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PREFACE

The consultants review reported herein was performed by Professor

Robert 0. Reid (contrac t no. DACW39-75-C-005) of Texas A ~ M University;

Professor Robert G. Dean (contract no . DACW39-76-C-00l3) of the Universi ty

of Delaware ; and Professor Leon E. Borgman (contract no. DACW39-76-C-00l4)

of the University of Wyoming .

The consul tant s were briefed and intensive discussions were held w ith

personnel of the Hydraulics Laboratory on 17-19 November 1976. This report

was prepared as a result of and subsequent to this meeting .

Personnel of the Hydraulic s Laboratory involved in the 17-19 November

meeting were Mr. H. B. Siir nons , Chief of the Hydraulics Laboratory;

Mr. F. A. Ilerrmann , Assistant Chief of the Hydraulics Laboratory; Dr . R. l~.

Whalin , Chief of the Wave Dynamics Division; Mr . E. B. Pickett , Chief of
the Hydraulic Analysis l)ivision , Mr . C. E. Chatham , Chief of the Harbor

Wave Action Branch; Dr. D. L. Durham and Mr. 1). G. Out law of the Harbor

Wave Action Branch : Mr. J . R. Houston of the Wave Research Branch ; Dr . .J. 1.

Wanstrath , Dr. D. T. Resio , and Mr. A . W . Garcia of the Coastal Branch;
Mr. U. L. Butler of the Wave Dynamics Division ; and Mr. W. H. McAnal]v

of the Harbor Jintrance Branch.

Commander and Pirec tor of WLS during preparation and publication of

this report was COL John 1.. Cannon , CL . Technical Director was Mr. F. R.

Brown .
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A CONS U LTANTS REV I EW OF THE
LOS ANGELE s-LON (; BEACH HARBORS STUDY

by

Professor Robert 0. Reid , Texas A ~ M University
Professor Robert G. Dean , University of Delaware
Professor Leon U. Borgman , University of Wyoming

Introduction

The prototype wave and tide data collection , the various numerical

computer analyses , and the physical model studies altogether comprise

a remarkable and comprehensive investi gation of conditions in the

Los Angeles and Long Beach Harbors comp lex . The personnel involved are

to be complimented for their cxtendcd effort and carefu l thought in

carrying out the elaborate details and logistic complexities of such

a major project.

As always in a complicated inv~’stigation , quest i ons arise in

the course of the study which cannot he thoroughl y inve ’~rigated at the

time due to the pressure of deadlines and other practical considerati ns .

A l s o , improvements in projec t  o rgan i :a t  ion become obvious as experience
is accumulated . The f o l l o w i n g  comments are of fered  is a means of making

explici t  such improvements and o u t l i n i n g  methods of a t t ack  on some of
the questions which arose.

The ideas expressed in the  f o l l o w i n g  paragraphs were developed in

several days of in tens ive  discussions between the authors and the h1~S

research personnel. Ut is di fficult to assign authorshi p for any

part icular  improvement or proposed research procedure hec :lusc of the

active interchange of ideas invoI~ cd in the d i s cus~-ion . l’hc authors

support the conc lus ions  dxpressed , hoso.’er , and accept r e s p o n s i b i l i t y  f r

their  inclusion in the report.
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1. Measurement of Prototype Ship Motions

a. Discussion

A key element in the study of ship surging is the’ acquisition of

quantitative prototype motion data from moored ships. Ideally, when a

vessel enters and is moored in an area susceptible to shi p motions ,

it would be desirable to place a self-contained instrument package aboard

which would record motion characteristics. Consideration should be give~
to the development of such a system for future studies. Perhaps limited

measurements  can be performed in s tudies  in the near f utu re and resul t s ,

including extent and period of motion , would  be extremely useful .

Several possibilities of vary ing degree of comp l exi ty exis t for
measurements indicating ship motions. Sonic of these systems could he

developed in a s e l f - c o n t a i n e d  p ackage.  One p o s s i b i l i t y  is t h e  measurement

of shi p surging through the use of a sonic d i s tance  t r an s d u c e r . Such

devices are curren tly used for wave gages and in the proposed applic~ t ion

the transducer and receiver could he mounted on the wharf and “beamed’

h o r i z o n t a l l y to a t emporary’ t a rge t  attached to the vessel. Al terna tive l~~,

a rotary “ d i s t a n c e” t ransducer  could  he mounted on the w h a r f ;  t h e  r t a rv

t ransducer  would  be disp laced by a string passing over a pu1iey and

a t t a c h e d  ( h o r i z o n t a l l y) to  the  vessel with tension provided by a weight

hang ing  ver ti c a l l y  fram the other end of the string . Methods exist t

non itor the  tens ion  in h eavy  lines and these could be used as an m d i  cat ion

of shi p motion . Similarl y, a load cell connected in series with a “soft”

spring capable of considerable elongation attached to the shi p and wh arf
w o u l d  provide  a measure of d i s p l a c e m e n t .  One of the simplest nethods ~f

sensing surging would be a time- lapse camera which could moni tor  the shi p
movement  v i a  amb tent I igh t dur ing  the  day’ and a l i ght source a f f i x e d  to

the vessel during the ni ght.

h. Implementation

lnAtriim entatim ot’ t h e  t y p e  discussed above could yield shi p nut ion

d a t ; i  of sub s t an t  i : i l v a l u e  in t ilt i i rc  s i m i l a r  s t u d i e s .  



2. Ship Motion Prediction for Current Studies

a. Discussion

It appears that the fluid kinematics from the physical model or

from the numerical simulations could be introduced into the differential

equation numerical solution to produce predicted ship motion , at least

for selected ship and mooring line combinations. This would be quite

valuable as quantitative information which supplements the visual

observations of ship motion previously gathered .

b. Implementation

Studies of this type are recommended as additional work in connection

with the Los Angeles-Long Beach Harbors investigations. Work along this

line would be quite useful also as background for planning the collection

of quantitat ive ship movement data in future prototype studies.

5
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3. Potential for Ship Surg inj

a. Discussion

In order to establish the relative range of ship motion for various

areas in Los Angeles and Long Beach Harbors , it is recommended that  the

existing wave data be combined with a siniplified surge response function to

obtain the potential for ship surg ing . East Channel will serve as an

example.

Given one of the more energetic wave spectra, S (  ) , i n  East  C ) j n . ]

and a simplified (linearized) surge response function , R(’ ,u) . Vs

posi tion ~ along East Channel for a shi p of represent tti~~’ length ,

the spec trum of shi p surg ing, S ( ~, . )  , can be cu ag~ t cd as

S ( ~~, . )  R (~~~ ) 
2 s (a)

The p o t e n t i a l  for surg i n g ,  P , should  be proportional to t h e  squ are ~~~

of the surging energy ,  for  ~xaim1pie

P ( ;)  U .Tda
X ~

‘

h h t o r e  the i n t eg ra t i on  ex t e n d s  over  a l l  f r equenc ies  of s i gnif i c tnt sur e

energy.

In the  d c v e l c~ n cnt of t he  p o t e n t i a l  for sh ip  surg i n g ,  it would  be

poss ib le  to u t i l i z e  v a r i o u s  degrees of c o m p l e x i t y  for  t h e  response fu :ct i c r

For purposes  he r e , i t  is  re commended t ha t  a v e ry  s imp le r e s u i t

be used , such as that  ob ta ined  Dv cons ide r ing  an u n r e s t r a i n e d  and ~~~~~ ~~
sh ip  of r ec t angu la r  pl.ia~~ rm r e s t r a i n e d  in a ho r i :o n ta i  a t t l t ’ .iL i a  in a

s t a n d i n g  w a V e  f i e l d ,

sin
IR(~ ,w) I = 

- jsin H

where ~ is the distance from the clorcd end of East ~haiiiicl and

is the  w a v e  number .
The comparison of P~ (;~) far different locations along East Cha: mn el

and for different berthin g areas sh ou l d  he u sefu l . This  t~ pe of r e s u l t



could also be used in an effort to “detune” a ship ’s mooring system from

the natural oscillation tendencies in a particular area. For example ,

by plotting the normalized cummulative spectrum , C ( 1 ,w)

0 ’

C ( ~ ,u ’) S~~(~ ,u)dw

and noting frequencies corresponding to steep gradients to

it may be possible to guide the evolution of mooring system s which

will minimize surg ing problems .

b. Implementation

The foregoing discussion is directed primaril y toward the Los Angeles-

Long Beach Harbors Study; however , the methodology shou ld  be e q u a l l y

applicable to other similar future studies. 

~~~~~~~~~~~~-.-- ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~
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4. Time-Varing Spectral I)ensi t ies

a. Discussion

The overlapp ing interval , psuedo-stationary approach to the esti-

mation of time-vary ing amplitude spectral densities is reasonable as

a f i r s t  approximation. However , i t mi ght be desirable t o  c a r ry  t h e

problem on e step further and to  evaluate the t ime-van ng spect ra l

d e n s i t i e s  by severa l o t h er  t echn iques  which  are sp e c i f i ca l l y  o r i e n t e d

tos irds non-stationary time - cr i e s . This  would pe rmi t  d ir e c t  c o m p a r i s o n s

of the estimates and an -
~~ , m 1 ~i ~t ion of their precision.

I t is reco unended t i l t  an initial comprehensive review of metho ds

f o r  es t i m a t ing s p e c t r a l  densities in non-stationary processes be ur.~er-

taken as a part of the project. Hai~cver , several possible techni que

come to m i n d :  (1) The t ie. series could be processed with band pass

f ilt e i ’ s cen te red  at each of aeveral frequency hands . The time—b a id-c.

var i ance  of each output  wo u l d  p r ,~ ide an estimate of the t ime~varvi z~
s p e c t r a l  d e n s i t y  at the hand  ii dpoi i t  . (2) The time a co’ies mi gh t h e

repreremited by the disc rere h eir icr series

N — i  
I -

n (n(.t) ,~i f  E [~\ + t.-\ + t A  + . . .1  e
UI

_
i I in

I U 0

and v a r  ili us procedures used to va t m r i t e  the frequency funk ~ ion

A , A . . . in p a r t i c u l a r , if only \ was non— neglii~ihle . t } .
ira ,m - on

psuedo— stationar y appro cli would appear ad quate . (31 Fin al l mac the s

of complex demn odul it  i aa , -sh i cli are analogous t a It (I a r- eve night

he used .

h. jalemmIem ~,t~~
iou

‘I’he appi icat ion of n o n — S t a t  ion a l ’ v t ire- Sen e~- anal v~ is  pr occd . i 5

to represen ta t  ive data  set: if the lo s Ange es—l. onr Beach Harbors

inves ti gations should allot ’, p recisio n of th e associated spectra to be

eat iniit ted without an excessive commi tmen t  of t i m e  or funds

St ud ies  of t i  I a type ‘.au i  d ic of ha sic importance in p l a n n i n g  t h e
a n a ly s i s  of n d ’ .’ s m u  Ja r 1 rem-at iga t i o n s .  h e  p s e u d o — s t a t  i o n a r v  : m n a l v e i s

procedure  cou ld  hi ’ in ’ m ’OdimeLd i t  i t  i-crc more approi r t o .  ih u s  , t h e

study of procedures for c o at  i n g  t :me— Vt rv in g spec t i i  could he histi fied 

~~~~~~~~~~~----- ~~~~~~ 
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as additional research studies or as a part of future prototype data

acquisition and analysis.

1.
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5. Er ror  Anal ysis  Spec t ra l  Es t ima tes

a. Discussion

C o n f i d e n c e  i n t e r v a l s  for  spec t ra l e s t i i i a t e s  g i v en  ii:  the ~SFS

reports  a r c  genera l  1 r based an the standard and we ! 1—known ch i —s qua red

s t a t i s t i c s .  The validit y of such intervals depends on the spectra

being  n e a r l y  “ f l a t ’ and t he  t une ser ies  being G a u s s i a n . In a d d i t i o n , t h e

Si tua t ion is  f u r t he r  con fused  by s m o o t h i n g  and f i l t e r  m c , p rocedure s

app lied in the data atia 1 - - s i  s and Dv any n o n — s t a t i o n a r i t  present .

‘l’hc confidenc e eat I f l i , t t C S  g i v e ’ i i i  t h e  report  a r e  c e r t a i n ly  v a l i d

as i n d i c o s  of r e l i a b i l i ty  and t h e  ir  use iS q u i t e  conullomi in r e p o r t i n g  t i l e

ser ies  spect ra . l l ow ever , f a r t h e r  s tu d y is - ‘f tc n  h e l p f u l  as a m a n n . - of

det e rmi  nimi g how a c cu r a ~ el y t i c  cli i —squ ared h an d s  f u i i c t  ion is  p rec i se

c on f i d e n c e  i n t e r v a l s .

One raccdur~ t hat  n ay  Sc : t - ; ~ d t -  - n v c st  i f a t e  t h i s  ‘oehav io i  is

based on at  it  I t i  cal s i i n u l a  t i o n .  -\ Gauss  i n n time ser I c’s u i t h  a kn~ -or

t i m e — v a r y ing sp inet  I’ L l  d ’n a i  t .mppi ’ax : -  ; m t i i m g  t h a t  t a r  t h e  ~1 i t a  can be

c ,u iuuter s i m u l a t e d  Dv one one of Severn I proc edures . U- r i ’ 11 1:cnc\ ’  — d o m : m  i n

simula t ion is generall y, by f : i  r , the  f a s t e s t  m e t h o d . )  Fl ie n  , t h e  m’e e m l  t

t i m e  ser ies  can be proces sed  w i t h  a l l  the s m oot h i n g  and f i l t e r i n g  in : p o ~~m. d

on the a c t u a l  da t a .  The ‘;nc c t r i  1 car  i m a t e s  produced ear  he compared

w i t h  the  o r i g i n a l  “ t r u e ’’ s pe c t r a l  iiensi ty used i n  t h e  s i n iu l a t  ion .

F i f t y  to a hun d red s u c h  simu  l i t  i o n  runs  can lie used  t o  : is ce r t : t  i n  the

c o n f i d e n c e  i n t e r v a l  and h i a s  of t h e  t o t a l  e s t i m a t i o n  p m - o c c  a s .  The

devi  a t i ons  f rom ch i - squ: i  red b e h a v i o r  u n d  the  d e t e r n i n a t  ion and the  - - D c i i  io n

bias b o t h  can thus  be d i r e c t l y  ce - i  m a ted

A more d e t a i l e d  e r ro r  I I I ; ’  l a  is  I v  h e lp  r e s o l v e  ques t  ions c o n c e r n i n g

t h e  si g n i f i c a n c e  of low lc’~ c i ‘ ‘ i ’ i imi s” in t h e  data sp e c t r a l  d e n s i t ic -

If smni u l :mt ions ici th “t i - ic ” - p e c t  r d  d- - i ~s i t i e s  w h i c h  do not contain a

part icul a r ‘‘hump ’’ lead to c -~ I m a t  es w it Ii the ‘‘hump, ’’ t h e  eat  m a t  ion

procedure  must he producin g t h e  f e a t u r e  i n  q u est i o n  Dv s i d e -  lobe lc .d~, m ,~’
f ron t  n ’ ’ ; i r h ’,- peaks or b y o ’ h - ’ d a t a — m a n i p u l a t i o n  p e c u l i a r i t i e s ,  i f

t h e  ‘‘bump ’’ i s n r o d i l l  ed coils is t i,’ ut  I v and i f  that same 1’~-at nrc i s h i r e s ’ ’

in c ‘‘ t rue ’’ S ge~ I rIm 1 ~1a’r i s  I ty  I F ~~ I tt t hen t he ‘‘ D u n n ’’ -
~~~~~~ t l i k e l y ’

represents c’ : I bch i iv m r .

l it



b. Implementation

It appears worthwhile  to make studies of this type for the  Long

Beach-Los Angeles Harbors spectra l estimates as an error analysis and

control phase. Future studies might well automatically incorporate

such procedures in the routine processing of the data.

11
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6. How Typical Was The Prototype
Data Yea r?

a. Discussion
Some dete rmination of the re la t ive  severi ty or mi ldness  of the

wave conditions off Southern California during the data collection

interval would be highly desirable. Since the physical model is

c a l i b r a t e d  agains t  the pro to type  da ta  year , any i n t e rp r e t a t i o n  of long

term s h i p movement statistics would require knowledge of the relative

sever i ty  fo r that  yea r .  I d e a l l y ,  record in gs of low f r eque n cy wav es

in the  general r ange of the s h i p m o t i o n  f requences  would  he used if

they can he obtained from some source up or down the c o a s t .  There

is some basis for t r y i n g  to recover i n fo rma t ion  on very long period

waves from the high frequency portion of tide records.

Perhaps year-by-year logs of ship movement problems from the

Po rt Aut lioi’it  ies could be ob t a ined . If noth ing this  d e t a i l e d  is
av a i l a b l e , interviews w i t h  long term emp lo yees at the Port might be

used as a last resort to place the prototype data year into context

with other years .

Also weather records for the year of observation could be compared

with other years to see if the storms were generally less intense than

average.

h .  Implementation

A l t h o u g h  the ahove d i s c u s s i o n  is primarily framed in  terms of the

Los Angeles -Long Beach Harbors study, it is recommended that the acquisi-

tion of such data be an integra l part  of future prototype studies.

12 
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7. Evaluation of Frequency Dependent
Harbor Transfer Functions

a . D iscussion

As a means of intercom pa ring the r e s u l t s  of the prototype wave

measurements with those of the phys ica l  mode ] and with  resul ts  of the
numerical model , it is recommended that the complex transfer functions

(magnitude and phase) of the responses at all harbor gages be determined

using one of the port gages as a reference (ei ther  Gage 10 at Ange l s  Gate

or Gage 4 at Queens Gate) .

b. Imp l ementation

Sample estimates for these transfer functions can he evaluated by

cross-spectral FFT analysis of a given gage with the reference gage

for samp le periods (such as the 6+ hour samp les employed in the spec t ra l

estimates in the case of the prototype) . Assuming that the water level

variations at all points along the breakwater and in the harbors are well

correlated (highly coherent) for each frequency, as in the case of the

physical model , then the estimates of the  t r a n s f e r  f u n c t i o n  for a g iven

gage of the prototype should represent random samples of a common function .

In this case, reliable estimates could be obtained for the transfer

functions by averaging at f ixed  f requencies  across  the ensemble of s a m p l e

estimates.
In the case of the p h y s i c a l  model and numerical model the t r ans fe r

funct ions relative to the selected reference position should be much
more straight forward . It is recommended that the gages in t he ph y s i c a l

mode l be taken to correspond as closely as possible with those locations

emp loyed in the prototype. The t r a n s f e r  func t ions determined from the

prototype should be compared with the corresponding function s determined

from the physical model and the numerical model , It is not expected that

the latter will correspond with either of the other two except for location

of resonant peaks, because of the absence of frictional damping in the

present numerical model. Possible differences between prototype and

physic al model could reveal alternate sources of wave energy.

13
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In future studies, it is recommended that an attempt be made to locate

wave gages well offshore of the harbor and that such gages be used as

references .

1 4
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8. Al ternate  Sources of Lo~~~~~ave Energy

a. Discussion

It is assumed in the Los Angeles-Long Beach Harbors physical model

studies that the sole source of wave energy in the band 15 sec to say
20 mm is from the open sea to the south of the harbor. Indeed , probably

the majority of the shorter period energy (say less than 1 nu n) derives
from t h i s  source and is probabl y well simulated by the exis t ing wave
generator arrangement . C e r t a i n ly  some long wav e energy may also be incident

from the south . However , it is also feasible that long wave energy in

the fo rm of trapped shelf  modes (edge waves ) could a r r ive  from the east
into the L s  Angeles-Long Beach h arbors regions. The presence of such

energy would produce d i f ferences  in the response deduced for the proto-

type and that for the physic al model. Hence , the possible existence

of such an alternative energy source should be investi gated.

b. Implementation for the Lxisting Prototype Data

One way of detecting the possible ex i s t ence  of energy from independent

sources of d i s t i nc t l y  d i f f e ren t  di rect ions  i s  to carry  out the eva lua t i on

of coherence between the gages at Ange ls  r ate  and t ha t  at  Queens ga t e .

This  requires a cross-spectral c a l c u l a t i o n  based upon simultaneous samples

of the records at these gages . For t he physi cal model such c a l c u l a t i o n s

should show coherencies of u n i t y  or close to un i ty .  Any s ignif icant

departure of coherence from u n i t y  based upon the prototyp e data would

indicate possible addit ional  sources of energy at those frequencies hav ing
low coherence.

15 
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9. Evalua t ion  of Directional Sens i t iv i ty
In Numerical and Physical Models

a. Discussion

In the present Los Angeles-Long Beach Harbors Model Study, consider.-

able effort  has been made to ensure that  the generated crests of long
waves in the model correspond to those obtained through ref rac t ion pro-
cedures for wave energy orig i nati n g f rom the South. It  would be usefu l
to determine the sensitivity to incident wave direct i on of the wave

response at various locations in the harbor. Such information would

serve to indicate the relative importance of careful placement of the

wave makers in the model and also may assist in d e t e r m i n i n g  the s o u r c e ( s )

of long wave energy in the prototype. As examples , i f , for long period
waves , it is found that the responses to long waves are sensitive to

inc ident  wave  directions , it  may be poss ib le  to in fe r  from the  prototyp e

data whether or not a rational explanation of the long waves would

require  more than an offshore source (for example , edge wa~ es could be

a possible source).

S i m i l a r  s e n s i t i v i t y  s tudies  could be carr ied out via numerical m o d e l i n g

and would pro~ ide a measure of confirmation between these two methods.

1). Imp lementation

The evaluat ion of directional sensitivity would he of immediate

value to the Los Angeles-Long Beach study and should also he usefu l in

fu tu re  simi l ar model studies in establishing the general requirements of

wave-maker configuration . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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10. Spectral E x c i t a t i o n  of i~~~s L c a l _ Mod els
( i . e .  I r r egu la r  Wave T r a i n s )

a. Discussion

There are at least  three  reasons to consider generat ing irregular
waves in the phys i ca l  model :

1. It  may be poss ib le  t o  expeditiously develop the response function

at various loca t ions  in the model for a broad range of frequencies. in

addition , it may be po ssible to evaluate dicecti the stati~;tics of

wa ves.
2. By generating a nar row tru ’id of wave energy (swell), it will

be possible to determine whether the modulation of these waves in the

for m of wave trains could provide a source of long wave energy.  A l though

the mechanism resul t in g  in t he  long-period energy is not clear , poss ih iliti ca

inc lude  t ransmiss ion  through th -  breakwater and/or reflection and ampli-
f i c a t i on  of second ord ci -  ~ac ~~~ in features of the harbors.

3. Compar i son  of t h e  mode l  w a v e  s pe c t r a  obtained 1-ro n l o c a t i o n s

inside the b reakwater  w i t h  those from the corresponding p r o t o t y p e -  ga~~ -s

should assist  in e v a l u a t i n g  t h e  sui ta b i l i ty of a s i n g l e  wave -maker

location for a broad range  o t  t r e q u c n c i e s  and a l so  should a l l o w  the i n c i d e n t

prototype wave spectrum to he i nf e r r e d .

h. Implemen tation

The present  Los Ang les-Long RL- ach H a rb o r s  model i s  p robab ly  one of

t he f i r s t  of t h i s  g en e r a l  si~~c and scope in which t he  c a p l - b i l i t n -

exis ts  to genera te  i r r e g u l a r  i — a c e s .  .\s noted , such a capabili ty is

valuable  in e v a l u a t i n g  t h e  p o s s i b i l i t ’- 0 1  v a r i O u s  m e c h a n i s n : s  for  g en c r a t in ~
long wave energy. The p o t e n t i a l  of t h i s  c a p a b i l i t y  for  ex pe d i t i n g  and

en ha n ci n g the use fu ln ess of t h i s  type  of model a t u d v  s h o u l d  he exp lored

in the present  study and i nco rpo ra t ed  i n t o  e lans  iou- f u t u r e  s tudies .

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



- -,- - - —~ 
-

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

~~~~~~~~ - - - ~ --
- -- --- • •- --

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

-
~~~~~

-- - - -
~~~
-—

~~~~~ 
- -

~u~~

11 . Numerical Tidal Model

a. Discussion

The results of Butler ’s implicit numerical model including net

circulation as compared with the results of the physical model for

both existing and proposed c h a n g e s  in the Los Angeles-Long Beach Harbors

look very encouraging in the sense that the numerical model is capable of

resolving features which heretofore have not been economically feasible.

b. loss ible Improvement

In the discussion of the mathematical basis for the numerical model

g iven by Bu t ler  and Raney ( 197 6)~ the convection terms in the equations

of motion for the volume transport are given in the nondivergence form

(
~- aIJ/~x + ~~

- 
~tJ/3y) and sin ilar for V . These should  be emp loyed in the

d ive rgence  form in these equations (i.e., ~(UU/d)/3x and ~(UV/d)/iv , etc)

us for example  in the  model of Leender t se .

The present  form employed can lead to errors and in the absence of

friction will tend to create  iion-ltnear instability, it is suggested

that suitable changes be made to  correct these terms , if indeed the

coded program follows the written discussion .

* ARO Report 7 ,-3 , Proceedings of the 1976 Army Numerical Analysis and
Couuiput crs Conference , r~~ • 393-411.
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12 . Deve lopment of Prototype Wave Data in
A Fo rm Readi l y Used b~~~ thers

a. Discussion

The wave data collected in the field program of the Los Angeles-Long

Beach Harbors study are uni que in their quality, geographic coverage ,

duration , and completeness. Undoubtedl y, the engineering and scientific

potent ia l  of these data not o n l y  f u l f i l l s but extends w e l l  beyond the
i m m e d i a t e  obj e c t i ves  of t h e  present  p r o j e c t .  Moveovc -r , the fu ture

development of the Harbors would benefit through additional analysis

and interpretation of Ibese data which will undoubted l y he of in teres t
to a uiumber of individua l inv estigators and agencies. It is , there fore ,

recommended tha t  the  data be demo i t  i p i ex ed  and ~~ t orc d  on m a g n e t i c

tapes in an opt imum tape format fec d e p o s i t i o n  to and use by i n t e r e s t e d

p ar t i e s .  Also , a User ’ s Manua l  f o r  these  tapes should be deve loped .

b. ~~~ 1eine ntat ion

The o rgan i za t i on  of the  Los Angeles-Long Beach pro to typ e  wave d a t a

in the  manner  discussed above should  a l s o  serv e as a tes t  format  for

s t o r i n g  and mak ing  a v a i l a b l e  sets of e x t e n s i v e  f i e l d  d a ta  r e s u l t i n g  fro m

f u t u r e  s tud ie s .

~
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13. Evaluation of Refraction Calculations

a. Discussion

Standard ref ract ion c a l c u l a t i o n s  were extensivel y used in the

plann ing of the Los Angeles-Long Beach model and in the conduct of the

test p rogram . Moreover , such c a l c u l a t i o n s  are prominent  in p lanning a l l

of the  models  and in the  a n a l y s i s  of wave e f f e c ts  over v a r i a b l e  h a t h ym et r v .

Un f o r t u n a t e l y ,  there  is l i t t l e  b a s i s  to assess the v a l i d i t y  of such

r e f r a c t i o n  c a l c u l a t i o n s  and , i n  f ac t , t h er e  are cons ide rab le  r e s e r v a t i o n s

c o n c er n i n g  t h e i r  use a~’ung c o a s t a l  and ocean engineers.

The p r - v  ious r e f r a c t i o n  c a l c u l a t i o n s  and the Los Angeles -Long Beach

h a r b o r s  I !udel  p rovide  an idea  I H - t1 at i t  to  conduct  a d e f i n i t i v e

e v a l u a t i o n  of the vo l id~ t’: of  s t ; i : e t : i u d  r e f r a c t i o n  c a l c u l a t i o n s .  in

p a r t i c u l a r , r e f r a c t i o n  c a l c u l a t i o n s  for long waves have ind i cated a

s u b s t a n t i a l  c o n c e n tr a t i o n  of - icc energy  seaward  of Queen ’s Gate and

the moth-i so taker has l e e r  p ‘s i t  io iued to a p p r o x i m a t e ly  rep l icate  a

w a v e - c re st  c o n f i g ur at i o n  c o n e i ~~crab l y seaward of t h i s  loca t ion  of wave

cncrg~ c o n cen t r a t i o n .

It is reconniuen,led t h a t  1 c - t i su r c n u e n t  s of the ‘‘wave f i e ld ’ ’  be mad e to

e s t o b i  i sh  e x p ’ - r i : e n t t u l  r e f r a c t  ott  co efficients for compa r i son  w i t h

‘ hio se h a .- ed ott  c a l c u l a t i o n .  The a rea  of i nd i c a t e d  w ov e  e n e r gy  con cei t rat i ot t

s hou ld  r e c e i v e  ~~~L C  i tel ott L e t  ion .

b .  1ninletieo ~~i t t e a

-l l ie  n\ i l  oat ion recommended a b o v e  would be of gene~ - t  1 v a l u e  to

c oa st a l  anti  ocean  eng ineeu’ i ng 1’ra ct  i c e  and , in part i cii b r , t o  model pla nn i n g

and conduct.

.10 



App endix A

While the following two i t e m s  do not apply dir ect lv to the Los Angeles

and Long Beach [ha rbors Pro le ct study, they are included for possiL e future

app l i ca t ion to stu d i e s  of th i s  t y p e .

1. Possib le Extensions of Nita-r ic ol Model
for_Wave~~~~~~~~~

a , D i s c u s s i o n

It is recoitut ended that studies , f a l l i n g  in the category of basic

developm ent at m t  o r u e d  for a 1ip l i cat ion in future harbor studies wi tch

as thos e for Hi Ic , he  i n i t i a t e d  ‘ci  th r e s p e c t  to p o s s ib l e  g e n e ra l i  :at ion

of the e .J st  i rig finn t o  e l e m e n t  nu i t i er i  ca l  wo v e  model  . Sp e c i f i c a l ly , it

ari:iears v o r o  d e s i r a b l e  t h a t  o t t  s i t  I rj c tj c u ~ at l e a s t  in a l i n e a r i z e d

v e r s i o n ) -Lh t u l d  be i n c o r p o r a t l i n  t h e  n u m e r i c a l  model . A l s o , a g e n e ra l i : e d

model wii cli  a l l o w s  for  di  ~pe i t - , n u n  i s  es s e n t i a l  or  those st u d  ies  s i l L  I t -

s ho r t  p e r i o d  w a v e s  a r e  Lifl ~~O ti ut (as i t  ~g I i t  be the  case f o r  N i b ) . N  C l  t i ier

t h e  long  wave n o n — d  i s p er sj ’~ n- no~lei nor w a v e  r oe  t r a c i n g  t echn i ques a r e

valid fo r  ti c shorter period w oes 1-i a h a r b o r  such as l i i  10.

b.

A p o s s i b l e  -cay -ef i n c i t t u i n g  a t  l e a s t  f i r s t  order etie cts of

di  t--ecrt ;ion for  waves w iose  I e n i t t i  i s  at  l e a s t  f i v e  t i m e s  t h e  death  is

the  i n t r o d u c t i o n  of a l i n e a rt  ~~ I B ouss i  no s q  t yp e  of wave  e qu a t i o n .

P e r e g r i n e  d i s c u s s e s  t he  use  of t t i t c s i  t e  sq t e l e ;u p p r o x i i i a l o t u s  for waves

~r o p t l g a t i  n e , i n  one d i  rect  ion o v er  vs r i  t h i e  t o 1 ’o c r sn h v  . Two—dimensional

s t u d ie s  u s u n ~ a B o o s t - i n n - s q  t p c  i J ~~ t xi a t  i tni h i~ e been c a r r i e d  oat a t

~~ t a n f o r d  and at  l e x a ~ Aid-i U n i v e r s i t \  ( lh7~ I . These s t u di e s  employed

a t i n e  m a r c h i n ,~ i m p l i c i t  n i t  t - t  I c a l  t a i g . e r s i — r i  0 : -  t h e  H e u s s i n e s q

1 Of l s  . )
~ e~ Ci- , i t  I s  cone - I t i  I c  t l i l t  t i  i s  - -aid lie e i i ~ ’ loved in

t h e  f r a m e w o r k  of t h e  pre u- nt f i n i t e  el - t o r t  m o d e l  f o r  m o n o c h r o m a t i c

I or eJ icavo r i -s tu I l se .

R e i d , i~. 0 . , \ .  C.  M t i n g i l  1 , T . C . I I .  ‘- l i n g a l l , f,. hl ebe nst rei t Progress
1 - r i  - 

‘ ‘
~~: p l  i c - i b i l i t v  i ’ f  ) i i ; i ~~~~~ Lon g it i c e  E q u a t i o n -~ t o  the Nurner o i l

‘i .e I i n ~ 0 i ) i s j s  r s i ’: i \ R L  i n  i w o  D i m e n s i o n s . ’’ \~~F Gr an t  DES -i —
l 2~~2 7  \ - l i P i - . I i )
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c.  Poss ib l e  A p p l i c a t i o n s

th i n t e r e s t i n g  a p p l i c a t io n  of a dispersive numerical model would be

in t h e  inves tigation of possible anomalous effects produc ed in distorted

physica l models for the shorter period waves. By use of such a nu m eric a l

mode l , the  response of a harbor sy st ~~u l d  he a sce r t a  m e d  for g iven

i t - - it for  bo th  d i s t o r t e d  and u n d i s t o r t e d  c o n l i t  ions and d i f f e r e n c e s

determined .
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2.  P r o to t~~~t 0 ta Collection fro~’ ra t s
f or F u t u r e  I l arbor g t i ]  to—

a.  D i s c u s s i o n

The impor tanc e and cost i f  a c q u i r i n g  meaning ful  pro to typ e data

requi re the best possible planning and coordination effi-ris. In this

regard , t h e  t w o  f o l l o w i ng r e c o m m e n d a t i o n s  are made :

I .  Nwne l- ic -al Model ing  and P l a n n i n g  of Data C o l l e c t i o n  Programs.

The l i l t  t i nced  c a p a b i l i t y  of h i t S  in nurleri cal modeling techni ques sho u ld
t i c  used ir  p l a n n i n g  t h e  t yp e s , n u mh ei-s and o cat i o n s  of s e n s o r s  for

p r o t o t  -p - c  d a t a  c o I l - c t  i on .  -iii exatup i e i s  t h e uti 1 i:ni t ion of the F) a te

ii l e n e n t  ~-iode- i tO i i t i o - s  gate the susceptibility of a harbor to long

per iod a s c i i  l o t i o n  response and t u e  dep loyment  of wave  senso r s  at an t  m oda l

or other c r i t  l ea]  p osi t ions .

Coordination with Field l’ r gt - :uni . i~hcn and where  p o s s i b l e , i t

would  be d e s i r a b l e  to c c i r d i n a ~~e a in ~1d program and the  a s s o c ia t e d

audi- I - - -t u d i e s  through p e r s o n n e l  with r e s p on s i h i l~~t n -  for  b o t h  e f t c r t  s -

in p a r t i  c u l a r . the tidvantage s are c l ea r  of having t hose  r e s p o ns i b l e  for

c a l i b r a t i n g  t i le  model  u l s o  r - - ; p o : l s i ) l e  for  p l a n n i n g  and p a r t  ic i p a t i r .  to

a si g n i f i can t  degr~-~ in  the  f i e l d  c o l l e c t i o n  e f fo r t .

b. l i i

Imp lementation of the h o e  re eL t i e n d a t  ions  s h o u l d  be - t d v a n t a g c i ~ t s

t o  all future pn - og r tts c i t t  w h i c h  field dot~i : 1 - C C O i  bected to e t ’ a lu : It e

e x i s t i n g  ~ rotot  cpc - c on d i t  t O i l S  t i u d / o r  to se roe as a ca I i b r a t  i t  base ;hir

1 i o d t i  t e st  pro gr -u i .
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