 4- f t  sLorm condi t ions

super imposed).  The wave-height  adjusÈmenË facËor ís  obtaíned by mul t i -

plying K. t imes K" and can be applíed to any deepwaÈer wave height

to obtain the corresponding shallow-water value'

6.  Based on Ëhe ref racted dí rect ions secured at  the approximate

wave machíne locations for each wave period, six I{ave generat.or posi-

t ions were def ined for  urodel  test ing represent ing the var íous deepwater

directions. The following tabulat.ion shows the deep\^tater directions and

A2



the corresponding shal low-urater test direct ions.

Deepwater
D i rec t ion ,

Azimuth, deg

trrlest 27 O

NI^IN 292.5

NI^I 315

NNI^I 337.5

North 36C

N N E  2 2 . 5

Correspondíng Shallow-trüater
Test Direct ion
Azimuth. des

2 7 9

300

3 1 6

3 3 6

357

L 7

A3



Table Al

Sumr¡arv of Refractfon and Shoal Analvsis for Cleveland Harbor

Deepwater
Dlrect lon,  deg

I {es t  ( 270 )

WNhr (292.5)

NI^I  (315)

NNI {  (337.s )

Nor th  (360)

N N E  ( 2 2 . 5 )

Í/ave
Perlod

sec

5
6
7
8
9

1 0

)
6
1

8
9

1 0

)
6
7
8
9

1 0

)
6
7
8
9

1 0

5
6
7
8
9

1 0

5
6
7
8
9

t 0

2 7  4 . 7
2 7  8 . 6
2 7  8 . 8
280.2
28r.5
282.9

296.1
297.5
299.8
3 0 0 . 8
3 0 1  . 5
102.2

315.2
3 1 5  . 6
3 1 5 . 5
316.2
3 1 6 .  I
3  1 6 . 6

337.2
3 3 6 . 8
336.4
336.2
3 3 5 . 9
3 3  6 . 0

3 5 8 . 8
3 5 8 . 0
356.7
3 5  6 . 3
355.4
3 5 5 . 1

20.6
1 8 . 3
1 6 . 9
L6.7
1 5 .  1
14.7

0 . 9 1
0 . 8 4
0 . 8 1
0 . 7 8
0 . 7  7
0 . 7  4

0 . 9 7
0 . 9 5
0 .  9 1
0 . 9 0
0 . 9 0
0 . 9 0

1 . 0  2
1 . 0 1
1 . 0 0
0 . 9 8
0 . 9 7
0 . 9 5

r . o 2
1  . 0 1
0 . 9  9
0 .  98
0 . 9 7
0 . 9 6

1 . 0 3
1 . 0 1
0 . 9  9
0 . 9 6
0 . 9 6
0 . 9 5

0 . 9  9
0 . 9 6
0 . 9 2
0 . 9 0
0 . 8 9
0 . 8 7

1 . 0 0
0 . 9 9
0 . 9 7
0 . 9 4
0 , 9 2
0 . 9 1

1 . 0 0
0 . 9 9
0 . 9 7
0 . 9 4
0 . 9 2
0 . 9 1

1 . 0 0
0 . 9 9
0 . 9 7
0 . 9 4
0 . 9 2
0 , 9 1

1 . 0 0
0 . 9 9
0 . 9 7
0 . 9 4
o . 9 2
0 . 9 1

1 . 0 0
0 . 9 9
o . 9 7
o . 9 4
o . 9 2
0 . 9 1

1 . 0 0
0  . 9 9
0 . 9 7
0 . 9 4
0 . 9 2
0 . 9 1

0 . 9 1
0 . 8 3
0 . 7 9
0 . 7 3
0 . 7 1
0 . 6 7

0 . 9 7
0 . 9 4
0 . 8 8
0 . 8 5
0 . 8 3
o . g 2

r . o 2
1 . 0 0
0 . 9 7
0 . 9 2
0 . 8 9
0 . 8 6

1 . 0 2
1 . 0 0
0 . 9 6
0 . 9 2
0 . 8 9
0 . 8  7

1  . 0 3
1 . 0 0
0 . 9 6
0 . 9 0
0 . 8 8
0 . 8 6

0 . 9  9
0 . 9 5
0 . 8 9
0 . 8 5
0 . 8 2
0 . 7  9

Shallow-r¿ateù I.Iave-Height
Azimuth Refraction* $!¡e¿l{ng*:t Adjustment

dee Coef f ic lent  Coef f lc ient  Factor

* A t
** At

approxlmate locations of wave generator ln model.
90- f t  depth (model  p l t  e levat lon) .
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