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A 1 : 36-scale und i s to r t ed  hydraul ic  model reproducing t h e  proposed Seabrook 
Lock Complex, t h e  Inner  Harbor Navigation Channel a t  i t s  junc t ion  wi th  Lake 
Pon tcha r t r a in ,  po r t i ons  of  t h e  New Orleans Lakefront A i rpo r t ,  t h e  s tepped sea- 
wa l l  ad jacent  t o  Lakeshore Drive, and s u f f i c i e n t  o f f sho re  a r e a  i n  Lake Pontchar- 
t r a i n  t o  permit  genera t ion  of t h e  requi red  t e s t  waves was used t o  i n v e s t i g a t e  
t h e  design o f  proposed breakwaters with r e spec t  t o  wave ac t ion .  The proposed 
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?O . ABSTRACT ( continued)  . 

breakwater  p l ans  involved t h e  placement of e i t h e r  rubble-mound, s h e e t - p i l e ,  o r  
f l o a t i n g  s t r u c t u r e s ,  o r  var ious  combinations of  t he se  s t r u c t u r e s  a r ranged  t o  
provide  wave p r o t e c t i o n  t o  t h e  lakeward en t r ance  of  t h e  proposed l o c k .  An 80- 
f t - l ong  wave genera tor  and an Automated Data Acquis i t ion  and Control  System 
(ADACS) were u t i l i z e d  i n  model ope ra t i on .  It was concluded from t e s t  r e s u l t s  
t h a t  : 

a, E x i s t i n g  condi t ions  a r e  cha rac t e r i zed  by very rough and t u r b u l e n t  - 
waves i n  t h e  v i c i n i t y  o f  t h e  proposed lock during per iods  o f  storm 
wave a t t a c k .  

Lo The i n s t a l l a t i o n  of a  rock wave absorber  along t h e  v e r t i c a l  and 
1 stepped wa l l s  i n  t h e  a r e a  w i l l  s i g n i f i c a n t l y  calm wave cond i t i ons  i n  

I t h e  v i c i n i t y  of  t h e  proposed lock .  

c .  Wave he igh t s  i n  t h e  proposed l ock  wi th  no breakwaters i n s t a l l e d  - 
( p l a n  2 )  would be extremely hazardous (wave he igh t s  i n  c7tce:;s o f  
G f t ) .  

do  The combined 2,250-ft  breakwater  l eng th  (one o u t e r  and two i n n e r  - 
breakwaters)  o f  Plan 8  provides  wave p ro t ec t i on  t h a t  s a t i s f i e s  t h e  
e s t a b l i s h e d  c r i t e r i o n  a t  t h e  l ock  en t rance  and appears  t o  be t h e  most 
economical rubble-mound breakwater p lan  t e s t e d .  

e .  The shee t -p i l e  ou t e r  breakwater  conf igura t ions  o f  Plans 10A, l l B ,  12A, - 
and 20A, a l l  i n  conjunct ion wi th  two 300-ft-long rubble-mound i n n e r  
breakwaters ,  w i l l  provide wave p r o t e c t i o n  t h a t  meets t h e  e s t a b l i s h e d  
c r i t e r i o n  a t  t h e  lock en t r ance .  

f .  To achieve t h e  e s t a b l i s h e d  wave-height c r i t e r i o n  a t  t h e  lock  en t rance  - 
with  f l o a t i n g  s t r u c t u r e s  (provid ing  50 percent  a t t enua t i on  f o r  waves 
approaching from a  d i r e c t i o n  perpendicu la r  t o  t h e  s t r u c t u r e ) ,  a  t o t a l  
breakwater l eng th  of 5,088 f t  i s  r equ i r ed  ( p l a n  17C, c o n s i s t i n g  of two 
o u t e r  and t h r e e  i n n e r  b r eakwa te r s ) .  
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PREFACE 

A reques t  f o r  a  model i n v e s t i g a t i o n  of wave ac t ion  a t  t h e  proposed 

Seabrook Lock, Lake Pon tcha r t r a in ,  Louisiana,  was i n i t i a t e d  by t h e  D i s -  

t r i c t  Engineer ,  U. S. Army Engineer D i s t r i c t ,  New Orleans (LMN). Autho- 

r i z a t i o n  f o r  t h e  U.  S. Army Engineer Waterways Experiment S t a t i o n  (WES) 

t o  perform t h e  s tudy w a s  granted by t h e  Of f i ce ,  Chief of  Engineers.  

Funds were au thor ized  by LMN on 3 February 1978. 

The model s tudy was conducted a t  WES during t h e  per iod  Apr i l  1978- 

February 1979 under t h e  d i r e c t i o n  o f  M r .  H .  B.  Simmons, Chief of  t h e  

Hydraulics Laboratory; M r .  F. A.  Herrmann, Jr. ,  Ass i s t an t  Chief of  t h e  

Hydraulics Laboratory; D r .  R .  W. Whalin, Chief of  t h e  Wave Dynamics 

Divis ion;  and M r .  C.  E. Chatham$ Jr., Chief o f  t h e  Wave Processes  Branch. 

Tes t ing  was performed by M r .  R .  R .  Bo t t i n ,  Jr . ,  P r o j e c t  Manager, wi th  

t h e  a s s i s t a n c e  of  M r .  H .  F. Acuff,  C i v i l  Engineering Technician; 

M r .  R .  E .  Ankeny, Computer Technician; and S P ~  R.  J. Seedyk, Jr . ,  U. S. 

Army. M r .  K. A. Turner,  Computer S p e c i a l i s t ,  was respons ib le  f o r  ob ta in-  

i n g  wave c h a r a c t e r i s t i c s  a t  Seabrook by t h e  a p p l i c a t i o n  of  h indcas t ing  

techniques.  The main t e x t  of t h i s  r e p o r t  was prepared by M r .  B o t t i n ;  

Appendix A w a s  prepared by M r .  Turner. 

P r i o r  t o  t h e  model i n v e s t i g a t i o n  Messrs. Chatham and Bo t t in  

v i s i t e d  t h e  LMN o f f i c e  and t h e  Seabrook a r e a  t o  confer  wi th  representa-  

t i v e s  of  LMN and t o  i n spec t  t h e  pro to type  s i t e .  During t h e  course o f  t h e  

i n v e s t i g a t i o n ,  l i a i s o n  between LMN and WES was maintained by means of  

conferences,  te lephone communications, and monthly progress  r e p o r t s .  

Messrs. Jay Combe, Cec i l  Soi leau ,  and L a r r y  Dement of LMN v i s i t e d  

WES t o  observe model opera t ion  and p a r t i c i p a t e  i n  conferences during t h e  

course of  t h e  model s tudy.  

COL John L .  Cannon, CE, and COL Nelson P .  Conover, CE, were Com- 

manders and Di rec to r s  of  WES during t h e  conduct of  t h i s  i n v e s t i g a t i o n  

and t h e  p repa ra t ion  and pub l i ca t ion  of t h i s  r e p o r t .  M r .  F. R .  Brown was 

Technical  D i rec to r .  
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC ( S I )  
UNITS OF MEASUREMENT 

U. S. customary u n i t s  of measurement used i n  t h i s  repor t  can be converted 

t o  metric (SI)  u n i t s  a s  follows: 

Multiply By To Obtain 

inches 25.4 mil l imetres 

f e e t  0.3048 metres 

knots ( i n t e r n a t i o n a l )  0.5144444 metres per  second 

miles per  hour 1.609344 kilometres per  hour 
(u ,  S. s t a t u t e )  

miles (u.  S. s t a t u t e )  1.609344 kilometres 

pounds (mass) 0.45 35924 kilograms 

pounds (mass) per 
cubic foot  

16.01846 kilograms per cubic metre 

square f e e t  0.09290304 square metres 

square miles 
(u .  S. s t a t u t e )  

2.589988 square kilometres 



Figure 1. P r o j e c t  l o c a t i o n  



SEABROOK LOCK COMPLEX, LAjG3 PONTCHARTRAIN, LA. 

DESIGN FOR WAVE PROTECTION AT LOCK ENTRANCE 

lfydraul ic  Model I n v e s t i g a t i o n  

PART I:  INTRODUCTION 

Desc r ip t ion  p f  ' P ro j ec t  

1. The Flood Control  Act approved 27 October 1965 au thor ized  a  

p r o j e c t  f o r  hu r r i cane  f lood  p r o t e c t i o n  on Lake Pon tcha r t r a in ,  Louisiana,  

o f  which Seabrook Lock ( ~ o c k  I s l a n d  D i s t r i c t  1977) i s  a  p a r t .  The l o c k  

complex i s  proposed f o r  cons t ruc t ion  on t h e  south shore of  Lake Pontchar- 

t r a i n  ( ~ i g u r e  1) at i t s  junc t ion  wi th  t h e  Inne r  Harbor Navigation Canal 

(IHNC) and w i l l  c o n s i s t  o f  t h r e e  major components: an 84-ft-wide* by 

860-ft-long by 16-ft-deep naviga t ion  lock ,  a rock and s h e l l  dam, and an 

o u t l e t  s t r u c t u r e .  A l l  waterborne v e s s e l s  ( r e c r e a t i o n a l  smal l -c raf t  and 

commercial barge t r a f f i c )  t r a v e l i n g  between Lake Pon tcha r t r a in  and t h e  

I H N C  would n e g o t i a t e  t h e  lock.  

The Problem 

2 .  The p r o j e c t  a r e a  ( ~ i g u r e  2 )  i s  sub jec t ed  t o  storm-generated 

waves i n  Lake Pon tcha r t r a in  ( ranging  up t o  5 f t  i n  h e i g h t )  approaching 

from northwest ,  north-northwest,  and nor th .  I n  a d d i t i o n ,  a v e r t i c a l  

seawal l  on t h e  south  shore o f  t h e  l a k e  t ends  t o  r e f l e c t  a  high degree 

of  wave energy back i n t o  t h e  l a k e  i n  t h e  v i c i n i t y  of  t h e  lock  s i t e .  

These condi t ions  could make naviga t ion  i n  t h e  lock  en t rance  d i f f i c u l t  

and dangerous f o r  waterborne commerce and small-boat t r a f f i c  . 

Proposed Solu t ion  

3. The i n s t a l l a t i o n  of  a  breakwater lakeward o f  t h e  lock  i s  

* A t a b l e  of  f a c t o r s  f o r  convert ing U. S. customary u n i t s  of  measure- 
ment t o  me t r i c  (SI) u n i t s  i s  presented  on page 3. 



Figure 2. Aer ia l  photograph of proposed lock s i t e  



proposed t o  provide wave p r o t e c t i o n  t o  t h e  lock  en t rance .  This break- 

water  could be a fixed-type s t r u c t u r e  (rubble-mound o r  c e l l u l a r  s h e e t  

p i l e ) ,  a f l o a t i n g  s t r u c t u r e ,  o r  a combination of both.  The problem i s  

complicated by t h e  f a c t  t h a t  a l a r g e  h o l e  wi th  depths t o  62 f t  e x i s t s  

immediately lakeward o f  t h e  lock .  This ho le  was formed a s  a r e s u l t  of 

dredging ope ra t ions  t o  ob ta in  m a t e r i a l  f o r  t h e  New Orleans Lakefront 

Ai rpor t .  Considerat ion i s  be ing  given t o  i n s t a l l a t i o n  of  a f l o a t i n g  

breakwater i n  t h i s  v i c i n i t y  due t o  t h e  depth o f  water  involved and poor  

foundation condi t ions .  

Purpose of  t h e  Model Study 

4. A t  t h e  r eques t  of t h e  U. S. Army Engineer D i s t r i c t ,  New Orleans 

(LMJT) , a hydrau l i c  model i n v e s t i g a t i o n  was i n i t i a t e d  by t h e  U .  S.  Army 

Engineer Waterways Experiment S t a t i o n  (WES) t o :  

a. Determine wave condi t ions  at t h e  lock  en t rance  wi th  no - 
breakwater p ro t ec t ion .  

b .  Determine t h e  degree o f  p r o t e c t i o n  a f forded  by t h e  var ious  - 
proposed breakwater p lans .  

c. Develop a d d i t i o n a l  p lans  a s  necessary  f o r  t h e  a l l e v i a t i o n  - 
of  undes i rab le  wave condi t ions .  

d. Determine i f  design modi f ica t ions  o f  t h e  proposed break- - 
waters  could be made t h a t  would reduce cons t ruc t ion  c o s t s  
s i g n i f i c a n t l y  and s t i l l  provide adequate wave p r o t e c t i o n .  

Wa-ve-Height C r i t e r i o n  

5. For t h e  s tudy r epor t ed  h e r e i n ,  LMN s p e c i f i e d  t h a t  f o r  an i m -  

provement p lan  t o  be acceptab le ,  maximum wave h e i g h t s  i n  t h e  Seabrook 

Lock en t rance  should no t  exceed 2.0 f t .  I f  p o s s i b l e  t o  achieve ,  however, 

it i s  d e s i r e d  t h a t  maximum wave he igh t s  i n  t h e  lock  en t rance  no t  exceed 

1 . 0  f t .  



PART 11: THE MODEL 

Design o f  Model 

6. The Seabrook Lock model ( ~ i g u r e  3) w a s  cons t ruc t ed  t o  an undis- 

t o r t e d  l i n e a r  s c a l e  o f  1:36, model t o  pro to type .  Sca le  s e l e c t i o n  was 

based  on such f a c t o r s  as :  

a. Depth of  water  r equ i r ed  i n  t h e  model t o  prevent  excess ive  - 
bottom f r i c t i o n .  

b. Absolute s i z e  o f  model waves. - 
c. Avai lable  s h e l t e r  dimensions and a r e a  r equ i r ed  f o r  model - 

cons t ruc t ion .  

d. E f f i c i ency  of  model ope ra t ion .  - 
e .  Avai lable  wave-generating and wave-measuring equipment. - 
f .  Model cons t ruc t ion  c o s t s .  - 

A geometr ica l ly  und i s to r t ed  model was necessary  t o  ensure accu ra t e  repro- 

duct ion of  short-period wave p a t t e r n s .  Following s e l e c t i o n  of  t h e  l i n e a r  

s c a l e ,  t h e  model was designed and opera ted  i n  accordance wi th  Froude 's  

model law ( s t evens  e t  a l .  1942) .  The s c a l e  r e l a t i o n s  used f o r  design and 

ope ra t ion  of  t h e  model were a s  fol lows:  

Model :Prototype 
C h a r a c t e r i s t i c  Dimension* Scale.  Rela t ion  

Length L*++ L = 1:36 r 

Are a  L2 A = L2 = 1:1,296 r r 

volume L~ Ur = L3 = r 1 : 46,656 

Time 

Veloc i ty  

* Dimensions a r e  i n  terms o f  l e n g t h  and t ime.  
** For convenience, symbols and unusual abbrevia- 

t i o n s  a r e  l i s t e d  and def ined  i n  t h e  Notat ion 
( ~ p p e n d i x  B) . 

7. Some of  t h e  proposed improvement p lans  f o r  Seabrook included 

t h e  use  o f  rubble-mound absorbers  and breakwaters.  The e x i s t i n g  



NOTE: CONTOURS AND ELEVATIONS SHOWN IN FEET 
REFERRED TO MEAN LOW GULF LEVEL WHICH 
IS 0.78 FEET BELOW MEAN SEA LEVEL. 

SCALE IN FEET 
X X )  0 200 400 MK) 800 !OW 

PROTOTYPE - s . .  - - 
10 0 10 20 33 

MODEL I - . 1 

Figure 3.  Model layout 



revetments a l s o  a r e  rubble-mound s t r u c t u r e s .  Based on p a s t  exper ience ,  

1:36-scale  model s t r u c t u r e s  should n o t  c r e a t e  s u f f i c i e n t  s c a l e  e f f e c t s  

t o  warran t  geometric d i s t o r t i o n  o f  rock s i z e s  i n  o rde r  t o  ensure proper  

t ransmiss ion  and r e f l e c t i o n  of  wave energy. Therefore,  rock s i z e  s e l ec -  

t i o n  was based on l i n e a r  s c a l e  r e l a t i o n s  and an assumed s p e c i f i c  weight 
3 o f  165 l b / f t  f o r  t h e  pro to type  rock. 

8. Other proposed improvement p l ans  involved t h e  use of  s t e e l  

shee t -p i l e  s t r u c t u r e s  and/or  54-in. p r e s t r e s s e d  cy l inde r s .  I n  t h e  model 

t h e s e  s t r u c t u r e s  were considered t o  be impervious and were cons t ruc ted  

of  wood and/or  shee t  metal .  

9.  Some proposed improvement p l ans  included t h e  use of f l o a t i n g  

breakwater  s t r u c t u r e s .  S e l e c t i o n  o f  f l o a t i n g  model s t r u c t u r e s  was based 

on t h e  r e s u l t s  of  two-dimensional wave t ransmiss ion  t e s t s  conducted a t  

a  1 :36  s c a l e  us ing  4-sec, 4- and 5- f t  waves approaching from a d i r e c t i o n  

normal t o  t h e  s t r u c t u r e  and a  40-ft depth. A breakwater c ros s  s e c t i o n  

w a s  s e l e c t e d  t h a t  provided a  t ransmiss ion  c o e f f i c i e n t  of 0.5 (50 percent  

a t t e n u a t i o n ) .  While t h e s e  s t r u c t u r e s  (p ro to type  dimensions 96 f t  long 

by 63  f t  wide by 6 f t  h igh )  were cons t ruc ted  of marine plywood i n  t h e  

model, t hey  could r ep re sen t  any type  of  f l o a t i n g  breakwater t h a t  g ives  

50 percent  a t t e n u a t i o n .  

The Model and Appurtenances 

10. The model, which was molded i n  cement mor ta r ,  reproduced t h e  

proposed Seabrook Lock Complex, t h e  I H N C  a t  i t s  junc t ion  wi th  Lake 

Pon tcha r t r a in ,  po r t ions  of  t h e  New Orleans Lakefront Ai rpor t  and t h e  

s tepped  seawal l  ad jacent  t o  Lakeshore Drive,  and underwater contours  i n  

Lake Pon tcha r t r a in  t o  an o f f sho re  depth of 18 f t *  ( i n c l u d i n g  t h e  -62 f t  

dredged a r e a )  wi th  a  s lop ing  t r a n s i t i o n  t o  t h e  wave gene ra to r  p i t  e leva-  

t i o n  o f  -45 f t .  The t o t a l  a r e a  reproduced i n  t h e  model was approximately 

14,420 s q  f t ,  r ep re sen t ing  about 0.67 square mi les  i n  t h e  pro to type .  A 

* A l l  e l eva t ions  ( e l )  c i t e d  h e r e i n  a r e  i n  f e e t  r e f e r r e d  t o  mean low 
g u l f  l e v e l  (mlg) unless  o therwise .  s t a t e d .  



gene ra l  view o f  t h e  model i s  shown i n  Figure 4. V e r t i c a l  c o n t r o l  f o r  

model cons t ruc t ion  was based on mgl, e l  0.78 f t  below mean s e a  l e v e l  

( m s l ) .  Hor i zon ta l  con t ro l  was re ferenced  t o  a l o c a l  pro to type  g r i d  

system. 

11. Model waves were generated by an 80-ft-long pis ton-type wave 

gene ra to r .  The h o r i z o n t a l  movement o f  t h e  p i s t o n  p l a t e  caused a p e r i o d i c  

displacement of water  i nc iden t  t o  t h i s  motion. The l eng th  of  t h e  s t r o k e  

and t h e  frequency of  t h e  p i s t o n  p l a t e  movement were v a r i a b l e  over  t h e  

range necessary  t o  genera te  waves wi th  t h e  r equ i r ed  c h a r a c t e r i s t i c s .  I n  

a d d i t i o n ,  t h e  wave genera tor  was mounted on r e t r a c t a b l e  c a s t e r s  which 

enabled it t o  be pos i t i oned  t o  genera te  waves from t h e  r equ i r ed  

d i r e c t i o n s .  

12. An Automated Data Acquis i t ion  and Control  System (ADACS),  

designed and cons t ruc ted  a t  WES ( ~ i g u r e  5 ) ,  w a s  used t o  secure  wave- 

he igh t  d a t a  a t  s e l e c t e d  l o c a t i o n s  i n  t h e  model. Bas i ca l ly ,  through t h e  

use o f  a minicomputer, ADACS recorded on to  magnetic t ape  t h e  e l e c t r i c a l  

output  of  pa ra l l e l -w i re ,  res i s tance- type  wave gages t h a t  measured t h e  

change i n  water-surface e l e v a t i o n  wi th  r e s p e c t  t o  t ime.  The magnetic 

tape  output  of  ADACS then  w a s  analyzed t o  o b t a i n  t h e  wave-height d a t a .  

13. A 2- 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  wave absorber  was 

p laced  around t h e  i n s i d e  perimeter  of  t h e  model t o  damp any wave energy 

t h a t  might otherwise be r e f l e c t e d  from t h e  model wa l l s .  I n  a d d i t i o n ,  

guide vanes were p laced  along t h e  wave gene ra to r  s i d e s  t o  ensure proper  

formation of  t h e  wave t r a i n  i n c i d e n t  t o  t h e  model contours .  
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Figure 5. Automated D a t a  Acquisition 
and Control S y s t e m  (ADACS) 



PART 111:  TEST CONDITIONS AND PROCEDURES 

S e l e c t i o n  o f  Test  Conditions 

S t i l l - w a t e r  l e v e l  

1 4 .  S t i l l - w a t e r  l e v e l s  ( swl'  s )  f o r  wave-action models a r e  

s e l e c t e d  so  t h a t  var ious  wave-induced phenomena dependent on water  depths 

a r e  accu ra t e ly  reproduced i n  t h e  model. These phenomena inc lude  t h e  

r e f r a c t i o n  o f  waves i n  t h e  problem a r e a ,  overtopping of  var ious  s t r u c -  

t u r e s  by waves, r e f l e c t i o n  of  wave energy from var ious  s t r u c t u r e s ,  and 

t ransmiss ion  of  wave energy through porous s t r u c t u r e s .  

15 .  It was d e s i r a b l e  t o  s e l e c t  a model swl t h a t  c l o s e l y  approxi- 

mated t h e  h ighe r  water  s t a g e s  which normally occur  i n  t h e  pro to type  

f o r  t h e  fol lowing reasons : 

a. The maximum amount of  wave energy reaching  a c o a s t a l  - 
a r e a  normally occurs  during t h e  h ighe r  water  phase of  t h e  
l o c a l  t i d e  cyc le .  

b e  Most storms moving onshore a r e  c h a r a c t e r i s t i c a l l y  accom- - 
panied by a h ighe r  water  l e v e l  due t o  wind t i d e  and shore- 
ward mass t r a n s p o r t .  

c .  The s e l e c t i o n  of  a high swl he lps  minimize model s c a l e  - 
e f f e c t s  due t o  viscous bottom f r i c t i o n .  

16.  S t i l l - w a t e r  leveIls of  +1.0 and +4.0 f t  msl were s e l e c t e d  by 

LMN f o r  use during model t e s t i n g .  The lower value (+1.0 f t )  r ep re sen t s  

mean high g u l f  l e v e l  (+0.8 f t )  with a 0.2-ft  s h o r t  p e r i o d  r i s e  i n  l o c a l  

water  l e v e l  due t o  wind t i d e ,  and t h e  h ighe r  value (+4.0 f t )  r e p r e s e n t s  

a l ake  l e v e l  t h a t  occurs  about once a year .  

Fac to r s  i n f luenc ing  s e l e c t i o n  
of t e s t  wave c h a r a c t e r i s t i c s  

17.  I n  planning t h e  t e s t i n g  program f o r  a model i n v e s t i g a t i o n  of 

wave-action problems, it i s  necessary  t o  s e l e c t  dimensions and d i r e c t i o n s  

f o r  t h e  t e s t  waves t h a t  w i l l  a l low a r e a l i s t i c  t e s t  o f  proposed improve- 

ment p l ans  and an accu ra t e  eva lua t ion  of t h e  elements o f  t h e  var ious  

p lans .  Surface wind waves a r e  generated p r imar i ly  by t h e  i n t e r a c t i o n s  

between t a n g e n t i a l  s t r e s s e s  of  wind flowing over water ,  resonance 



between t h e  water  su r f ace  and atmospheric turbulence ,  and i n t e r a c t i o n s  

between i n d i v i d u a l  wave components. The he igh t  and per iod  of t h e  maxi- 

mum wave t h a t  can be generated by a  given storm depends on t h e  wind 

speed, t h e  l eng th  of t ime t h a t  wind o f  a  given speed cont inues t o  blow, 

and t h e  water  d i s t ance  ( f e t c h )  over  which t h e  wind blows. S e l e c t i o n  of  

t e s t  condi t ions  e n t a i l s  eva lua t ion  of such f a c t o r s  a s :  

a. The f e t c h  and decay d i s t ances  ( t h e  l a t t e r  being t h e  - 
d i s t ance  over which waves t r a v e l  a f t e r  l eav ing  t h e  gen- 
e r a t i n g  a rea )  f o r  var ious  d i r e c t i o n s  from which waves can 
a t t a c k  t h e  problem a rea .  

b .  The frequency of  occurrence and dura t ion  of  storm winds - 
from t h e  d i f f e r e n t  d i r e c t i o n s .  

c. The window(s) from which t h e  s i t e  i s  exposed t o  wave - 
a c t i o n .  

d. The al ignments ,  l e n g t h s ,  and l o c a t i o n s  of va r ious  r e f l e c t -  - 
i ng  su r f aces  a t  t h e  s i t e ,  

e .  The r e f r a c t i o n  of  waves caused by d i f f e r e n t i a l s  i n  depth 
* 

i n  t h e  a r e a  seaward of  t h e  s i t e ,  which may c r e a t e  e i t h e r  
a  concentrat ion o r  d i f f u s i o n  of  wave energy. 

Wave r e f r a c t i o n  

18. When waves move i n t o  water  o f  g radua l ly  decreasing depth ,  

t ransformat ions  t ake  p l ace  i n  a l l  wave c h a r a c t e r i s t i c s  except wave 

pe r iod .  The most important  t ransformat ions  wi th  r e spec t  t o  s e l e c t i o n  of  

t e s t  wave c h a r a c t e r i s t i c s  a r e  t h e  changes i n  wave he ight  and d i r e c t i o n  

o f  t r a v e l  due t o  t h e  phenomenon r e f e r r e d  t o  a s  wave r e f r a c t i o n .  The 

change i n  wave he igh t  and d i r e c t i o n  can be determined by p l o t t i n g  r e -  

f r a c t i o n  diagrams and c a l c u l a t i n g  r e f r a c t i o n  c o e f f i c i e n t s .  These d i a -  

grams a r e  cons t ruc t ed  by p l o t t i n g  t h e  p o s i t i o n  of  wave or thogonals  

( l i n e s  drawn perpendicular  t o  wave c r e s t s )  from deep water i n t o  sha l low 

water .  I f  it i s  assumed t h a t  waves do no t  break and t h e r e  i s  no l a t e r a l  

flow o f  energy along t h e  wave c r e s t ,  t h e  r a t i o  between t h e  wave h e i g h t  

i n  deep water  ( H  ) and t h e  wave he igh t  a t  any p o i n t  i n  shallow water  
0 

( H )  i s  i n v e r s e l y  p ropor t iona l  t o  t h e  square r o o t  o f  t h e  r a t i o  of t h e  

corresponding orthogonal  spacings ( b  and b ) ,  o r  H/H = K (bo/b)  1 / 2  
0 0 s  

The q u a n t i t y  ( b  /b)  i s  t h e  r e f r a c t i o n  c o e f f i c i e n t ,  Kr ; K i s  
0 s 

t h e  shoa l ing  c o e f f i c i e n t .  Thus, t h e  r e f r a c t i o n  c o e f f i c i e n t  m u l t i p l i e d  



by t h e  shoal ing  c o e f f i c i e n t  g ives  a conversion f a c t o r  f o r  t r a n s f e r  of  

deepwater wave h e i g h t s  t o  shallow-water va lues .  The shoal ing  coe f f i -  

c i e n t ,  which i s  a func t ion  o f  wavelength and water  depth,  can be ob- 

t a i n e d  from t h e  Shore P ro t ec t ion  Manual (CERC 1977) .  

19 .  Due t o  t h e  l i m i t e d  depth i n  Lake Pon tcha r t r a in  (-18 f t )  and 

t h e  l i m i t e d  f e t c h  (20 m i l e s ) ,  a wave-refraction a n a l y s i s  was n o t  con- 

ducted f o r  t h e  Seabrook Lock s i t e .  The magnitude and d i r e c t i o n  of  

winds approaching Seabrook from over  t h e  l a k e  were considered t o  be t h e  

governing f a c t o r s  and a l l  waves were assumed t o  be l o c a l l y  generated.  

For t h i s  s tudy ,  c r i t i c a l  d i r e c t i o n s  of wave approach were determined t o  

be n o r t h ,  north-northwest ,  and northwest .  

Pro to type  wave d a t a  and 
s e l e c t i o n  of t e s t  waves 

20. Measured pro to type  wave d a t a  on which a comprehensive s t a t i s -  

t i c a l  a n a l y s i s  of  wave condi t ions  could be based were unavai lab le  f o r  

t h e  Seabrook a rea .  However, s t a t i s t i c a l  wave h indcas t  d a t a  representa-  

t i v e  o f  t h i s  a r e a  were obta ined  by t h e  a p p l i c a t i o n  of  h indcas t ing  tech-  

niques from CERC (1977) t o  wind d a t a  acqui red  a t  t h e  New Orleans 

I n t e r n a t i o n a l  Ai rpor t  a s  d e t a i l e d  i n  Appendix A. Model t e s t  waves were 

s e l e c t e d  from t h e s e  d a t a  a s  shown i n  t h e  fol lowing t a b u l a t i o n :  

Wave Per iod  
Direc t ion  s e c  

North 3 

Northwest 

Analysis  of  Model Data 

Wave Height 
f t  

2 
4 

21. Rela t ive  m e r i t s  o f  t h e  var ious  p l ans  t e s t e d  were eva lua t ed  

by: 



a.  Comparison o f  wave h e i g h t s  a t  s e l e c t e d  l o c a t i o n s  i n  t h e  - 
model. 

b .  Visua l  observa t ions  and wave p a t t e r n  photographs. - 

I n  ana lyz ing  t h e  wave-height d a t a ,  t h e  average he igh t  of  t h e  h i g h e s t  

one t h i r d  of t h e  waves recorded a t  each gage l o c a t i o n  was computed. 

Computed wave he igh t s  were a d j u s t e d  t o  compensate f o r  excess  model 

a t t e n u a t i o n  due t o  viscous bottom f r i c t i o n  by a p p l i c a t i o n  of Keulegan's 

equat ion  ( ~ e u l e ~ a n  1950).  From t h i s  equat ion ,  reduct ion  of  wave h e i g h t s  

i n  t h e  model ( r e l a t i v e  t o  t h e  p ro to type )  can be ca l cu la t ed  a s  a  func t ion  

of  water  depth,  width of wave f r o n t ,  wave pe r iod ,  water  v i s c o s i t y ,  and 

d i s t ance  of  wave t r a v e l .  



PART I V :  TESTS AND RESULTS 

The Tests  

E x i s t i n g  condi t ions  

22. P r i o r  t o  t e s t s  of  t h e  various improvement p l a n s ,  comprehen- 

s i v e  t e s t s  were conducted f o r  e x i s t i n g  cond i t i ons .  Wave-height d a t a  

were obta ined  a t  t h e  s i t e  of t h e  proposed lock  and a t  o t h e r  l o c a t i o n s  

i n  t h e  model ( p l a t e  1) f o r  t h e  t e s t  waves l i s t e d  i n  paragraph 20. Wave 

p a t t e r n  photographs were secured  f o r  r e p r e s e n t a t i v e  t e s t  waves. 

Prebreakwater condi t ions  
and improvement p lans  

23. Wave-height t e s t s  were conducted f o r  2  prebreakwater condi- 

t i o n s  ( p l a n s  1 and 2)  and f o r  61  v a r i a t i o n s  i n  t h e  design elements o f  

var ious  breakwater concepts.  Fixed breakwaters (rubble-mound and 

ve r t i ca l -wa l l  shee t -p i l e )  and f l o a t i n g  breakwaters were t e s t e d  with 

v a r i a t i o n s  c o n s i s t i n g  o f  changes i n  t h e  l e n g t h s ,  a l ignments ,  c r e s t  e l e -  

v a t i o n s ,  and/or c ros s  s e c t i o n s  of t h e  s t r u c t u r e s .  Wave p a t t e r n  photo- 

graphs were obta ined  f o r  prebreakwater condi t ions  and t h e  more important 

breakwater p lans .  B r i e f  desc r ip t ions  o f  t h e  t e s t  p lans  a r e  presented  

i n  t h e  following subparagraphs; dimensional d e t a i l s  a r e  presented  i n  

P l a t e s  2-25. 

a .  P lan  1 ( p l a t e  2)  cons i s t ed  of  a  rock absorber  i n s t a l l e d  - 
along t h e  v e r t i c a l  wal l s  of t h e  New Orleans Lakefront 
A i rpo r t ,  t h e  s tepped  concrete  seawal l  west of  t h e  pro- 
posed l o c k ,  and t h e  two e x i s t i n g  breakwaters west of  
t h e  naviga t ion  en t rance  t o  t h e  Inne r  Harbor Navigation 
Canal. 

b. Plan 2  ( p l a t e  3) involved t h e  i n s t a l l a t i o n  of  t h e  proposed - 
lock  complex inc luding  t h e  84-ft-wide, 860-ft-long l o c k ,  
t h e  o u t l e t  s t r u c t u r e ,  rock dam, and pub l i c  parking a r e a .  
The rock absorber  i n s t a l l e d  f o r  Plan 1 was removed. 

c .  Plan 3 ( p l a t e  4 )  e n t a i l e d  t h e  elements o f  P l an  2  wi th  - 
two curved rubble-mound breakwaters (aggrega te  l eng th  o f  
4,500 f t )  s epa ra t ed  by a  600-ft-wide en t r ance .  The break- 
waters  were shore-connected a t  t h e  New Orleans Lakefront 
Ai rpor t  and t h e  s tepped seawall  west of  t h e  proposed 
lock .  



Plan 3A ( p l a t e  4 )  cons i s t ed  o f  t h e  elements of  P l an  3  
wi th  t h e  en t rance  decreased t o  300 f t  ( i n c r e a s i n g  t h e  
l eng th  of  t h e  s t r u c t u r e  t o  4,800 f t ) .  

P l an  4 ( p l a t e  5) e n t a i l e d  t h e  elements of  P l an  3A except  
t h a t  t h e  en t rance  between t h e  e a s t  and west breakwaters  
was c losed  and 1,000 f t  o f  breakwater l eng th  was removed 
from t h e  west end of  t h e  west breakwater ,  r e s u l t i n g  i n  
a  s i n g l e  4,100-ft-long rubble-mound s t r u c t u r e .  

P lan  4A ( p l a t e  5)  involved t h e  elements o f  P l an  4 w i th  
an a d d i t i o n a l  200 f t  o f  breakwater l eng th  removed from 
t h e  western end, r e s u l t i n g  i n  a  t o t a l  breakwater l e n g t h  
o f  3,900 f t .  

P lan  4B ( p l a t e  5 )  e n t a i l e d  t h e  elements of P l an  4~ w i t h  
an a d d i t i o n a l  200 f t  o f  breakwater l eng th  removed from 
t h e  western end, r e s u l t i n g  i n  a  t o t a l  breakwater l e n g t h  
of  3,700 f t .  

Plan 4 C  ( p l a t e  5 )  cons i s t ed  of t h e  elements o f  P lan  4~ 
wi th  an . a d d i t i o n a l  200 ft of  breakwater l eng th  removed 
from t h e  western end,  r e s u l t i n g  i n  a  t o t a l  breakwater 
l eng th  o f  3,500 f t .  

Plan 5  ( p l a t e  6 )  involved  t h e  elements o f  P lan  4~ w i t h  
500 f t  o f  breakwater l eng th  removed from t h e  e a s t e r n  end 
of  t h e  rubble-mound s t r u c t u r e ,  r e s u l t i n g  i n  a  3,000-ft- 
long breakwater.  

P lan  5A ( p l a t e  6 )  e n t a i l e d  t h e  elements o f  P l an  5  w i t h  an 
a d d i t i o n a l  300 f t  o f  breakwater l eng th  removed from t h e  
e a s t e r n  end, r e s u l t i n g  i n  a  t o t a l  breakwater l e n g t h  o f  
2,700 f t .  

Plan 5B ( p l a t e  6 )  cons i s t ed  of  t h e  elements of  P l an  5A 
with an a d d i t i o n a l  200 f t  o f  breakwater l e n g t h  removed 
from t h e  e a s t e r n  end, r e s u l t i n g  i n  a  t o t a l  breakwater 
l eng th  o f  2,500 f't . 
Plan 6 ( p l a t e  7) e n t a i l e d  t h e  elements o f  P lan  5B w i t h  
a  300-ft-long rubble-mound inne r  breakwater i n s t a l l e d  
e a s t  o f  and p a r a l l e l  t o  t h e  e a s t  guide wa l l  a t  t h e  l o c k  
en t r ance ,  r e s u l t i n g  i n  a  t o t a l  combined breakwater l e n g t h  
o f  2,800 f t .  

P lan  6~ ( p l a t e  7)  involved t h e  elements of P l an  6 w i t h  
200 f t  o f  breakwater l e n g t h  removed from t h e  e a s t e r n  end 
o f  t h e  ou te r  breakwater ,  t hus  reducing t h e  t o t a l  combined 
breakwater l eng th  t o  2,600 f t .  

Plan 6~ ( p l a t e  7) cons i s t ed  of  t h e  elements of  P lan  6~  
wi th  an a d d i t i o n a l  200 f t  of breakwater l e n g t h  removed 
from t h e  e a s t e r n  end o f  t h e  o u t e r  s t r u c t u r e ,  r e s u l t i n g  
i n  a  t o t a l  combined breakwater l eng th  of  2,400 f t .  



Plan 7  ( p l a t e  8) cons i s t ed  of  t h e  elements of  P lan  6~ 
wi th  t h e  i n s t a l l a t i o n  of a  300-ft-long rubble-mound i n n e r  
breakwater west of t h e  west guide w a l l  a t  t h e  lock  en- 
t r a n c e  and 330 f t  from t h e  e a s t  i nne r  breakwater ,  r e s u l t -  
i n g  i n  a t o t a l  combined breakwater l e n g t h  o f  2,700 f t .  

Plan 7A ( p l a t e  8) e n t a i l e d  t h e  elements of  Plan 7  wi th  
100 f t  o f  breakwater l eng th  removed from t h e  western end 
of t h e  o u t e r  breakwater,  t hus  reducing t h e  t o t a l  combined 
breakwater l eng th  t o  2,600 f t .  

Plan 7B ( p l a t e  8) involved t h e  elements of  Plan 7A wi th  
an a d d i t i o n a l  100 f t  o f  breakwater l e n g t h  removed from 
t h e  western end o f  t h e  ou te r  s t r u c t u r e ,  r e s u l t i n g  i n  a  
t o t a l  combined breakwater l eng th  o f  2,500 f t .  

Plan 7 C  ( p l a t e  8)  cons i s t ed  of  t h e  elements o f  P lan  7B 
wi th  an a d d i t i o n a l  200 f t  o f  breakwater l eng th  removed 
from t h e  western end of  t h e  o u t e r  breakwater ,  r e s u l t i n g  
i n  a  t o t a l  combined breakwater l e n g t h  of  2,300 f t .  

Plan 7 D  ( p l a t e  8) e n t a i l e d  t h e  elements of  P lan  7C wi th  
an a d d i t i o n a l  100 f t  o f  breakwater l e n g t h  removed from 
t h e  western end o f  t h e  o u t e r  s t r u c t u r e ,  r e s u l t i n g  i n  a  
t o t a l  combined breakwater l eng th  o f  2,200 f t  . 
Plan 8 ( p l a t e  9 )  involved t h e  elements o f  P l an  7D wi th  
50 f t  o f  breakwater l eng th  added t o  t h e  e a s t e r n  end o f  
t h e  o u t e r  breakwater,  r e s u l t i n g  i n  a  t o t a l  breakwater 
l eng th  o f  2,250 f t .  

Plan 9  ( p l a t e  1 0 )  cons i s t ed  of  t h e  removal of  t h e  1,650- 
f t - long  o u t e r  breakwater of P lan  8, t hus  l eav ing  only 
t h e  two 300-ft-long i n n e r  breakwaters .  

Plan 10 ( p l a t e  11) e n t a i l e d  t h e  elements o f  P lan  9  wi th  
t h e  i n s t a l l a t i o n  of  a  1 ,650-ft-long shee t -p i l e  o u t e r  
breakwater i n s t a l l e d  on t h e  same alignment a s  t h e  Plan 8 
rubble-mound s t r u c t u r e .  The shee t -p i l e  o u t e r  s t r u c t u r e  
was 4.5 f t  wide with a +10 f t  c r e s t  e l e v a t i o n  ( e l ) .  

Plan 10A ( p l a t e  11) involved t h e  elements of  Plan 10 
with t h e  a d d i t i o n  of  100 f t  i n  l e n g t h  a t  t h e  e a s t e r n  end 
of  t h e  o u t e r  breakwater ,  r e s u l t i n g  i n  a  shee t -p i l e  
breakwater l eng th  of 1,750 f t .  

Plan 11 ( p l a t e  1 2 )  cons i s t ed  of t h e  elements o f  P lan  10A 
except t h e  o u t e r  breakwater c r e s t  e l e v a t i o n  was reduced 
from + l o  t o  +6 f t .  

Plan 1 1 A  ( p l a t e  1 2 )  e n t a i l e d  t h e  elements o f  Plan 11 with  
t h e  a d d i t i o n  of  100 f t  i n  l eng th  a t  t h e  e a s t e r n  end of  
t h e  o u t e r  s t r u c t u r e ,  r e s u l t i n g  i n  a  shee t -p i l e  breakwater 
l eng th  o f  1,850 f t .  

Plan 1 1 B  ( p l a t e  12 )  involved t h e  elements of Plan 1 1 A  with 
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t h e  add i t i on  of 100 ft i n  l eng th  a t  t h e  western end of  
t h e  o u t e r  breakwater ,  r e s u l t i n g  i n  a  shee t -p i l e  break- 
water  l eng th  of 1,950 f t .  

Plan 1 2  ( p l a t e  1 3 )  cons i s t ed  of a  1,650-ft-long v e r t i c a l -  
w a l l  ou te r  breakwater i n s t a l l e d  on t h e  same alignment 
a s  Plan 10. The s t r u c t u r e  was 20 f t  wide wi th  a +6 f t  
c r e s t  e l eva t ion  and a  rubble  f i l l e t  on t h e  lakeward s i d e .  
The two 300-ft-long rubble-mound inne r  breakwaters  were 
a l s o  p a r t  of t h i s  p lan .  

Plan 12A ( p l a t e  1 3 )  e n t a i l e d  t h e  elements o f  P lan  1 2  with 
t h e  add i t i on  of  100 f t  i n  l eng th  at t h e  e a s t e r n  end of 
t h e  o u t e r  s t r u c t u r e ,  r e s u l t i n g  i n  an o u t e r  breakwater 
l eng th  of  1,850-f%. 

Plan 1 3  ( P l a t e  1 4 )  involved t h e  elements of  P lan  10A 
(1,750-ft-long o u t e r  shee t -p i l e  breakwater and two 
rubble-mound i n n e r  breakwaters)  with t h e  300-ft-long 
rubble-mound i n n e r  breakwater i n s t a l l e d  west o f  t h e  lock  
en t rance  removed. 

Plan 13A ( p l a t e  1 4 )  cons i s t ed  of  t h e  elements of  P lan  1 3  
with t h e  a d d i t i o n  o f  200 f t  i n  l eng th  t o  t h e  western 
end o f  t h e  o u t e r  breakwater ,  r e s u l t i n g  i n  a  1 ,950-f t -  
long o u t e r  shee t -p i l e  breakwater .  

Plan 13B ( p l a t e  1 4 )  involved t h e  elements of Plan 13A 
with t h e  a d d i t i o n  of  200 f t  i n  l eng th  t o  t h e  western 
end o f  t h e  o u t e r  breakwater ,  r e s u l t i n g  i n  a  shee t -p i l e  
breakwater l eng th  of  2,150 f t .  

Plan 13C ( p l a t e  1 4 )  e n t a i l e d  t h e  elements of  P lan  13B 
with t h e  add i t i on  of  200 f t  i n  l eng th  t o  t h e  western 
end of  t h e  o u t e r  s t r u c t u r e ,  r e s u l t i n g  i n  a  shee t -p i l e  
breakwater l eng th  of 2,350 f t .  

Plan 1 4  ( P l a t e  1 5 )  cons i s t ed  of  t h e  elements of  P l an  13C 
with a  288-ft-long f l o a t i n g  breakwater i n s t a l l e d  west 
o f  and p a r a l l e l  t o  t h e  west guide w a l l  a t  t h e  lock  
en t rance .  

Plan 1 4 ~  ( p l a t e  1 5 )  e n t a i l e d  t h e  elements of P lan  1 4  wi th  
200 f t  o f  breakwater l eng th  removed from t h e  western end 
of  t h e  o u t e r  s t r u c t u r e ,  r e s u l t i n g  i n  a  shee t -p i l e  break- 
water  l eng th  of  2,150 f t .  

Plan 1 5  ( p l a t e  16 )  cons i s t ed  of  a  s t r a i g h t ,  2,208-ft-  
long f l o a t i n g  o u t e r  breakwater wi th  t h e  300-ft-long 
rubble-mound i n n e r  breakwater e a s t  of and p a r a l l e l  t o  
t h e  lock  en t rance .  

Plan 15A ( p l a t e  1 6 )  e n t a i l e d  t h e  elements o f  P lan  15  wi th  
a 384-ft-long f l o a t i n g  s t r u c t u r e  i n s t a l l e d  northwest  of  
t h e  lock  en t rance .  For t h i s  and subsequent f l o a t i n g  
breakwater p l a n s ,  t o t a l  f l o a t i n g  breakwater l e n g t h s  a r e  
shown on t h e  re ferenced  p l a t e s .  
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Plan 1 5 B  ( p l a t e  16 )  involved t h e  elements of  Plan 15A 
wi th  192 f t  of  breakwater l eng th  added t o  t h e  no r th  end 
o f  t h e  384-ft-long f l o a t i n g  s t r u c t u r e .  

Plan 15C ( p l a t e  1 6 )  cons i s t ed  o f  t h e  elements of  P l an  15B 
wi th  t h e  add i t i on  of  a  288-ft-long f l o a t i n g  s t r u c t u r e  
i n s t a l l e d  west of  and p a r a l l e l  t o  t h e  lock  en t rance .  

P l an  15D ( p l a t e  1 6 )  involved t h e  elements of  Plan 1 5 A  
wi th  t h e  288-ft-long f l o a t i n g  s t r u c t u r e  i n s t a l l e d  west 
o f  and p a r a l l e l  t o  t h e  lock  en t r ance .  

P lan  15E ( p l a t e  1 6 )  e n t a i l e d  t h e  elements of Plan 15D. 
b u t  t h e  384-ft-long f l o a t i n g  breakwater  i n s t a l l e d  north-  
west of  t h e  lock  en t rance  was removed. 

P l an  15F ( p l a t e  1 7 )  cons i s t ed  o f  t h e  elements of  P lan  15  
wi th  a 480-ft-long f l o a t i n g  breakwater i n s t a l l e d  near  
t h e  o u t e r  breakwater.  

Plan 15G ( p l a t e  18) e n t a i l e d  t h e  elements of  Plan 15  wi th  
a  480-ft-long f l o a t i n g  breakwater i n s t a l l e d  near t h e  
lock  en t rance .  

P lan  15H ( p l a t e  18) involved t h e  elements of  15G wi th  
96 f t  o f  breakwater l eng th  removed from t h e  e a s t e r n  
end of  t h e  o u t e r  f l o a t i n g  s t r u c t u r e .  

P l an  151  ( p l a t e  1 8 )  e n t a i l e d  t h e  elements of  Plan 15H 
wi th  an a d d i t i o n a l  96 f t  of breakwater l eng th  removed 
from t h e  e a s t e r n  end of t h e  o u t e r  f l o a t i n g  s t r u c t u r e .  

P lan  16  ( p l a t e  18) cons i s t ed  of  t h e  elements of  P l an  15H 
wi th  t h e  300-ft-long rubble-mound i n n e r  breakwater 
s t r u c t u r e  removed. 

P lan  1 6 ~  ( p l a t e  1 9 )  e n t a i l e d  t h e  elements of  Plan 1 6  wi th  
a  288-ft-long f l o a t i n g  breakwater i n s t a l l e d  e a s t  o f  and 
p a r a l l e l  t o  t h e  lock  en t rance .  

Plan 1 6 ~  ( p l a t e  1 9 )  involved t h e  elements o f  Plan 1 6 ~  
wi th  a  384-ft-long f l o a t i n g  s t r u c t u r e  i n s t a l l e d  n o r t h e a s t  
o f  t h e  lock  en t r ance .  

P l an  1 6 ~  ( p l a t e  1 9 )  cons i s t ed  o f  t h e  elements o f  P l an  1 6 ~  
wi th  t h e  288-ft-long f l o a t i n g  breakwater p a r a l l e l  t o  t h e  
lock  en t rance  removed. 

P lan  1 6 ~  ( p l a t e  20) e n t a i l e d  t h e  elements of  Plan 16  with 
a 5  76-ft-long f l o a t i n g  breakwater i n s t a l l e d  n o r t h e a s t  o f  
t h e  lock  en t rance .  

Plan 1 7  ( p l a t e  21) cons i s t ed  of  t h e  elements of P l an  1 6 ~  
wi th  a  960-ft-long f l o a t i n g  breakwater i n s t a l l e d  p a r a l l e l  
t o  and shoreward of t h e  ou te r  breakwater.  
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Plan 17A ( p l a t e  21) involved t h e  elements of  Plan 17  
bu t  t h e  288-ft-long f l o a t i n g  breakwater i n s t a l l e d  e a s t  
of and p a r a l l e l  t o  t h e  lock  en t rance  was inc reased  t o  
384 f t  i n  l eng th .  

Plan 17B ( p l a t e  22) e n t a i l e d  t h e  elements o f  P lan  17A 
with t h e  960-ft-long f l o a t i n g  breakwater i nc reased  t o  
1,344 f t  i n  l e n g t h  (192 f t  added on each end) . 
Plan l7C ( p l a t e  22) involved t h e  elements of  Plan l7B 
but  t h e  1,344-ft-long f l o a t i n g  breakwater increased  t o  
t o  1,728 f t  i n  l eng th  (192 f t  aga in  added on each end) .  

Plan 1 8  ( p l a t e  23) cons i s t ed  o f  t h e  elements o f  Plan l7C 
bu t  t h e  1, 728-ft-long f l o a t i n g  breakwater w a s  decreased 
t o  864 f t  i n  l e n g t h  (432 f t  removed on each end) . An 
a d d i t i o n a l  864-ft-long f l o a t i n g  breakwater was i n s t a l l e d  
p a r a l l e l  t o  and lakeward of t h e  o u t e r  f l o a t i n g  
s t r u c t u r e .  

Plan 19  ( p l a t e  24) inc luded  a  curved 2,050-ft-long 
shee t -p i le  o u t e r  breakwater ( s i m i l a r  t o  Plan 1 1 B  wi th  
s l i g h t l y  d i f f e r e n t  alignment) with one 325-ft-long 
shee t -p i le  i n n e r  breakwater i n s t a l l e d  e a s t  o f  and 
p a r a l l e l  t o  t h e  e a s t  guide wa l l  a t  t h e  lock  en t rance  
and one 300-ft-long shee t -p i le  i nne r  breakwater i n -  
s t a l l e d  west o f  t h e  west guide wa l l  a t  t h e  l ock  en t r ance .  
The inne r  breakwaters were spaced 300 f t  a p a r t  and a l l  
t h e  shee t -p i l e  s t r u c t u r e s  were 5.5 f t  wide wi th  a  c r e s t  
e l eva t ion  of +6 f t  . 
Plan l9A ( p l a t e  24) e n t a i l e d  t h e  elements of Plan 1 9  
with t h e  a d d i t i o n  o f  100 f t  i n  l eng th  a t  t h e  e a s t e r n  
end of  t h e  o u t e r  breakwater.  

Plan 19B ( p l a t e  24) involved t h e  elements of  P lan  l9A 
with t h e  a d d i t i o n  of  100 f t  i n  l eng th  a t  t h e  e a s t e r n  
end of  t h e  o u t e r  breakwater.  

Plan 1gC ( p l a t e  24) involved t h e  elements o f  Plan l9B 
with t h e  a d d i t i o n  of 100 f t  i n  l eng th  a t  t h e  e a s t e r n  
end of  t h e  o u t e r  breakwater.  

Plan 19D ( p l a t e  24) e n t a i l e d  t h e  elements o f  P l an  l9C 
with t h e  a d d i t i o n  of  100 f t  i n  l eng th  t o  t h e  western 
end o f  t h e  o u t e r  breakwater.  

Plan 1gE ( p l a t e  24) involved t h e  elements of Plan IgD 
with t h e  a d d i t i o n  o f  100 f t  i n  l eng th  t o  t h e  western 
end o f  t h e  o u t e r  breakwater.  

Plan l 9 F  ( p l a t e  24) cons i s t ed  of t h e  elements o f  
Plan l9E wi th  t h e  a d d i t i o n  of  100 f t  i n  l eng th  t o  t h e  
western end o f  t h e  o u t e r  breakwater.  

Plan 20 ( p l a t e  25) cons i s t ed  of t h e  o u t e r  breakwater o f  



Plan 1 9  with two 300-ft-long rubble-mound i n n e r  break- 
waters  i n s t a l l e d  p a r a l l e l  t o  t h e  lock  en t rance  and 
360 f t  a p a r t .  

kkk. Plan 20A ( p l a t e  25) e n t a i l e d  t h e  elements of  Plan 20 - 
wi th  t h e  a d d i t i o n  of  100 f t  i n  l eng th  t o  t h e  e a s t e r n  end 
o f  t h e  o u t e r  breakwater.  

Wave-height t e s t s  

24. Wave-height t e s t s  f o r  prebreakwater condi t ions  ( p l a n s  1 

and 2)  and t h e  major breakwater improvement p l ans  ( p l a n s  8,  9 ,  17C, 

and 20A) were conducted us ing  t e s t  waves from a l l  t h r e e  t e s t  d i r e c t i o n s  

( i . e .  N ,  NNW, and N W ) .  Tes t s  involv ing  modi f ica t ions  t o  t h e  var ious  

breakwaters were l i m i t e d  t o  t h e  most c r i t i c a l  d i r e c t i o n s  o f  wave approach. 

Wave gage l o c a t i o n s  f o r  t h e  var ious  t e s t  p l ans  a r e  shown i n  P l a t e s  2-25. 

Tes t s  conducted f o r  in te rmedia te  
s t ages  of lock  cons t ruc t ion  

25. Af te r  completion of model t e s t i n g  o f  t h e  var ious  improvement 

p l ans ,  LMN reques ted  t h a t  t e s t s  be conducted t o  determine wave h e i g h t s  

i n  t h e  temporary en t rance  and mooring a reas  t h a t  w i l l  be used during 

var ious  phases o f  lock  cons t ruc t ion .  Resul t s  of  t h e s e  t e s t s  w i l l  be 

publ i shed  i n  a  s e p a r a t e  r e p o r t .  

Test  Resul t s  

26. I n  e v a l u a t i n g  t e s t  r e s u l t s ,  t h e  r e l a t i v e  m e r i t s  o f  each p l an  

were based on an a n a l y s i s  of  measured wave h e i g h t s .  Model wave h e i g h t s  

( s i g n i f i c a n t  wave h e i g h t  o r  H ) were t a b u l a t e d  ( ~ a b l e s  1-32) t o  show 
113 

measured values a t  s e l e c t e d  l o c a t i o n s .  

E x i s t i n g  condi t ions  

27. Wave-height measurements obta ined  f o r  e x i s t i n g  condi t ions  

a r e  presented  i n  Table 1. For t h e  + 1  f t  s w l ,  maximum wave h e i g h t s  ob- 

t a i n e d  a t  t h e  proposed l o c a t i o n  of  t h e  lakeward lock  en t rance  (gage 6 )  

were 5.4 f t  f o r  4-sec, 4-f t  waves from NW and at t h e  proposed l o c a t i o n  

of  t h e  inne r  lock  en t rance  (gage 3) were 5.9 f t  f o r  4-see, 4-f t  waves 

from NW and 4-see, 5 - f t  waves from N .  For t h e  +4 f t  s w l ,  maximum wave 

he igh t s  a t  t h e  proposed l o c a t i o n  of t h e  lakeward lock  en t rance  (gage 6 )  



were 6.1 f t  f o r  4-see, 4-f t  waves from NNW and a t  t h e  proposed l o c a t i o n  

o f  t h e  i n n e r  en t rance  (gage 3) were 6.4 f t  f o r  4-sec, 5 - f t  waves from N .  

Typical  wave p a t t e r n s  obta ined  f o r  e x i s t i n g  condi t ions  a r e  shown i n  

Photos 1-7. 

Prebreakwater condi t ions  
and improvement p lans  

28. Resul t s  of  wave-height t e s t s  wi th  P lan  1 i n s t a l l e d  i n  t h e  

model a r e  presented  i n  Table 2. For t h e  +1  f t  swl ,  maximum wave he igh t s  

were 4 . 1  f t  a t  t h e  proposed l o c a t i o n  of t h e  lakeward lock  en t rance  

(gage 6 )  and 4.8 f t  at t h e  proposed l o c a t i o n  of  t h e  inne r  lock  en t rance  

(gage 3 ) ,  both occurr ing  f o r  4-sec, 5-f t  t e s t  waves from N .  For t h e  

+4 f t  s w l ,  maximum wave h e i g h t s  were 4.8 f t  a t  t h e  proposed l o c a t i o n  of 

t h e  lakeward lock  en t rance  (gage 6 )  and 5.2 f t  a t  t h e  proposed l o c a t i o n  

of  t h e  inne r  lock  en t rance  (gage 3 ) ,  both occurr ing  f o r  4-see, 5 - f t  t e s t  

waves from N .  Typical wave p a t t e r n s  obta ined  f o r  P lan  1 a r e  shown i n  

Photos 8-14. 

29. Wave he igh t s  secured  wi th  P lan  2 i n s t a l l e d  with t h e  lakeward 

lock  g a t e s  open and t h e  r e a r  lock  ga t e s  c losed  a r e  presented  i n  Table 3. 

For t h e  + 1  f t  swl,  maximum wave he igh t s  were 7.1 f t  a t  t h e  lakeward lock  

en t rance  (gage 6 )  and 8.4 f t  a t  t h e  r e a r  of  t h e  lock  (gage 31, both f o r  

4-see, 5 - f t  t e s t s  waves from N.  For t h e  +4 f t  swl,  maximum wave he igh t s  

were 6 . 3  f t  i n  t h e  lakeward lock  en t rance  (gage 7)  and 8.5 f t  i n  t h e  

r e a r  of t h e  lock ,  again f o r  4-sec, 5-f t  t e s t  waves from N .  Resu l t s  of 

wave-height t e s t s  f o r  Plan 2 wi th  t h e  lakeward lock-entrance ga t e s  closed 

a r e  presented  i n  Table 4 .  Maximum wave he igh t s  ob ta ined  were 9 .6  f t  and 

10.0 f t  (gage 6 )  f o r  t h e  + 1  and +4 f t  s w l ' s ,  r e s p e c t i v e l y  ( b o t h  occurr ing  

f o r  4-sec , 5-f t  t e s t  waves from N )  . Typical  wave p a t t e r n s  obta ined  f o r  

P l an  2 wi th  t h e  lakeward lock  ga t e s  open a r e  shown i n  Photos 15-21. 

30. Wave-height measurements obta ined  f o r  Plan 3 f o r  t e s t  waves 

from NW and NNW with t h e  lakeward lock  g a t e s  open and t h e  r e a r  lock  

g a t e s  c losed  a r e  presented  i n  Table 5. For t h e  +1 ft swl, maximum 

wave h e i g h t s  were 3.8 f t  a t  t h e  lakeward lock  en t rance  (gage 7 )  f o r  

4-see, 4-f t  waves from NW and 3.5 ft a t  t h e  r e a r  of  t h e  lock  (gage 3 )  

f o r  4-sec, 4 - f t  waves from NNW. For t h e  +4 f t  swl ,  maximum wave he igh t s  



were 3.3 f t  i n  t h e  lakeward lock  en t rance  f o r  3-sec, 4 - f t  t e s t  waves 

from NNW and 5.2 f t  i n  t h e  r e a r  of  t h e  lock  f o r  4-sec, 4-f t  t e s t  waves 

from NNW. Resul t s  o f  wave-height t e s t s  f o r  P l an  3  with both lock  g a t e s  

c losed  a r e  p re sen ted  i n  Table 6. Maximum wave h e i g h t s  ob ta ined  f o r  t h e  

+1 f t  swl were 4.4 f t  f o r  4-sec, 4-ft  waves from NNW. For t h e  +4 f t  swl ,  

maximum wave h e i g h t s  were 3.2 f t  f o r  3-sec, 4 - f t  waves from NNW and 4- 

s e e ,  4 - f t  waves from NW. 

31. Resul t s  o f  wave-height t e s t s  ob ta ined  f o r  Plan 3A f o r  t e s t  

waves from NNW a r e  presented  i n  Tables 7  and 8. With t h e  lakeward lock  

ga t e s  open and t h e  r e a r  lock  ga t e s  c losed  and t h e  + 1  f t  swl ,  maximum 

wave he igh t s  were 3.3 f t  a t  t h e  lakeward lock  en t rance  (gage 6 )  and 

2.8 f t  a t  t h e  r e a r  o f  t h e  lock (gage 3) f o r  4-sec, 4 - f t  t e s t  waves. For 

t h e  +4 f t  swl ,  maximum wave he igh t s  were 2 . 1  f t  a t  t h e  lakeward lock  

en t rance  (gage 7)  f o r  3-see, 4 - f t  and 4-sec, 4-f t  t e s t  waves and 4.0 f t  

a t  t h e  r e a r  o f  t h e  lock  f o r  4-see, 4-ft  t e s t  waves. With t h e  lakeward 

lock  en t rance  ga t e s  c losed ,  maximum wave h e i g h t s  of 3.9 f t  were recorded 

a t  gage 6 f o r  4-sec, 4 - f t  t e s t  waves f o r  both t h e  +1 and +4 f t  s w l ' s .  

Typical  wave p a t t e r n s  obta ined  f o r  P lan  3A wi th  t h e  lakeward lock  g a t e s  

open a r e  shown i n  Photos 22-27. 

32. Resul t s  of  wave-height t e s t s  conducted f o r  Plans 4 - 4 ~  w i th  

t h e  lakeward lock  g a t e s  open f o r  4-sec, 4 - f t  t e s t  waves from NW wi th  t h e  

+1 f t  swl a r e  p re sen ted  i n  Table 9. A curve dep ic t ing  maximum wave 

he igh t  a t  t h e  lakeward lock en t rance  versus l e n g t h  of  breakwater removed 

i s  shown i n  P l a t e  26. Plan 4~ (removal of  1,600 f t  o f  breakwater) re -  

s u l t e d  i n  a  maximum wave he igh t  of 1 .9 f t  i n  t h e  lakeward lock  en t r ance  

(gage 6 ) .  

33. Resul t s  o f  wave-height measurements f o r  Plans 5-5B with t h e  

lakeward lock ga t e s  open i n s t a l l e d  f o r  4-sec, 5 - f t  t e s t  waves from N a r e  

presented  i n  Table 10 .  Again a curve was p l o t t e d  dep ic t ing  maximum wave 

he igh t  a t  t h e  lakeward lock  en t rance  versus l eng th  o f  breakwater removed 

and i s  shown i n  P l a t e  27. Plan 53 (removal of  1,000 f t  o f  breakwater)  

r e s u l t e d  i n  a  maximum wave he ight  o r  1 . 8  f t  i n  t h e  lakeward lock  en t rance  

(gage 7)  f o r  t h e  +1 f t  s w l .  For t h e  +4 f t  swl ,  a  maximum wave he igh t  

of 1 .5 f t  (gage 7)  was obta ined ,  



34. Wave he igh t s  ob ta ined  f o r  Plans 6 - 6 ~  wi th  t h e  lakeward lock  

g a t e s  open f o r  4-sec, 5-f t  waves from N a r e  presented  i n  Table 11. A 

curve showing maximum wave he igh t  a t  t h e  lakeward lock  en t rance  versus 

l e n g t h  of  breakwater removed i s  presented  i n  P l a t e  28. A maximum wave 

h e i g h t  of 2.1 f t  (gage 7) was obta ined  f o r  Plan 6~ (removal of  1,400 f t  

o f  breakwater)  . For 4-sec , 4-ft  t e s t  waves from NW ( Table 11) , Plan  6~ 

y i e l d e d  a  maximum wave he igh t  of  1 .6  f t  (gage 6 ) .  

35. Resul t s  of wave-height measurements obta ined  f o r  P lans  7-7D 

wi th  t h e  lakeward lock ga t e s  open f o r  t e s t  waves from NW a r e  presented  

i n  Table 12. A maximum wave h e i g h t  of  1 . 7  f t  was obta ined  i n  t h e  lake-  

ward lock  en t rance  (gage 7)  f o r  P lan  7D f o r  3-see, 4-f t  t e s t  waves wi th  

t h e  +4 f t  s w l .  For t h e  +1 f t  swl ,  t h e  maximum wave h e i g h t  ob ta ined  f o r  

P lan  7D i n  t h e  lakeward lock  en t rance  was 1 . 5  f t ,  a l s o  f o r  3-sec, 4 - f t  

t e s t  waves. 

36. Resul t s  of  wave-height t e s t s  conducted f o r  P l ans  7D and 8 wi th  

t h e  lakeward lock  ga t e s  open f o r  r ep re sen ta t ive  t e s t  waves from N a r e  

p re sen ted  i n  Table 13.  A maximum wave he ight  of  2.5 f t  was obta ined  i n  

t h e  lakeward lock  en t rance  (gage 7)  wi th  Plan 7D i n s t a l l e d  f o r  4-sec, 

5 - f t  t e s t  waves wi th  t h e  +4 f t  swl; while  a  maximum wave he igh t  o f  1 . 7  f t  

was obta ined  i n  t h e  lakeward lock  en t rance  f o r  Plan 8 f o r  s e v e r a l  o f  t h e  

waves. 

37. Resul t s  of comprehensive wave-height t e s t s  conducted f o r  

P l an  8 a r e  presented  i n  Tables 1 4  and 15 .  With t h e  lakeward lock  g a t e s  

open and t h e  r e a r  lock  ga t e s  c lo sed  la able 1 4 ) ,  t h e  maximum wave he igh t  

a t  t h e  lakeward lock  en t rance  (gage 7 )  was 1 . 7  f t  f o r  s e v e r a l  o f  t h e  

t e s t  waves f o r  both t h e  +1 and +4 f t  s w l ' s .  The maximum wave he igh t  a t  

t h e  r e a r  o f  t h e  lock  (gage 3)  was 1 .8  f t  f o r  4-sec, 5 - f t  t e s t  waves from 

N w i th  t h e  +1  f t  swl. For t h e  +4 f t  s w l ,  t h e  maximum wave he igh t  a t  t h e  

r e a r  of  t h e  lock  was 1 .0  f t  (gage 3) f o r  4-sec, 5-f t  t e s t  waves from N .  

With both lock  ga t e s  c losed   a able 1 5 ) ,  t h e  maximum wave he igh t  ob ta ined  

between t h e  guide wa l l s  f o r  t h e  +1  f t  swl was 1 . 7  f t  (gage 7)  f o r  3-sec, 

4 - f t  t e s t  waves from NW. For t h e  4 - f t  swl ,  t h e  maximum wave he igh t  be- 

tween t h e  guide wa l l s  was 2.1 f t  (gage 7)  f o r  4-sec, 5 - f t  t e s t  waves 



from N .  Typical  wave p a t t e r n s  f o r  Plan 8 wi th  t h e  lakeward lock  g a t e s  

open a r e  shown i n  Photos 28-41. 

38. Resul t s  of  wave-height measurements obta ined  f o r  P l an  9 wi th  

t h e  lakeward lock  ga t e s  open and t h e  r e a r  lock  g a t e s  c losed  a r e  presented  

i n  Table 16. For t h e  +1  f t  swl,  maximum wave h e i g h t s  were 4.7 f t  a t  t h e  

lakeward lock  en t rance  (gage 7)  f o r  4-see, 5-f t  waves from N and 6.0 f t  

a t  t h e  r e a r  of  t h e  lock (gage 3) f o r  4-see, 4-f t  waves from NNW. For 

t h e  +4 f t  swl ,  maximum wave he igh t s  were 5 .7  f t  i n  t h e  lakeward lock  en- 

t r a n c e  (gage 7)  and 8.1 ft i n  t h e  r e a r  of  t h e  lock  f o r  4-sec, 5 - f t  waves 

from N. Wave he igh t s  f o r  P lan  9 wi th  both lock  g a t e s  c losed  a r e  pre-  

s en ted  i n  Table 17.  The maximum wave he igh t  ob ta ined  between t h e  guide 

wa l l s  f o r  t h e  +1 f t  swl was 6.9 f t  (gage 6 )  f o r  4-see, 4-ft  waves from 

NNW. For t h e  +4 ft swl,  t h e  maximum wave h e i g h t  ob ta ined  between t h e  

guide wa l l s  was 5 . 1  f t  f o r  4-sec, 5-f t  t e s t  waves from N and 4-see, 4 - f t  

waves from NNW. Typical  wave p a t t e r n s  obta ined  f o r  Plan 9 wi th  t h e  lake-  

ward lock  ga t e s  open a r e  shown i n  Photos 42-48. 

39. Wave-height d a t a  obta ined  f o r  P lans  10 and 10A wi th  t h e  l ake -  

ward lock  ga t e s  open a r e  presented  i n  Table 18 f o r  t e s t  waves from N .  

For t h e  +1  f t  swl ,  maximum wave he igh t s  o f  0 .9 f t  and 0 .7  f t  were ob- 

t a i n e d  i n  t h e  immediate lakeward lock  en t rance  (gage 6 )  and maximum wave 

he igh t s  of  1 .9  and 1 . 5  f t  were obta ined  between t h e  guide wa l l s  (gage 7 )  

f o r  Plans 10 and 10A, r e spec t ive ly .  For t h e  +4 f t  swl ,  maximum wave 

he igh t s  of  1 . 4  f t  and 0.9 f t  i n  t h e  immediate lakeward lock  en t rance  

and 2.4 f t  and 1.8 f t  between t h e  guide w a l l s  were obta ined  f o r  Plans 

10  and 10A, r e spec t ive ly .  Resul t s  of wave-height t e s t s  f o r  Plan 1OA 

f o r  t e s t  waves from NW a r e  a l s o  shown i n  Table 18. For t h e  +1 f t  

swl,  t h e  maximum wave he igh t  ob ta ined  i n  t h e  immediate lakeward lock  

en t rance  was 0.9 f t  and t h e  maximum wave h e i g h t  ob ta ined  between t h e  

guide wa l l s  was 1.2 f t .  For t h e  +4 f t  swl ,  maximum wave he igh t s  were 

0.9 f t  i n  t h e  immediate lakeward lock  en t r ance  and 1 . 4  f t  between t h e  

guide wa l l s  f o r  Plan 10A. Typical  wave p a t t e r n s  secured  f o r  Plan 10A 

with t h e  lakeward lock  ga t e s  open a r e  shown i n  Photos 49-54. 

40. Resul t s  of  wave-height t e s t s  ob ta ined  f o r  Plans 11-11B wi th  the  

lakeward lock g a t e s  open a r e  presented  i n  Table 19 .  Tes ts  were conducted 



f o r  Plans 11 and 1 1 A  f o r  t e s t  waves from N and f o r  Plans 1 1 A  and 1 1 B  f o r  

t e s t  waves from NW. For t e s t  waves from N wi th  t h e  +1 f t  swl ,  maximum 

wave h e i g h t s  were 1.1 and 0 .8  f t  a t  t h e  immediate lakeward lock  en t rance  

(gage 6 )  and 2.4 and 1 . 3  ft between t h e  guide wa l l s  (gage 7)  f o r  P lans  

11 and 1 1 A ,  r e spec t ive ly .  For t h e  +4 f t  s w l ,  maximum wave h e i g h t s  were 

1 . 3  and 1.0 f t  a t  t h e  immediate lakeward lock  en t rance  and 2.5 and 1 . 4  f t  

between t h e  guide wa l l s  f o r  Plans 11 and 1 1 A ,  r e s p e c t i v e l y .  Maximum 

wave h e i g h t s  f o r  t h e  + 1  f t  swl f o r  t e s t  waves from NW were 0.9 f t  a t  

t h e  immediate lakeward lock  en t rance  f o r  both Plans 1 1 A  and 1 1 B  and 1 . 5  

and 1 . 4  f t  between t h e  guide wa l l s  f o r  Plans 1 1 A  and 1 1 B ,  r e s p e c t i v e l y .  

For t h e  +4 f t  swl,  maximum wave he igh t s  were 1 . 5  and 1 . 0  f t  at t h e  i m -  

mediate lakeward lock  en t rance  and 1 .9  and 1 . 4  f t  between t h e  guide 

wa l l s  f o r  Plans 1 1 A  and 1 1 B ,  r e spec t ive ly .  Typical  wave p a t t e r n s  ob- 

t a i n e d  f o r  Plan 1 1 B  wi th  t h e  lakeward lock  ga t e s  open a r e  shown i n  

Photos 55-60. 

41 .  Wave h e i g h t s  ob ta ined  f o r  P lans  12  and 12A wi th  t h e  lakeward 

lock  g a t e s  open f o r  t e s t  waves from N a r e  presented  i n  Table 20. For 

t h e  + 1  f t  s w l ,  maximum wave h e i g h t s  of  0.8 and 0.6 f t  i n  t h e  immediate 

lakeward lock  en t rance  (gage 6 ) ,  and 1.9 and 1.2 f t  between t h e  guide 

wa l l s  (gage 7 )  were obta ined  f o r  Plans 12 and 12A, r e spec t ive ly .  For 

t h e  +4 f t  swl ,  Plans 1 2  and 12A produced maximum wave he igh t s  of  1 . 2  and 

0 . 8  f t  i n  t h e  immediate lakeward lock  en t rance  and 2 .3  and 1 . 6  f t  be- 

tween t h e  guide wa l l s .  Resul t s  of  wave-height t e s t s  f o r  P l an  12A f o r  

t e s t  waves from NW a r e  a l s o  shown i n  Table 20. For t h e  +1 ft swl ,  t h e  

maximum wave he igh t  ob ta ined  i n  t h e  immediate lakeward lock  en t rance  

was 1 . 0  f t ;  and t h e  maximum wave he igh t  ob ta ined  between t h e  guide w a l l s  

was 1 . 5  f t .  For t h e  +4 f t  swl ,  t h e  maximum wave he igh t  was 1.1 f t  i n  

t h e  immediate lakeward lock  en t rance  and 1 .9  f t  between t h e  guide wa l l s .  

Typica l  wave p a t t e r n s  obta ined  f o r  Plan 12A with t h e  lakeward lock  g a t e s  

open a r e  shown i n  Photos 61-66. 

42. Wave he igh t s  ob ta ined  f o r  Plans 13-13C wi th  t h e  lakeward lock  

g a t e s  open f o r  r e p r e s e n t a t i v e  t e s t  waves from NW a r e  p re sen ted  i n  

Table 21. For t h e  +1 f t  swl ,  maximum wave he igh t s  o f  2.9, 2 .2,  1 . 9 ,  

and 1 . 4  f t  were recorded i n  t h e  immediate lakeward lock  en t rance  



(gage 6 ) ;  and maximum wave he igh t s  of 2.9,  2.2, 1 .5 ,  and 1 .6  f t  were 

obta ined  between t h e  guide wa l l s  (gage 7)  f o r  Plans 13-13C, r e s p e c t i v e l y .  

For t h e  +4 ft swl ,  maximum wave he igh t s  of  2 .8 ,  2 .0 ,  1 . 9 ,  and 1 . 7  S t  

i n  t h e  immediate lakeward lock  en t rance  and 2.5, 2 .3,  1.8 and 1 . 4  f t  

between t h e  guide wa l l s  were obta ined  f o r  Plans 13-13C, r e s p e c t i v e l y .  

43. Resul t s  of wave-height t e s t s  with P lans  1 4  and 1 4 ~  wi th  t h e  

lakeward lock  g a t e s  open f o r  t e s t  waves from NW a r e  presented  i n  Ta- 

b l e  22. For t h e  + 1  f t  swl ,  maximum wave he igh t s  of  0 .6  and 0.7 f t  were 

obta ined  i n  t h e  immediate lakeward lock  en t rance  (gage 6 ) ;  and maximum 

wave he igh t s  of 0 .9  and 1 .2  f t  were obta ined  between t h e  guide w a l l s  

(gage 7)  f o r  P lans  1 4  and 1 4 ~ ,  r e s p e c t i v e l y .  For t h e  +4 f t  swl ,  maximum 

wave he igh t s  o f  0 . 8  and 0.6 f t  i n  t h e  immediate lakeward lock  en t r ance  

and 0.9 and 1 .9  f t  between t h e  guide wa l l s  were obta ined  f o r  Plans 1 4  

and 1 4 A ,  r e spec t ive ly .  

44 .  Wave-height measurements obta ined  f o r  Plans 15-15G wi th  t h e  

lakeward lock  g a t e s  open f o r  t e s t  waves from NW a r e  presented  i n  Ta- 

b l e  23. Maximum wave he igh t s  of  2 .1 ,  1 . 7 ,  1 . 2 ,  1.1, 1 . 2 ,  1 . 4 ,  1 . 6 ,  and 

1.0 ft were obta ined  i n  t h e  immediate lakeward lock  en t rance  (gage 6 )  ; 

and maximum wave he igh t s  of  1 .7 ,  1 .6 ,  1 .5,  1 . 4 ,  1 .9 ,  2.2, 2 .1 ,  and 1 . 2  f t  

were recorded between t h e  guide wa l l s  (gage 7)  f o r  Plans 15-15G, 

r e spec t ive ly .  

45. Resu l t s  of  wave-height t e s t s  f o r  P lans  15G-151 and Plans  

16-16D with t h e  lakeward lock  ga t e s  open f o r  t e s t  waves from N wi th  t h e  

+ 1  f t  swl a r e  p re sen ted  i n  Table 24. Wave he igh t s  o f  0 . 9 ,  0 .9 ,  and 

1.1 f t  were obta ined  i n  t h e  immediate lakeward lock  en t rance  (gage 6 )  , 
and maximum wave he igh t s  of 1.1, 1.2 ,  and 1 .8  S t  were recorded between 

t h e  guide wa l l s  (gage 7)  f o r  Plans 15G-151, r e spec t ive ly .  For P lans  

1 6 - 1 6 ~ ,  r e s p e c t i v e l y ,  maximum wave h e i g h t s  of  2.6, 2 .5,  1 . 0 ,  2.3,  and 

1 . 4  f t  were obta ined  i n  t h e  immediate lakeward lock  en t r ance ,  and maximum 

wave he igh t s  of  2.0, 1 .6,  1 . 4 ,  1 .3 ,  and 2.5 f t  were secured between t h e  

guide wal l s .  Wave h e i g h t s  f o r  Plan 1 6 ~  f o r  t e s t  waves from N wi th  

t h e  +4 ft swl a r e  a l s o  presented  i n  Table 24. Maximum wave h e i g h t s  of  

1.0 f t  i n  t h e  immediate lakeward lock  en t r ance  and 1 . 8  f t  between t h e  

guide wa l l s  were obtained.  



46. Wave he igh t  d a t a  f o r  Plan 1 6 B  and Plans 17-17C with t h e  lake-  

ward lock  ga t e s  open f o r  t e s t  waves from NNW a r e  presented  i n  Table 25. 

Plan 1 6 ~  r e s u l t e d  i n  maximum wave he igh t s  of  1 .5 f t  i n  t h e  immediate 

lakeward lock  en t rance  (gage 6 )  and 2.4 f t  between t h e  guide wa l l s  

(gage 7) f o r  t h e  +4 f t  swl.  Plans 17-17B, r e s p e c t i v e l y ,  y i e lded  maximum 

wave he igh t s  of 2 .5,  1 . 5 ,  and 1.0 f t  i n  t h e  immediate lakeward lock en- 

t r a n c e ;  and maximum wave he igh t s  of  1 . 4 ,  1.8,  and 1 . 3  f t  between t h e  

guide wa l l s  wi th  t h e  + l  f t  swl.  For t h e  +4 f t  s w l ,  maximum wave h e i g h t s  

of  1 . 4  and 0 .9  ft were obta ined  i n  t h e  immediate lakeward lock en t r ance ;  

and maximum wave h e i g h t s  o f  1 .0  and 1 .3  f t  were ob ta ined  between t h e  

guide wa l l s  f o r  P lans  17B and 17C, r e spec t ive ly .  

47. Resul t s  o f  comprehensive wave he igh t  t e s t s  conducted f o r  

P l an  l7C a r e  presented  i n  Tables 26 and 27. With t h e  lakeward lock  g a t e s  

open and t h e  r e a r  lock  ga t e s  c losed  la able 26) , maximum wave he igh t s  f o r  

t h e  + 1  f t  swl were 1 . 3  f t  between t h e  guide wa l l s  (gage 7 )  f o r  4-sec, 

5-f t  t e s t  waves from N; 1 .2  f t  at t h e  immediate lakeward lock  en t rance  

(gage 6 )  f o r  4-sec, 4-f t  t e s t  waves from NNW; and 2.1 f t  a t  t h e  r e a r  of  

t h e  lock  (gage 3) f o r  4-sec, 4 - f t  t e s t  waves from NNW. For t h e  +4 f t  

s w l ,  maximum wave h e i g h t s  were 1 .5  f t  between t h e  guide wa l l s  f o r  4-sec, 

4 - f t  waves from NW; 1.2 f t  i n  t h e  immediate lakeward lock  en t rance  f o r  

3-see, 4 - f t  waves from NW; and 1 . 6  f t  a t  t h e  r e a r  of t h e  lock  f o r  4-sec, 

4 - f t  waves from NNW. With both lock  ga t e s  c losed   able 2 7 ) ,  t h e  maximum 

wave he igh t  ob ta ined  between t h e  guide wal l s  f o r  t h e  +1  f t  swl was 1 .2  f t  

f o r  4-sec, 5 - f t  waves from N.  For t h e  +4 f t  swl ,  t h e  maximum wave 

h e i g h t  ob ta ined  between t h e  guide wa l l s  was 1 . 4  f t  f o r  4-sec, 4 - f t  t e s t  

waves from NW. Typical  wave p a t t e r n s  obta ined  f o r  P lan  17C wi th  t h e  

lakeward lock  ga t e s  open a r e  shown i n  Photos 67-75. 

48. Resul t s  of  wave-height t e s t s  with Plan 18 wi th  t h e  lakeward 

lock  ga t e s  open i n s t a l l e d  f o r  t e s t  waves from NNW a r e  presented  i n  Ta- 

b l e  28. For t h e  +1  f t  swl ,  maximum wave he igh t s  were 0 .7  f t  i n  t h e  

immediate lakeward lock  en t rance  (gage 6 )  and 0.8 f t  between t h e  guide 

w a l l s  (gage 7)  . For t h e  +4 f t  s w l  , maximum wave h e i g h t s  were 1 . 2  f t  and 

0 .9  f t  i n  t h e  immediate lakeward lock  en t rance  and between t h e  guide 

w a l l s ,  r e s p e c t i v e l y .  



49. Resul t s  o f  wave-height t e s t s , c o n d u c t e d  f o r  Plans 19-19C 

us ing  t e s t  waves from N and Plans 19C-19F us ing  t e s t  waves from NW a r e  

presented  i n  Table 29, a l l  f o r  condi t ions  of  t h e  lakeward lock  g a t e s  

open. For  t e s t  waves from N ,  maximum wave he igh t s  ob ta ined  i n  t h e  im-  

mediate lakeward lock  en t rance  (gage 6 )  were 1 . 7 ,  2 .1,  1 . 6 ,  and 1 . 7  f t  

and maximum wave he igh t s  ob ta ined  between t h e  guide wa l l s  (gage 7 )  were 

2 .4 ,  2.6,  2.2,  and 2.2 f t  f o r  Plans 19-lgC, r e s p e c t i v e l y .  For t e s t  

waves from NW, maximum wave he igh t s  were 2.6, 2.2,  2.1, and 1 . 4  f t  i n  

t h e  immediate lakeward lock en t rance  and 2 .6 ,  2 . 2 ,  1 . 7 ,  and 1 .5  ft  

between t h e  guide wa l l s  f o r  Plans 19C-l9F, r e spec t ive ly .  Typical  wave 

p a t t e r n s  obta ined  f o r  P lan  19F wi th  t h e  lakeward lock  ga t e s  open a r e  

shown i n  Photos 76-79. 

50. Wave-height da t a  obta ined  f o r  P lans  20-20A f o r  t e s t  waves 

from N and Plan  20A f o r  t e s t  waves from NW using t h e  +1 and +4 ft s w l ' s  

a r e  p re sen ted  i n  Table 30, a l l  f o r  cond i t i ons  of  t h e  lakeward lock  g a t e s  

open. For t e s t  waves from N with t h e  +1 f t  s w l ,  maximum wave h e i g h t s  

were 0 . 8  and 1 . 0  f t  a t  t h e  immediate lakeward lock  en t rance  (gage 6 )  and 

1.6 and 1 .0  f t  between t h e  guide wa l l s  (gage 7)  f o r  Plans 20 and 20A, 

r e spec t ive ly .  For t h e  +4 f t  swl,  maximum wave he igh t s  i n  t h e  immediate 

lakeward lock  en t rance  were 1.2 and 1 .0  f t  f o r  Plans 20 and 20A, respec-  

t i v e l y ,  and maximum wave he igh t s  between t h e  guide wal l s  were 2 .0  f t  

f o r  both p l ans .  For t e s t  waves from NW, maximum wave he igh t s  of  1 . 0  f t  

i n  t h e  immediate lakeward lock  en t rance  and 1 .2  f t  between t h e  guide 

wal l s  were obta ined  f o r  Plan 20A us ing  t h e  +1  f t  swl. For t h e  +4 f t  s w l ,  

maximum wave he igh t s  of 0 . 8  and 1 . 7  f t  were obta ined  i n  t h e  immediate 

lakeward lock  en t rance  and between t h e  guide w a l l s ,  r e spec t ive ly .  

51. Resu l t s  of  comprehensive wave-height t e s t s  conducted f o r  

P lan  20A a r e  presented  i n  Tables 31 and 32. With t h e  lakeward l o c k  ga t e s  

open and t n e  r e a r  lock  ga t e s  c losed  (Table  31) , maximum wave h e i g h t s  f o r  

t h e  + 1  f t  swl were 1 . 6  f t  between t h e  guide wa l l s  (gage 7 )  f o r  4-sec, 

4 - f t  t e s t  waves from NNW; 1 .0  f t  a t  t h e  immediate lakeward lock  en t r ance  

(gage 6 )  f o r  4-see, 5 - f t  t e s t  waves from N and f o r  4-see, 4 - f t  t e s t  

waves from NW; and 0.9 f t  at t h e  r e a r  of  t h e  lock  (gage 3)  f o r  4-sec, 

4 - f t  t e s t  waves from NW. For t h e  +4 f t  swl ,  maximum wave he igh t s  were 



2.0 f t  between t h e  guide wal l s  f o r  4-sec, 4 - f t  t e s t  waves from NNW; 

1.1 f t  a t  t h e  immediate lakeward lock  en t rance  f o r  3-sec, 4-f t  t e s t  

waves from NNW; and 2.2 f t  a t  t h e  r e a r  of  t h e  lock  f o r  4-see, 4 - f t  t e s t  

waves from NNW. With both l o c k  ga t e s  c losed   a able 32 ) ,  t h e  maximum 

wave he ight  ob ta ined  between t h e  guide wa l l s  f o r  t h e  + 1  f t  s w l  was 

1 . 3  f t  f o r  3-see, 4-f t  t e s t  waves from NW and 4-sec, 4-f t  t e s t  waves 

from NNW. For t h e  +4 f t  s w l ,  t h e  maximum wave h e i g h t  ob ta ined  was 

1.8 f t  between t h e  guide wa l l s  f o r  3-sec, 4-f t  t e s t  waves from N .  Typi- 

c a l  wave p a t t e r n  photographs obta ined  f o r  Plan 20A wi th  t h e  lakeward 

lock  ga t e s  open a r e  shown i n  Photos 80-86. 

52. Plan 2OA was sub jec t ed  t o  hu r r i cane  wave condi t ions  i n  t h e  

model. With an swl o f  +8.5 f t  m s l ,  wave h e i g h t s  up t o  8.2 f t  were 

genera ted  from N.  Visua l  observa t ions  revea led  no overtopping of t h e  

lock  wa l l s .  The o u t e r  breakwater was removed and t h e  lock  w a s  sub jec t ed  

t o  t h e  above t e s t  waves from N and NW us ing  t h e  +8.5 f t  s w l .  For t h e s e  

t e s t s ,  observa t ions  revea led  no s u b s t a n t i a l  overtopping of t h e  lock  

wa l l s  and only n e g l i g i b l e  overtopping o f  t h e  lakeward lock  ga t e s  f o r  

N t e s t  d i r e c t i o n .  

Discussion of  t e s t  r e s u l t s  

53. Tes t  r e s u l t s  f o r  e x i s t i n g  condi t ions  r evea l ed  rough and 

t u r b u l e n t  wave condi t ions  i n  t h e  v i c i n i t y  o f  t h e  proposed lock  wi th  

wave he igh t s  i n  excess  of  6 f t  f o r  s e v e r a l  of t h e  t e s t  waves. Very 

confused wave p a t t e r n s  r e s u l t e d  from t h e  r e f l e c t i o n  o f  waves from t h e  

v e r t i c a l  and s tepped  w a l l s  i n  t h e  a r e a .  I n  l o c a t i o n s  where r e f l e c t e d  

and i n c i d e n t  wave c r e s t s  coincided,  wave h e i g h t s  up t o  9.9 ft were 

recorded. 

54. The i n s t a l l a t i o n  of t h e  rock wave absorber  along t h e  v e r t i c a l  

w a l l s  of  t h e  New Orleans Lakefront Ai rpor t  and along.  t h e  s tepped  con- 

c r e t e  seawal l  west of t h e  proposed lock  ( p l a n  1) s i g n i f i c a n t l y  calmed 

wave condi t ions  i n  t h e  v i c i n i t y  of t h e  proposed lock .  Wave pat-berns 

were uniform and t h e r e  w a s  no splash-over onto t h e  overbank a s  w a s  t h e  

case f o r  e x i s t t n g  condi t ions .  

55. Test  r e s u l t s  ob ta ined  wi th  t h e  proposed lock  i n s t a l l e d  i n  t h e  

model with no breakwaters ( p l a n  2)  revea led  wave h e i g h t s  i n  t h e  lock  



en t r ance  i n  excess o f  7 f t  and wave he igh t s  i n s i d e  t h e  lock  i n  excess  o f  

8  f t .  

56. Waves pene t r a t ing  t h e  nav iga t ion  openings o f  t h e  shore- 

connected rubble-mound breakwaters o f  P lans  3  and 3A d i f f r a c t e d  very  

l i t t l e  a t  t h e  breakwater heads,  t h u s  t r a n s m i t t i n g  wave energy d i r e c t l y  

t o  t h e  lakeward lock  en t r ance ,  r e s u l t i n g  i n  wave he igh t s  i n  excess  o f  

3 f t  f o r  both p lans .  

57. The 2,500-ft-long rubble-mound breakwater o f  P lan  5B,  which 

was formed by t h e  incremental  removal of  breakwater l eng th  from each 

shore ,  r e s u l t e d  i n  wave he igh t s  of  l e s s  than  2  f t  i n  t h e  lock  en t r ance .  

This o u t e r  breakwater can be reduced by an a d d i t i o n a l  850 f t  wi th  t h e  

i n s t a l l a t i o n  of two 300-ft-long rubble-mound inne r  s t r u c t u r e s  p a r a l l e l  

t o  t h e  lock  en t rance  (p l an  8) and s t i l l  meet t h e  e s t a b l i s h e d  wave-height 

c r i t e r i o n  o f  2  f t  a t  t h e  lock  en t r ance .  The r educ t ion  of  t h e  o u t e r  break- 

water  l e n g t h  w i l l  a l s o  improve naviga t ion  by al lowing a s t r a i g h t e r  ap- 

proach t o  t h e  lock  en t rance .  

58. Plan 8 i s  considered t h e  optimum rubble-mound s t r u c t u r e  wi th  

r e spec t  t o  c o s t  and wave p r o t e c t i o n  provided.  This p lan  reduced t h e  

t o t a l  breakwater l eng th  from 4,500 f t  ( p l a n  3, o r i g i n a l l y  proposed 

breakwater  p l a n )  t o  2,250 f t  (1,650 f t  o u t e r  breakwater i n  conjunct ion  

wi th  two 300-ft-long i n n e r  breakwaters ) .  Plan 8 ' r e s u l t e d  i n  wave h e i g h t s  

of  l e s s  than  1 f t  i n  t h e  immediate lakeward lock  en t rance  and l e s s  t han  

2  ft between t h e  guide wal l s .  

59. The 1,850-ft-long shee t -p i l e  breakwaters of  Plans 10A 

and 12A, t h e  1,950-ft-long shee t -p i l e  breakwater of Plan 1 1 B ,  and t h e  

2,150-ft-long shee t -p i l e  breakwater o f  P lan  20A, a l l  i n  conjunct ion wi th  

t h e  two 300-ft-long rubble-mound i n n e r  breakwaters a t  t h e  lakeward lock  

en t r ance ,  provided wave he igh t s  w i t h i n  t h e  e s t a b l i s h e d  wave-height 

c r i t e r i o n .  The breakwater con f igu ra t ion  o f  P lan  20A was considered t h e  

optimum s i n c e  t h e  o u t e r  shee t -p i l e  breakwater was o r i e n t e d  so  t h a t  it 

would n o t  be cons t ruc t ed  i n  water depths any g r e a t e r  than  20 f t .  Also 

t h e  i n t e r i o r  rubble-mound breakwaters o f  P lan  20A were i n s t a l l e d  f a r  

enough a p a r t  t o  al low space f o r  maintenance of  t h e  guide wa l l s .  

60. The 2,150-ft-long shee t -p i l e  o u t e r  breakwater i n  conjunct ion  



with  one 300-ft-long rubble-mound inne r  breakwater and one 288-ft-long 

inne r  f l o a t i n g  breakwater ( p l a n  1 4 ~ )  r e s u l t e d  i n  wave he igh t s  w i th in  

t h e  e s t a b l i s h e d  c r i t e r i o n .  

61. Test  r e s u l t s  f o r  f l o a t i n g  breakwaters i n d i c a t e d  t h a t  a  5,088- 

f t - long  f l o a t i n g  s t r u c t u r e  (p l an  1 7 ~ )  was r e q u i r e d  t o  reduce wave 

he igh t s  i n  t h e  lakeward lock  en t rance  t o  an acceptab le  l e v e l .  It should  

be noted t h a t  f l o a t i n g  breakwaters t e s t e d  i n  t h e  model provided 50 

percent  a t t e n u a t i o n  f o r  4-see waves approaching from a  d i r e c t i o n  perpen- 

d i c u l a r  t o  t h e  s t r u c t u r e .  Lengths of  t h e  s t r u c t u r e  may be reduced, 

p a r t i c u l a r l y  t h e  o u t e r  breakwater,  f o r  f l o a t i n g  s t r u c t u r e s  t h a t  would 

provide g r e a t e r  a t t enua t ion .  



PART V: CONCLUSIONS 

62. Based on t h e  r e s u l t s  of  t h e  hydrau l i c  model i n v e s t i g a t i o n  

r e p o r t e d  h e r e i n ,  it i s  concluded t h a t  : 

a .  Ex i s t i ng  condi t ions  a r e  cha rac t e r i zed  by very rough and - 
t u r b u l e n t  waves i n  t h e  v i c i n i t y  of t h e  proposed lock  
during per iods  o f  storm wave a t t a c k .  

b .  The i n s t a l l a t i o n  o f  a  rock wave absorber  along t h e  
h 

v e r t i c a l  and s tepped w a l l s  i n  t h e  a r e a  w i l l  s i g n i f i c a n t l y  
calm wave condi t ions  i n  t h e  v i c i n i t y  of  t h e  proposed lock .  

c. Wave he igh t s  i n  t h e  proposed lock  wi th  no breakwaters  - 
i n s t a l l e d  (p l an  2)  would be extremely hazardous (wave 
he igh t s  i n  excess  o f  8 f t )  . 

d. The combined 2,250-ft  breakwater l eng th  (one o u t e r  and - 
two i n n e r  breakwaters)  of  Plan 8 provides wave p r o t e c t i o n  
t h a t  s a t i s f i e s  t h e  e s t a b l i s h e d  c r i t e r i o n  a t  t h e  l o c k  
en t rance  and appears t o  be t h e  most economical rubble-  
mound breakwater p l an  t e s t e d .  

e .  The shee t -p i l e  o u t e r  breakwater conf igura t ions  o f  - 
Plans  10A, l l B ,  12A, and 20A, a l l  i n  conjunct ion wi th  
two 300-ft-long rubble-mound inne r  breakwaters ,  w i l l  
provide wave p r o t e c t i o n  which meets t h e  e s t a b l i s h e d  
c r i t e r i o n  a t  t h e  lock  en t r ance .  

f .  To achieve t h e  e s t a b l i s h e d  wave-height c r i t e r i o n  a t  t h e  - 
lock en t rance  wi th  f l o a t i n g  s t r u c t u r e s  (provid ing  50 per-  
cent  a t t e n u a t i o n  f o r  waves approaching from a d i r e c t i o n  
perpendicular  t o  t h e  s t r u c t u r e ) ,  a  t o t a l  breakwater  
l eng th  of  5,088 f t  i s  r equ i r ed  ( p l a n  l7C,  c o n s i s t i n g  of  
two o u t e r  and t h r e e  i n n e r  breakwaters ) .  
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TABLE 4  

WAVE HEIGHTS FOR PLAN 2  W I T H  BOTH LOCK GATES CLOSED 

TEST WAVE 
PERIOD HE I GHT 

D I R E C T I O N  SEC F T  

SWL = +1 FT 

NORTH 3 . 0  2 . 0  
4 . 0  

4 . 0  5 . 0  

NNW 3 . 0  2 . 0  
4 . 0  

4 . 0  4 . 0  

SWL = + 4  F T  

NORTH 3 . 0  2 . 0  
4 . 0  

4 . 0  5 . 0  

NNW 3 . 0  2 . 0  
4 . 0  

4 . 0  4 . 0  

WAVE HEIGHT,  FT 
GAGE GAGE 



WAVE HEIGHTS FOR PLAN 3 W I T H  LAKEWARD LOCK GATES 

OPEN AND INNER LOCK GATES CLOSED 
s--- 

l- s -L.!!!!!!c -- WOVE HEIGHT,  FT 
DIRECTION PERIOD HEIGHT GQGE GBSGt G Q G ~ ~ - - - - - " -  GRGE GRGE GRGE GQGE GQGE GRGE 

SEC FT 2 3 Lt  5 - E . 7 8 9 - 10 -- 11 

NGJ 3.0 2.0 0 .2  cO.1 1 .0  0.3 0.3 0. 4 0 . 2  0.7 (0 .1  1.9 
4.0 0 .3  0 .5  1 .7  0 .9  1 .1  1.G 0 .3  1 .8 0 .2  3 . 6  

4 .0  Ll. 0 0 . 3  l . E  0.9 1 . 7  2 . 3  3.8 1 .1  1  . G  0.8  2.9 
NNW 3 . 0  2 . 0  i).S 0 . 3  0.9 1.0 0 .  $3 1.9 0.9 1 .7  0 . 2  1 .5  

4 . 0  1 .4  2 . 4  2. 16 2.7 2 . 8  2 . 5  1 . 3  3 . 7  0 . L6 Y.5 
4.0 4 . 0  0 . 5  33.5 0.6 3 .2  3 .2  1 .8  1 .2  3. 16 0.3 4.0 

SWL = -1-4 FT 



TABLE 6 

WAVE HEIGHTS FOR PLAN 3 WITH BOTH LOCK GATES CLOSED 

TEST WAVE 
PERIOD HE I GHT 

WAVE HEIGHT, F T  
GAGE GAGE 

D I R E C T I O N  SEC F T  - 6 7 

SWL = + 1  F T  

NNW 3 . 0  2 . 0  
4 . 0  

4 . 0  4 . 0  

SWL = + 4  F T  

NNW 3 . 0  2 . 0  
4 . 0  

4 . 0  4 . 0  



WAVE HEIGHTS FOR PLAN 3 A  WITH LAKEWARD LOCK GATES 

OPEN AND INNER LOCK GATES CLOSED 

TEST WRVE w a v ~  I-~EIGHT. Lr 
DIRECTION PERITTD HEIGHT GRGE GQGE GRGE G R G E  GRGE GWGE GRGE 

r. 
GQGE GRGE GWGE 

SEC FT - - - -  2 3 k! 5 6 - - - - - i - - . I ~ - o - - - - -  8 9 10 1 ?. 



TABLE 8 

WAVE HEIGHTS FOR PLAN 3A  W I T H  BOTH LOCK GATES CLOSED 

TEST WAVE WAVE HEIGHT,  F T  
PERIOD HE I GHT GAGE GAGE 

D I R E C T I O N  

NNW 

NNW 

SEC 

SWL = +4 F T  



TQBCE 9 

WAVE HEIGHTS FOR PLANS 4-4C W I T H  LAKEWARD LOCK GATES 

OPEN AND INNER LOCK GATES CLOSED (SWL = +1 FT)  

T t S T  WQVE WRVE H E I G H T ,  F T  
D I R E C T I O N  PERIOD HEIGHT GQGE GQGE GRGE GRGE GRGE 

SEC F T  -- 3 5 6 7 8 

LCFaM 
0 . 2  0 . 2  0 . 8  0 .5  0 , 4  

P L 9 N  4 Q  

0 . 2  0 . 2  0 . 9  (3,8 0.3 

PLRN 4 B  

0.2 0.2 1 . 2  1 .0  0.7 

PLQNQC 

1 .1  1 . 0  1 . 9  0 .8  1 . 7  



TABLE 1 0  

WAVE HEIGHTS FOR PLANS 5 - 5 8  W I T H  LAKEWARD LOCK 
GATES OPEN AND INNER LOCK GATES CLOSED 

TEST WAVE WAVE HEIGHT,  F T  
PERIOD HEIGHT GAGE GAGE GAGE GAGE GAGE 

D I R E C T I O N  SEC FT 3 5 6  7 9 ----- 
PLAN 5 - SWL = +1 F T  

NORTH 

NORTH 

NORTH 

NORTH 

PLAN 5 A  - SWL = +1 F T  

5 0 . 5  0 . 4  0 .6  1 . 2  

PLAN 5 B  - SWL = +1 F T  

5  0.6 0 .5  0 .6  1 . 8  1 . 3  

PLAN 5 8  - SWL = + 4  F T  

5 1 . 0  0 .6  1.1 



TABLE 11 

WAVE HEIGHTS FOR PLANS 6 - 6 B  W I T H  LAKEWARD LOCK 
GATES OPEN AND INNER LOCK GATES CLOSED 

SWL = + l  F T  

TEST WAVE WAVE HEIGHT,  F T  
PERIOD HEIGHT GAGE GAGE GAGE GAGE GAGE GAGE 

D I R E C T I O N  SEC F T  3 5 6  7  8 9  ------ 
PLAN 6 

NORTH 4  5 0 . 4  0 . 2  0 . 2  0 . 4  -- 0 . 9  

PLAN 6 A  

NORTH 4  5 0 . 8  0 . 3  0 . 4  1 . 0  -- 0 . 8  

PLAN 6 B  

NORTH 4  5 1 . 7  1 . 2  0 . 8  2 . 1  -- 1 . 9  

PLAN 6 B  

NW 4  4  1 . 2  1 . 0  1 .6  1 . 2  1 .1  -- 



TABLE 1 2  

WAVE HEIGHTS FOR PLANS 7 - 7 0  W I T H  LAKEWARD LOCK 
GATES OPEN AND INNER LOCK GATES CLOSED 

FOR TEST WAVES FROM NW 

TEST WAVE WAVE HEIGHT, F T  
PERIOD HEIGHT GAGE GAGE GAGE GAGE GAGE GAGE 

PLAN NO, SEC F T  ------ 3 5 6 7 7A  8 

SWL = + 4  F T  



TABLE 1 3  

WAVE HEIGHTS FOR PLANS 7D AND 8 W I T H  LAKEWARD LOCK GATES 
OPEN AND INNER LOCK GATES CLOSED FOR TEST WAVES FROM N 

TEST WAVE WAVE HEIGHT,  FT 
PERIOD HE I GHT GAGE GAGE GAGE 

PLAN NO. SEC 

SWL = +1 F T  

SWL = +1 F T  

SWL = +4 F T  
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TABLE 1 9  

WAVE HEIGHTS FOR PLANS 1 1 - 1 1 B  WITH LAKEWARD LOCK GATES 
OPEN AND INNER LOCK GATES CLOSED 

TEST WAVE WAVE HEIGHT, F T  
PERIOD HE I GHT GAGE GAGE GAGE 

D I R E C T I O N  SEC FT 6 7 7A 

PLAN 11 SWL = +1 F T  

NORTH 3.0 4 .0  0 . 7  
4 . 0  5 .0  1.1 

PLAN 11 SWL = +4 F T  

PLAN 1 1 A  SWL = +1 F T  

PLAN 1 1 A  SWL = +4 F T  

NORTH 

NW 

PLAN 1 1 B  SWL +1 F T  

PLAN 1 1 B  SWL = + 4  F T  



TABLE 20 

WAVE HEIGHTS FOR PLANS 12 AND 12A WITH LAKEWARD LOCK GATES 
OPEN AND INNER LOCK GATES CLOSED 

TEST WAVE WAVE HEIGHT,  F T  
PERIOD HEIGHT GAGE GAGE GAGE 

D I R E C T I O N  SEC F T  6 7 7A 

PLAN 12 SWL +1 F T  

NORTH 3.0 4.0 0.8 1.2 2.0 
4.0 5.0 0.6 1.9 2.4 

PLAN 12 SWL = +4 F T  

NORTH 3.0 4.0 0.8 1.4 
4.0 5.0 1.2 2.3 

PLAN 12A SWL +1 F T  

NORTH 3.0 4.0 0.6 0.9 
4.0 5.0 0.5 1.2 

PLAN 12A SWL = +4 F T  



TABLE 2 1  

nwts l 

TEST WAVE WAVE HEIGHT,  F T  
PERIOD HE I GHT GAGE GAGE GAGE 

PLAN NO, SEC F T  6 7 7A 

SWL +1 F T  

SWL +4 F T  



TABLE 2 2  

WAVE HEIGHTS FOR PLANS 14 AND 1 4 A  W I T H  LAKEWARD LOCK 
GATES OPEN AND INNER LOCK GATES CLOSED 

FOR TEST WAVES FROM NW 

TEST WAVE WAVE HEIGHT,  F T  
PERIOD HE I GHT GAGE GAGE GAGE 

PLAN NO. SEC FT 6 - 7 - 7A 

SWL = +1 F T  

SWL = i -4 F T  



TABLE 2 3  

WAVE HEIGHTS FOR PLANS 1 5 - 1 5 G  W I T H  LAKEWARD LOCK 
GATES OPEN AND INNER LOCK GATES CLOSED 

FOR TEST WAVES FROM NW 

TEST WAVE WAVE HEIGHT, FT  
PERIOD HE I GHT GAGE GAGE GAGE 

PLAN NO. SEC FT 6 7 7A 

SWL = +4 F T  

SWL = +1 F T  



TABLE 2 4  

WAVE HEIGHTS FOR PLANS 15G-16D WITH LAKEWARD LOCK GATES 
OPEN AND INNER LOCK GATES CLOSED FOR TEST WAVES FROM N 

TEST WAVE WAVE HEIGHT,  F T  
PERIOD HEIGHT GAGE GAGE GAGE 

PLAN NO, SEC FT 6 7 7A 

SWL = +1 F T  

SWL = +4 F T  



TABLE 2 5  

WAVE HEIGHTS FOR PLANS 1 6 B  AND 1 7 - 1 7 C  W I T H  LAKEWARD 
LOCK GATES OPEN AND INNER LOCK GATES CLOSED 

FOR TEST WAVES FROM NNW 

TEST WAVES 
PERIOD HEIGHT 

WAVE HEIGHT, F T  
GAGE GAGE GAGE 

PLAN NO. SEC F T  6 7 7A 

SWL = +4 F T  

SWL = +1 F T  

SWL = +4 F T  
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TABLE 2 7  

WAVE H E I G H T S  FOR PLAN 17C W I T H  BOTH LOCK GATES CLOSED 

TEST WAVES WAVE HEIGHT,  F T  
PERIOD HEIGHT GAGE GAGE GAGE 

D I R E C T I O N  SEC FT  6 7  7 A  

SWL = +l F T  

NNW 3  2  0 .3  0 .5  0 .5  
4 0 .7  0 . 8  0 .7  

4 4 1.8 0 . 8  0.8 

N  

NNW 

NW 

SWL = +4 F T  



TABLE 2 8  

WAVE HEIGHTS FOR PLAN 1 8  WITH LAKEWARD LOCK GATES OPEN 
AND INNER LOCK GATES CLOSED FOR TEST WAVES FROM NNW 

TEST WAVE WAVE HEIGHT,  FT 
PERIOD HE I GHT GAGE GAGE GAGE 

SEC F T  6 7  - - 7A 

SWL = +1 F T  



TABLE 2 9  

WAVE HEIGHTS FOR PLANS 1 9 - 1 9 F  WITH LAKEWARD LOCK 
GATES OPEN AND INNER LOCK GATES CLOSED 

SWL +1 F T  

TEST WAVE WAVE HEIGHT, F T  
PERIOD HEIGHT GAGE GAGE GAGE 

D I R E C T I O N  SEC FT 6  7  7A 

PLAN 1 9  

N 3  4  1.1 1.8  1 .6  
4  5  1.7 2.4 1 .3  

PLAN 1 9 A  

3  4  1 .0  2.3 2 .6  
4  5 2 . 1  2.6 1 .7  

PLAN 1 9 B  

PLAN 19C 

3 4  1.1 1.2  1.1 
4 5 1 .7  2.2 1 . 8  

3  4  2 .6  2.6 3 . 0  
4  4  2.3 2.2 2 . 1  

PLAN 19D 

3 4  2.2 2.2 2 .7  
3  4  1 . 4  1 .2  1 . 8  

PLAN 1 9 E  

3 4  1 .7  1 . 7  2.8 
4 4  2 . 1  1.5 1 . 7  

PLAN 1 9 F  

3  4  1 . 4  1.5 2 .0  
4  4  0 .9  1.1 0.7  



TABLE 3 0  

WAVE HEIGHTS FOR PLANS 2 0 - 2 0 A  WITH LAKEWARD LOCK 
GATES OPEN AND INNER LOCK GATES CLOSED 

TEST WAVE WAVE HEIGHT,  F T  
PERIOD HE I GHT GAGE GAGE GAGE 

D I R E C T I O N  SEC F T  6 - - 7 7A 

PLAN 2 0  SWL = +1 F T  

PLAN 2 0  SWL = +4 F T  

PLAN 2 0 A  SWL = +1 F T  

PLAN 2 0 A  SWL = +4 F T  

PLAN 2 0 A  SWL = +1 F T  

PLAN 2 0 A  SWL = +4 FT 



TABLE 3 1  

WAVE HEIGHTS FOR PLAN 20A W I T H  LAKEWARD LOCK GATES 
OPEN AND INNER LOCK GATES CLOSED 

TEST WAVE WAVE HEIGHT,  FT 
PERIOD HEIGHT GAGE GAGE GAGE GAGE GAGE GAGE GAGE GAGE GAGE GAGE GAGE 

D I R E C T I O N  SEC F T  2  3  4  5  6  7  7 A  8  9  1 0  11 ----------- 
SWL = + 1  F T  

N 3 2  0 . 1  0 . 1  1.1 0 , l  0 . 1  0 . 5  0 . 7  0 . 4  0 0 4  0 . 2  0 . 5  
4  0 . 4  0 . 5  2 . 4  0 . 5  0 . 6  1 . 0  1 . 3  0 . 9  1 . 4  0 . 9  1 . 2  

4  5  0 . 7  0 . 8  2 . 2  0 .7  1 . 0  1 . 0  1.1 1 . 5  1 . 5  1 . 3  2 . 0  

NNW 3  2  0 . 5  0 . 2  1 . 3  0 . 2  0 . 3  0 . 5  0 . 6  1 . 0  0 . 9  0 . 4  0 . 6  
4  0 . 9  0 . 2  1 . 8  0 . 3  0 . 4  0 . 7  0 . 8  1.1 1 . 0  0 . 7  1 , O  

4  4  0 . 9  0 . 8  2 . 4  0 . 6  0 . 9  1 . 6  1 . 9  1 . 8  1 . 4  1 . 2  1 . 2  

NNW 

NW 

SWL = + 4  F T  



TABLE 3 2  

WAVE HEIGHTS FOR PLAN 2 0 A  W I T H  BOTH LOCK GATES CLOSED 

TEST WAVE WAVE HE I GHT, F T  
PERIOD HE I GHT GAGE GAGE GAGE 

D I R E C T I O N  SEC F T  6  7 7A 

SWL = + 1  F T  

NNW 3 2 0 . 3  0 . 5  0 . 6  
4 0 . 5  0 . 7  0 . 9  

4 4 1 . 0  1 . 3  1 . 6  

N 

NNW 

NW 

SWL = + 4  F T  



Ph.oto I, Typical trave pah t e rns  for ex?stim.g @ondiJcions; 
3-sec9 4.-ft waves frona N; sw3- .- .+..I f h s J  



Photo 2. Typica l  wave p a t t e r n s  f o r  e x i s t i n g  cond i t i ons ;  
4-see, 5-ft  waves from N ;  s w l  = +1 f t  m s l  



Photo 3. Typica l  wave p a t t e r n s  f o r  e x i s t i n g  cond i t i ons ;  
3-see, 4-ft  waves from NNW; swl = +1 ft m s l  



Photo 4. Typical  wave p a t t e r n s  f o r  e x i s t i n g  cond i t i ons ;  
4-see ,. 4-ft  waves from NNW; swl = +1 f t  msl 



Photo 5. Typical  wave p a t t e r n s  f o r  e x i s t i n g  cond i t i ons ;  
3-sec, 4-f t  waves from NW; swl = +1 f t  msl 



Photo 6. Typica l  wave p a t t e r n s  f o r  e x i s t i n g  cond i t i ons ;  
4-see, 4-ft  waves from NW; s w l  = +1 f t  m s l  



Photo 7. Typical  wave p a t t e r n s  f o r  e x i s t i n g  cond. 
4-sec, 4 - f t  waves from NW; swl = +4 ft msl 



Photo 8, T-y-pical wave patterns for Plan 1; 3-sec, 4-ft waves from N; 
swl = +I ft msl 



Photo 9. Typical  wave p a t t e r n s  f o r  Plan 1; 4-see, 5-ft  waves from N; 
swl = +1 f t  msl 



Photo 10.  Typical wave pa t t e rns  f o r  Plan 1; 3-sec, 4-ft  waves from 
NNIV'; swl = +1 ft m s l  



Photo 11. Typical  wave p a t t e r n s  f o r  Plan 1; 4-sec, 4-ft waves from 
NNW; swl = +1 ft m s l  



Photo 12.  Typica l  wave p a t t e r n s  f o r  Plan 1; 3-see, 4-ft  waves from 
NW; swl = +1 f t  msl 



Photo 13.  Typical  wave p a t t e r n s  f o r  Plan 1; 4-see, 4-ft  waves from 
NW; s w l  = +1 ft m s l  



Photo 14 .  Typica l  wave p a t t e r n s  f o r  P lan  1; 4-sec, 4-ft  waves from 
NW; s w l  = +4 f t  m s l  



Photo 15. Typica l  wave p a t t e r n s  a t  l o c k  en t rance  f o r  Plan 2; 3-sec, 
4-ft  waves from N ;  swl = +1 f t  msl 



Photo 16. Typical  wave p a t t e r n s  at l o c k  en t rance  f o r  Plan 2;  4-see, 
5-ft  waves from N; s w l  = +1 f t  msl 



Photo 17.  Typical  wave p a t t e r n s  a t  l ock  ent rance  f o r  Plan 2;  3-sec, 
4-ft  waves from NNW; s w l  = +1 ft msl 



Photo 18. Typical  wave p a t t e r n s  a t  l ock  en t rance  f o r  Plan 2 ;  4-sec, 
4-ft  waves from NNW; swl = +1 f t  msl 



Photo 19. Typical  wave p a t t e r n s  a t  l ock  entrance f o r  Plan 2; 3-see, 
4-ft  waves from NW; swl = +1 f t  msl 



Photo 20. Typical  wave p a t t e r n s  a t  l ock  en t rance  f o r  Plan 2; 4-see, 
4-ft  waves from NW; swl = +1 f t  m s l  



Photo 21. Typical  wave p a t t e r n s  at lock  ent rance  f o r  Plan 2; 4-sec, 
4-ft  waves from NW; swl = +4 f t  msl 



Photo 22. Typica l  wave p a t t e r n s  a t  l ock  en t r ance  f o r  Plan 3A; 3-see, 
4-f t  waves from NNW; swl = +l ft m s l  



Photo 23. Typical  wave p a t t e r n s  a t  l ock  entrance f o r  Plan 3A; 4-see, 
4-ft  waves from NNW; s w l  = +1 ft msl 







Photo 26. Typica l  wave p a t t e r n s  f o r  Plan 3A; 3-see, 4-ft waves from 
NNW; swl = +1 f t  msl 



Photo 27. Typical  wave p a t t e r n s  f o r  Plan 3A;  4-see, 4-ft waves from 
NNW; swl = +1 f t  msl 



Photo 28. Typica l  wave p a t t e r n s  a t  l o c k  en t rance  f o r  Plan 8; 3-sec, 
4-ft  waves from N ;  s w l  = +1 f t  m s l  



Photo 29. Typica l  wave p a t t e r n s  f o r  P lan  8; 3-see, 4- f t  waves from 
N ;  s w l  = +1 ft m s l  



Photo 30. Typical  wave p a t t e r n s  a t  l ock  entrance f o r  Plan 8; 4-sec , 
5-ft  waves from N;  s w l  = +1 f t  m s l  



Photo 31. Typical  wave p a t t e r n s  f o r  Plan 8; 4-see, 5-ft  waves from 
N ;  s w l  = +1 f t  msl 



Photo 32. Typical  wave p a t t e r n s  at lock  ent rance  f o r  Plan 8; 3-sec 
4-ft waves from NNW; swl = +1 f t  m s l  



Photo 33. Typical  wave p a t t e r n s  f o r  Plan 8;  3-see, 4-ft  waves from 
NNW; s w l  = +1 f t  msl 



Photo 34. Typical  wave p a t t e r n s  a t  l o c k  en t rance  f o r  Plan 8; 4-see, 
4-ft  waves from NNW; swl = +1 f t  m s l  



Photo 35. Typical wave p a t t e r n s  f o r  Plan 8; 4-see, 4-ft  waves from 
from NNW; swl = +1 f t  m s l  



Photo 36.  Typical  wave p a t t e r n s  at lock  en t rance  f o r  Plan 8; 3-see, 
4-ft  waves from NW; swl = +1 ft m s l  



Photo 37. Typical wave p a t t e r n s  f o r  Plan 8; 3-sec, 4-ft  waves from 
NW; s w l  = +1 f t  m s l  



Photo 38. Typica l  wave p a t t e r n s  at lock  en t rance  f o r  Plan 8; 4-see, 
4 - f t  waves from NW; swl = +1 f t  msl 



Photo 39. Typical wave p a t t e r n s  f o r  Plan 8; 4-sec, 4-f t  waves from 
NW; swl = +1 f t  m s l  



Photo 40. Typical  wave p a t t e r n s  a t  l ock  ent rance  f o r  Plan 8; 4-see, 
4-ft  waves from NW; swl = +4 f t  m s l  



Photo 41. Typical  wave p a t t e r n s  f o r  Plan 8; 4-sec, 4-f t  waves from 
NW; swl = +4 f t  msl 



Photo 42. Typical  wave p a t t e r n s  at lock  ent rance  f o r  Plan 9;  3-see, 
4-f t  waves from N ;  swl = +1 ft msl 



Photo 43. Typica l  wave p a t t e r n s  a t  l o c k  en t r ance  f o r  P lan  9;  4-see, 
5-ft  waves from N ;  swl = +1 f t  m s l  



Photo 44. Typical  wave p a t t e r n s  a t  l ock  ent rance  for Plan 9;  3-see, 
4-ft waves from NNW; swl = +1 ft msl 



Photo 45. Typical  wave p a t t e r n s  at lock  en t rance  f o r  P lan  9; 4-sec, 
4-ft waves from NNW; s w l  = +1 f t  msl 



Photo 46. Typical  wave p a t t e r n s  at lock  ent rance  f o r  Plan 9; 3-see, 
4-ft waves from NW; swl = +1 f t  msl 



Photo 47. Typical  wave p a t t e r n s  a t  l o c k  entrance f o r  Plan 9; b-sec, 
4-ft waves from NW; s w l  = +1 ft msl 



Photo 48. Typica l  wave p a t t e r n s  a t  l o c k  en t r ance  f o r  Plan 9;  4-see, 
4-f t  waves from NW; swl = +4 f t  m s l  



Photo 49. Typical  wave p a t t e r n s  a t  l o c k  en t rance  f o r  Plan 10A; 4-sec, 
5 - f t  waves from N ;  s w l  = +1 ft m s l  



Photo 50. Typica l  wave p a t t e r n s  at breakwater f o r  Plan 10A; 4-sec, 
5-f t  waves from N ;  swl = +1 f t  msl 



Photo 51. Typica l  wave p a t t e r n s  a t  l o c k  en t rance  f o r  P lan  10A; 4-sec, 
4 - f t  waves from NW; swl = +1 ft m s l  



Photo 52. Typica l  wave p a t t e r n s  a t  breakwater f o r  Plan 10A; 4-sec, 
4-f t  waves from NW; swl = +1 f t  msl 



Photo 53. Typical  wave p a t t e r n s  a t  lock  entrance f o r  Plan 10A; 4-sec, 
4-ft  waves from NW; s v l  = +4 f t  m s l  



Photo 54. Typica l  wave p a t t e r n s  at breakwater f o r  Plan 10A; 4-sec, 
4-ft  waves from NW; swl = +4 ft msl 



Photo 55. Typical  wave p a t t e r n s  a t  lock  en t r ance  f o r  Plan 1lB; 4-sec, 
5-ft  waves from N ;  s w l  = +1 ft m s l  



Photo 56. Typica l  wave p a t t e r n s  a t  breakwater f o r  Plan 11B; 4-see, 
5-ft  waves from N ;  swl = +1 f t  msl 



Photo 57. Typical  wave p a t t e r n s  a t  l ock  ent rance  f o r  Plan 1 1 B ;  4-see, 
4-ft  waves from NW; swl = +1 f t  msl 



Photo 58. Typical wave p a t t e r n s  a t  breakwater f o r  Plan L I B ;  4-sec, 
4-ft waves from JW; swl = +1 f t  msl 



Photo 59. Typical  wave p a t t e r n s  at lock  ent rance  f o r  Plan 1 1 B ;  4-sec, 
4-ft  waves from NW; s w l  = +4 ft m s l  



Photo 60. Typical  wave p a t t e r n s  a t  breakwater f o r  Plan 11B; 4-see, 
4-ft  waves f r o m  NW; swl = +4 f t  m s l  



Photo 61. Typica l  wave p a t t e r n s  at lock  en t rance  f o r  Plan 12%; 4-sec, 
5-f t  waves from N;  swl = +1 ft msl 



Photo 62. Typical  wave p a t t e r n s  at breakwater f o r  Plan 12A; 4-see, 
5-ft  waves from N ;  s w l  = +1 ft msl 



Photo 63. Typica l  wave p a t t e r n s  a t  l ock  en t r ance  f o r  Plan 12A; 4-see, 
4-ft waves from NW; swl = +1 f t  m s l  



Photo 64. Typical wave patterns at breakwater for Plan 12A; 4-see, 
4-ft waves from NW; swl = +1 ft msl 



Photo 65. Typical  wave p a t t e r n s  a t  lock ent rance  f o r  Plan 1 2 A ;  4-see, 
4-f t  waves from NW; s w l  = +4 ft msl 



Photo 66. Typical wave patterns at breakwater for Plan 12A; 4-sec, 
4-ft waves from NW; swl = +4 ft msl 



Photo 67. Typica l  wave p a t t e r n s  at l o c k  en t rance  f o r  Plan 17C; 4-sec, 
5-f t  waves from N ;  s w l  = +1 ft m s l  



Photo 68. Typical wave patterns at breakwater for Plan 17C; 3-see, 
4-ft waves from N; swl = +1 ft msl 



Photo 69. Typical wave patterns at breakwater for Plan 17C; 4-see, 
5-ft waves from N; swl = +1 ft msl 



Photo 70.  Typical  wave p a t t e r n s  a t  l ock  en t rance  f o r  Plan 17C; 3-sec, 
4-ft  waves from NNW; swl = +1 f t  m s l  



Photo 71. Typical  wave p a t t e r n s  at lock  ent rance  f o r  Plan 17C; 4-sec, 
4-ft  waves from NNW; s w l  = +1 f t  m s l  



Photo 72. Typical  wave p a t t e r n s  a t  lock  ent rance  f o r  Plan 17C; 4-see, 
4-ft waves from NW; swl = +1 f t  m s l  



Photo 73. Typical wave patterns at breakwater for Plan 17C; 4-sec, 
4-ft waves from NW; swl = +1 ft msl 



Photo 74. Typica l  wave p a t t e r n s  at l o c k  en t rance  f o r  P l an  17C; 4-see, 
4-f t  waves from NW; swl = +4 ft msl .  



Photo 75. Typical wave patterns at breakwater for Plan 17C; 4-sec, 
4-ft waves from NW; swl = +4 ft msl 



Photo 76. Typical wave p a t t e r n s  a t  lock  entrance f o r  Plan 195'; 3-see, 
4-ft waves from N; swl = +1 f t  m s l  



Photo 77. Typica l  wave p a t t e r n s  a t  l o c k  en t rance  f o r  Plan 19F; 4-sec, 
5-ft waves from N ;  s w l  = +1  f t  m s l  



Photo 78. Typical wave p a t t e r n s  a t  lock entrance f o r  Plan 19F; 3-sec, 
4 - f t  waves from NW; s w l  = +1 f t  m s l  



Photo 79. Typical  wave p a t t e r n s  a t  lock  ent rance  f o r  Plan 19F; 4-sec, 
4-ft waves from NW; s w l  = +1 ft m s l  



Photo 80. Typical  wave p a t t e r n s  at lock  ent rance  f o r  Plan 20A; 3-sec, 
4 - f t  waves from N ;  s w l  = +1 ft msl 



Photo 81. Typical wave pa t t e rns  a t  lock entrance f o r  Plan 20A;  4-see, 
5-ft waves from N;  s w l  = +1 f t  m s l  



Photo 82. Typical  wave p a t t e r n s  at lock  ent rance  f o r  Plan 20A; 3-see, 
4-ft  waves from NNW; s w l  = +1 f t  m s l  



Photo 83. Typical wave patterns at lock entrance for Plan 20A; 4-see, 
4-ft waves from NNW; swl = +1 ft msl 



photo 84. Typical wave pa t t e rns  a t  lock entrance f o r  Plan 2OA; 3-sec, 
4-f t  waves from NW; swl = +1 ft m s l  



Photo 85. Typica l  wave p a t t e r n s  a t  l o c k  en t rance  f o r  Plan BOA; 4-see, 
4-ft  waves from NW; swl = +1 f t  m s l  



Photo 86. Typical  wave p a t t e r n s  at lock  ent rance  f o r  Plan 2OA; 4-sec, 
4 - f t  waves from NW; s w l  = +4 f t  m s l  
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PLANS 5- 58 

SCALE IN FEET 
TYP l C A L  BREAKWATER SECT ION PROTOTYPE 2 0 ~  _ OJ -- 400 600 

MODEL lo- -- - /:-- 20 

'LATE 6 





WAVE GENERATOR P I T  

WOODEN BULKHEAD 

WAVE GAGE LOCATION AND NUMBER 

NOTE CONTOURS AND ELEVATIONS SHOWN IN FEET 
REFERRED TO MEAN LOW GULF LEVEL WHICH 
IS 078 FEET BELOW MEAN SEA LEVEL 

CLASS B GRADED RIPRAP 

ELEMENTS OF 
PLANS 7-7D 

SCALE I N  FEET 
200 0 200 400 BOO 

PLATE 8 





\ 
-03 
97 

LEGEND 

0' '  WAVE GAGE LOCATION AND NUMBER 

NOTE CONTOURS AND ELEVATIONS SHOWN IN FEET 
REFERRED TO MEAN LOW GULF LEVEL WHICH 
IS 0 7 8  FEET BELOW MEAN SEA LEVEL. 

ELEMENTS OF 
PLAN 9 
SCALE IN  FEET 

TYP l CAL BREAKWATER SECT ION pnoToTrpE 2 0 0 e p 2 y  
4 0 0 A 0 0  

10 0 'p 20 
MODEL E=I -- 2 

PLATE 10 





WAVE GENERATOR 
ELEVATION - 4 5  

BROOK LOCK 

WOODEN BULKHEAD 

VERTICAL SHEET - P/L E 

EX/ST/NG BOTTOM 

OUTER BREAKWATER SECT l ON e7 WAVE GAGE LOCATION AND NUMBER 

NOTE CONTOURS AND ELEVATIONS SHOWN I N  FEET 
REFERRED TO MEAN LOW GULF LEVEL WHICH 

CLASS B GRADED RIPRAP IS 0 7 8  FEET BELOW MEAN SEA LEVEL  

ELEMENTS OF 
PLANS 1 1  -118 

SCALE I N  FEET 

l NNER BREAKWATER SECT ION 

PLATE 12 





TE SEA WALL 

EXISTING BOTTOM 

0' WAVE GAGE LOCATION AND NUMBER 

NOTE: CONTOURS AND ELEVATIONS SHOWN IN FEET 
REFERRED TO MEAN LOW GULF LEVEL WHICH 

UASS B GRADED RIPRAP IS 0.78 FEET BELOW MEAN SEA LEVEL. 

GRADED RIPRAP ELEMENTS OF 
PLANS 13 - 13C 

SCALE I N  FEET 

p R o r o T  .,pE 2% _ 0 2y -.-400_800 

MOOEL 'O-O 

PLATE 14 





PLANS 15- 15E 

OF CONCRETE SEA WALL 

SEABROOK LOCK 

WOODEN BUL 

FLOATING BREAKWATER 

0' WAVE GAGE LOCATION AND NUMBER 

NOTE CONTOURS AND ELEVATIONS SHOWN IN FEET 
REFERRED TO MEAN LOW GULF LEVEL WHICH 
IS 0 7 8  FEET BELOW MEAN SEA LEVEL 

CLASS B GRADED RIPRAP 

ELEMENTS OF 
PLANS 15-15E 

SCALE I N  FEET 
200 0 200 400 600 

MOOEL '? - . - 

PLATE 16 









TE SEA WALL 

SEABROOK LOCK 

STRUCTURE 

N O T E  T O T A L  F L O A T I N G  B R E A K W A T E R  

L E N G T H  FOR P L A N  16D IS  3 1 6 8  F T  

ELEMENTS OF 
PLAN 16D 

SCALE I N  FEET 

MODEL a - a - 
PLATE 20 

L E G E N D  

FLOATING BREAKWATER 

@' WAVE GAGE LOCATION AND NUMBER 

NOTE CONTOURS AND ELEVATIONS SHOWN I N  FEET 
REFERRED TO MEAN LOW GULF LEVEL WHICH 
IS 0.78 FEET BELOW MEAN SEA LEVEL 





RETE SEA WALL 

SEABROOK LOCK 

WOODEN BULKHEAD 1 

ELEMENTS OF 
PLANS f7B AND 17C 

SCALE IN FEET 

PROTOTYPE 
200 0 2 0 0  4 0 0  6 0 0  

MODEL -- aa- 

LEGEND 

FLOAT l NG BREAKWATER 

a7 WAVE GAGE LOCATION AND NUMBER 

NOTE CONTOURS AND ELEVATIONS SHOWN IN FEET 
REFERRED TO MEAN LOW GULF LEVEL WHICH 
IS 0 7 8  FEET BELOW MEAN SEA LEVEL 

PLATE 22 





RErE SEA WALL 

SEABROOK LOCK 

WOODEN BUL 

EX/ST/NG BUT TOM 

@I7 WAVE GAGE LOCATION AND NUMBER 

NOTE: CONTOURS AND ELEVATIONS SHOWN IN FEET 
REFERRED TO MEAN LOW GULF LEVEL WHICH 
IS 0.78 FEET BELOW MEAN SEA LEVEL. 

ELEMENTS OF 
PLANS 19 - 19F 

SCALE I N  FEET 

PROTOTYPE 
2% O 200 400 Am 

PLATE 24 



WAVE GENERATOR P I T  

R E X  SEA WALL 

EX/ST/NG BOTTOM 

OUTER BREAKWATER SECTION (b7 WAVE GAGE LOCATION AND NUMBER 

NOTE CONTOURS AND ELEVATIONS SHOWN IN F E E T  
REFERRED T O  MEAN LOW GULF LEVEL W H I C H  
I S  0 7 8  F E E T  BELOW MEAN SEA L E V E L  

GRADED RIPRAP ELEMENTS OF 
PLANS 20 AND 20A 

SCALE I N  FEET 

PROTOTYPE 2% - 'Arn 4rndw 
MODEL I t )  - . . ? 

PLATE 25 

OUTER 



NOTE: DATA OBTAINED FOR 4-SEC, 4-FT WAVES 
FROM NORTHWEST (SWL = +1 FT) 
LAKEWARD LOCK GATES OPEN 





BREAKWATER LENGTH, FT, REMOVED FROM EAST END 

NOTE: DATA OBTAINED FOR 4-SEC, 5-FT WAVES 
FROM NORTH (SWL = +1 FT) 
LAKEWARD LOCK GATES OPEN 

MAXIMUM WAVE HEIGHTS AT 
LOCK ENTRANCE FOR 

PLANS 6-6B 

PLATE 28 





as coming from the N direction but with approximately one-fourth the wave 

height as from the NNE. The same is true for waves from the WNW direc- 

tion.being considered in the NW grouping. 

4, Since the wind observations were made at New Orleans Interna- 
tional Airport, a distance of approximately 3 miles from Lake Pontchar- 

train, a land-wind transformation was necessary. The transformation 

described by Drs. Donald T. Resio and C. Linwood Vincent of WES (1977) 

was used for this application. Since land-sea temperature difference 

data that possibly could affect the land-wind transformations were not 

available, this difference was considered to be zero. 

5. The following formula was used to transfer wind velocity data 

recorded at New Orleans International Airport to wind velocities over 

Lake Pont chart rain. 

where 

WW = wind velocity over Lake Pontchartrain, knots 

LW = wind velocity at New Orleans International Airport, knots 

Ri = land-wind transformation coefficient derived from Figure 3 
of "Estimation of Winds over the Great Lakes" (~esio and 
Vincent 1977 ) . 

Ri = 2.75 when 0 < LW < 4 
1.88 when 4 < LW < 7 
1.63 when 7 < LW < 10 
1.47 when 10 < LW < 13 
1.36 when 13 < LW < 16 
1.32 when 16 < LW < 19 
1.29 when 19 < LW < 22 
1.24 when 22 < LW < 25 
1.22 when 25 < LW < 28 
1.20 when 28 < LW < 31 
1.16 when 31 < LW < 34 
1.14 when 34 < LW < 37 
1.12 when 37 < LW < 40 
1.10 when 40 < LW < 43 
1.08 when 43 < LW < 46 
1.07 when 46 < LW < 49 
1.05 when 49 < LW < 52 
1.03 when 52 < LW < 55 
1.01 when 55 < LW < 58 
0.99 when 58 < LW 



6. Wave per iod  and wave he ight  t hen  were computed from t h i s  ad- 

ju s t ed  wind v e l o c i t y  by t h e  fol lowing formulas obtained from CERC (1977). 

u2 H = - .  
o 32.2 

[ (32;: d i  
0.283 t anh  0.578 

0.42 
0 . 1 2  ( F ~ )  

t a n h  [ ( 3 2 ; ~ d i ) O * ~ ~ ]  

t a n h  0.578 

T = - .  2nU 1.2 t anh  [ 0.52 (32;: d i  )o*~''] 
0 32.2 

t a n h  

where 

Ho = wave he igh t ,  f t  

U = wind ve loc i ty ,  f t / s e c  

To = wave per iod ,  sec 

d i  = average depth, f t ,  a long f e t c h  ( p l a t e  ~ 1 )  

= 12.5 

dm = 13.3 

dNm = 12.9 

dN = 14.0 

F i  = f e t c h ,  f t  (d i s t ance  wind t r a v e l s  over water )  ( p l a t e  Al) 



A s  mentioned i n  paragr"aph 3, t h e  wave he ights  a s  computed f o r  t h e  WNW 

and NNE were mul t ip l i ed  by 0.262 and considered t o  be from t h e  NW 

and N d i r e c t i o n s ,  r e spec t ive ly .  

7. Tables of number of wave observat ions f o r  r e spec t ive  wave 

per iod  groupings ( ~ a b l e s  A1-A36) f o r  t h e  t h r e e  d i r e c t i o n s  previous ly  

mentioned were compiled f o r  each month of t h e  year .  Also compiled were 

cumulative t a b l e s  of ( a )  a l l  months f o r  each of t h e  t h r e e  d i r e c t i o n s  

( ~ a b l e s  A37-A39), ( b )  t h e  t h r e e  d i r e c t i o n s  f o r  each month ( ~ a b l e s  ~ 4 0 -  

A51), and ( c )  a l l  months and a l l  t h r e e  d i r e c t i o n s     able ~ 5 2 ) .  

8. I n  order  t o  provide use r s  of t h e  d a t a  presented i n  Tables A l -  

A52 guidance on t h e  magnitude of winds requi red  t o  genera te  c e r t a i n  wave 

c h a r a c t e r i s t i c s ,  t a b l e s  were der ived  ( ~ 5 3 - ~ 5 7 )  of  wind speeds ( i n  kno t s )  

from t h e  f i v e  s e l e c t e d  d i r ec t ions .  
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TABLE A9 

WAVE HEIGHT (FT) 

FREQUENCIES OF WAVE HEIGHT AND PERIOD 

FOR MARCH 

NU DIRECTION 

WRVE PERIOD (SEC) 

< 1 1-2 2-3 3-4 4- 5 

20088. PDSSIRLE OBSERVATIONS 

5360 .  MISSED OBSERVATIONS 

4968 .  MISSED OBSERVATIONS DUE TO CHANGE I N  SAMPLING INTERVAL 

TOTAL 

> 5 
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TABLE A 13 

WAVE HEIGHT [FT) 

FREQUENCIES OF WOVE HEIGHT OND PERIOD 

FOR MAY 

N DIRECTION 

WAVE PERIOD ISEC) TOTAL 

< 1 1-2 2-3 3-4 4- 5 >5 

-. 
.A . 411. 471. 0 .  0. 0. 885. 

0. 194. 331. 0. 0. 0 .  525.  

0 .  c3. 199. 0. 0. 0. 189. 

e .  a. 5. 1. 0 .  0. 6. 

0 .  8 .  0 .  8 .  0 .  0. 0. 

0 .  0 .  0 .  0 .  'a. 0 .  0. 

3. 605. 996. 1. 8 .  0. 1605. 

20098. POSSIBLE OBSERVATIDNS 

5918. MISSED OBSERVRTIONS 

4960. MISSED OBSERVATIONS DUE TO CHRNGE IN SAMPLING INTERVRL 
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TARLE R16 

WAVE HEIGHT (FT) 

00-0 1 

01-02 

02-63 

03-04 

04-05 

05-86 

TOTAL 

FREQUENCIES OF WAVE HEIGHT AND PERIOD 

FOR JUNE 

N DIRECTION 

WAVE PERIOD (SEC) TOTAL 

1-2 2-3 3-4 4-5 > 5 

44B. 347. 0. 0. 0. 758. 

165. 326. 0. 0. 0. 485. 

0. 64. 0. 0. El. 64. 

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

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

0. 0. E. El. 0 .  0. 

605. 731. 8. 0. 0.  1337. 

19440. FOSSIELE OBSERVATIONS 

6033. MISSED OESERVATIONS 

4260. MISSED ORSER~IATIONS DUE TO CHANGE I N  SRMPLING INTERVRL 
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WAVE HEIGHT (FT) 

0 .  

0 .  

El. 

0 .  

0 .  

0. 

0 .  

FREQUENCIES OF WAVE HEIGHT AND PERIOD 

FOR JULY 

N DIRECTION 

WQVE PERIOD (SEC) 

1-2 2-3 3-4 4- 5 > 5 

20028. POSSIBLE OBSERVATIONS 

7034. MISSED OBSERVATIONS 

4454. MISSED OBSERVATIONS DUE TO CHnNGE IN SAMPLING INTERVAL 
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TRBLE A21 

WAVE HEIGHT (FT) 

00-0 1 

01-02 

02-03 

03-04 

04-05 

05-06 

TOTRL 

FREQUENCIES OF WAVE HEIGHT AND PERIOD 

FOR JULY 

NW DIRECTION 

WAVE PERIOD (SEC) 

1-2 2-3 3-4 4-5 > 5 

20088 .  POSSIBLE OBSERVRTIONS 

7094. MISSED OBSERVRTIONS 

4464. MISSED OBSERVRTIONS DUE TO CHRNGE I N  SRMPLING INTERVAL 

TOTRL 
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TRBLE A31 

WAVE HEIGHT (FT) 

00-0 1 

0 1-02 

02-03 

03-04 

04-05 

85-06 

TOTAL 

FREQUENCIES OF WAVE HEIGHT AND PERIOD 

FOR NOVEMBER 

N DIRECTION 

WAVE PERIOD CSEC) 

< 1 1-2 2-3 3-4 4-5 >5 

13440. POSSIBLE OBSERVATIONS 

6173. MISSED OBSERVATIONS 

4320. MISSED OBSERVATIONS DUE TO CHANGE I N  SAMPLING INTERVAL 

TOTAL 
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TQBLE A35 

WAVE HEIGHT (FT) 

FREQUENCIES OF WQVE HEIGHT AND PERIOD 

FOR DECEMBER 

NNW DIRECTION 

URVE PERIOD (SEC) 

1-2 2-3 3-4 4-5 

20089. POSSIBLE OBSERVATIONS 

6138. MISSED OBSERVRTIONS 

4464. MISSEI! OBSERVFITIONS DlJE TO CHQNGE I N  SQMPLING INTERVFIL 
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TABLE F139 

WAVE HEIGHT CFT) 

00-0 1 

0 1-82 

02-03 

03-04 

04-05 

05-06 

TOTAL 

FREQUENCIES OF WOVE HEIGHT AND PERIOD 

FOR 27 YERRS 

NW DIRECTION 

WAVE FERIOD CSEC) 

1-2 2-3 3-4 4-5 >5 

236664. POSSIELE OBSERVATIONS 

74017. MISSED OBSERVATIONS 

46832. MISSED ORSERVRTIONS DUE TO CHQNGE I N  SAMPLING INTERVRL 
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TABLE A47 

WAVE HEIGHT (FT) 

00-0 1 

01-82 

02-03 

03-04 

04-05 

05-06 

TOTAL 

FREQUENCIES OF WAVE HEIGHT RND PERIOD 

FOR QUGUST 

CUMLILnT I VE 

WAVE PERIOD (SEC) TOTQL 

1-2 2-3 3-4 4-5 > 5 

20088. POSSIBLE OBSERVATIONS 

7355. MISSED OBSERVATIONS 

4464. MISSED OBSERVRTIONS DUE TO CHRNGE IN SAMPLING INTERVAL 
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TRBLE A52 

WRVE HEIGHT (FT) 

00-0 1 

0 1-02 

02-03 

03-84 

04-05 

05-B6 

TOTAL 

FREQUENCIES OF WAVE HEIGHT RND PERIOD 

FOR 27 YEARS 

CUMCILAT IVE 

WAVE PERIOD (SEC) 

< 1 1-2 2-3 3-4 4- 5 >5 

236664. POSSIBLE OBSERVATIONS 

74017. MISSED OBSERVATIONS 

46832. MISSED OBSERVATIONS DUE TO CHANGE I N  SAMPLING INTERVQL 

TOTAL 



TABLE A 5 3  

WIND VELOCITY REQUIRED TO GENERATE VARIOUS 
WAVE CHARACTER1 S T I C S  FROM 

D I R E C T I O N  1 (NNE)" 

- - 

NOTE: NO OBSERVATION OF LAND WIND SPEED (LW) OVER 3 6  KNOTS. 
ONE OBSERVATION OF LAND WIND SPEED (LW) OVER 2 8  KNOTS. 

:: INCLUDED AS COMING FROM N. 
:::: TRANSFORMED WIND VELOCITY OVER LAKE PONTCHARTRAIN ( W W ) .  
t WIND VELOCITY AS RECORDED AT  NEW ORLEANS I N T E R N A T I O N A L  

A IRPORT (LW). 



TABLE A 5 4  

WAVE HEIGHT WIND VELOCITY (KNOTS) FOR WAVE PERIODS ( S E C )  OF 
F T  < 1 1 - 2  2 -3  3 - 4  

NOTE: ONE OBSERVATION OF LAND WIND SPEED (LW) OVER 3 6  KNOTS. 
2 3  OBSERVATIONS OF LAND WIND SPEED (LW) OVER 2 5  KNOTS. 

:: TRANSFORMED WIND VELOCITY OVER LAKE PONTCHARTRAIN ( w W ) .  
:::: WIND VELOCITY AS RECORDED AT NEW ORLEANS I N T E R N A T I O N A L  

AIRPORT (LW). 



TABLE A55 

NOTE: NO OBSERVATIONS OF LAND WIND SPEED (LW) OVER 40 KNOTS. 
15 OBSERVATIONS OF LAND WIND SPEED (LW) OVER 27 KNOTS. 

" TRANSFORMED WIND VELOCITY OVER LAKE PONTCHARTRAIN (WW) .  
:::: WIND VELOCITY AS RECORDED AT NEW ORLEANS INTERNATIONAL 

AIRPORT (LW). 



TABLE A 5 6  

WIND VELOCITY REQUIRED TO GENERATE VARIOUS 
WAVE CHARACTERIST ICS FROM 

D I R E C T I O N  4 (NW) 

WAVE HEIGHT WIND VELOCITY (KNOTS) FOR WAVE PERIODS (SEC) OF 
F T  < 1 1 - 2  2 - 3  3 - 4  

0 - 1  0 . 0 0 - 2 . 7 5 "  5 . 5 0 - 7 . 5 2  

- - 

NOTE: NO OBSERVATIONS OF LAND WIND SPEED (LW) OVER 3 9  KNOTS. 
1 6  OBSERVATIONS OF LAND WIND SPEED (LW) OVER 2 6  KNOTS. 

:: TRANSFORMED WIND V E L O C I T Y  OVER LAKE PONTCHARTRAIN ( W W ) .  
:::: WIND V E L O C I T Y  AS RECORDED AT  NEW ORLEANS I N T E R N A T I O N A L  

AIRPORT (LW). 



TABLE A57 

WIND VELOCITY REQUIRED TO GENERATE VARIOUS 
WAVE CHARACTERISTICS FROM 

DIRECTION 5 (WNW):: 

WAVE HEIGHT WIND VELOCITY (KNOTS) FOR WAVE PERIODS (SEC) OF 
FT < 1 1-2 2-3 3 - 4  

NOTE: NO OBSERVATIONS OF LAND WIND SPEED (LW) OVER 38 KNOTS. 
4 OBSERVATIONS OF LAND WIND SPEED (LW) OVER 28 KNOTS. 

INCLUDED AS COMING FROM NW. 
TRANSFORMED WIND VELOCITY OVER LAKE PONTCHARTRAIN (WW). 

t WIND VELOCITY AS RECORDED AT NEW ORLEANS INTERNATIONAL 
AIRPORT (LW). 
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APPENDIX B: NOTATION 

Area 

Shallow-water orthogonal spacing 

Deepwater orthogonal spacing 

Refraction coefficient, Kr 
Average depth along fetch 

Length of fetch 

Shallow-water wave height 

Deepwater wave height 

Significant wave height 

Refraction coefficient 

Shoaling coefficient 

Length 

Wind velocity at New Orleans International Airport 

Land-wind transform coefficient 

Wave period 

Wind velocity 

Time 

Velocity 

Volume 

Wind velocity over Lake Pontchartrain 

Direction of wind heading 



In accordance with l e t t e r  from DAEN-RDC, DAEN-AS1 dated 
22 J u l y  1977, Subject:  Facsimile Catalog Cards f o r  
Laboratory Technical Publications,  a facs imile  ca ta log 
card i n  Library of Congress MARC format is reproduced 
below. 

Bottin, Robert R 
Seabrook Lock Complex, Lake Pontchartrain,  La., design f o r  

wave protect ion a t  lock entrance; hydraulic model investiga- 
t i o n  / by Robert R. Bott in,  Jr.,  Kent A.  Turner. Vicksburg, 
Miss. : U. S. Waterways Experiment Sta t ion ; Springfield,  
Va. : avai lable  from National Technical Information Service,  
1980. 

37, [I811 p . ,  [15] leaves of p l a t e s  : i l l .  ; 27 cm. (Teeh- 
n ica l  report  - U. S. Army Engineer Waterways Experiment Sta- 
t i o n  ; HL-80-7) 

Prepared fo r  U .  S. Army Engineer D i s t r i c t ,  New Orleans, New 
Orleans, Louisiana. 
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