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~~~Four separate and distinc t major problems exist at Mission Bay proper at
the present t ime , wi th  an addit [otial beach erosion and bluff collapse condit ion
occurring at Sunset  Cl i t t  s. The major problems at the Bay include: (a) a
dangerous condition at the je i t  ted entrance produced h~ frequent breaking wavl l ;
(b) short period waves o t  exces sive height at tack ing moored boat areas in
Quiv ira Basin , (c) long per iod setc he or surge in Quiv Ira Basin and other loca—
t tons within Mission Bay , and (d) a comp lete c losure ot the ex it ot’ t he San
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Diego Rivet Floodway by littoral material being trapped between tile middle and
south jetties.

In order to prov ide long—term (permanent) solutions t o  the t our princ ipal
problems which exist at Mission Bay, knowledge o l  the amount of littoral
material which is moving past the entrance channel t o  the Bay is required ,
along with an understanding oi the mont ill)’ occurrence of tills flow ot material
by direction . This information will be used to evaluate the potential effects
of littoral transport , beach scour , and deposit ion on the func t tonal design tst
proposed structural improvements . Tile latest statistical wave data b r  this
region were applied to ascertain ~~~ estimation ot potential longshore transport
of littoral mater ial for proposed $ternative solutions, it was found that tile -

‘

Mission Bay Littoral Compartment , oi\a net movement basis , is essentially in a
state ot dynamic equilibrium . The a~~roximate ly 20,001) cu yd estimate of net
northerly transport ot SLI t cc ia 1 is pl’~htLb1y not si thin present ibi ii ty to di s—
cri minate , based upon the accuracy of ~he methods and the procedures USed t o
develop tile wave statistical data. On\~he other hand , the average wave climate
has the potential for moving large quan (~it1es of material on a gross basis.

Several differ ent structural alternatIves have been proposed for evalua-
tion to provide an optimum solution to the major problems presently existing at
Missiøn Bay . Most of these alternatives would have a definite effe ct on the
littoral regime of the region , and these ~ftccts are extremely dif ficult to
hypothesize from analytical considerations. The appropriate theoretical work
necessary to provide computational schemes I or the solution ot tile cit e ct s  ot
structural improvement s in the litto ral ~oiic has not been developed at this
tim e . L)ue to the complexit y ot the problem , the only viabl e method of .in i y~ ingthe cit tcacv ot  LI 1 ternat ive proposed structura l improvement s for Miss ion Bay
is  w i t h  .1 thrcc—d iiuens tona l physical hydraulic m odel
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PREFACE

The investigation reported herein was requested by the

U. S. Army Engineer District , Los Angeles , in December 1976,
and was subsequently authorized by Intra-Army Order for

reimbursable services dated 6 January 1977. The study was
initiated in September 1977, and was up-dated through March 1979.

This study was performed by personnel of the Hy draul ics
Labora tory (IL L) , U. S. Army Engineer Waterways Experiment Station
(WES) , under the general direction of Mr. II. B. Simmons, Ch ief ,
IlL, and Dr. R. W . Whalin , Chief , Wave Dynamics Division (WDD).
Data analysis was conducted under the direct supervision of

Mr. C. E. Chathan, Jr., Chief , Wave Proc esses Branch , and

Mr. I). 0. Davidson, Ch ief , Wave Research Branch. The report P

was prepared by Dr. L. Z. h ales, Wave Research Branch.

Commanders and Directors of WES during the conduct of this L
study and prepara tion and publica tion of this repor t were
COL G. H. Hilt, CE , and COL J. L. Cannon, CE . Technical Director

was Mr. F. R. Brown.
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On i t s  o f flIcasuremeilt used III th~ts  repor t can be converted as t’u 1 low s:

— 
Mul tiply By 

— — 

!‘o O t ;t a  in

II. S. Customary to Metric (,S!J

fee t 0. 30480000 met V t ’ ’ .

t ’ .t t horns 1 * 82 88000 1) met rt ’ s

kno ts I~ in ternat Lollal 
‘I i) .5 1444440 met i t ’ ” per ‘.‘con d

mi Ics ~U. S. ‘~tatute) 1 .o093440t) h i l onict ~‘c’.

~1egt ’ees ~.ingu1ar) 0.Ol~~4 S329 rad iaui~.

cubic .trds 0. ThS1 lO0() cubic met i’es

Metric 1,~~Ij to  U. S. Cuistolllarv

met res 3. 28083~
) feet

met to’. 0. 54b80” fathoms

nle t to’. pet’ second 1 .94384 5 knots (tnt.)

hi lometrcs 0.t2l 3~~l mii i les 1,statutei

radi amis 5 •  295”SS degrees (ang. )

cubic me t res 1. 30700 2 cubic ~‘ards
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M I SS I ON BAI , CAL! I O R N I A ,

1 l’fl’OR,A L COMPAR I’MLN I S’l ’U l)\

PAR’!’ 1: 1NTROL)UC’FION

Project Location

1 . The Mission Bay, Cal i fornia , region is located approximately

10 mlles * north of San I)iego Harbor on the coast of southern Calif-

ornia , Fi gure  1. ‘I’his area is so dist inct l y isolated by northern

and southern headlands , and is of such limited extent (approximately

ten miles) that it rcal1~’ iteed not he considered a littora l cell.

Bounded by the rocky La J01 Ia headland on the north and the Point

Loma rock rid ge which rises 400 feet on the south , the Miss ion  Bay
L i t t o r a l Compartment e f f e c t i v e ly  separates two well—documented l i t t o r a l
cc l l s , those  be ing  the Oceanside , Cal i fo rn i a , L i t to ra l  Cel l  on the
nor th  which has a net southerly t ranspor t  of l i t t o r a l  material , and
the S i l v e r  Strand L i t t o r a l  Cell Oil the south with its net northerly

t ransport .
2 . A l i t t o ra l  ce l l  is defined as a coastal  segment that contains

a comple te sedimentation c y c l e  including sources , t ransport  paths ,

and an u l t i m a t e  sink. The Silver Strand Li t to ra l  Cell  extends  from

the Ti juana Lagoon northward along the Si lver  Strand and t e r m i n a t e s

at the entr al ice channel in to  San Diego Bay . The sink for this cel l

is offshore deposition 1w s t rong ebb t i da l  cur ren ts  which  f low throug h
the bay entrance channel , according to th e work of l nnian ,

1 and

prevent s  f u r t h e r  nor thward  transp ort  of l i t t o r a l  ma te r i a l .
3. The Oceanside , Cal i fornia , L i t t o r a l  Cel l  extends from Dana

Point on the north to La Jolla on the south .  There is l i t t l e , i f
any , evidence of littoral drift around Dana Point; however, there is

consider abl e evidence of sand losses down the La Jo lla submar ine

* A table of factors for converting units of measure is presented on
page 4.

5
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canyon , a’. t his region has Ileeli lilt ens i.~ cl~ s tu died by Inman and
ot her’ . at Sc 1’ipps inst itt it  ion of Oceanograp hy, w h ich i s  located in

L~ I Jol la. L.a Jol l.t suh’niarine canyon appears to be the southern

terminus of tile net southerl y ti’ansport of littoral material through

the Oceanside , California , Li ttoral Cell.

4. Mi ss  t oil ba~ s a t ida 1 I agooli Si tuat e’tI i i i  the C i t y  of Sami
I i i ego ~uId ‘.epa rated t’ toni t ue Pac i t’ i c Ocean ~ a bz’oad tw o—rn i 1 e— long

~,wo ‘- j 1  i t cal led Mi ssiomi Beach , h igure 2. The bay Occupies  a rec—

tangtmlai’ ai’c.i appro x ima te 1~ two  m iles on a side and was formerly

cal led I also Ba . It ~as orig in a l lv connected to the ocean b~ a

‘.hal los uiipi ’utected inlet at the southern tex’niinal ot’ Miss ion Beach.

Fhc m unicipal it~ ot’ Pac i f i c  Beach lie s adj acent  to , and north of

Mi ss i o n  Bay .

South of the in let the Ocean Beacil segment of the shoi’el ille

coil s i~ ts of a broad sandy be ach approximately 0. b miii lo in l eng th w h i c h
ex t  ends dow ncoas  t to rocks’ bluffs which mark t he beg i n n i n g  of the

Po nit Loma peninsula. Iii is region has boon siibj octed to many alternate
periods of e ros ion and accret ion. Local intei’ost s have requested
the Corps of Eng ineers to make beach erosion s tud ies of specif ic

pr oblem areas within San Diego County.  One of the areas studied was
the shoreline fron ting the community of Ocean Beach. This part icular

pr o j e c t  was comp leted during the sununer of 1955 and consisted of the

placement of about 2”S ,OOO cu yd of b each f i l l  dredged from the Miss ion

Bay p ro jec t , amid the coiistruction of a stone gro i~~.

b . The Sunset C l i f f s  segment of the reg ion consists of the
nor thern  portion of the Point  Lomna peninsula  and extends from Niagai’ a

Avenue southward to the southern boundary of the c i t y  of San Diego ,
about 3 miles  upcoast from the tip of Point Loma . The erosion of
the beach and the c l i f f s  in th i s  area has been progress ive for many
y e a r s .  The retreat  of the b l u f f s  has damaged pub l i c  s t reets  and
destroyed both public  and pr ivate  l and and improvements. On-going
s tud ie s  are a t t empt ing  to q u a n t i f y  the CaUSe S and rates of the beach

and b l u f f  erosion , and w i l l  develop a l te rna t ive  plan s for res torat ion .

— ~~~~~~~~~~
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Statements of the Problems

7 . Four separate and distinct major problems exist at Mission

Bay proper at the present time, with an additional beach erosion and

bluff collapse condition occurring at Sunset Cliffs. The major prob-

lems at the Bay include: (a) a dangerous condition at the jettied

entrance produced by frequent breaking waves, (b) short period waves
of excessive height attacking moored boat areas in Quivira Basin,

(c) long period seiche or surge in Quivira Basin and other locations

wi thin Mission Bay, and (d) a complete closure of the exit of the San
Diego River Floodway by littoral material being trapped between the

middle and south jetties. The location of these four problem areas is

shown in Figure 3. P

Breaking Waves at the Jettied Entrance

8. During the period of the development of the entrance channel
between the north and middle jetties, in the mid-1950’s, it was

observed that, all too frequently, waves were either breaking in
the entrance channel or were so steep as to constitute a serious

hazard to small boats. Lifeguards at the Mission Bay channel en-

trance station kept a log of the conditions at the channel entrance

dur ing dayl ight hours which pertained to days durin g which wav es
were observed to break over half-way across the entrance channel

throughout a greater portion of the day . A summary of their log

listed 43 days during a six mon th period in which waves commonly
broke more than half-way across the entrance channel.

9. Records of tile capsizings in the entrance channel arc in-

comple te due to the fac t tha t many rescues hav e been accompl ished
by persons other than lifeguards. Only in the case of fatalities

is there certain to be an official record of the accident; however ,
many non-fatal capsizings are knowii to have occurred since the
project construction.

9
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Figure 3. Mission Bay , Cal iforn ia, En trance Channel , Quivira and
Mariners Basins , and Sand Block of Sail Diego River Floodway .
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10. ‘ilie precise i’ca~ uim for the c oliuflo ll t ) c cuz - m ’ ence of bi’eakem ’ ’.
ac toss the ent I-alice channel ~Itii’ i ng pei~ otis ot’ t’ hood and s 1 ackwa t  ei.

is ilo t entirely c 1 ear. ‘the t r i pp ilIg mechan 1 sin t ol ’ t i le breaking of

the waVt ’S lilUSt be a s s o c ia t e d  with shoal ing ot ’ t’ t ime middle j e t t y , but
i)ecause ot the great trequency of’ breakers , part icularl i l l  t ilt’ w in ter

season , good soundings are not always ava i l  ab it ’ sinitil tant-otis I y w i t ii
the i’ougli stiL’ f cond i tion.

11 . I t is readi lv observed that tile w aves  peak and bi’eak off

of t i le middle jett >‘ , and once breaking commenc es it Collt 1111105 a b u g

the ci’est toward tile north j e t t y .  If the waves w ili c il break o t t ’ u t ’

the middle j e t t y  arc sufficientl y large , breaking cont m i les u I  I the

way ac ross the entrance. la rge waVe s have been observed to  be break —

ing as far as 100 yards ot t the middle jetty and the breaking cont in —
ues nort llward along the wav e crest  tint 11 f imial ly the wave  breaks on
tile north j e t t y  aftet’ the crest  has t raveled some comis iderable ti is—

anc i’ i n t o  the en t r ance  channel  . Wa v es of ten cont inue o break s o y —

era I hundred t’eet ins ide the channel I’- i th heights at t inmes est imat ed
to be 14 ft or more. Strong ebb currents am’ e probabl y t i le cause  ot

much of this d is t urhallc 0; lmot ~’eve z~, these large b rca k i ng waves are
bel ieved to be related to 4 and S f t hi gh surges in Quivi i-a itas in.

Wave and Surj~e Act iv i ty in Quivira Basin and Other Locat io ns itt the Bay

I . . ‘I’he ent ramice to M i s s  ion iIav is expo sed to w imltl waves and swe l l
from all the wester l y  deep—water direct ions between northwest and south.
The wide ent rance to the Bay admi t s a great deal of wa~’e energy which
must be absorbed or reflected . Wav e prob lems ox st in the two deep—

water ancilo rages of Quiv ira  Ruts in and Mariners Bits in when hi gli wav es

propagate dowii the entrance channe l  and p art  iou l i i  r i  y in  Qti iv  i i’a h~ as in

re f lect  from t i le  basin wall s . Wind wave damages occur to t imt ’ bo.it s and

f l oa t ing docks w hen waves with heights greatet ’  than 1/2 f t LS\  I ‘.t w i t h

periods between S and 1~ sec. Long period swel 1 is exceeding l y di ft’ i -

c u l t  t o  e l i m i n a t e , and the art - i s’ i ng swel I cond it ions may e x c i t e  sllI ’ge

or s o iche activity which also contributes to t h e  dam aging pot emit ia 1.

11
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If a portion of the evident seiche is gc i ierated wi th in tile harbor

throug h energy exchanges from undamped entering swell , any features

added to tile harbor for the purpose of reducing shor t  period w ave

energy should also assist in a reduction of seiche activity. h o w-

ever , if tile sciching is caused by incident long period energy ,

modifications designed to reduce swell umuay not have a signi ficant

impact on seiching and could , ill some c i rcumstances , even f u r t h e r
aggravate the seiching.

13. Losses in Qu iv i r a  Basi ui  alomle arc es t imated to exce1d

$1 ,000 ,000 per year in loss of rental fees , l imi ta t ions on r~Icre_

at ionul  and commercial a c t i v i t y ,  reduced public use , reducet/ emp loy-

ment , and delays in construction activity. ‘file Ci ty of Saly’
1 
Diego is

estimated to be losing 20’t of this amount. /
14. Observations by Seymour* dur ing December l97~ 0/ surge  and

wave activity in Mission Bay revealed 1 to 2 ft  hi gh wav~ s w i t h  15 sec

periods ill Quivira  Basin.  Superposed on t imi s  wave was c o m b i n a t i o n

cross basin and a long basin surge w i t h  a period on the  orde r of

100 sec and an accompanying run—up of about 3 ft. v e r t i c a l  excurs ion

Ofl the ri p— rap . At th is t ime waves were b reak ing  over both j e t  t i c s
at the entrance channel , and the harbor Pat 101 warned boaters  tha t

waves were breaking comple te l y  across tile channel . i’ilest ’ condit ions

were described by the do cknma ster  as about as bad as it gets .

15. Regardless of t h e  orig in and type of waves e n t e r i n g  Quivi rut

Basin , and other locations w i t h i n  Mission Bay , i t  appears that  ha :—

ardous wave condit ions exist  a subs t an t i a l  port ion of the t ime  in
tile emltrancc channel and a decrease in th i s  energy would be de s i r ab l e .

Wave energy propagates down the channel , re f lec ts  from the curved

channe l section , and penetrates  throug h the opemlings to tile var ious

basins.  The beaches in Murimlers Basin appear to he e f f e c t i v e  in damp-

ing considerable amounts of wave energy , and therefore  it is impor tan t

*g~ J~ Seymour , Personm ial Communication to U. S. Army Eng imleer District ,
Los Angeles , 05 January 1978.
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that future developments do not el iminat e t it e beaches in favor of

a Less e f t ’ ic ient wave absorbing structure . Any proposed plans to

al ter the existing beaches should be accompan ied by a careful

anal ysis of their wave absorbing chaructei’istics , amid provisions

should be made to provide e q u a l l y  efficient wave absorbers in  theit’

place.

Bioc kage of San Diego River Floodwa

lb. Mission Bay, prior to 194b , was a natural estuary of over

4 ,000 acres . The San Diego River ori ginally discilarged imito either

San Diego Bay or into the southeas t corner of Mis s iom i Ba>- . I t  was

real ized that i f  the Sun l) iego River were allowed to continue to

discharge i n to  San Diego Bay , ser ious  shoa l i ng  would  resul t  and

comme rcial  sh i pping would be h indered.  lii 1876 a pernmunent levee

was con st ru cted which permitted the r ive r  to discharge i t s  s i l t  and

debris im i to  Miss ion  Bay . The r e su l t i m i g  t i da l  p l i s m  m a i n t a i n e d  an

estuary ent rance  channel approxim n ate lv  200 ft wide amid about 8 ft deep,

connec t ing  Mi ssion Ray with the Pac i f i c  Ocean .
U’. Coastal Saul D iego Count ’ is subject to rare hut sudden and

severe floods.  From the headwaters  to the m o u t h s  of the canyons , the

streams have stee l ) slopes. Front the steeper canyons to the Pac i fic
Ocean , the streams are flatter as they NISS through broad valie>’s.
These flatter channels have insufficient capacity to carry large
floods w i t h  the resul t  that , dur ing f loods , streams overf low the i r
banks and innundate the v a l l e y  p l a i n s .

18. The Suit Diego River  and Mission Bay , C a l i f o r n i a , Pro lect ,

authorized by the River  and Uarbor Act , approved 24 July 1946 , was a

project  for the improvement of the lower San Diego River  for flood

control and the improvement of Miss ion Bay for s m i m a l l - c r a f t  navi gat iomi .

The project  plan ca l led  for a r iver  channel contained betweem l two

levees about 900 f t  apart , which would  penet ra te  through the l i t t o r a l

zone as p a ra l l e l  j e t t i e s  to s t a b i l i ze  the r i v e r  locat ion . A third

etty approximately 900 ft  nor th  of the nor th  r iver  j e t t y  would

1 3
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s ta b i l i z e  the emit r anco cham imie l to Miss ion Ba>’ , and the middle jetty

(commoll to both project- ) would complete l y sepai’ate the Sun Diego

Rive r  Floodway from the Miss  ion Bay improvements. These eng illeeriuig

woi’k -. were completed in l~
)Y,.

19. The south j e t t y  of the f loodw ay is approximately 1, ~00 t’t

shorter than the middle e t t . Consequent l >’ , north—flowing long—

shore littoral cut-rents carry i ng  sand front Ocean Beach meet an oh—

st ruct ioml amid the sediment load is deposited in the  wave shadow of

the middle j e t t y ,  or across tu e mouth of the flood channel. The net

et’fect is that the ent i re floodway exit is blocked by sand to about

th e .10 ft MLLW elevation , amid thus the e f fec t  iveness of the San Diego

River flood channe l is compromised. Uncertainties exist as to what

would be the effect of a major flood on the Sami Diego R ive r , as the

flood waters  ti’y to exit into the Pacific Ocean . The sand plug shown
in Figure 4 ifil gilt wash out , f ree ing  the floodway for i t s  des ign
purpose , or backwater ef fects might cause pondimig of the flood wate r s

and innundat e  r e s iden t i a l  or commercial  areas. Questions ai’ ise as to

the most e f f e c t i v e  meamis of combating this situation . For example ,

instead of remnoving the emit i re  p lug ,  perhaps a p i lo t  channel  wou ld
ass ist f loodwaters  in scouring out the remaining sand block . Addi t ion -

a l l y , measures  should be taken to insure  that the sand f i l l e t  does not

re turn  L f , indeed, it is a ser ious  impediment  to the flood capac i ty

ch a rac te r i st i c s  of ’ the floodway .

Sunset C l i f f s  Beach Erosion

20. Erosion of the shore l ine  in the Sunset C l i f f s  area of Oceami

Beach has become increasingly more serious to the home-owners and has

caused increased damage to both priva te and public improvements. Eros-

iom~ is occurring from two separate processes: (I) wave induced eros ion

at the base of the c l i f fs , and (2) bl u f f  top erosion because of surface

run-off and human a c t i v i t i e s .  In  general , the shoreline has changed

very little since 1952, although deteriorat ion of the sand beach has

continued. Survey s  indicate an average cl i f f i ’etre at on the order of

14 
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1 ft N’ yeal’ in the most cr i tica l  section , witii th is c r i t i ca l  area
gradually emicroac hing on adjacent susceptibile regions.

Purpose of the Study

21. In order to provide long-term (permanent) solutions to the

four pr inci pal problems which exist at Mission Bay, knowledge of the

amount of littoral material which is moving past the entrance channel

to the Bay is required , along with an understanding of the monthly oc-
currence of this flow of material by direction . This information will

be used to evaluate the potential effects of littoral transport , beach
scour , and deposition on the functional desi gn of proposed structural

improvements . Accordingly, the U. S. Army Eng ineer Waterways Experi-

ment Station was asked to apply the latest statistical wave data for

this region , and to ascertain an estimation of potential longshore

transport of littoral material for proposed alternative solutions .

1 6
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I’Ak l 11: i’u\’S L OGRAPIIIC Sl- I’FING

Geoloj~ic iv ol utiom i

22. The San Diego reg ion may be divided from wes t to east imlto

two m aj o r  s ect  iomts : (1) an e levated coastal p l a i n  sec t  ion c h a r ac t e r —

i :ed b~’ promninemlt marine w ave —c Ut t cr1-aces , locally interrupted by

st ream channels convey ing water  f rom the eastern It i gh lands to the

Pac i t c Ocean; and ~2) a dissected mou itta in—val 1ev sect ion. lhi s

area lies withi n the Peninsular Range Province , one of eleven physlo—

grap itic prov inces of the State of Cal i form uj a. Th is geomorphic pro vim uce

is  developed on an ex ten s i y e fault block that occup ies the southwestern

port ion of Cal i fornia and extends southward into Baja Cal i fornia
Mex i c o .

25 . On the whole , the S:imt Diego reg ion presents an asymuinet n c
t ramisverse profile havimig a long, gemit Ic western slope and a steeper

east em slope . h ighlands are presemtt toward the east and the topo—

graphy becomes less rugged toward the we st  and sou thwes t . On the eas t

the region s separated from the Colorado Desert by steep nountaimls

rang ing from 5,000 to o,000 ft in hei ght. The Coastal Plain sect ion ,
which is underlain by Tertiary marine sediments w i t h  a re lat ive lv  thin

cover of Quaternary depos its , is characteni :ed 1w a series of d issected
w ave — cut  terraces wit i cii extend inland front the coast for about ten mi les.

24. In the vicinity of San Diego , a series of terraces has heemi

fornmed on gentl y dipp imig sediments of Cretaceous , Eocene , P1 locemie ,

and Pleistocene age. These te rraces range front near sea level to

about 1 ,200 ft imi elevat jom i , although many of t ime sur face features ~f

these terraces have been modif ied or destroyed by ex te ns ive  erosion .
l’ime Coastal  Plaimi sect ion has been d i ssec ted  by various rivet-s w h i c h

have formed a ser ies of f lat — bottom ned al luviuni— filled vall eys that
provide importan t ground water  reservoirs , for examuple the San Diego

River.
25. The Coastal Plain sect ion of the Pacif ic drainage area



c o n s i s t s  of both nmanine and nonmarine sedimentary deposits of con-
glomerates , sandstones , s il ts t o nes , and shales of the Cretaceous ,

I ert iarv amid Quanternarv Divisions . lm t late Cretaceous on early
Tertiar y time , Sami l)iego County was part of a peiteplain , a low—
lying body of lamtd so reduced by erosiom i that comparatively little

topographic relief rema ined. A period of uplift followed , accom-
pan i ed bu fati 1 t ing and folding, forming hi git noun t a ins along the
easterm u sec t ion and partially breaking up the peneplain. Streams

began to  cal-vt’ the present drainage system , and the presemut r e l i e f

of the Coastal Plain is apparently due to several cycles of sub-
mergence and elevation inaugurated in middle Tertiary time and
continuing until Recent time.

2~ . Recent deposits of fossiliferous sand and loan occur all

along the shore of Samu Diego County - The con f iguration of the shore-
line of southern San Diego County is irregular due to differences imu

geolog ical structure and rock hardness. At La Jolla , the shoreline
projec ts out about a mile due to the resistan t nature of the hard

Cretaceous sandstones which outcrop there at sea level. Between

Pacific Beach and the entrance to Mission Bay , the less resis tant

Locene and Pliocene sediments have yielded to wave attack and this

feature , in combination wi th a local structural low , has produced a

mature shoreline. A long sandspit south of Pacif ic Beach , separating
Mission Bay and the Pac if ic Ocean , is underlain by numerous cobbles

at about mean sea level. All of the low land between Mission Bay amid

San Diego Uarbor is a delta deposit of the San Diego River. The

shoreline of Point Loma is irregular in detail due to the hard

Cre taceous rock s exposed at sea level and cl osel y resembles the
shore near La Jolla. Extensive geologic investigations of this area

hav e been performed by State of Cal i forn ia , Department of Water
Resources ,~ and hav e be en repor ted by beach erosion contro l studies

of the U. S. Army Corps of Engineers .4
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Ilvdi- o 1~~~~~~~ia iac te i ~ s t i t s

While the mean seasonal precipitation of coastal San Diego

County varies w ith elevat ion from about 10 in alomig the coast to about

5~ in in the nmountains , the 1-egion is st i l l  subject to imifrequent
t houg h sudden and severe floods . ftc prec ipitat ion exhibi ts great
st~asoii.il fluc tuation s, and storm intensity also var ies great ly. The

storm of z- ecord for the San Diego River is 10. 5” in in 24 hrs , and
occurred in Febut-arv , 192” .

28. The San Diego River drains an area of approximately 435 sq

tnt , of wit ich SS~ are mount a imious highlands. Most of the y e a r  the lower
reacher . of the z- ive n .it-e dr~- as a consequemtce of two niajot- resel-voirs ,

aitd during the sunumie r mon t its t he headwa t ems are a 1 so dry . The i-i yen

f1e ’i~s southwest through the mountains to El Capitan Reservoir. Ft-on
here it flows hest through the urt’ami i :ed area of Lakeside where it is
j oined b y a nmaj or t r ibut any , San V i c en te  Creek. The wat el- s of the
San \ icemt te Creek are retained by Samt Vicente Reservoir prior to its

confluence with the San Diego River. Between Lakeside and Mission

1;orge , the river (again called Sait Diego River~ f lows through lo w

ly ing amid i-ap i d l v  growing Santee , Call fornia. From the upper Mis siomi

~al icy through the lower port ion of the ~al icy , where the greatest
urbani ~at ion and commercial i :at ion of the flood plain occurs , the
rivet- gradient decreases rapidly . The re lat ive ly flat channel of the
San h) iego Rivet - from 11  Cap i tan Reservoir to the occa it is imusufficient
to carry large discharges during flood period s, amid the resultant

discharge overf lows the chanm iel amid iminumtdates the flood plain.
2~ . At the west end of Mission \al icy the San 1)iego River is

diverted in t o the rock—lim ted San Diego Rivei- Floodway , thus preventing

i ts  discharge from emitering Mission Bay. Since the exit of the San
Diego River Floodway is comp letely blocked by littoral material at the

present time , the consequences of a major flood are uncertaimi , as it
is not known whether the sand plug w i l l  erode and permit the passage

of f l o od wate r , or w hether it w i l l  act as a dam and cause ’ pondimug amid

1 ~
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backwater itm undation of commercial and residential areas. Severe

f l oods have not occurred in recent years , as evidenced by Table 1,

and , titus , their likelihood increases with time.

30. The first documented flooding of the San Diego River was

in 1825, when the river sil ted in its channel and changed course from

Mission Bay to San Diego Bay. In 1862 the river had its largest

historical flood flow with a discharge of nearly 100,000 cfs ; however ,
l ittle damage occurred because the flood plains were largely covered

by natural vegetation and were not developed . The most destructive

flood occurred in 1916, when dams on the Sweetwa ter and Otay Riv ers
fa iled , with severe damage to transportation and communication systems ,
and 23 deaths. Discharge at Mission Valley was estimated to be 70,000

cfs; a comparable flood today would innundate commercial and residen—

tial areas, cause structural damage to buildings in the millions of

dol lars , resul t in major breakdowns of freeway sys tems , and probably

be responsible for many deaths. Thus it is imperative that the

effects of the sand blockage at the exit of the San Diego River Flood-

way be ascertained as expediemitly as possible.

31. As discussed by Mayo ,7 flood control studies of the San

Diego River prior to 1964 did not adequately delineate the extent of

floodplains. Local authorities, therefore, did not have available all

the data necessary for guiding the urban growth within the river valley.

According ly,  an investigation was initiated by the State of California ,
Department of Water Resources, at the request of the County of San

Diego , to delinea te the areas subjec t to flood ing along cer tain portions
of the major coastal streams in the County. These studies

8 
were dir-

ected toward producing reliable estimates of water-surface profiles for

peak floods of SO- and 100-year recurrence intervals and to delineate

thes e areas be tween Mission Gorge and El Capitan Reservoir; thus, the
results are not directly transferable to the exit region of the San

Diego River Floodway .
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PAR F ill: II ISFOR1 C A l  Dl vi I Oi’Ml N I .-~sI’I C IS
OF ~~~~~~~ BA\ - -

52 . in h i s t o r i c  tiiuc~ , Mi ssion ba~ was a natura l e~.t uarv of
ou e r 4 • i~i~t~ ac me’ s ~ i t it the ma or dna i i t . & ~~e feat nrc t nt  o the es t ua r
l-~- ing the San Picge R i te r .  This r iver has a1ter i ta te l~ d rai t ted into
ci t itci- Mi s~. ion Ba~ or San Diego bay to the sout ii. In iS~~ the U. “ .

.-\mny ~ox - ps of Engineers const ructed an earthen levee w hic h penman—
exit lv d tv~rteJ the r ive t -  into Mission bay , as it had been detert itim ued
that if the San Piego River were a l lowed to cout imune to d ischarge
into San l’ucgo Ba , sen ions shoal ing would result and would  imu ter fei - e
with comtunerc i~i1 sh ippim tg . \t that t in~ • Miss ion bay was considered
of lit t le a lixe mel at i ye to San Diego bay ; consequent 1) the Samt Diego

River was pe t-m itt ed to d ischar ge into Miss ion ba wtt i I a i-ouitd 1 94h -
55 . The C it of San Diego and the Corps of Lngii teers in 1941

in it iated tud it’ s for cons iderii tg i umprovcnmem its to the I o~ ei- Sait P it-go
Riu cm for purposes of flood coitt tol . \s these invest i gat ions pro—

gresse’d , it became ev ident that max m u m  bemtef i t s  could be ol’t a i ned by

a comb tited flood control and na~’ i gat ton proj ec t  at Miss iott Bay. flue
comb ined pro) e’c t  was presented to , and adopted by , Con gre s s  in l~t4b ,
as h ouse Documemit No. ~~O , ~9th Cotugre ss • 2nd Scss ion . l’he Federal

L~ovemnmelut would be’ responsible for the ma in chanmue’ 1 and i ts  s ide—
s lOpt’S . the dredging of the wes t  and east b.is ins in the Ba , the dred g—

im ug of the na~ i gat ion cut rance channel to  the Bay , and the construct i on
amid maimttenamice of the three jet t ies defining the navi gat ion and f lood
cont rol channels . It had been i-cal i :ed that three i et ties would be

necessar) in order to prevent the sediment — lademi San Diego River fromu

discharg ing into the Miss ion Bay proper. In  1942 the City of San l)iego

init iated dredging and fill ing operations in the bay for public nec —

reational developments .
34 . Among otiter cons iderat tons • a well des i gmte’d h arbor sy s t emu

requi res a balanced sed imeittat ion 5y ~ tent ; i . c - , it i s des i red that

the forces due to waves , t ides , and currents w ill be in e q u i l i b r i u m
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such that neither scouring nor shoal lug ot movable ’ material w il l  occur

-~~ either phenomena c.iit have detr imental e f f e c t s  on s t r u c t u r e s  or t i a v i —

~it ion - Iw o poteitt ial sources of movable mater ial  cx i  st in this semi —

closed system: (1) sediment being transported downstreanm by the San

Diego River and discharging into the siu- t Zone’ ~dj acent to the ~‘1t ssion

b~x~ entrance channel ; and (2) littoral ntate i- ia l from the lom gshore

t ransport sy s tem being carried pas t  and into t h e  entrance channel by
ti de and wave forces . For these reasons , the concept known as the

“non—scour ing ” tida l channel was developed for the entrance’ to Mission
Bay. The inlet cross— sectiona l area was desi gned large enough so that

t idal curren t ve’loc it ies were reduced below their potent ial for moving

bottom mater ia l. Reg ime studies of un—restricted channels in al luv i.x l

mater ial indicate ’ a unique relationship w i l l  develop betw een such

a r i~nb it ’s a-~ discharge , widt h , and depth; however , in this case’ of a

deliit . e restriction on the width by two parallel j e t t i e s , only the
disch arge and depth we’re considerations, increased dredging c o s t s  due

to chanitel over—desi gn were a definite ’ concer us .~as the’ pote ntial for

the m i t t  roduction of more wav e energy into the harbor ~ om~ lex , al though

it wa s  believed reduced ve loc i t ies  in the entrance ch an nel would tend
to reduce hazards to nav igation .

35. The Corps of Engineers initiated construction of the south
and m i d d l e  j e t t i e s  fox- flood control purposes in 1948, and of the

north je t t y  for navigation into the Bay in 1949. The south and middle

jetties were completed in 1949, and the muorth jetty in 1950. At th is
time the middle jetty was not comp le tely closed , and tidal flow into

and ou t of the Bay was permitted to t raverse by way of the flood
control channel , with detailed discussion of the operation provided

by hlerron ,3

36. A pilo t channel was dred ged between the north and middle

jetties in 1950 to initiate the diversion of tidal flow from the

flood contro l channel through the navigation channel. For a short

period of time , the tidal flow of the Bay could be transmitted by

two passages. Nature ’s response to this action was rapid , as the
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cross-sectional area of the flood control channel began to decrease

and was almost closed by 1951. When the final section of the middle

je t ty  was constructed in 1951, the flood control channel completely

closed by littoral material in transport in the surf zone blocking I
the exit to a height of +10 ft MLLW. The main entrance channel to
the Bay remained open and increased in cross-sectional area slightly.

At this time the Corps of En gineers portion of the projec t was shut
down because of the Korean War , although the City of San Diego con-
tinued to dredge and fill in the Bay.

37. Dredging of the outer entrance channel to project dimen-

sions was resumed by the Corps of Engineers in 1954. At this time

it was discovered that sand from the littoral zone seaward of the

north jetty was passing through the north je tty and into the entrance
channel. It was apparent that this was taking place over the top of

the core of the jetty, as the core was composed of small stone wh ich
was impenetrable by sand. In the design of the jetties, the core was
establi shed at MLLW. In 1955 a contract was awarded for placement

of 3,000 tons of sealing stone on the seaward slope of the north

j e t t y  within the littoral zone , thus allowing the waves to dr ive the

stone in to the interstices. Ninety-five percent of the stone was

graded from 1-1/2 in size to 6 in size , and this measure succeeded
in retarding the movement of sand through the jetty. However, it

was later discovered that infiltration had not been entirely sto pped.

38. In 1957 the Corps of Eng ineers dredged the main entrance

channel and Quivira Basin to a depth of -20 ft MLLW, and this relative-

ly coarse sand was pumped to the eastern perimeter of the Bay to

stabilize mud deposits. This dredging essentially permitted full and

unimpeded tidal flow through the entrance channel and the west Bay.

The effects of the Mission Bay jetties upon sand migrations are fully

discussed by Frautschy and Inman .10
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Citammnel Shoa1in,~ by Jc_tty Penet ratio

39. Our mu g the preparat ion in 1958 for the final revetmemit

cont i-act ~‘f the Miss toni Ba project , it was d iscov ered that ‘O , 000

en vd of shoal material had imtt m dccl the cut i-a imce cha mt mt e 1 through
the in idd le jetty along the ii t tora 1 flone , and In , 000 en vd had con—

t i nued through t he miorth jetty where the sea I imig stom tc had been

p laced prey iOUS l y . It was decided that the north and immiddl e jet t I es

must be sealed 1w such means as would I)t’0elUcC a permanent and corn—

plete l y impemi ctrable barrier.

40. The jetties ax-c In ft wide at the crest , which is 14 ft

above MLLW , with side slopes I vex- t ical on 1.5 hon zontal ex tending

to  the ocean floor on both sides. The armor , composed o f stom ie 1 to
I S  toils in s ize , is 14 ft thick over the to p of the core and about
tO ft thick over the sides of the core. flie void ratio of t ue armor
is  generall y about 35~ , but the s i z e  of individual voids var it’s from

a t raction of a cubic f oot to severa l ct m l) ic feet. The vu ids are
stagg e’red , and only in except ional cases does any system 01’ voids
provide a comitinuous corridox- extending from am mv surface to the core .

Titus , the prevai l  imt g structura l characteristics of the jetty pre—

c 1 utled all at  tempts to in t rude, by act ion of g ray it y , amm y but t lie most
fluid of substa m ices . Also , head di fferentials iutd dvmtamn ic thrusting

of impinging waves constant l y  caused water to sul-ge back and forth

t hroughout  the armo r sect  ion w.i tim com is iderab 1 e veloc it ics . The kmtowit

mater ia is a t that time co n id not be combined in a wa y to pi’o v i de the

fluidit y required for im itr us ion through the ex i s t i n g  voids amid still

r es i s t  ti me erosion e f fec ts  of water in motiom i during so l id i f i ca t ion .

41 . An exper imem it a 1 program was es tab!! sited in which many co in—

binattons of g routim tg mater ia ls wet -c tested in order to determine

wit ! cit eomI) imma t ion could be p lac ed s at i s faL tori ~~ tim id which won Id at

t he  same t ime be able to solidify and seal the jetties . h ardness

more tltaim s t rength , was des i red because the grout barr iei- would be

exposed to sea act ion iii p laces amid there won Id be some abrasive
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effect upon surfac es exposed to sand part ic les in the mm ttuc k imtg wave s .

A comb ina tio im of bea ch sand , cement , and illi t e drilling clay was
evemi t ua 1 ly det ermi ned to satisfy all time necessary requirements.

42. An experimem it a l contract was awarded for the sealing of

approxim ately 400 ft of the middle jetty with the grout previous 1>’

developed. Drill holes were placed 8 ft on centers , a miozzle was

inserted to t he bottoimi of the hole , and withdrawn at such a rate as
to form an inmma gined cone extending fronmi MLLW to 10 ft above MLLW

wherever possible. Before sealing started , there was a trench—like

dept-essiom i in the beach conti guous to time outside toe of the jetty,

where the beach and jetty met . This depression was about 10 ft wide

and about 2 ft deep near thte MHWL, becoming progressively shallower

and fudimig out at about — 2 ft below MLLW. Th is was an ostensible

indicmm t ion that sand was passi m m g titrough the jet ty. As seal lu g  pro-

gressed seaward , the depression filled and sand piled against time
jetty to heights up to 1.5 ft above the aver age beach. Al so , the

beach as t’ar as 150 ft away from the jetty begun to gain in elevation.

Tim is appeared to be convincing cvi deu ce to Loud omi 1 ~ that time sand

was being stopped by the grout sealing experinmemit .

43. In 1959 a contract was awarded for sealing an additional

880 ft of the middle jetty and 1 ,000 ft of the north jetty. Spec-

ifications wore prepared on the basis of what had been learned and

proved during t ue  experimental construction. This effort is bel ieved

to have been successfu l in stopp ing the passage  of sau d im ito time

nay igtl t ion channel. Surveys indicate no further imtcurs iomi of sand.

Al so visual inspection shows that a shoulder of sand along time channel—

ward toe of time je tty,  nmuc h in evidence before sealing, has disa-

ppeared simice the supply of intruding sand has been cut off. Also ,

there is little doubt regarding the pemnmammen ce of the work .

44. In t ime case of Mission Bay , tiny shoaling in the outer
cu t r anc e chaimmiel m- esul t s in miuisaiice amid hazardis to the mmav i gu t iou of

sma l 1 craft because simo al s cause chaotic and breaking waves . Betw eem i

195S and 1958 , shoal ing took i’ lace at an annual rate ot 4S , 000 cii yd

1. 
_______
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Data indicated that all of time sand found its way into the channel
through the jetties at the littoral zone. To maintain project dep th
by dredging would imave cost each year approximately 50~ of the total

cost for sealing time two jetties. Since this form of shoal in g has
been preven ted , the rather high cost of sealing the jetties was not
only justified , but was extremely cost effective .

Adjacent Shoreline Alterations

45. Time Pacific Ocean shoreline within the near vicinity of
Mission Bay consists of Pacific Beach to the north of the entrance

channel , Ocean Beach to t ime immedia te south of the entrance channel ,

and the Sumiset Cliffs region immediately to the south of Ocean Beach .

The Pacific Beach area appears to be fairly stable and is not exper-

ienci ng si gnificant alterations in planform.

4o. The Ocean Beach segment of shoreline , a broad sandy beach
app roximate ly’ 0.0 miii long, extends from the emitrance to Mission Bay

down-coast to Niagara Street where steep rocky bluffs mark the beg-

inning of the Point Loma peninsula. The area has been subjected to

many alternate periods of erosion and accret ion , wi th the wors t eros-

ion occur ring in 1941. As a result of that damage , toge ther wi t h con-
timiued loss of beach areas in other shore segments of San Diego County ,

local interests requested the Corps of Engineers to make a beach eros-

ion study of specific problem areas within San Diego County. One of

the areas to be studied was the shorelin e fron t ing the communi t y of
Ocean Beach.

47. The erosion contro l study of Ocean Beach was initiated in

the fa l l  of 1953, and the project was completed during the summer of

1955 by local interests. The effo rt consi st ed of the p lacemen t of

about 275 ,000 cu yd of artificial beach fill dred ged from the Mission

Bay projec t at no cost to the Ocean Beach projec t , and the cons truction

of a stone groin.
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48. The Sunset Cliffs beach segment is the nort imermm ~~~~~~ of

the Point Loma peninsula amid extends from Niagara Avemiue southward to
the southern boumidary of time City of San L)iego, about 3 miles upcoast

of the tip of Point Loma. This entire stretch of sh ore is very rocky

with occasional narrow beaches , smal l  pocke t beaches , rocky reef s
extending from time shore, slicer cliffs rising SO to 75 ft above miarrow

rocky shelving beaches , amid numnerous caves , arches , amid irregular

sectiom m s have been formed by wave action.

49. The erosiomi of tile beach and cl i f f s  in this regiom m has beem i

progr ess iv e for many years , but in tile earl y 1900’s began to progress

mucim faster. The retreat of the bluffs damaged publ i c streets and

dest royed bo th pub l i c  and priv ate land and improvements. Im idividual

efforts by property owners to combat the wave erosion were insufficient

and for the most part failed im i their purpose. lii 19o0 , the State of

Cal i fo rnia , Department of Water Resources , requested tile Corps of

Engineers to make a special study of the cliff erosion in the City

of San Diego with the specific objectives of determining time exten t

and probable rate of erosion in the Sumiset Cliffs-Point Loma area of
the city, the cause of the erosion , and the most suitable remedial

measures. Also it was requested that an analysis be made of potential

sho reline improvemen ts or pla ns of pro tection , the public interest

t h e rein , and th e economic justification . Tile results of th ese exten-
1’sive investigations were published by the Corps of Eng ineers - in

early’ 1905 as a special study of Sunset Cliffs , wi th subsequent studies

in 1977 and 1978.

50. For comivenience in amialyzi ng the shore problems imivolved , and
the possible methods of correc t ing such problems , the Sunset Cliffs stud y

area was divided into two segments. Segment A consisted of that reach of

shoreline ex tending southward from Santa Cruz Avenue to Osprey Street ,

and Segmen t B ex tended sout hward from Osprey Street to Ladera Street.

51. It was determined that Segmemit A could be protected by sonic

type of structure such as a stone or comicrete seawall or revetment but

the constructiomi cost would be prohibitive. It was necessary to con-
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sider sonic other type of protectiout , and the p lace umment of a protect ive

beach appeared to be time most satisfactory from the standpoimit of con—
st r uctiomm s imn p l i c t t y .  The placement of a protective fill alomig time

toe of the bluff would fulfill two objectives of the local iztterests.

Fimey had expressed a desire for additional recreational beacim in time

heavily popula ted Ocean Beach-Point Loma section, amid also a desire
to crea te a rowing course iii the Samm Diego River . Sufficient immaterial

could be obtaiited from time River and a rowimtg course could be created

at the same time. It was estimated that approximately ‘20 ,00() cu yd

of fill material would be mtecessary to complete the beach fill project.

Another source of beach fill material for the proposed protecti ve

beach would be the entrance channel iumto Mission Bay . Sonic shoaling
had occurred and it was est imated that approximately 150 ,000 cu yd

of material were available above the project depth; however , wit h un-

i-estm-icted over-dredging approximately 050,000 cu y d of material could

be made available. Five protective groimms necessary for retai n im ig time

beach f i l l  would also be required , as there was limited knowledge of

time direction amid extemmt of littoral drift and nmovemm ment of beach sand
offs hore amid onsh ore . Time dimensions of this proposed beach were
approx imately 4 ,000 ft in length and averaged about 200 ft w ide.

52. The decisiomi was made timat time most feasible plait of simore

protection for Segmn emmt B would be to provide stone revetments along

the toe of time bluffs where required, rubble-m ound walls or dikes

across rock y poimits , amid sealing or blocking off of existing caves.
No additional work would be required imm t h i s  section during project

life after the initial construction . With some modifications , time
recommended plans for the improvement of Segment B have been essen-
tially installed .

53. The Segment A recommunendatioims were never actuall y imple-

niented, amid in view o f chaimged phys ical amid emmvironmem mtal conditions

which may have developed since time auth orization of the project in

1900, a re-evaluation of the requirements of this segment was per-

formed by U. S. Army Engineer District , Los Angele s, in 197~’ and 19’S.
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54. The erosio um of time shoreline in the Sunset Cliffs area has

become increasingly more serious to time homeowners and ha s caused
increas ed dama ge to bo th publi c and priva te improvemen t s in recent

years. Erosion is occurring from two separate processes : (1) wave

induced erosion at time base of the cliffs ; and (2) bluff top erosion

from surface runoff and human activities. Accordin g to Klari im 13
,

time base of time cliffs is wave resistant , although vertical joints

form lines of weakness whiic im widen amid extemmd upward by wave ac tion ,
resul t im m g imi caves or open surge channels . In the vicinity of Del

Mar Avenue , the toe of time bluff is activel y eroding due to closely’

spaced jointing which is causing undermining of the upper slopes.

55. Measurement of the amoun t of c l i f f  recession is composed of
two parts , in the same manner as the ero siom m is occ urri ng, and the

ra te of retreat is not time same in both cases because of the differ-

enc es in time resistance to erosion of the formations. Comparison of

1952 and 1976 topographic surveys indicates an average cliff retreat

in time vicinity of Del Mar Avenue at time present time of about 1.5 ft

per year . Mos t of time remainder of the cliff line in Segmemmt A has

re t rea ted li tt le , if at all , sluice 1952.

56. Several alternative pla ims for erosion control in Segment A

hav e been recently re-evaluated , al l  of which address shorel ine

erosion and not cliff stabi l izat io um imt which the Federal Govermmmemm t

canno t par t icipate. These al ternative plans include :

1. Status Quo
2. Sand Beach and Groins ( t ime au thorized plan )
3. Sand Beach , Groins , and Reve tment
4. Reve tment (1615 ft)
S. Reve tment , Concre te Seawall , and Na tu re Walk
o. Revetment (1020 ft)
7. Offshore Submerged Breakwater amid Sand Beacim
8. Acquisitiomm of Property
9. Of fsho re Kelp Bed

In January 1979, the City of Saim Diego again requested assist ammce

fro m the Corp s of Eng ineers for a sol ution of these problems , to wit:
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“ . in accord aumc e wi th  Sec ti on SS of Publ ic
Law 93-251 , time Cit y of San Diego is requesting
technical amid engineeriuig assistance for a
shorel ine protection project between Newport
Avenue and Ospre~’ Street at Sunset Cli ffs 
The proposed project includes Segmneumt A of
the U. S. Army Corps of Eng ineers Sunset
Cl iffs project and is a contimmuation of the
Segmen t B projec t cons truc ted dur ing 197 1
throug h 1973. Time San Diego City Council ,
in October 1978, af ter a number of public
hearings , approved the concept of the rock
revetment altermmative for protection at the
base of the cl i ff s between Santa Cruz Avenue
azmd Osprey Street along with a program to
stabilize time upper cliff formation betwecum
Newport Avemmue amid Osprey Street 

The only alternative wimicim can be justified economically at the presen t

time is omme winch includes a beach with recreational benefits ,
13according to the work of klariim .

1-
IH
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PARI’ 1 V : h ARBOR WA V L AND SU1WL A C t i V I T Y

57. In general , a harbor may be defined as a relatively quiet

body’ of water commnected to time open ocean iii such a manner by various

phys iograp hic or a r t i f i c ia l  features as to he simielded from time great-

er part of time wave energy prevailing in time open sea. Th is dampeum-

ing effect is usually provided by various dissipation or reflection

mechanisms . It’ wave energy enters a harbor at rates exceeding the

rates of damping amid outflow of enorgy , motio um will umecess am- ily am-

plify with time until nmodes of oscillatioim of time basim i are excited

and seiching or surg ing will result.

58. It appears timat durimig major stormums , lower Mission Bay is

presently vulnerable to sea amid swell conditions wh ich are unconm —

fortably high , and also exper iences big ht surge activity. Time effect

of timis water surface movememmt is to cause boats amid all floating -:

objects to alterumat el y rise amid fall wimile swayimmg back amid forth.

Time magmmitude of time vertical rise is dependent on time wave height ,

while time horizontal forces and motions are dependent omm water particle

veIoc~ ties and accelerations. 1m m 19o0, time Mission Bay Yacht Landing,

located on time umortim side of Quivira Basin , reported 13 muajor—s ize

yachmts left this lauding as a direct result of surge coumditiom m s. The

reasons given all followed a stammdard pattern. Moorimmg lines were

cont iumually strained beyomid their limits and broke, amid boats could

be expected to be loose omi aim average of ommce a week , result imm g in

collisions and insurance claims . Fenders amid bumpers would mmot with -

stand t ime pounding receiv ed , and commti mmua l damage resulted to imull :~
fitt imm gs due to time tremendous forces imposed. Prospective lessees

of areas in Quivira Basimi raised time questiomm of time security of in-

vestments in boatimm g fac ii ities in a bas imm wimich appears to be excess—

ively rough.

59. As a direct result of th ese damagimmg immcidem m ces , time Corps

of Eng immee rs contracted witim Marine AJ~ i sers 
14 for time es tab Ii ~hmn emmt

of a wave moumitorimm g program imm Miss iou Ba~’. Wave t raimsducers were

31

L -- ~~~~~~~~~~~~~~ 

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



Located at  ~t x c i - i t  ical poi imts imm t ime Bay coumplex b ite in the main

emit m’ .uic e c hammmm e 1 , one in t lie Bay —h arbor emi t i’ammc e c im amiume 1 , two in

Quit i ia has 1mm , .immJ two imm Mar im m e r s  B as i m m )  . These gages mommitored

.ill stornms occurring jut 19o3 , and analyses of th ese records m di-

cated that , indeed , excessive swell imeig hi ts exist imi lower Missiomi

Ba~’. ~~st promimiemit of these problems was  timat imic idemmt sea waves

over 10 it imm hi~ight immduc c excessivel y high swell 1,grcater thman

2 ft 1 im i t ime has im is . Umicommommlv hmi ghi seiche m~as uvidemit in thit’

ii.t 1 1101 •

Nt . lt was determined that the beaches then surrounding Mariners

Ra s i tt  wei’e effect ive in danmpimm g large anmouimts of wave emmergy , aimd it

was therefore recommemmded that future developmemmts do miot elimimm ate

those beaches in favor of vertic al bulkheads or steep revetted slopes.

Llurimm g major storms , whemm sea waves approachimmg 20 ft arrive at time

emit rammce chaminel , swell in time bas imms may reach 3 to 4 ft in height.

Such evemmt s are probable occurremmc os of about 3.5 hr aimnua l ly. No

storm of maximum possible ium t emms itv imad occurred at that time , so time

imarbor mmtamiagememmt imad no opportummity to observe a maximum disturhammce

imm time ’ basins. The effect of these 3 to 4 ft h ig h swells omm time

facilities already’ installed in Quivira Basimm would not be cata-

stroph ic but would be sufficieimtlv damaging to cause local interests

to lose commfidence to such degree th at development of the lower hay

could be cur tailed or abandoned , in wh ich case public bemmefits of

considerable magnitude would he lost to the project.

c~l . There appeared to be two potential solutions to time prohlemmm s

existing at that time . One possibility was the comm struction of two

jetties , one at Quivira Basin amid one at Mariners Basin to phys ic a l l y

bl ock incoming wave energy. The secomid possib il ity was time construct-

iomi of a jetty - at Quivira Basin , and development of a miew eumtrance to

Mariumer s Bas in with fill iumg of time preseumt entrance to be accompi isimed .

The Distri ct ling immee r ot’ the Corps of Emmgimmee rs 15 recommended that a

physic .m l model study he perfo rmed to asccr taimm whi c im solu t ion wa s
opt imal .

- -
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L’hvsica l Model L~ a1uat l O u t l~tN)
- -

‘2 . the U. s . Army I~umg imiee r Waterway’s 1 xperim mmeu mt Statiomi~~ pci- —
lot-med a hydran t ic mode l imive st igat b u m  of Miss ion Bay’ to dete rm umi ume
the t’e 1 at i~ e, c t t e ’~ t s ~fl 5  ide the’ harbor of waves of various mn agmmi —

tudes that approach the harbor site fromum the more si gmii iicaumt storm

t , and to develop remedial plamis as required to provide

sa t  is factory wa~ c—act ion comm dit louis 1mm Quivira amid Marimmem ’s Bas iuts

o~~ . No definite wave—height criteria were specified for use iii

dett ’rnuning plan adequacy iii this Missiomm Bay study . h owever , it

was be I ieved sufficient to adopt st inmdards that had been used i mm

S Ufli tat’ studies. A review of past model studies of sina i 1—boat liar—

hors wim ich arc sub mected to short —p~ i-ioet wave act iou simi lam- to tim at

at Miss ton Bay (Lit-bo r sh~~ s that wave heights commsidered acceptable

simon LU imot exceed 2 ft for niore thm .um a few hours pci- year, and pre-
ferably should not exceed I. ~s ft jim time nmoo rimm g area. Accord imm g to

time se tests , isa\ c iici ghm t s in time existing imarbom’ should be sat isfact —

ot- y . Uowever , damage to l’oa t s moored in t ime imarbor have been reported ,
which indicates that rediw 11mg wave’ heights alone may not be’ st iff Ic ieutt
to ci in tuma t e cut i— el y time damimage to nmoored boat s .

1” r
~4. Ihe i-esuits of a study- 1w ilaichmlen iu m dmca t e s that the

fundamitenta I frequency- of osc ii lat iou of time heat aum l time syst e mm m of
heat mooring are imnportaumt ~‘ai’iab les with 1-espect to time ’ surge of time

moom-ed boats , lie foummd th at the i-ammge of na tura l per iods  of es c  i l l —

at j oum of m o o  red boats of s m i  lam- si :c and type as those that mnooi- in

~‘t ts s  ion hay is usually within the range’ of storm—wave periods exI’er—

ienced 1mm Miss ton Liii>’ b2 . ~ to 22 . ~~ 5 c c )  . It was found to be thmeor e—

tica ll y 1’osstble to reduce the’ surge of small craft j im >I issi omm Bay

(Lirbor sat is fact em’ i ly by proper desi gum of the moorimmg svs tem lt amid b~- Iirequir tu mg that certain titooriumg Irocedures he adhered to. i t was rec—

oit~mi~nd~d that , if the mooring system alter at io mms were umot sat is fac tory ,

theui c im.umges t~ the phiv si cal features of the harbor sh ould be mumade .

~~~~~ . Results ot ’ t es t s  of dif fem-eu it  plans indicated that i n s t a l l —
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atiom u of simeet pile grotums in the curved port ion of time south batik

of tim e’ cut ramice ciiaminel would ef fe c t  aut ovex- .il 1 reduct bo ut jut wave

iueig imt s iii y t ai ’mume rs Bas in aimd Quivira Bas imm of 42 and 24 perc eumt

respectively. Mod i ficat ion of time south bank of time emit ramice cha— - -

um um el into a series of rigbmt— azm gled steps resulted in height reductions

of ~mpproximat elv ~9% in Mariners Bas iim and 23’~ in Quivira Basin.

The addition of the sheet pile groins to the stepped haui klim me did not

result in aim>- significant differemtces in test results .

~u. Time results ot’ frequency-response tests s howed def i m mite
tendencies toward resonance in both Quit-ira and Mariners Basins for

wave’ periods near 80 and 140 sec.  :\ small immcrease in the wave—

amplitude ratio occurred in the vic m i t  of 4 5— to SO—s e c periods;
however , it was doubted th at such a slight tendency towar d imarhom-
re s on amm c e cou ld  produce any s igimificant response in moored beats.

V’. In 1 9 5  time City- of San Diego passed a resoltit ion urging
the ( O 1~~S of lilmgirt eers to comiduct a sttmdv of altern atives , including

aim offshore detached breakwatez- for modi ficat ion of time >hiss ion Ba>-

eumtrauice. Because the earl lest est imated date for const ruct ion of

a permaneumt solut mcmi t o  the problem w as the earl y 19S C’ s , based oum
time tim e-n exi sting s~ he-dule for the p1-o~ect study, and since the s im mg e
problem appeared to he- more sever e mum 197u as  t of lec ted  by property
loss claims and hinderance c t  the ultim ate desi gmi capacity of the

hmj u-bor , the C ity of Simm Diego agamu m in 1Y~~ passed a resolut ioum i~hic hm 

C quC st s the ‘l iii ted states Armmu y Corps of
I uigi um eel ’s, umtder the ~~t~ taumd1ng authority for
time Simm Diego Ru e r — M t  sstOI i  hay Pro iect  (h ouse
Document u~ , 9th Congress , 2uud Sc-. s iomm , .July
3~~, t94~~) , to ex pedi te  the study of surge pro—
b lens and ha :.irdous boat j u g  co nd i t iomms in Miss ion
Bay thirougim app licat ion of their to ta l  des ign
capability •mnd to consider wi tim itt the present
autimori zcd study the surge problem inland ot’
M is s  iou Bay Bridge ; and to invest igate the
existing condition s in Mission Bay’ aumd develop
alteruiatives to implement aim jutterim solutiomi
unt i l  the authorized stumdv p1-elect caum be
completed and constructed 
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lcnq~orarv Solution , Qjaivira Basin, 19’_8_

~S. in early l9’8 , time U. S. Arnm > l uigineer Ltistl’ict , Los Ammge les ,

developed a t emporary solut ion to the exist iumg problem s associated wi t i m
short period w aves in Mission Bay- to prevemit further damage to boats
axmd faci l i t ies amid to provide aim opportunity- for time furth mer develo p-

meumt of Quiv ira Basin. it did mmot iii aim>- way preclude study of the
fium al solution of the Quiv ira Basium problem , or otimer problems in

Mission Bay .
t 9 . During 19Th and 19~~’, it was observed that time stormy season

ge u mera l ly l as ts  around four months , from December through Mum-c u . The

damnagiumg coum dit tou ms imi Quivira Basium occur w hiemm high wav es propagate
dowmm the entrance’ cima umnel amid time high waves are most pronounced

durimm g hugh tide. ~‘kst damage to the boats amid the floating docks seems

to occur wi th  w aves over U.S ft in hici ght amid betweemi 8 and 16 sec per—

bed . Locally gemmerated wind waves do not appear to cause damage ,

although the entire effect of seiching of long period waves may- not
be comp letely umiderstuod .

~U. Time Corps of Emm giuieers has commtra cted w ith the California

Departme m mt of Navigation and Oceaim l)evelopment ti)NOl)) for time acquisi-

t ion of prototype wave data in Miss ion hat’, b> the imistal lat iomi of eleven
traimsducers at selected locatioums throughout the problem am-ca. L )imrium g

Pccem her 197~’ visual observations were made by- L)NOP persoummmel ch arged

wi  tim the res pomm s i hi l  itv of obtaiuiimm g these data of time surge commditio mis

that were’ then occurring in the Bay-. 1mm the has ins , wave ruum—~ p eu

the riprap was observed to be occurring from 1 to 2 ft vertical cx-

cursion with 15 to lb sec periods. Superposed on this wave was a

combination cross basin and a long hasi um surge with a period on the

order of 100 to 110 sec with a run-up on time riprap of about 3 ft.

in the entrance channel at a point looking seaward midway’ between time

north and middle jetties , the run-up on time 1-iprap was from 4 to 5 ft

w -it lm a period of about ~~ sec . Time harbor patrol was warn ing boaters

about waves breaking comp letely across time chaumnel at the eumtr aumce.
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1. Regardless of the origin and time type of waves ente rim mg
Quivu ra Basin amid M iss  iou Bay in general , a problem appears to ex is t
w ith excessiv e swel l  emm te ri umg time entrance chiamm imel , passiumg through
time main chanmiel , and continuing thmroug im time 400 ft opeuming into
Quiv ira Basin. Thus, in order to reduce swell wave heights in the

basin , time swell wave energy entering the basin must be decreased .

lit order to accomplish thu s feat , t ime following alternatives were
considered:

1. Addition of a breakwater made of stone , commcre te piles , steel
sh eet p i les , or timber p il es to i-educe the widthu of time en-
t rammce channel to Quiv ira Basin. -2

2. Floating breakwater at time entrance to Quivira Basin.
3. Modification of time curved portion of the south ban k of the

entrance chmanmme l by :

a. A ddim mg shee t p ile groins.

b. Creating a series of righmt-a umgled steps.

c. Coims truction of a center dividing wall approximatel y- on
time aligummen t of the north jetty.

4 . Open the nmiddlc jetty to create aim attenuatiomm basimt for
wave action in time existing flood control channel.

S. Construction of overlapp ing sheet pile breakwaters in the
entrance channel , normal to time existing jetties , approximatel y
500 ft apart .

6. Construction of detached offsimore breakwater offsimore of the
existing jetties.

Construction of a submerged offshore breakwater offshore of
the existing jetties.

:2. The evaluatiom i amid comparison of all alternatives resulted

iii time recomntemmdatioim by the U. S. Army Emmgineer District , Los Angeles ,
that a timber treated pile array by’ placed at the entrance to Quivira

Basin. Among the considerations were time following:

1. The most promising place to stop most of the swell energy
enter ing Quivira Basin , on a short-term basis , is at t he
entrance to the basin.

2. Among different types of breakwaters , treated timber piles
are miot only the most economical , but have proven to work on
otimer jobs under similar conditiomis amid can be easi l y removed.
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The life span of treated timber piles is about 10 to 12
years , which is more than adequate for a temporary solution.
Timber piles can also be constructed wi thin the required
time frame.

3. The length and orientation of the recom mended breakwater
were dictated by several factors. The most important factor
was to he able to stop as much energy from entering Quivira
Basin as possible while leaving a usable navigation opening.

The construction of this temporary solution was initiated during March,

1979. No maintenance is anticipated for the recommended timber pile
breakwater throughout the project life. Upon implementation of a

permanent solution, the temporary breakwater will be removed when it
is no longer needed or when the timber pile has begun to deteriorate.

73. Accor ding to the work of Nizins ki~
’8 , cont inuing losses to

all interested parties in Quivira Basin are estimated to exceed

$1,000,000 per year due to the loss of rental fees, associated bus-
m ess, and delay in construction of Marina Village. An additional ‘ 

-

$500,000 has already been lost for replacement cost of damaged boats

and structures due to excessive wave action.
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PART V : ~AVI - . CLIMAT E ESTIMATE

:~~ . Before permanent solutions to t u e problems cx is tim u g at time

Miss iomi Bay comuiplex can be developed , it us necessary to imave a good
ummderstammding of t he imic ipient wave comidit ions ex is t ing  imi time v ici  —

nity. The incoumting wave trains not univ directly affect the operation
of time uuiariumas , but also imudirect ly couitribute to poteutt ially sigu mif —
icant areas of comicerut such as lomtgshore t i-auisport of l ittoral mater-
ia I ium the surf zomie amid erosion of tue adj aceuit shorelines. Wave

heighit , period, directiomi of travel , frequency of occurrence , amid
emmergy of wave groups are characteristics requiring comisideration imm

all of time potemmtia lly troublesome areas. in turn, timese cha racter-

is t ics are directly imifluenced by’ such pimys ical factors as wave
expo sur e, island simeltering, refraction amid shoalim ig.

Wave Exp osure

75. The degree to wimic im a site is open to time dii’ectIouial

spectrum of wave energy from distammt amid local storms is called

wave exposure. The anmoummt of wave exposure alomig thie Missioim Bay

Littoral Compartment is depemmdent on the configuration of the main—

laumd amid time existence of time offshore islands. Complete wave ex-

posure is reduced by the sheltering effects of the Califorumi a coast-

limme and the offshore islands of San Clemente , Sautta Catalina ,

Sa mm N icholas , Sumutta Cruz , Santa  Rosa , amid time Los Coromiados ls lammds
of Mexico. ‘l’hme ‘l’auimier Baimks and time Co rtes Banks , submerged shoal
regions sout h of Sami Clemuiemite Is lamid , also reduce time exposure of wave
energy spectrumus hm avi umg wave periods greater than about 11 seconds.

Th. Different locations along time coast l iume are exposed to a

d if t ’e re umt wav e cl imate due to time fact th at time phys i cal orientat iomm

of the coastliumes amid time islands permit wave exposure windows to

vary as one proceeds southward from Poimit La Jolla to Point Loma.
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thence , it is imperative that propel- consideration be given to time

particular point of iumterest regai-diumg time degree of wave exposure .

Due to time fact that time eultire Missiomm Bay Littoral Conmpartmeutt is

relatively small (compared to time Oc eanside California Littoral Cel l ) ,
a determm uiim ation of time average wave climate throughout time Compartment

should suffice to evaluate longshiore traumsport and incipiemit wave

conditions at the Bay eumt lince .

Island Sheltering Effects

77. If the Mission Bay Littoral Compartment were umot sh eltered

by the offshore islands , waves would arrive fr oun a wide range of
directions evemu if time direction of time wind iii time generatiumg area
were relatively constant. According to Arthur 19, variability of wave
direction makes a patim of at least 450 on each side of the wimmd . A

dir ect ional beam pa tt erum of wave imutensity ’ of thme form (1 + cos . )

has beeum used o approximate this spreading fummction. 1mm effect ,

the iuutens ity is proportiommal to the square of time wave height , wh ich

is consistemmt w it h observational data. The resul t of she l terin g,
then , is to prevent certain parts of the wave rose from reaching the

protected area.

73. lii invcstigati umg is lam u d shel tering,  the first consideration

is to determine which directions of approach are open to waves of

various periods amid which are blocked. This cannot be accomplished

by simply imispecting time sea level contours of the islands , for shoal

water can act as a barr ier just as effectively as an islammd shore .
The blocking action depends on both water depth and wave period , wi th

loutg-period waves requiring deeper water for passage than short-period

waves ; and as a result , any given opening between two islands will

present a narrower portal to a long-period wave than it will to a short-

period one . With u the aid of precise bottom-contour charts , a l l  such
avenues o f approach were listed for the Mission Bay Littoral Compart-
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muent , and the required integrations were performed by digital comp uter
utiliziumg a program developed by U. S. Army Engineer District , Los
Angeles. The precise point selected to ascertain time deep water wave

cl imate was located directly off the main entr ance channel to time Bay

in water of 300 ft depth.

79. Time islan d simel tering th eory y ields not only height-
reduction ratios but indicates modification in direction as well.

Periods are assumed to remaimi unchanged. Time direction modifications

are umeces sary because, in some cases , sheltering will block out part
or all of t he primary centra l portion of the direction sector of a
train o f approaching waves. When this happens , t he wave energy

reaching the hindcast point will obviously come from around the two
ends o f the barrier , and t he resulting modified wave train will come

from a direc tion within the or iginal sec tor bu t modified toward tha t
end of the barrier around which time larger part of the remaining
wave energy caine. The island sheltering coefficients , or the per-

cen t remaining of the ori ginal deep-water wave heights , and the

direction-of-approach alterations were applied to the deep water wave
climate being utilized in the analysis. The resulting sheltered
deep water wave climate was t hen refracted shoreward to time site of

interest. The sheltered deep water depth in al l  cases was 300 f t
where the refraction analysis was initiated.

Refrac tion and Shoalin t Effects

80. The phase speed of a surface gravity wave depends on the

depth of water in which the wave propagates. As the wave celerity

decreases w ith depth , time wa ve leumgt h must also decrease for the
period to remain constant. Variation in phiase velocity occurs alon g
the crest o f a wave moving at an angle to underwat er contours because
t hat part of the wave in deeper wa ter is moving faster than that part
in shallow water. This variation causes the wave crest to bend toward
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ali gnment with the contours . This bending effect, called refraction,
depends on the relation of water depth to wave length. It is anal-

ogous to refraction of other types of waves, such as light or sound.

81. As waves propagate from deep water into shallower water,

changes other than refraction take place. The assumption generally

made is that there is no loss of wave energy and negligible reflection.

The power being transmitted by the wave train in water of any depth is

equal to the power being transmitted by the wave system in deep water.
The wave period remains constant in water of any depth, whereas the
wave length, velocity, and hei ght vary.

82. The transformation of irregular ocean waves is a complex

process which is not fully understood. The usual method of treating

the problem (which is both practical and relatively successful) is to
represent the actual system by a series of sinusoidal waves of dif-

ferent hei ghts , periods , and phases. Such a system now has a two-

dimensional energy spectrum. The wave statistics being analyzed in

the present study are treated in this manner.

83. Refraction and shoaling effects are, important for several

reasons. These phenomena determine the wave height in any particular
water depth for a given set of incident deep-water wave conditions;
i. e., wave hei ght , period , and direction of propagation in deep water.

Refraction and shoaling, therefore, have a significant influence on
the distribution of wave energy along the coast. The change in wave

direction of different parts of the wave results in convergence or

divergence of wave energy, and materially affects the forces exerted

by waves on structures and the capacity of waves to transport sand

either longshore or onshore/offshore.

Data Sources

84. The U. S. Navy Fleet Numerical Weather Central (FNWC) has

produced synoptic wave analyses for the northern hemisphere since 1946.
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These data are archived cmi magnetic tape , and have beeui z’ccemitly

ut i l ized by Meteorology Immter mmatiou mal , inc. (Ml I) under cOuit ract

with DM00 to provide deep wate i wave stat i s t ic s  fo r- coasta l  eng in-

eer imig applicatiouis sinmila r to tiiose previous ly’ 1) repimred by Natiomm a l
Mari mme Commsu lt~umts 0 (NMC , 19b0) and Mariume Adv isers~~ (MA , l9bl)

which have been the basis of desi gn for coastal projects in Calif-

orumia. These statistics by Meteorology International , lum c.~~ (MU ,

1~t ’7T) not ommly increase time data base (from 3 to ~
) ycai -s ) , but also

refine t ime wave direction iumcrenments fi oumi 22 1/2° to 10
0 and provide

additional Informumat ion cmi persistence of waves of various hei giits.

These deep water opeui-oceait wave statistics comp iled fromui a 29-year

data base (l94h,—l974) are available from DM01) for six imvpoth me tic al

stations along time California coast.

35. The sittgular wave model used by FNWC is based upout convert-
ing barometric observations from ship amid shore stations into a

pressure field. :~ wimmd field is math ematicall y derived froimm th u s

pressure field and imposed on a grid covering time northern hmeummis -

phmer e. At cacti grid point wave lmei gimts , periods , and directions are

mat hematicall y generated for eac h 24-hour period, if the wind wave
is 5 ft or more imi height , a swel l  train is initiated along a great

circle’ track in time same directiomm as time wiumd wave amid carried froumu

grid point to grid point until time swell wave decays to less thaum

3 ft or reach es land. At cacti grid point , both time wind wave (sea)

and a swel l  wave are recorded.
8~. The I NWC grid system does not follow time California coast-

line , and it was deemned desirable to have deep water statistics avail-

able near time coast at comivenient intervals for a umumber of coastal

eumg iume ering applications. Six locations were chosen, Fi gure 5.

Ml! Stations S and 6 along time Southern California coast are suffic-

iemm t ly offshore in deep water so that island effects not coumsid ered

by time mmum crical mode l are avoided. Commside ratiout was giveum to decreas-

immg the distance between stations; however , it w as deternmined that for

most app lications , an interpolation between station s is sufficient ,
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Figure 5. Location of deep water wave statistical stations oft’

the coast of California by National Marine Consultants ,
Marine Advisers, and Meteorology In tern at ional , Inc.
(after Meteorology International , Inc.)
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a~ time variat iomm betweemm stations was quite smootim . Accordiuig l y, a

hypothetical Station 5 1/2 was established betweem i Ml! Stations 5 and

, is located imi deep water oceamiward of time shm el ter im m g islam ids , and
coums ists of amm average of time data determmmi umed for Statioums 5 and ~~~.

S ’ . Mission Bay is exposed to deep water waves from southmerly-

and southwesterly- directiomms , but is partially shielded fronm most

wester ly  amid northwesterly approaching waves. San Clemu mente and Santa
Cata li mma Lslands ef fect ively shme lter Mission Bay from deep water wav e s
from th ese directiou ms , exce pt for time sector betwceum about a:imuthm
285° to 295°. Additiou iallv , Miss iomm Bay is exposed to locally’ gen-

erated sea waves from all directioums between azimuth 1800 to 330
0 .

88, Sonic of the wave energy present in time offshore waters

is simeltered from the Mission Bay Littoral Conmpartmuient by time off-
- - 19sh ore m sl ammds . Time islammd shielter imig th eory of Artimur- was applied

to the Statioui 5 1/2 deep water wave statistics deduced front M11~~ ,

for umort hmern imemisp imere swell coxmdi t ions amid foi sea coumdi t ioums .

Because thiese data do umot include aumy soti thmeru m hmenm i sphere swell

considerat ioums , time most compreimemmsiv e data for southmern imemisphere

swell cont immued to be th at of Marimme Advisers~~ . t h e n c e , time i slammd

shm elterimmg theory was also app! ied to time Stat iomm A data for southermi

hemi sphere swell . These deep water data were then tramisfered past t ime

islaumds to a poiumt in 300 ft of wate i- uiear the coast but simel t ered by

tu e offshoi-e islands and af fected bm’ time shorelimic couifi gurat ion of

Southern California.

89. Time sea statistics tabulated in time publi shmed literature ,

s t r i c t l y  speaking, apply- oumlv to the stat iou location . Wheum the sea

w av e ’ s  leave time st atio u m area amid propagate shoreward they become , im m ft
effect , “decay-ed sea.” Titus , if  the area of interest is a significant
distaumce from time deep water station, additiom ma l allowaimce should be

made for time supp lenmeumtal sea waves (local sea) that huts been gemi—

c rated near time point of coimcermm . Time frequency of occurrence stat -

is t i cs used 1mm tim is studs- include time com mt ributjomms fromum umortimern

‘.well , southmerum swell , decayed sea , and local sea. The local sea 
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cimaracteristics wet-c developed from tiuc t,-ind fields accessed from time

Syumoptic Shi pboar d Meteorological Obs e rvat iou m s (SS~U) data tapes.

90. The N~AA/LD S SS9J data tape family was derived from over

31 mill ion surface mari mme observations obtained from ship logs , sim ip
weat h er report imig form s , published ship observations , automat ic ob-
serv ing buoys , tel etyp c reports , amid from cards purc hased from several

foreign meteorological services. The quality of instruments used to
make t he measurements , as well  as the qualif ications of the observers ,
varie d considerably; however , a d i l i gent effort has been made to brin g
to t he researcher of oceanic weather patterns and sea commditi ons , a
co mmo mm observat ional format, des igned for use with modermm electronic
da ta processing equipment.

91. In recent months questions have arisen regarding the aj’~’l i-

cabi l ity of using a singular wave model for time determination of wave

s tat is t ics .  Most knowledgeable researc h ers agree t h at  the spec t ral

approach is s ignificantl y better and , indeed , time U. S. Army Eng ineer

Wate rways Experime nt Station is presently - engaged in a 5-year project

to provide , timru hindcasting, a directional spectral wave climatology’
F for all continental United States coastlimmes amid Hawaii. This wave

climatology- will ultimatel y be available in time form of a computer-

based wave it tform ation system with the capability to perform near-
s hore wave tran s formatioums such as those necessary for t h is stud y.
However , the data results for time coast of Califo rnia for thmi s new
study will not be available until the latter part of 1980 ; hence , it

is not possible to delay an investigation of the Mission Bay problems
until these com prehensive data become available. Consequently, ti me

on ly viable alternative at the present time is to proceed with analyses

based upon the best information available , whic h is believed to he MI!
stat ist ics for northern hemispi m ere swell amid decay -ed sea wave s , MA

stat is t ics for southern hemisphere swell , and the SSMO data tapes from

w hich time local sea conditions can be developed . Results and co n clu-

s ions will be revised and up-dated as more precise wave data become

ava ilable.
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92 . Longs hore trans port co n uput atio u ms were performed for t ime
Mts~ ion Bay Littora l Compartmem m t b y applying re fraction ana l y ses  to
time latest  hmy dro g ra phm ic surve y ’ data whmich was over la imi by a 400 ft
square depth i grid. Th is provided adequate detai l  and permitted time
computations to proceed to time breaker zone for all w a ve  conditions.

Time re fraction auma lyses thus provided a series of cal ibrat ion curves
for selecte d wave heig hts amid periods for eachm directioum-of-approach

ba m md . From t hese calibration curv es of time ef fect of deep water wave
he i ght , period , and directiomm of approac h oum breaker height (Ap pemm-
d ix A) and of these same e f f ec t s  on breaker angle (Appendix B), the

appropriate value for each element appe arium g in time wave s ta t i s t i cs
matrix could be deteruniumed . Ultimately’ , time amoummt of poteumtia ! lommg-
shore tra m ms port attributed to that e !ememmt was evaluated.



PART V I :  RESULTS AN!) CONCLUSIONS

93. The oc c urrence of deposition or eros ion along any’ beach
is a result of a numbe r of inter- related factors , includin g the amoun t

of ava ilable beach material , t he locatioum of its source , t he com mfi g~-
urat ion of the coast l im me amid of the adjoining ocean floor , and time
ef fects of wave , tide, and cu rrent action . The exi Stence of a san d

beach is t he result of a delicate dynamic balance between a number

of these factors , and changes in any of the influential forces tend
to pert urb t he dynamic equilibr ium .

94. Prior to construction of the je t t ies  at Miss ion Bay , san d
moved by long s hore currents in both directions along the coast.  The

littoral material crossed time shallow bar at the eumtrance to Mission
Bay and moved without si g nif i caumt d issipation imi either direction .

Northward flowing currents would remove material from Oceatm Beach and

transport it northerly toward Pacific Beach , but alternately south-
ward curre nts would te umd to return mos t of the material. This , coupl ed
with occassional cliff erosion at Sunset Cliffs , tended to maintain a
fairly substantial beach at Ocean Beach. The jetty coumstruction had

two import ant ef fects on the flow of littoral material : ~a) timey

impede the na tural f l ow of sand along the region; and (b) they form

wave and current shadows which result in quiet water and time depositiomm
of sand near the je t t ies .

95. Long-term (permanent ) so lutions to time four principal
problem s which exist at Mission Bay mus t be developed wit h an under-

standing of their effect upon the littoral reg ime of t he area , and

vice versa , o f time consequences of sand transport (scour amid depo-

sit ion) upomi the functIonal design of time structural alter natives.

it was requested that time U. S. Army Eng imm eer Wa terways Experimen t

Station apply time latest wave statistical data for this region to

asce rtain an estimation of potential lon gsh ore transport to be used
in t he development of poss ible alternative solutio ns.
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I
Lonj~shore Transpo rt Anal ys is

90. Accord ing to the Shore Pro tecti on Manual 3
, it is accepted

practice to use calculated wave conditions to compute a lon gshore
component of “wave energy flux” which is related through an empirical
relationship to longshore t ransport rates. This conceptual model
is based on the assumption that longshore transport rates , Q,

depend on the longshore component of energy flux in the surf zone.
The longsh ore energy flux in the surf zone is approximated by assu m-

immg coumservation of energy flux in shoaling waters, using small-

amplitude t heory, and t hen evaluating the energy f lux relationship
at t he breaker positio u m . Ult imately, based on these assumptions , it
can he shown that :

Q = (~ .5 x lO s ) P 1 ( 1)

where

1 15 = 32.! 11
b sin 2 ab (21

1m m Equat iomms 1 and 2 , Q is the longshore transport rate in cu yd per
year , P 1 is the surf- zone approximation of time lo imgsimore component
o f wave em mergy flux j ut time direction of wave advau tce per unit lemmgtim

o f beach , 11b is the brea ker height in the surf zone for a particular
wave period and dee p water wave hei ght , amid ab is the brea king ang le

in t he surf zone which the particular wave associated with 11b makes
with t he shoreline.

9 ’ . The frequencies of aumnual occurrences of open-ocean deep

water wave characteristics are presented in Appendix C. When these

waves have propagated shoreward of the islands amid have been accord-

ing ly altere d in both directio um and ampli tude , alth ough sti ll  in deep
water , the accum ul at iomm o f these sheltered frequencies (Appendi x 1))

w i l l  st ill be infl uenced by nears hore topographic ef fects.  Ultimately’
break ing will occur , and t he magnitude of the breaker hei ght and the
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angle o f breaking wi t h time beach are important parameters in evaluating
potential longshore t ransport of littoral material. Time immdividua l

matrix elemeumt computations are shown in Appendix F.

98. A summary of the potential longsimore transport computations

is presented in Table 2 where it is noted timat out a miet movement basis ,

time Mission Bay Littoral Compartment is essentiall y- in dyn ast ic equi-

l ibrium . The approximately 20,000 cu yd estimate of net northerly

t ransport of mater ial is probab ly not witiiin our ability’ to discrim-

inate , based upoum the accuracy of the methods and iumfornmation used to
develop the tables of wave statistics. On the other hiand , time com-

putations indicate that time average wave climate has the potential for

moving large quantities of material on a gross basis , ium t u e presence

of an unlimited suppl y- of material. Aimy calculation of a longshore
t ransport rate is aim estimate of potential transport . if sand on the

beacim is limited in quantit~- , theim calculated rates will indicate more

sand in transport than there is sand available. Indeed , the sand of

the Mission Bay Littoral Compartmeumt is umot unlimited in quantity’, a

fact reflected by botim the limited extent of time region, amid by- the
erosiomma l characteristics of the Sunset Cliffs area.

99. Thus the computation s of the potential longshore transport

rates for the Mission Bay region should be considered with an under-

standing timat , out a net basis , the Compartment is probably- in a state

of near dynamic equilibrium. However , since timere is insuf ficient

littoral material to maintain the beacht iii time Ocean Beach-Sunset Cl i f fs

area , the gross values of the potent ial lo umgs imore computations probably

do not reflect the prope r magnitu de of sand movement , and would only

do so in the present of aim unlimited supply of material . Prior to

the diversion of t ime San Diego River from Mission Bay in 1948-1950,
much of the beach building materi al carried by- t h is river was deposited

in t he Bay , and was than carried to the beaches duri n g times of large
flood runoff. This material carried to time ocean was sufficient in

quantity to mainta in a beach at the toe of time bluffs along most of the
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Sunset Cliffs area. Uowever , in recent years , this protective beach

has gradually disappeared because of the below-normal rainfall in

conjunction with the flood control structures on time San Diego River;

hence , there has resul ted a great ly reduced vol ume of runoff and the

quant ity of material supplied to time region has been iimsufficient to

maintain the beach . Thus , the potential gross monthly longshore trans-
port shown in Figure 6 , and the potential mon th ly longshore transpor t
of Figure 7, represent that volume of material which would have been
expected to be moved by the wave regime prior to about 1950.

100. Alternat ively, the potential net monthly longshore traits-
port of Figure 8 probably is still within the range of current values
inasmuch as this represents the difference between two transport rates
which have probably changed proportionally.

101. Nordstrom amid Inman24 have documented tremendous onshore!

offshore sand movement with season at Torrey Pines State Park , jus t

north of La Jolla. These seasonal changes were definitely related

to the changes in wave regime. During the sunnier months the beach

profile progressively changes with the seaward prograda tion of the
berm crest by sand accretion. This change was caused by onshore

transport of san d from immedia tely offsh ore depth s of less than
-20 ft MLLW. The transition from the summer to the winter beach

prof ile was abrupt with the coinc iden t occurrence of h igh waves and I- -

tides. Periods of high waves during high tides resulted in wave

swash overtopping the berm crest and quickly eroding time beach. The

rap id shoreward retreat of the berm crest caused by the offsh ore
transpor t of sand was accomp lished by a corresponding depos ition of
sand offshore at depths less than -30 ft MLLW. These same mechanisms

are probabl y causing similar phenomena to occur at the Mission Bay
region.
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Harbor Stru ctural Alternatives

102. Several different structural alternatives have been pro-
posed for evaluation to provide an optimum solution to the major

problems prese ntly existing at Mission Bay. Most of these alter-
nat ives would nave a definite effect on the littoral regime of the

reg ion , and these effects are extremely difficult to hypothes ize
from analytical considerations. The appropriate theoretical work

necessary to provide computational schemes for the solut ion of the
effects of structural improvements in the littoral zone has not been
devel oped at this time . I t  is known a priori that the combined
effects of refraction , diffraction , shoa ling , and sediment avai l-
ability must be incorporated with erosion and deposition character-

istics in a wave field environment in order to predict the effect of

a part icular structure on a particular prototyp e location . Due to
t he complexity of the problem , the only viable method of analyz ing
t he efficacy of alternative proposed structural improvements for
Mission Bay is with a physical model.

Detached Offshore Breakwater

103. A detached offshore breakwater would probably be effective
in alleviating at least two of the major problems, those be ing the
dangerous wave condit ions at the entrance channel , and the shor t
period wave conditions experienced in Quivira Bas in and elsewhere in
t he Bay. This solution may not , however , solve t he long period
problems in the basins. Whether submerged or protruding through the
water surface , the cost of such a structure is relatively high (esti-
mated on the order of $10,000,000 in a water depth of 28 ft, $12,000,000
in a water depth of 30 ft, and $17,000,000 in a water depth of 35 ft.);
t hus , brea kwater stability studies also will be necessary to assure
optimum structural desi gn.
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Nort h JettX Extension

104. By extending the north jet ty seaward and then curving the
je t ty  sout hward beyond the entrance to the Bay, some benef its of a

detachme d breakwater would be achieved at less cost than a completely

miew breakwater. Most of the northern hemisphere swell and sea con-

ditions would be eliminated from penetrating the harbor. Southern

hemisp here swell will affect this operation to an unknown extent as
sediment swe pt into the entrance channel will not be transpor ted
northward to nour ish Pacific Beach , and consequently the potential
for beach erosion will exist in this region.

Middle Jetty Extension

105. In a manner analogous to the above discussion, a proposal
ex ists for the extension of the middle je t ty  seaward pas t the end of
the north je t ty ,  and then curving the middle jetty northward beyond
the entrance channel. This configuration would eliminate southern

hem isphere swell from penetrating the channel , but northern hemis-
phere swell and sea which occur a relatively large percent of time

would be permitted to enter the channel. Also , the southern trans-

port of littoral material would be altered ammd erosion of Ocean Beac h

mig ht resul t.

Entrance Chianne 1 Constrictions

106. In order to eliminate much wave energy penetration through
the entrance channel to the Bay , cons ideration is being given to the

construct ion of stone groins perpendicular to the parallel jett ies for

the purpose of constricting the area available for wave penetration.

While this procedure would probably be effective from a wave energy

standpoint , this would be a serious obstruction to navigat ion, would

probably not solve the long period problem , and would probably adversely
affect tidal flushing of Mission Bay and alter current velocities in

the channel. Thus , this proposal may not be a viable long term

so lution.
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Floodway ~~lt~rat~p,~~

107. While any of the above considerations for structural

improvements near the entrance channel may result in shortening of

the north and/or middle jetties, it appears one potential solution

to the elimination of the sand plug formation at the exit of the

San Diego River Floodway would be an extension of the south j etty

through the surf zone to a depth sufficient to preclude complete

blockage. Partial filling of the exit will result as littoral

mater ial moves northward and southward past the region, but flooding

would probably remove any undesirable constriction, whereas in
- - the existing situation, this probably would not be true. Any material

removed from the existing blockage could be utilized as downcoast

beach nourishment which could be expected to remain in place with

construct ion of the appropriately designed structural features .

Physical ~*b4el N e s ~ it~

108. The position of the U. S. Army Engineer Waterways Experi-

ment Stat ion (WES) regarding technical recommendations concerning a

physical model of the Mission Bay region was transmitted from the

WES Technical Director to the District Engineer , U. S. Army Engineer

District , Los Angeles, by letters of 26 October 1977 and

1]. January 1979, and is sununarized in the following paragraphs.

109. A physical hydraulic model will be the best means of

investigating hazardous entrance channel conditions, short period

wave action in the boat basins , and effects of an offshore structure =

on surfing. In addition, this model could be used to study certain

aspects of flooding of the San Diego River, effects of an offshore

structure on tidal flows , and entrance channel shoaling conditions .
Reliable model data can be obtained to evaluate and solve the above

problems without reproducing the entire Mission Bay complex . Conse-
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quently, the model would have artificial boundaries with wave absorbers

at the Midway Drive Bridge and at Bahia Point . This model could be

used to study long period harbor oscillations, w ithin certain con-

straints.

110. It is the WES understanding that long period harbor osci-

lla tions may be a primary cause of the damage to boa ts and facili ties
in Mission Bay, particularly in Quivira Bas in, and that a wave and
surge measurement program is being initiated to study this problem.
Results from this study should prov ide beneficial guidance to the
potent ial long period harbor oscillation tests in the physical model
by producing a good estimate of the periods and modes of oscillation

for Quivira Basin.

111. Since a detached breakwater seaward of the existing jetties
is one of the alternatives being considered to alleviate undesirable

wave conditions in the Mission Bay entrance channel and boat basins,

some concern has ar isen regard ing effec ts of this breakwa ter on tidal
circulation in Mission Bay . This problem could be studied using a
finite difference numerical tidal circulation model similar to the

one used in the Los Angeles and Long Beach Harbors ’ study. Since it

is not anticipated that the proposed modif ications wi l l  influence the
t idal prism in Mission Bay , a comparative study of ex isting conditions

versus the proposed improvement plan should be sufficient to evaluate

this problem. This approach would use an ocean tide typical of the
area as imnput at the seaward boundaries of the numerical model.

112. Should results of hydraulic model and/or numerical models
indica te tha t con struction of an offshore breakwa ter is des irable
and feasible, it may be advantageous to conduct breakwater stability
studies to assure the optimum structural design. Such stud ies can
often result in considerable construction (and maintenance) savings.

113. It is WES ’ recommendation that a hydraulic model study to

investigate sea and swell problems , San Diego River flooding, entrance

channel shoaling, and long period oscillations be conducted at the
very minimum. If au evaluation of the effect of the proposed plans

57

- ~~~~ -5 

- - -~~~~~~~~~ - - ‘ -~~~ -‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘



—-5 — - - - 5 -- .  “—-5-5w. ‘~~~~~~ — ‘-—--5— -~ -5 ‘ - —-5,— - — ~~~~~~~~~~~~~~ ‘ - ‘  -— -- - -~~~

on t idal circulation is necessary, then a comparative numerical tidal
circulation study is recommended. A numerical harbor oscillation
study of the same area as that included in a physical hydraulic model
is not deemed to be cost effective relative to the cost and increased
reliability of a physical model, and is therefore not recommended if
a hydraulic model is constructed.
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Table  1

Flo od Dis charges on the San Diego River
Santee, California

Floods in Order Peak Dischar&e at Santee, Calif.* No. of Times
of Decreasing ‘Under Conditions Witli El Capitan Discharge would
Magn itude at Time of Flood , and San Vicen te be Equaled or

cfs. Reservoirs in Exceeded in
Opera tion, cfs. 100 years.

Jan 1862 94 ,000 80,000 0.7
J-in 1916 70,200 58,000 1.7
Feb 1884 60,000 49,800 2.7
Feb 1927 45 ,400 35,700 3.6
Jan 1895 45,000 35,300 4.6
Dec 1889 34,000 25,600 5.6
Feb 1891 33,500 25,100 6.6
Feb 1874 33,000 24,700 7.6
Mar 1906 32 ,000 23,800 8.6
Mar 1867 30,000 21 ,800 9.6
Dec 1921 16,700 9,500 10.5
Feb 1937 14,200 7,100 11.5
Mar 1918 12 ,000 5,300 12.5
Jan 1909 10,000 4,600 13.5
Jan 1952 9,390 4,450 14.5
Apr 1941 9,250 4,400 15.5
Mar 1938 7,350 3,800 16.5
Feb 1932 7,400 3,200 17.5
Feb 1969 1,600 1,600 19.0

*
Conditions at time of flood are recorded discharges. With El Capitan t.
and San Vicente Reservoirs in operation are estimated discharges.

(Source: U. S. Army Corps of Engineers ,5 and Califo rnia Depar tment of
Water Resources Bulletin 69_69.6)
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APPENDIX A: EFFECT OF PERI OD , SHELTE RE D DEEP WATE R WAVE HEIGH T,
AND ANGLE OF APPROACH ON BRE A KE R HEIGHT
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APPENDIX C: OPEN-OCEpj~i DEEP WATER WAVE STATISTICS
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Frequency of Anaual  Occurrence

of
Oj~~n-Ocean~~~~.j, Water

Southern 1k~mispher c St,t’11 Characteristics

(Frequency in Percent of Year)
Unsheltered Deep W ate r  Appr odch Azimuth j 550 

- 165 0

Si g n i f i c a n t  
- 

Wave Period , sec. 
-Wave H~ z1ht , 12-~ 3.g 14-15.9 16-17.9 l8-l~ .9 20+fee t

0.0-0.9 .:.i i ..~ i . o 0.1
1.0—1.9 :~.s 5 .0 1. 7 0.2
2.0-2.9 1. 2 1 .1 0.5 0.1
3.0-3.9 o .2 o .~ o.1 0.1
4.0-4.9

5.0-5.9

~.0-b.9 

-~ - - - -~

These data  are S ta t i on  A d~~t a  in the report “A S ta t i s t ical
Survey of Ocean k~vt’ ~~~~ r i ~~t i c s  in Southern Cal i fo rn ia
Wa ters”, Marine Adv I e rs , .~ ,i , ~ua rv 1961

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

. c--

-

._ __g.___a_ - -S .-_ ~ -~~~~~ ~~~~~~~~ —- -------- —--



—~-~~~~~~~- ~~— - ~~~~~~--- -~~ —

Frequency of Annual Occurrence

of

Open-Ocean Deep Water
Southern Hemisp here Swell Charac ter i s t ics

(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth 165° - 175°

Signif icant  Wave Period , sec.
Wave Height , 12-A 3 .9 -14-15.9 16-17.9 18-19.9 20.feet

0.0-0.9 1.1 1.1 0.5 0.1

1.0-1.9 2.5 1.8 0. 8 0.4
2 .0-2.9 0.3 0 , 5  0.1 0.1
3.0-3.9 0.1

4.0-4.9

5.0-5.9

~.0-ó.9

These data are Station A data in the report “A Statistical
Survey of Ocean Wave Characteristics in Southern California
Wa ters ”, Marine Advisers , January 1961
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Frequency of Annual Occurrence

of
Open-Ocean Deep Water

Southern Hemisphere Swell Characteristics
(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth - 175 ° - 185°

Significant 
- 

Wave Period , sec.
Wave Heigh t, 12.13 9 14-15.9 16-17.9 l8-19.~) 20i
fee? 

___________ ______________

0.0-0.9 1.8 1.0 0.4 0.2

1.0—1.9 2.2 1.4 0.5 0.1

2.0-2.9 0.4 0.1 0.1

3.0-3.9 0.1

4.0-4.9

5.0-5.9

ó.0-6.~

These data are Station A data in the report “A Statistical
Survey of Ocean Wave Characteristics in Southern California
Waters”, Marine Advisers , January 1961
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Frequency of Annual Occurrence
of

Open-Ocean Deep Water
Southern Liemisphere Swell Characteristics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth 185~ - 195°

Significant Wave Period , sec.
Wave Height, 12-13.9 14-15.9 16-17.9 18-19.9 20+
feet ______________ ________

0.0-0.9 Q.4 0.3 Q.2 0.1
1.0-1.9 Q. 5 0.3 0.1
2 .0-2 .9 0.1 0.1
3.0-3.9
4.0-4.9

5.0-5.9

6.0-G.9

These data are Station A data in the report “A Statistical
Survey of Ocean Wave Characteristics in Southern California
Waters” , Marine Advisers , January 1961
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Frequen cy of Annual Occurrence

Open-Ocean Deep W ater
Southern Uemisphere Swell Characteristics

(Frequency in Percent of Year)

Un shel tered beep Wate r Approach Azimuth 195° - 205 0

S i g n i f i c a n t Wa ve Period , sec.
Wav~ h eigh t, 12-13.9 14-15.9 ~6-17 .9 18-19.9 10,
feet

0 .0-0.9 1.2 0.5 0.1 0.2
1.0—1 .9 1.2 0.9 0. 2 0.1
2 .0-2 .9 0.5 0. 7 0 .2 0.1
3.0-3.9 0 .2  0. 2 0.1
4 .0-4 .9
5.0-5.9
b.0-6.?

These data are Station A data in the report “A Statist ical
Survey of Ocean iJave Characterist ics in Southern California
Wate rs” , Marine Adv iser s, January 1961

C 2
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Frequency of Annual Occurrence

of
Open-Ocean Deep Water

Southern Hemisphere Swell Characteristics

(Frequency in Percent of Year)
Unsheltered Deep Wa ter Approach Azimuth 205° - 215°

Significant Wave Period, sec.
Wave Height, 12-13.9 14-15.9 16—17 .9 18-19.9 20+feet

0. 0-0.9 1.1 0.5 0.1 0.1
1.0—1.9 3.1 2.4 0. 3
2. 0-2.9 0.3 0.5 0.2 0.1
3.0-3.9 0.1 0.2 0.2 0.1
4.0-4.9

5.0-5.9
6.0-6.9

These data are Station A data in the report “A Statistical
Survey of Ocean Wave Characteristics in Southern California
Wate rs” , Marin e Advisers , January 1961

I
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Frequency of Annual Occurrence

Open-Ocean Deep Water

Southern Hemisp he r e Swell Characteristics

(Frequency in Percent of Year)

Unshe ltered Deep Water Approach Azimuth a 215° - 225 °

Significant - 
Wave Per iod , sec. - -

Wave Height , 12 13 9 14-15.9 16-17.9 18-19.9 20+
feet

0.0-0.9 0. 7 0.1 Q.1

1.0— 1.9 2. 9 1. 3 0.1 0.1

2 .0— 2.9 2.1 2.1 0. 5 0.1

3.0-3.9 0.4 0. 7 0. 4 0.1

4.0-4 .9
5.0-5.9

~.0-6.9

These data are Station A data in the report “A Statistical
Survey of Ocean Wave Characteristics in Southern California

Waters”, Marine Advisers , January 1961.
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Frequency of Annual Occurrence
of

Qpen-Ocean Deep Water
Southern Hemisphere Swell Characteristics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth a 225° - 235°

Significant Wave Period , sec.
Wave Height , 12-13.9 14-15.9 16-17.9 18-19.9 204feet

0.0-0.9 0.7 0.4
1.0— 1.9 2.8 3.0 0.2 0.1
2 .0-2.9 2.0 1.3 0. 2
3.0-3.9 0. 4 0.2 0.2 0.1
4.0-4.9

5.0-5.9

ó.0-ó.9

These data are Station A data in the report “A Statistical
Survey of Ocean Wave Characteristics in Southern California
Waters ” , Marine Advisers , January 1961
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Ft~~j~ oncy of Anntut l Occurren ce
of

Open-Ocean L)eoJ Water

Se* Charact e r i s t i c s
(Frequency in Port ent of Year)

Unsh eltered Deep Wate r Approach A z imuth e 1250 
- 135°

Si g n i t~icant Wave Period , sec.
Wave h e i ght , —- -  - - - - - --— - -—

r.~~t 4-5 .9 6-7 .9 8-9.9 10-11.9 12-1 3.9 14-15 .9

0 . O - L .
1.6-3.3

3.3-4.~ 0.02

4.9- Ci .b 0.01 0.01

6.ti S..~ 0.01

8..’- ~) • $

9.8-13 .1

13. 1- l c~. 1

16.4 1’). -~

19. 7 ‘3.0

ihese d.tt ,t are a mid —point Interpo l at Ion between St at ions S
and t’ in  the  reL~uvt ‘‘Wave S t a t i s t  ics for Si ~~ De ep—Wa ter
Stat t u .  A l ong the C~i I i  fori~ I a Cons t 1’

, Moteoto logy tn t  ernat lonal
1ncor~~ r.tt ed , Febr ua i v  1977 . The wave h e igh t  hands are 0.5
or 1.0 f lL ’t t ’r .

Cl0
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Frequency of Annual Occurrence

of

Open-Ocean Deep Water

Sea Characteristics
(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth 1350 
- 145°

Significant Wave Period , sec.
Wave Hei ght , - - --- -

feet 
- 

4 5 .9 6-7.9 8 9S  10—1 1.9 12.13.9 14-15.9

0. 0-1.6
1. 6-3.3 0.04
3.3-4.9 0.03

4.9-6.6 0.01

6.6-8.2

8.2-9.8

9.8-13.1
13.1—16.4
16.4—1 9.7
19 .7—23 .0
23.0+

These data are a mid-point  interpolation between Stations 5
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Alo n g the California Coast”, Meteorology International
Incorporated , February 1977. The wave height bands are 0.5
or 1.0 meter .
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1 requ~’u~ y of Annual  Occurrence

of

O~ en-Ucean h oop Water
Se.i Character is t ics

(Fr equ oucy in Percent of Year)
Unsheltered Deep Wate r  Approach Azimuth - 145° - 1550

Signi f i cant  Wave Period , sec.
Wave Heig ht , -~~~~~~~~

- 
~~~

- 
~~~

- - -

feet 
- 

4~~.9 6 7.9 8-9.9 10-11.9 12-13.9 14 Y 5 .9

0.0-1.6
1.6—3.3
3.3 -4.9 0.0.’

4. 9-6.6 0. 0 1 0.01
6. 6-8.2
8.2-9.8

9. 8-13.1
13. l — l ó . 4
16. 4—1 9.7
19.7-23.0

23. 0+

The se data arc a ~id-point in te rpolat i on bet ween Stat ions S
and 6 In the report “W ave S t a t i s t i c s  for Six Deep-Water
Sta tions Al ong tho t , t I  i fo rnia Coast” , Meteorology In ter na t io na l
Incorporated , Fchru.u-y 1977 . The w ave hei ght bands are 0.5
or 1.0 mete r .
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Frequency of Annual Occurrence

of

Open-Ocean Deen Cater
Sea Charac i~~ tic

(Frequency in Percent of Year)
Unsheltered Deep Water Approach A z imuth 155° - 165°

Significant Wave Period , sec.
Wave Height ,
feet _ 4-5.9 6-7 .9 S-.9•.) 10 11.~’ 1 2 13.9 14-15.9

0.0-1.6
1.6-3.3 0.05
3.3-4.9 0.04

4. 9—6 .6 0.01 0 .01 -

6 .6-8.2 0.01

8.2- 9.8
9. 8-13. 1
13. 1— 16. 4
16.4-19. 7
19. 7-23 .0
23.0+

These data are a mid-point interpolation between Stations 5
and 6 in the report “Wave Statistics for Six l)eep-Watcr
Stations Along the California Coast ”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence

of

0pen-Ocean Deep Water
Sea Character ist ics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth - 165° • 1750

Sign i f icant  Wave Period , sec.
Wave Hei ght ,
feet - 

4 5 .9 6-7.9 8—9.9 l0 11.~ ~~~~~~ 14-15 .9

0.0-1.6

1.6-3.3 0.07

3.3-4.9 0.04

4.9-6.6 0.01 0.01

6.6-8.2 0.01

8.2-9.8 0.01

9.8-13.1 0.01

13.1-16.4

16. 4-19. 7

19.7-23.0

23.0+

These data are a mid-point interpolation between Stations 5
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated , February 1977. The wave height bands are 0.5
or 1.0 meter.
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Freq~iency of Annual Occurrence
of

Open-Ocean Deep Wate r
Sea Characteristics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth - 175°- 185°

Significant Wave Period , sec.
Wave Height , —

feet 4 5.9 6 7.9 8 9 . 9 1C 11.9 12— 13 .9 1’~~15.9

0.0-1.6
1.6—3.3 0. 10
3.3-4.9 0.04
4.9-6.6 0.01
6.6-8.2 0.01

8.2-9. 8 0.01
9.8-13.1 0.01

13. 1-16. 4
16.4-19. 7
19.7-23.0

23.0+

These data are a mid-point interpolation between Stations 5
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast” , Meteorology International
Incorporated , Febru ary 1977. The wave height bands are 0 .5
or 1.0 meter.
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Frequency of Annual Occurrence
of

9pen-Ocean Deep Wate r
Sea Characteristics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth - 185° - 1950

Significant Wave Period , sec.
Wave Hei ght , —

feet 
- 

4 5.9 6—7 .9 8 9.P 10-11.9 1243.9 14-15.9

0.0-1.6

1.6—3.3 0.07

3.3-4 .9 0.03
4.9-6.6 0.01 0.04
6.6-8.2 0.03

8. 2-9. 8 0.01

9.8—13. 1 0. 01

13. 1— 16.4
16. 4-19.7
19.7-23.0
23.0+

These data are a mid-point interpolation between Stations S
and 6 in the report “Wave Statist ics for Six Deep-Water
Stations Along the California Coast” , Meteorology International
Incorporated , February 1977. The wave hei ght bands are 0. 5
or 1.0 meter.
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Frequency of Annual Occurrence

of

Open-Ocean Deçp Water

Sea Characteristics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth • 195° - 205°

Significant Wave Period , sec.
Wave Height ,
feet 4 5.9 6-7 .9 8-9.9 10-11.9 12- 13.9 14-~ 5.9

0.0-1.6

1.6-3.3 0.09

3.3-4.9 0.Ob

4.9-6.6 0.0 1 0.05
6.6-8.2 0.03
8.2- 9.8 0. 01

9.8-13.1 0.01
13.1—16 .4

16. 4 —1 9. 7
19. 7-23.0

• 23.0+

These data are a mid-point interpolation between Stations ~and 6 in the report “Wave Stat is t ics  for Six Deep-Water
Stations Along the California Coast” , Meteorology Internat ional
Incorporated , February 1977 . The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence
of • -

Open-Ocean Deep Water
Sea Characteristics

(Frequency in Percent of Year)
0 0Unsheltered Deep Water Approach Azimuth 205 - 215

Significant Wave Period, sec.
Wave Height ,
feet - 4 5.9 6-7.9 8-9.9 10-11.9 12-13.9 1445.9

0.0-1.6

1.6-3.3 0.07

3.3-4.9 0.05 - •

4.9-6.6 0.02

6.6-8.2 0.06

8.2-9.8 0.04

9.8-13.1 0.01

13.1—16.4 0.01

16.4—19.7

19.7-23 .0
23.0+

These data are a mid-point interpolation between Stations 5
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast1’, Meteorology International
Incorporated , February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence

2!
Open-Ocean Deep Wate r
Sea Characteristics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth - 215° - 225°

Significant Wave Period , sec.
Wave Height ,
feet _ 4 5.9 6-7.9 8-9.9 10-11.9 12—13.9 1445.9

0 • 0-1 • 6
1.6—3.3 Q.10
3.3-4.9 0.06

4.9-6.6 0.01 0.05

6.6-8.2 0.04
8.2-9.8

9. 8—13.1 0.01

13. 1— 16. 4 0.01

16. 4—1 9 .7 r
19.7—23.0

23.0+

•-•—- —

These data are a mid-point interpolation between Stations S
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast1’, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence

2!
~pen-Ocean Deep Water
Sea Characteristics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth - 225° - 235°

Significant Wave Period , sec.
Wave Heigh t ,

4-5.9 6-7.9 8-9.9 10-11.9 12— 13.9 
- 
14-15.9

0.0-1.6

1.6-3.3 0.11

3.3-4.9 0.06

4.9-6.6 0.04
6.6-8.2 0.04

8.2-9.8 0.02

9.8-13.1 0.01

13.1-16.4

16.4—19.7

19.7-23.0

23.0+

These data are a mid-point interpolation between Stations 5
and 6 in the report “Wa ve Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5or 1.0 meter .
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Frequency of Annual Occurrence

of

~p~n-Ocean Deep Water
Sea Charac teri st ics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth • .~~~&

° 
- 245°

Sign i f i can t  Wave Period , sec.Wave Hei ght , —

feet 4S .9 6-7.9 8-S.~ 10-11.9 1243.9 14~~5.9
0.0-1.6

1.6-3.3 0.19
3.3-4.9 0.0”
4.9-6.6 0.01 0.05
6.6-8.2 0.04
8.2-9.8 0.02
9.8-13.1 0.015 

13.1- 16.4 0.01
16.4-19. ”
19.7-23.Q S

23.0.

These data arc a mid -point  in terpola t ion between Stations Sand 6 in the report “Wave S t a t i s ti c s  for Six Deep-WaterStations Along the California Coast”, Meteorology InternationalIncorporated , February 1977. The wave height bands are 0.5or 1.0 meter .
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Frequency of Annual Occurrence

of S

9pen-Ocean Deep Water
Sea Characteristics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth = 245° - 255°

________________________________________________________________________________________ 

I’
Significant Wave Period, sec.
Wave Height,
feet 45.9 6-7.9 8 9.9 10.11.9 12 13.9 14 ’S.9

0.0-1.6 5

1.6-3.3 0.14
3.3—4.9 0.11
4.9-6.6 0.02 0.07
6.6-8.2 0.04

• 8.2-9.8 0.02

9.8-13.1 0.02

13.1—16.4

16.4-19.7 H
19.7—23.0

23.0+

These data are a mid-point interpolation between Stations 5
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence

of 
S

Open-Ocean Deep Water
Sea Characteristics

(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth = 255° — 265°

Significant Wave Period, sec.
Wave Height, -

feet 45.9 6-7.9 8-9.9 lO 11.~’ 12—13.9 1445.9

0.0-1.6

1.6—3.3 0.21
3.3-4.9 0.18

4.9—6.6 0.01 0.06

6.6—8.2 0.03

8.2—9.8 0.02

9.8—13.1

13.1—16.4

16.4-19.7

19.7—23.0

23.0+

These data are a mid-point interpolation between Stations 5
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California coast1’, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter.
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Fre~~~~ y~~f Annual Occurrence

of

Oj~eu-Oct~u~~Deep Wa ter
Sea Ch~racterjstics

(Frequency in Percen t of Yea r)

Unsheltered Deep Water Approach Azimuth 2650 - 2750

Significant Wavo Period , sec.
Wave Height, - —

~~~~~~~~~--
- —— -~~~~~ 

-

feet 
- 

4-5.9 b--7.9 8-9.9 10 11S 12.13.9 14-15.9

0.0-1.6

1.6-3.3 0.36

3.3-4.9 0.23

4.9-6.6 0.01 0.07

6.6-8.2 0.07

8.2-9.8 0.04

9.8-13.1 0.01

13.1-16.4 0.01

16.4—19.7

19.7-23.0 P
23. 0+

These data are a mid-point interpolation between Stations S
and 6 in the report “I~ i v ’  Statist ics for Six De ep- Water
Stations Along the Call fornia Coast”, Meteorology In terna tional
Inc orpora ted , Febr uary H 77 . The wave heigh t bands are 0.5
or 1 .0 meter.
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Frequency of Annual Occurrence

of

Open-Ocean Deep Water
Sea Characteristics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth = 275° - 285°

Significant Wave Period, sec.
Wave Height,
feet 4 5.9 6-7.9 8 9.9 1041.9 1243.9 1445.9

0.0-1.6

1.6-3.3 0.59
3.3-4.9 0.47
4.9-6.6 0.05 0.25
6.6-8,2 0.13
8.2-9.8 0.04

9. 8-13. 1 0.07
13.1—16. 4 0.01
16.4-19.7

19.7-23.0

23.0+

These data are a mid-point interpolation between Stations 3
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated , February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence

of

Open-Ocean Deep Water
Sea Charac te r i . t ics

(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth = 285° - 295°

Significant Wave Period, sec.
Wave Height,
feet 

- 

4.5 9 6-7.9 89.~ 10-11.9 12-13.9 14 15.9

0.0-1.6

1.6-3.3 1.08

3.3-4.9 1.00

4.9-6.6 0.12 0.60

6.6-8.2 0.42

8.2-9.8 0.24 0.02

9.8—13.1 0.12

13.1-16.4 0.02 0.01

16.4—19.7

19. 7-23.0

23.0+

These data are a mid-point interpolation between Stations S
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave heIght bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence

of

~pen-Ocean Deep Water
Sea Characteristics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth = 295° - 305°

Significant Wave Period, sec.
Wave Height,
feet 45.9 ~~7.9 8 S.9 l04J.9 12—13.9 14—15.9

0.0-1.6-

1.6—3.3 1.58
3.3-4.9 2.30
4.9-6.6 0.32 1.61
6.6-8.2 1.31
8.2-9.8 0.60 0.01
9.8—13.1 0.30
13.1-16.4 0.10 0.01
16.4-19.7 0.01
19.7—23.0

23.0+

These data are a mid-point interpolation between Stations ~and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5or 1.0 meter.
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Frequency of Annual Occurrence
of

Op~n-Ocean Dee~ Water
Sea Characterist ics

(Frequency in Percent of Year)
0 0Unsheltered Deep Water Approach Azimuth 305 - 315

Significant Wave Period , sec.
Wave Height, - - - --  — — -- - -

feet 45 .9 6-7.9 8-9.9 10 11.~’ 12-13.9 14-15.9

0.0-1.6

1.6—3.3 2.63

3.3-4.9 4.03

4.9-6.6 0.53 2.85

6. 6-8.2 2.33
8.2-9.8 1.19 0.01

9.8—13.1 0.72

13.l-lo.4 0.11 0.01

16.4—19.7 0.01

19.7—23.0

23.0+

These data are a mid -point interpolation between Stations S
and 6 in the report “Wove Statistics for Six Deep-Water J
Stations Along the California Coast” , Meteorology International
Incorporated , February 1977. The wave hei gh t bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence

of

Open-Ocean Deep Water
Sea Characteristics

(Frequency in Percent of Year)
0Unsheltered Deep Water Approach Azimuth 315 - 325

Significant Wave Period, sec.
Wave Height,
feet 4 S.9 6-7.9 8—9.9 1041.9 12~!3.c 14-15.9

0.0-1.6

1.6-3.3 2.64

3.3-4.9 4.08

4.9-6.6 0.50 2.94

6.6—8.2 2.10

8.2-9.8 1.17 0.02

9.8-13.1 0.74

13.1-16.4 0.06 0.01

16.4—19.7

19.7-23.0 0.01

23.0+

These data are a mid-point interpolation between Stations 5
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence

of
Open-Ocean Deep Wa ter
Sea Characteristics

(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth = 325° - 3350

Significant Wave Period, sec.
Wave Height,
feet 4 5.9 6 7.9 8.9.9 1041.9 12.13.9 

- 
14—15.9

0.0-1.6

1.6-3.3 2.66

3.3-4. 9 3.29

4.9-6.6 0.40 2.10

6.6—8.2 1.50

8.2—9.8 0.77 0.03

9.8-13.1 0.42

13.1-16.4 0.07

16.4—19.7 0.01

19.7-23.0

23.0+

These data are a mid-point interpolation between Stations S
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frç1quency of Annual Occurrence

of

Open-Ocean Deep Water S

Sea Characteristics

(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth - 3350 - 3450

Significant Wave Period, sec.
Wave Height,
feet_ 

- 
45 .9 6-7.9 8.9.9 1041.9 1213.9 14 ’S.9

0.0-1.6

1.6—3.3 2.10
3.3—4.9 2.13
4.9-6.6 0.23 0.92

6.6-8.2 0.64

8.2-9.8 0.22

9.8—13.1 0.14

13.1—16.4 0.02 0.01

16.4—19.7 0.01

19.7-23.0 0.01

23.0+

These data are a mid-point interpolation between Stations S
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California CoasV’, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter. S
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Frequency of Annual Occurrence

of
Open-Ocean Deep Water

Northern Hemisphere Swell Characteristics
(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth - 115
0 

- 1250

Significant Wave Period , sec.
Wave Height,
feet 4 5.9 6—7.9 8-9.9 10-11.9 12—13 .) 11-15 .9 16+

0.0—1.6 001 0.01
1.6—3.3 0.01

3.3-4.9

4.9-6.6

6.6-8.2

8.2-9.8

9.8—13.1

13.1-16.4

l6.4-t9.~
19.7-23.0

23.0.

These data are a mid-point interpolation between Stations 5
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast” , Meteorology International
incorporated , February 1’)””. The wave height bands are 0.5
or 1.0 meter. 
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Fr equency of Annual Occurrence
of

Open-Ocean Deep Water

Northern Hemisp~iere Swell Characteristics

(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth - 125° - 1350

U

Significant Wave Period, sec.
Wave Height , — -

feet 
— 

4S .9 6-7.9 8-9.9 10—11.9 1243.9 ~4 -15.9 16+

0.0-1.6 0.01

1.6—3.3 0.01

3.3-4.9

4.9-6.6

6.6-8.2

8.2 -9.8
9.8—13.1

13.1-16.4

16.4—19.7

5 
19.7-23.0

23.0.

L -- - 
~~~~~~~~~~

-

These data are a mid-point interpolat ion between Stations 5
— -

, and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology international
Incorporated , February 1977. The wave height hands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence

of
Op~n-Ocean Deep Water

Northern Hemisphere Swell Characteristics
(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth j350 - 1450

Significant Wave Period, sec.
Wave h eight, --

fee~ 4-5.9 6-7.9 8-9.9 10-11 .9 12-13 .9 14-15 .9 16+

0.0-1.6 0.01

1.6—3.3

3.3-4.9

4.9-6.6

6.6-8.2

8.2-9.8

9.8-13.1

13.1-16.4

16.4—19.7

19.7-2 3.0

23.0’

These data arc a mid-point interpolation between Stations S
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated , February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence

of

~pen-Ocean De~p Water

Northern Hemisphere Swell Characteristics

(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth - 145° - 1550

Significant Wave Period, sec.
Wave Height, —

feet 4—5.9 6—7.9 8—9.9 10—11.9 l’.-13 9 14-15.9 1~•

0.0-1.6

1.6-3.3 0.01

3.3—4.9

4.9-6.6

6.6-8.2

8.2-9.8

9.8-13.1

13.1—16.4

16.4—19.7
— 

19.7—23.0

23.0+

S 

These data are a mid-point interpolation between Stations 5
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 19~7. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence

of
Open-Ocean Deep Water

Northern Hemisphere Swell Characteristics

(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth = 155° - 165°

Significant Wave Period, sec.
Wave Height,
feet 45 .9 6—7.9 8—9.9 JC-ll.9 12—13.9 14-15.9 16’-

0.0-1.6

1.6—3.3 0.01
3.3-4.9

4.9-6.6 
/

6.6-8.2

8.2-9.8

9.8—13.1

13.1—16.4

16.4-19.7

19.7—23.0

23.0+

These data are a mid-point interpolation between Stations 5
and 6 in the report “Wave Statistics for Six Deep-Water
Stations A16ng the California Coast”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence

2!
Open-Ocean Deep Water

Northern Hezidsphere Swell Characteristics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth = 165° - 175°

Significant Wave Period, sec.
Wave Height,
feet 4—5.9 6-7.9 8-9.9 10—11.9 12-13.9 lt—15.9 16+

- 

0.0-1.6

1.6—3.3 0.02 0.01

3.3—4.9 0.01

- 4.9-6.6

6.6—8.2

8.2—9.8

9. 8-13. 1

13.1-16.4

16.4—19.7

19.7—23.0

23.0+

These data are a mid-point interpolation between Stations 5
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequenç~v of Annual Occurrence
of

Open-Ocean Deep Water

Northern Hemispj~ere Swell Characteristics

S (Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth = 175° - 185°

Significant Wave Period, sec.
Wave Height,
feet 4—5.9 6-7.9 8-9.9 10—11.9 12-13.9 14-.i5.9 16+

0.0-1.6

1.6—3.3 0.01

3.3—4.9 0.01

4.9-6.6

6.6-8.2

8.2-9.8

9.8-13.1

13.1-16.4

16.4—19.7

19.7—23.0

23.0+

These data arc a mid-point interpolation between Stations 5
and 6 in the report “Wave Statistics for Six Deep-Water S

Stations Along the California Coast”, Meteoro logy International
incorporated, February 1977. The wave height bands are 0.5

S 

or 1.0 meter.
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Frequency of Annual Occurrence

of

~pen-Ocean Dcej~ hate
Northern Hemisphere Swell Character istics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth = 1850 - 1950

Significant Wave Period, sec.
Wave Height,
feet 4—5.9 6-7.9 8-9.9 1C-’1l.9 12-13.9 14-13.9 16+

0.0—1.6 0.02

1.6-3.3 0.01 0.02 0.01 0.01
3.3—4.9 0.01 0.01
4.9-6~6

6.6-8.2

8.2-9.8

9.8-13.1

13.1—16.4

16.4—19.7

19.7—23.0

23.0+

These data are a mid-point interpolation between Stations 5and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology InternationalIncorporated, February 1977. The wave height bands are 0.5or 1.0 meter.
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Frequency of Annual Occurrenc .~
of

Open-Ocean Deep Water

Northern Hemisphere Swoll Characteristics

(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth = 195° - 205°

Significant Wave Period , sec.
Wave Height, —

feet 4—5.9 6—7 .9 8-9.9 10—11.9 l~-l3.9 14-lS.9 16+

0.0-1.6 0.01

1.6—3.3 0.09 0.01

3.3-4.9 0.02

4.9-6.6

6.6-8.2

8.2—9.8

9 .8-13. 1

13.1-16.4

16. 4—19. 7

19. 7-23.0

23.0+

These data are a mid-point interpolation between Stations S
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave h~-~ight bands arc 0.5or 1.0 meter.
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Frequency of Annual Occurrence

of
Open-Ocean Deep Water

Northern Hemisphere Swell Characteristics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth 205° - 215°

Significant Wave Period, sec.
Wave Height,
feet 4 5.9 6—7.9 8—9.9 10—11.9 12—13.9 14- 15.9 16+

0.0-1.6 0.01 0.01

1.6-3.3 0.02 0.03

3.3-4.9 0.01

4.9-6.6 0.01

6.6-8.2

8.2-9.8

9.8-13.1

13.1—16.4

16.4—19.7

19.7-23.0
• 23.0+

These data are a mid-point interpolation between Stations S
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.S
or 1.0 meter.
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Frequency of Annual Occurrence
of

Open-Ocean Deep Wate r
Northern cmi~p,here Swell Characteristics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth 215° - 225°

Significant Wave Period, sec.
Wave Height, -- —

feet 4—5.9 6~7.9 8-9.9 10-11.9 12-13.9 14-15.9 16+

0.0—1.6 0.01 0.01
1.6—3.3 0.03 0.01
3.3-4.9 0.01
4.9-6.6

6.6—8.2 -
,

8.2-9.8

9.8-13.1

• 13.1—16.4

16.4—19.7

19.7-23.0

23.0+

These data are a mid-point interpolation between Stations SS and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated , February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence
of

2pen_OceaI~ fleep Water
Northern Henisphere Swe l l  Characteristics

(Frequency in Percent of Year) S

Unsheltered Deep Water Approach Azimut h 225° - 235~

Significant Wave Period, sec.
Wave Height, ——--—

feet - - 4-5.9 6—7.9 8-9.9 10—11.9 12-13.9 14.15.9 16+

0.0-1.6 0.03
1.6—3.3 0 01 0.07 0.o. 0.01
3.3—4.9 0.02 0.01
4.9-6.6 0.01 0.01 0.01
6.6—8.2

8.2—9.8
• 9.8- 13.1

13.1—16.4

16.4—19.7

19. 7-23.0
23.0+

These data are a mid-point interpolation between Stations Sand 6 in the report “Wave S~~ tist j~~ for Six Deep-WaterStations Along the California Coast”, Meteorology Internationa lIncorporated , Feb ruary 1977. The wave height bands are 0.5or 1.0 meter.
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Frequency of Annual Occurrence
of

Open-Ocean Deep Wate r
Northern Hemi sphere Swell Characteristics

(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth = 235° - 245°

Significant Wave Period, sec.
Wave Height, —

fees 4 5.9 6—7.9 8-9.9 10—11.9 12-13.9 14-15.9 16+

0.0-1.6 0.01 0.02

1.6-3.3 001 0.09 0.01

3.3—4.9 0.04 0.01

4.9-6.6 0.01

6.6—8.2

8.2-9.8

9.8—13.1

13.1-16.4

16.4—19.7

19. 7—23. 0

23.0+

These data are a mid-point interpolation between Stations 5
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated , February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence

21
Open-Ocean Deep Water

Northern Hemisphere Swell Characteristics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth 245° - 255°

Significant Wave Period, sec.
Wave Height,
feet 4—5.9 6—7.9 8-9.9 10—~.1.9 12 -13.9 14-l5.9 16+

0.0—1.6 0.01 0.01

1.6—3.3 0.01 0.07 0.01

3.3—4.9 0.07 0.01 0.01 0.02

4.9-6.6 0.01 0.01 0.04

6.6—8.2 0.01 0.03

8.2—9.8

9.8—13.1

13.1— 16.4

16.4-19.7

19.7-23.0

23.0+

These data are a mid-point interpolation between Stations 5
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast” , Meteorology International
Incorporated , February 1977. The wave height bands are 0.5
or 1.0 meter.
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Freq~ency of Annual Occurrence

of
Open-Ocean Deep Water

Northern Hemisphere Swell Characteristics

(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth 255° - 265°

Significant Wave Period , Sec.
Wave Height, 5-

feet 
- 

4-5.9 6-7.9 8—9.9 10—11.9 12-13.9 14-15.9 16+

0.0-1.6 0.03 0.01 0.01

1.6—3.3 0.02 0.03 0.02 0.03 0.01 0.01

3.3-4.9 0.03 0.01 0.01 0.01

4.9-6.6 0.01 0.16

6.6-8.2 0.02

8.2-9.8

9.8-13.1

13.1—16.4

16.4—19.7

19.7-23.0

23.0+

These data are a mid-point interpolation between Stations S
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence
of -

•

2p~n-Ocean Deep Water
Northern Hemisphere Swell characteristics 

S

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth - 2650 

- 275°

Significant Wave Period , see . 
SWave Height , - --— --—- -  

—

feet 4 5.9 c-7 .9 ~—9 .9 10—11.9 12-13.9 14-1S.9 16.

0.0-1.6 0.04 0.01 0.04
1.6—3.3 0.07 0.05 0.01 0.06 0.02
3.3-4.9 0.02 0.04 0.02 0.01
4.9-6.6 0.01 o.o~
6.6-8.2 0.01
8.2-9.8

9. 8—13. 1

13.1—16.4

16.4—19.7

19.7-23.0

23.0+

These data are a mid-point interpolation between Stations S
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology international
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter .
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Frequency of Annual Occurrence

of
Open-Ocean Deep Water

Northern Hemisphere Swell Characteristics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth - 275° - 285° 

- S

Significant Wave Period, sec.
Wave Height,
feet - 4—5.9 6—7.9 8—9.9 10—11.9 12-13.9 14-15.9 16+

0.0—1.6 0.02 0.05 0.05 0.02 0.01

1.6—3.3 0.07 0.06 0.03 0.18 0.02 0.02

3.3-4.9 0.03 0.02 0.02 0.08 0.09 0.02

4.9-6.6 0.02 0.01 0.03

6.6-8.2

8.2—9.8 0.01

9.8—13.1

13.1—16.4

16.4—19.7

19.7—23.0

23.0+

These data are a mid-point interpolation between Stations S
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence
of

Open-Ocean Deep Water
Northern Hemisphere Swell Characteristics

(Frequency in Percent of Year) 5

Unsheltered Deep Water Apøroach Azimuth 285° - 295°

Significant Wave Period, sec.
Wave Height,
feec 4-5.9 6-7.9 8-9.9 10- 11.9 12—13.9 1445.9 1~+

0.0— 1.6 0.04 0.05 0.03 0.05 0.16 006 0.01

1.6—3.3 0.02 0.22 0.04 0.10 0.73 0.21 0.01

3.3—4.9 0.10 0.02 0.05 0.18 0.33 0.07

4.9-6.6 0.01 0.02 0.01 0.09 0.02

6.6—8.2 0.01 0.~01 0.01 0.03

8.2—9 .8

9.8—13.1

13.1—16.4
5 

16.4— 19.7 -

19.7-23.0

23.0.

These data are a mid-point interpolation between Stations 5
S and 6 in the report “Wave Statistics for Six Deep-Water

Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence
of

Open-Ocean Deep Water

Northern Hemisphere Swell Characteristics

(Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth 295° - 3Q50

Significant Wave Period, sec.
Wave Ueight,
feet 4—5.9 6—7.9 8—9.9 10—11.9 12-13.9 14-15.9 l~+

0.0—1.6 0.01 0.21 0.12 0.04 0.44 0.16 0.01

1.6—3.3 0.10 0.99 0.07 0.32 2.14 0.63 0.07

3.3—4.9 0.23 0.07 0.11 0.45 0.93 0.26

4.9-6.6 0.01 0.01 0.01 0.~93 0.11 0.15

6.6—8.2 0.02 0.01 0.01

8.2-9.8 0.01

9.8-13.1

13.1—16.4

16. 4—19.7
19.7-23.0

23.0+

These data are a mid-point interpolation between Stations 5
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence

of

Open-Ocean De~p Water

Northern Hemisphere Swell Characteristics

5 (Frequency in Percent of Year)
Unsheltered Deep Water Approach Azimuth = 305° - 315°

Significant Wave Period, sec.
Wave Height,
feet 4 S.9 6—7.9 8—9.9 10_11.9 12-13.9 14-45.9 16+

0.0-1.6 0.09 0.50 0.37 0.05 0.95 0.21 -.0.01

1.6—3.3 0.36 2.98 0.21 0.39 3.60 0.98 0.15

3.3—4.9 1.31 0.21 0.10 0.74 2.11 0.42

4.9-6.6 0.03 0.10 0.03 0.04 0.13 0.21
6.6—8.2 0.02 002 0.~ 1 0.03 0.10

5 

8.2—9.8 0.02
9. 8-13. 1
13.1—16.4

16.4—19.7

19.7—23.0

23.0+

These data are a mid-point interpolation between Stations 5 - S

and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence

of
Open-Ocean Deep Water

Northern Hemisphere Swell Characteristics
(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth = 315° - 325°

Significant S Wave Period, sec.
Wave Height,
feet 4—5.9 ~-7.9 8—9.9 10—11.9 12-13.9 1~-15.9 16+

0.0—1.6 0.11 0.61 0.75 0.09 0.80 0.28 0.02
5 

1.6—3.3 0.46 3.62 0.25 0.37 1.45 0.45 0.03
3.3—4.9 001 2.61 0.46 0.13 0.54 0.41 0.09
4.9—6.6 0.10 0.38 0.05 0.27 0.17 0.10
6.6—8.2 0.08 0.03 0.02 0.03
8.2—9.8 0.01 0.02

9.8—13.1 0.01

13.1-16.4
16.4— 19.7
19.7—23.0

23.0+

These data are a mid-point interpolation between Stations 5
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence

of
Open-Ocean Deep Water

Northern Hemisphere Swell Characteristics

(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth - 325° - 335°

Significant Wave Period, sec.
Wave Height, - -

feet 4.5.9 6-7.9 8—9.9 10-11.9 12—13.9 14—15.9 16+

0.0—1.6 0,15 051 0,54 0.06 0.25 0.06 0.02

1.6—3.3 0.44 3.28 0.27 0.13 0.4~ 0.09

33.49 0.03 2.70 0.41 0.07 0.18 0.15 0.01

4.9-6.6 0.07 0.42 0.04 0.03 0.04 0.01

6.6-8.2 0.06 0.05 0.02

8.2-9.8 0.01 0.02 0.01

9. 8— 13.1 0.01
13.1—16.4

16.4-19.7

19.7-23.0

23.0.

These data are a mid-point interpolation between Stations S
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter.

C53

S -

5--



__ -5-5-5
~

55 - 5 5 5 S
~~

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

——--5 ‘-5 - - --

Frequency of Annual Occurrence

of

Open-Ocean Deep Water

Northern Hemisphere Swel I Characteristics
(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimu th = 3350 - 3450

Significant Wave Period, sec.
Wave Height, --

feet 4—5.9 6—7.9 8-9.9 10-11.9 12—13.9 14-15.9 16.

0.0—1.6 0.05 0.42 0.16 0.02 0.03 0.01
1.6—3.3 0.28 2.48 0.28 0.08 0.05 0.02

3.3-4.9 1 5,39 0.53 0.04 0.01 0.01
4.9—6.6 0.02 0.13 0.07

6.6—8.2 0.03 0.03

8.2-9.8 0.03

9.8—13.1

13.1—16.4

16.4-19.7

19.7—23.0

23.0+

* These data are a mid-point interpolation between Stations 5
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter.
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Frequency of Annual Occurrence

of
Open-Ocean Deep Water

Northern Hemisphere Swell Characteristics

(Frequency in Percent of Year)

Unsheltered Deep Water Approach Azimuth = 345° - 355°

Significant Wave Period, sec. S
Wave Height,
feet 4 5.9 6—7.9 8—9.9 10-41.9 12-13.9 14-15.9 16+

0.0—1.6 0.03 0.10 0.01

1.6—3.3 0.04 0.50 0.05 0.01

3.3—4.9 0.15 0.10 0.01 0.01
4.9-6.6 0.01 0.01

- 6.6—8.2

8.2—9.8 0.01
9.8-13.1

13.1—16.4

16.4— 19.7

19. 7-23.0

23.0+

These data are a mid-point interpolation between Stations S
and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International
Incorporated, February 1977. The wave height bands are 0.5
or 1.0 meter.
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APPENDIX D: SHELTERED DEEP WATER WAVE STATISTICS
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t’IISSION BAY , CALIFORNIA

Frequency of Annual Occurrence

of
Sheltered Deep Water

Southern Hemisphere Swell Characteristics
(Frequency in Percent of Year)

Sheltered Deep Water Approach Azimuth = 185° - 195°

Significant Wave Period, sec.Wave Height, ____________________________________________
feet 

— - 
12-13.9 14-15.9 16-17.9 18-19.9 20+

0.0-0.9 9.20 4.20 2.70 0.33
1.0-1.9 1.70 1.30 0.60 0.13
2.0-2.9 0.10
3.0-3.9

4.0-4.9

5.0—5.9

6.0-6.9

These data are based on Station A data in the report “AStatistical Survey of Ocean Wave Characteristics in SouthernCalifornia Waters”, Marine Advisors, January 1961. Adjustedfor island sheltering by U. S. Army Engineer WaterwaysExperiment Station, Vicksburg, Mississippi. Sheltered DeepWater Depth = 300 ft.
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MISSION BAY , CALIFORNI:\

Frequency of Annual Occurrence
of

Sheltered Deep Water

Southern Hemisphere Swell Charac~~ristiz~
(Frequency in Percent of Year)

Sheltered Deep Water Approach Azimuth = 195° - 205°

Significant Wave Period, sec.
Wave Height, ________________________________________

feet 1 3.9 14-15.9 16-1 .9 15-19.9 20+

0.0—0.9 2.20 4.20 1.70 0.63

1.0—1.9 3.10 2.30 0.63 0.05

2,0-2.9 0.03 0.10 0.03

3.0-3.9

4.0-4.9

5.0—5.9

6.0-6.9 f

These data are based on Station A data in the report “A
Statistical Survey of Ocean Wave Characteristics in Southern
California Waters”, Marine Advisors, January 1961. Adjusted
for island sheltering by U. S. Army Engir.eer Waterways
Experiment Station, Vicksburg, Mississippi. Sheltered Deep
Water Depth = 300 ft.
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MISSION BAY , CALIFORNIA 
S

Frequen~y of Annual Occurrence

of

Sheltered Deep Water

Southern Hemisphere Swell Characteristics

(Frequency in Percent of Year)

Sheltered Deep Water Approach Azimuth = 205° - 215°

Significant Wave Period, sec. 
S

Wave hei ght,
feet 12-13.9 14-15.9 16-17.9 18-19.9 20+

0.0-0.9 2.30 050 0.23 0.25
1.0-1 .9 4.30 0.90 0.30 0.03
2.0-2.9 0.80 0.70 0.20 0.10
3.0-3.9 0.10 0.20 0.20 0.10
4.0-4.9

5.0-5.9

6.0-6.9

-5 - —

These data are based on Station A data in the report “A
Statistical Survey of Ocean Wave Characteristics in Southern
California Waters”, Marine Advisors, January 1961. Adjusted
for island sheltering by U. S. Army Engineer Waterways
Experiment Station, Vicksburg , Mississippi. Sheltered Deep
Water Depth = 300 ft.
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MISSION BAY , CALIFORNIA

Frequency of Annual Occurrence

of
Sheltered D~~p Wa ter S

Southern Hemisphere Swell Characteristics

(Freq uency in Percen t of Year)

0 0Sheltered Deep Water Approach Azimuth = 215 - 225

Significant Wav e Period , sec.
Wave Hei ght, — —

feet 12-13.9 14-15.9 16-17 .9 18-19.9 20÷

0.0-0.9 0.70 0.60 0.05 0.03

1.0-1.9 2.90 3.70 0.40 0.10

2.0-2.9 2.10 2.60 0.70 0.05

3.0-3.9 0.40 0.90 0.60 0.05

4.0-4.9

5.0-5.9

6.0-6.9

These data are based on Station A data in the report “A
Statistical Survey of Ocean Wave Characteristics in Southern
California Waters”, Marine Advisors, January 1961. Adjusted
for island sheltering by Ii. S. Army Engineer Waterways
Experiment Station , Vicksburg , Mississipp i. Sheltered Deep
Water Depth = 300 ft.
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MISSION BAY , CALIFO RNIA

Frequency of Annual Occurrence

Sheltered Deep Water
Southern Hemisphere Swell Characteristics

(Frequency in Percent of Year)

Sheltered Deep Water Approach Az imuth = 225° - 235°

Significant Wave Period, sec.
Wave Height,
feet 12-13.9 14-15.9 16-17.9 18-19.9 20+

0.0-0.9 0.70 0.40

2.80 3.00 0.20 0.03
2.0-2 .9 2.00 1.30 0.20
3.0-3.9 0.40 0.20 0.20 0.03
4.0-4.9

5.0-5.9

6.0-6.9

These data are based on Station A data in the report “A
Statistical Survey of Ocean Wave Characteristics in Southern
California Waters”, Marine Advisors, January 1961. Adjusted
for island sheltering by U. S. Army Engineer Waterways
Experiment Station, Vicksburg, Mississippi. Sheltered Deep
Water Depth = 300 ft.
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MISSION BAY , CALIFO RN IA

Frequency of Ann ual Occurrence

2!
She l tered Deep Wa ter

Northern Hemisphere Swell Characteristics

(Frequency in Percen t of Year)

Sheltered Deep Water Approach Azimuth = 165° - 175°

ST~nif ican t Wave Period , see.
Wave Height ,
fee t 4-5.9 6-7.9 8-9.9 10-11.9 12-13 .9 14-15.9 16+

0.0-1.6 0.01 0.01

1.6-3 .3

3.3-4.9

4.9-6.6

6.6-8.2

8.2-9.8

9.8-13.1

13.1-16.4

16.4—19.7

19. 7-23.0

23.0+

These data are based on mid-point interpolations between Stations
5 and 6 in the repor t “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International,
Incorporated , February 1977. Adjusted for island sheltering
by U. S. Army Eng ineer Waterways Exper imen t Station , V icksburg,
Mississipp i. Sheltered Deep Water Depth = 300 ft. The wave
height bands are 0.5 and 1.0 meter .
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S M I SSI O N RAY , CAI .IFORN IA

Freq~ency of Annual Occurrence

2!
Shel te red  Deep Water

Northern Hemisphere Swel l  Charac te r i s t i c s
(Frequency in Percent of Year)

Sheltered Deep Water  Approach Azimuth  = 175° - 185 0

~T~n iTicant 
- 

Wave Period , see .
Wave Height,
f eet 4—5.9 6-7 .9 8-9.9 10-11.9 12— 13.9 14-15.9 16+

0.0-1.6 0.01 0.01
1.6-3.3

3.3-4.9

4 .9-6 .6

6.6-8.2

8.2-9.8

9.8—13.1

13.1-16.4

16.4—19.7

19.7-23.0

23.0+

These data are based on mid-point interpolations hett~een Stations 
S

.

S and 6 in the report “Wave Statistics for Six Deep-Water S

Stations Along the California Coast”, Meteorology International ,
Incorpora ted , February 1977. Adjusted for island sheltering
by U. S. Army Engineer Waterways Experiment Stat ion , Vicksburg ,
Mississippi. Sheltered Deep Water Depth = 500 f t .  The wave
height bands are 0.5 and 1.0 meter.
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MISSION BAY , CALIFORNIA

Frequency of Annual Occurrence

of

She 1 tered Deep Water

Northern Hemisp here Swell Characteristics
(Frequency in Percent of Year)

Sheltered Deep Water  Approach Azimuth  = 185° - 195°

Si~nIf icant  — 

Wave Period , sec .
Wave Hei ght , - -  -—

feet 
-- 

4 - S . 9 6 7 .9 8 9.9  10 11.9 12- 13.9 14 15.9 16+

0.0-1.6

1.6-3 .3 0.02 0.01

3.3-4 .9
4 .9- 6.6

6.6-8 ,2

8.2—9 .8

9. 8-13. 1
13.1—16.4

16.4-19.7
19.7-23.0

- 23.0÷

These data are based on mid-point interpolations between Stations
5 and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International ,
incorpora ted, February 1977. Adjusted for island sheltering
by U. S. Army Engineer Waterways Experiment Station , \ icksburg ,
Mississippi. Sheltered Deep Water Depth = 300 ft. The wave
height bands are 0.5 and 1.0 meter.
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S o t

N o r t h e r n  Hemisp her e SweJjj ~~ yac_t c r  i st i c s

(Fr equ en cy i t t  P ercent  of \ e a r )

She i t ~_’ i~~’ d I~e~’j ) %“~t I t’ -~1~
p V~ a~ h A i inn t h ~-‘ 195

0 
— 205° 

~~~~~~~~~~~
- ‘-5 (. t ~‘ 

t , ~~—~__S5-

fee t  4 S ! ~~~ T~fl~ 9.9 1 0 — 1 1 . 9 12 I 3 .~
) I 4 l ~~.9 1( +

0 .0— I .~~~ 0. 02

0.01 0.02 0.01 0 .01 0.0!

•~. .S~~.I . ’) 0 .02 0.01
4 .  9 — t i . (

C) . (~ - ~~~ .
‘

9. S - 1 3 . 1

1 3 . 1— 1 C . 4

I . 4 — I ~) 
.

19. 7 — 2 . s .0

2 .~~. O~

I te ’.e dat~i Sire bnscd on mid- — point inC erpolat ion s  betwceii  S t a t  ions
~, ~t d (~ in the report ‘‘Wave St~tt is t Ic s f o r  Si x Deep -Wa t e r
St nt  I o h- . A long  I ~~ ( a l l fo I-n i a Co ast ’’ , M et  curology 1 i t t  e t - n a t  ioua 1
lttcot oi.ttt’d , I cI )rtLtt ) I~~. .  Att jtis tctl f-or ~s lau d .h r l  t e ’r ing
by II . S. A tiny Eng I net’ r Wa I t ’ rways F r I mcii t St a C ion , V I ck shu rg
Mi ~~~~ 

-
~ ~ 

i~tP I . 
She I t  e red Peep Wa t er Dept Ii - 300 ft . The wav ~’

he ght haiitl~
; ar e  0. ~ uid 1.t ) meter.
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MISSIO N BAY , CAL I FORNIA

Frequency of Annual Occurrence

of
Sheltered Deep Water

Northern Hemisphere Swell Characteristics

(Frequency in Percent of Year)

Shel tered Deep Wa ter Appro ach Azimu th = 205° - 215°

Sj~n1fjc~int 
— 

Wave Period , sec .
Wave Hei ght,
feet - 

4-5.9 6-7.9 8—9.9 10-11.9 12-13.9 14-15 .9 16+

0.0-1.6 0.01 0.01 0.01

1.6-3.3 0.02 0.12 0.01

3.3-4.9 0.03

4.9-6.6 0.01

6.6-8.2
5 

8.2-9.8

9.8-13.1

13.1—16.4

16.4—19.7

19.7—23 .0

23.0+

These data are based on mid-point interpolations between Stations
5 and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology In terna tional ,
Incorporated , February 1977. Adjusted for island sheltering
by U. S. Army Eng ineer Waterw ays Experimen t Station , Vicksb urg ,
Mississ ippi. Sheltered Deep Water Depth = 500 f t .  The wave
height bands are 0.5 and 1.0 meter.
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M L S S I O N  BAY , CA L IFO R N i A

I: t-equ~~icy of Annual  Occurrence

of

She l te red  Deep Wate r

Northern  Hemisphere Swell  Chara c ter i s t  ics
(Frequency in Percent  of Year)

She It ered Peep Watei- Approach Azimuth 2l5~ — 22 5 0

~~~~~~~~~~ 
- 

Wave Period , sec.Wav e h e i ght , —— ___________

feet 4 5 . 9 b 7 .9 8-9.9 10 11 .9 12-13.9 i4 15.9 16+ 
5

0.0-1.6 0.01 0.01

0.03 0.01

3.5-4 .9 0.01

4 .9-6. 6

6.6-8.2

8 2-9 8

9.8—13.1

13.1-16.4 
P

1 . 4_19.7

19.7-23.0

23.0+

These data arc based on mid-point interpolations between Stat :~ n~.
S and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology I n t e r n a t i o n a l ,
Incorporated , February 1977. Adjusted for island s h e l t e r i n g
by U. S. Army Engineer W a t e r w a y s  Experiment Stat ion , Vicksburg ,
Mississi ppi. Shel tei-e~l Deep Wate r  Depth = 300 ft - I’lte t ave
height bands are 0.5 and 1.0 meter. S
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M K S I O N  BAY , CALIFORNIA

req~tencv of Annual Occurrence

of
Sheltered Deep Wa ter

Nor ther n  Hemisp here Swel l  Character is t ics
(Frequency in Percent of Year)

- - 5) 0 0She l t e r ed  Ileep W at er  Approa ch A z i m u th  ~25 — 235

Si gn i f ican t  Wave Period , Sec.Wave Height , —

feet 4 5.9 6-7.9 8-9.9 10 11.9 12-13 .9 14-15.9 16+

0.0-1.6 0.03

1.6-3. ~) 0.01 0.01 0 .02 0 .01
3.3-4.9 0.02 0 .02
4.9-6 .6 0.01 0 .01 0.01
t).t’-8 . 2

8.2-9.~
9.8-13.1

13.1-16.4

16.4-19.7

19. 7-23.0

23.0+

These dat a are based on mid-point interpolations between Stations
5 and 6 in the report “W ave Statistics for Six Deep-Water
Stations Along the  California Coast ”, Meteorology International ,
I ncorporated , February 1977. Adjusted for island sheltering
by LI . S. Army Eng inee r  Waterw ays  Exper imen t  Stat ion , ~ ick sburg ,
M i s s i s s i pp i. She l t e red  Deep Water 1)epth 300 ft. Tue wave
heig ht  bands are 0. 5 and 1 .0 meter.
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MISS i ON BAY , CALIFORNI A

Frequencv of Annual Occ urr e~ce
of

Sheltered Deep Water

Northern Henüsphere Swell Churacter~ sti~ s

(Frequency in Percen t of Ie~r)

Shel tered Deep Water Approach Azimuth 2350 
- 245°

Significant - - - 

Wave Period , sec. 
- -

Wave Height, - -

feet 4-5.9 6-7.9 8-9.9 10-11 .9 12-13._S 14-15.9 
‘
~~~~~~

0 .0-1.6 0.01 0.02 0.01

1 .6-3.3 0.01 0.16 0.01

3.3-4 .9 0.11 0.01 0.01 0.H

4.9-6.6 0.01 0.01 0.01 CL

6.6—8.2 0.01 0.L

8.2-9. 8

9.8-13.1

13.1-16.4

16.4-19.7

19.7—23.0

23.0+

These data are based on mid-point interpolations bet~ve:. Stat~~;~s
5 and 6 in the report “Wave Statistics for Six Peep- 1cate~
Stations Along the California Coast”, Meteorology 1nt er ~~ z i on a . ,
Incorporated, February 1977. Adjusted for island shei t~~r ing
by U. S. Army Engi neer Waterways Experiment  S ta t ion , Vi :~ sburg,
Mississippi.  Sheltered Deep Water I)epth = 300 ft. The -.~~:e
height bands are 0.5 and 1.0 meter.
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MISSI ON BAY , CALIFORN i A

S FreQuencY of Annual Occurrence

of
—

Shel tered Deep Wa ter
Northern Hemisp here Swell  Cha rac t e r i s t i cs

(Frequency in Percent of Year)

Sheltered Deep Water Approach Az imuth = 245° - 255°

Signilicant Wave Period , sec .Wave [height , -_

feet 
- 

4-5.9 6—7.9 8—9.9 10 11.9 12-13 .9 14-15.9 l (+

0.0-1.6 0.01 0.03 0.01 0.02 0.04 0.02 0.01
1.6-3.3 0.03 0.03 0.02 0.04 0.09 0.12 0.05
3.3-4.9 0.03 0.01 0.01 0.01 0.05
4 .9-6 .6 0.01
6.6-8.2

8.2-9.8

9.8-13.1
13.1-16.4

16. 4-19. 7
19. 7-23.0

23 .0+

These data arc based on mid-point interpolations between Stations
S and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology international)
Incorporated, February 1977. Adjusted for island sheltering
by U. S. Army Engineer Waterways Experiment Station, Vicksburg,
Mississippi. Shel tered Deep Water Depth = 300 ft. The wave
height bands are 0.5 and 1. 0 meter .
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M i S S I O N  BAY , CAL IFORNIA

of Annual Occurrence

of
Sheltered Deej~ Water

Northern Uemisptiere Swell Characteristi cs
(Frequency in Percent of Year)

Sheltered Deep Wa ter App roach Azimu th = 255° - 265°

Sign if i~iint -- - 

Wave Period , sec. 
—

Wave Height ,
feet  A S.9 6-7.9 8-9.9 io 1L~ 12 13.9 14 15.9 16+

0.O- 1 .~ 0.06 0.10 0.16 0.85 0.08

1.6-3.3 0.17 0.09 0.21 0.92 1.59 0.52

3.3-4 .9 0.03 0.02 0.01 0.10 0.06
4.9-u. 6

6.6-8.2

8 .2 -9 .8

9 • 8-13.1

13.1-16.4

16 .4— 19. 7

19. 7-23.0

23 .0+

These data arc based on mid-point interpolation~ bet w een Stat ~~ ns
S and 6 in the report “Wave S ta t i s t ics  for Six Peep-Water
Stations Along the California Coast ” , Meteorology I n t cr n a t i o n ~ i ,
Incorporated, February 1977. Adjusted for is land s h e l t e r i n g
by’ Ii. S. Army Eng ineer Waterways Experiment S t a t i on , V i c k s b u r ~ ,
Mississippi. Sheltered Deep Water  Depth = 300 t t .  The wave
height bands are 0.5 and 1.0 meter.
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MISSION BAY , CALIFORNIA

FreQuency of Annual Occurrence

of

Shel tered Deep Water
Nor thern Hemisphere Swell Characteristics

(Frequency in Percent of Year)

Sheltered Deep Water Approach Azimuth = 265° - 275°

Significan t Wave Period, sec.Wave Height,
feet 4—5.9 6-7.9 8-9.9 10~11.9 12-13.9 14—15.9 16+

0.0-1.6 0.04 0.05 0 , 15 0.37 2 .58 3.30 0.89

1.6-3.3 0.02 032 0.21 0.12 0.48 0.17 0.02

3.3-4.9 0.01 0.03 0.02

4.9-6.6
- 6.6-8.2

8.2-9. 8

9. 8—13 • 1

13.1—16.4

16.4-19.7

19.7—23.0

23.0+

These data are based on mid-point interpolations between Stations
5 and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology In terna tional ,
Incorporated, February 1977. Adjusted for island sheltering
by U. S. Army Engineer Waterways Experiment Station, Vicksburg,
Mississippi. Sheltered Deep Water Depth = 300 ft. The wave
height bands are 0.5 and 1.0 meter.
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MiSSION RAY , CAL I FORN I A

FreQuency of Annual Occurrence

of
Sheltered Deep Wa ter

North ern Hemisphere Swell  Cha ract er i st i s
(Frequency in Percent of Year)

Sheltered Deep Water Approach Azimuth = 275 ° - 2850

Signific~nt Wave Period , sec .Wave Height, ____________________________________________
feet 4 5•9 ó.7.9 8-9.9 10-ll .9 12- ’13.9 13-15.9 16+

0.0—1 .6 0.45 3.69 0.58 0.44 5.29
1.6-3.3 0.10 2.57 0.33 0.15 0.05
3.3-4.9 0.01

4.9-6.6

6.6-8.2

8.2-9.8

9.8-13.1
13.1-16.4

16.4—19.7

19. 7—23.0

23.0+

These data are based on mid-point interpo1ation~ between Stations —

S and 6 in the report “Wave Sta t i s t i cs  for S ix  Pe ep -Water
Stations Along the California Coast”, Mezeorolo.~v Internition d,
Incorpora ted , Febr uary 1977 . Adjusted for islanj sheltering
by U. S. Army Engineer Waterways Experiment Station , Vicksburg ,
Mississi ppi. Shel tered Deep Water Depth = 300 ft. The wave
height bands are 0.5 and L.0 meter.
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MISSION BAY , CALIFORNIA

FreQuency of Annual Occurrence

of

Sheltered Deep Water

Northern Hemisphere Swell Characteristics

(Frequency in Percen t of Year)

Sheltered Deep Water Approach Azimuth = 290 0 
- 295°

Si~nIficant 
— 

Wave Period, sec.
Wave Height,
feet 4 5.9 6 7.9 8 9.9 10-11.9 12-13 .9 l4~ 1S.9 16+

0.0-1.6 1.16 8.02 2.22 0.84 3.74 1.65 0.33

1.6— 3.3 0.03 5.48 1.42 0.21 0.10

3.3-4 .9 0.0 1

4.9-u.6

6.6-8.2

8.2-9. 8

9.8-13.1

13.1-16.4

16.4—19.7

19.7-23 .0 
-

2 3.0+

These data are based on mid-point interpolations between Stations
S and 6 in the report “Wave Stat is t ics  for Six L)eep -Watcr
Stations Along the California Coast”, Meteoro logy i n t e r n a t i o n a l ,
Incorpora ted, February 1977. Adjusted for island sheltering
by U. S. Army Engineer Waterways Experiment Station , \‘icksburg ,
Mississipp i. Sheltered Deep Water Depth = 300 ft. The wave
height bands are 0.5 and 1.0 meter.

1)19



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

-~~~ — ~— — S -

M ISS I ON BAY , CALIFORNIA

~reQuencv of Ann ual Occurrence

of

Sheltered Deep Water

Sea Chara cteristics
(.Frequency in Percent of Year)

Sheltered Deep Water Approach Azimuth 195° - 205°

Significant Wave Period , sec.
Wave Heig ht , -— — -

feet 
— 

4- 5 .9  6-7 .9 8-9.9 10-11.9 12-13 .9 
- 
14-15.9

0.0-1.6

1.6-3.3 0.17

3.3-4.9 0.07 0.04

4.9-6.6 0.04

6.~ -8.2 0.01 0.01

8.2-9. 8 0.01

9.8-13.1

13.1-1 6.4

16.4—1 9.7

19,7-23.0

23 .0+

These data are based on m i d — p o i n t  in te rpola t ions  -u~et~n S t a t i on s
S and 6 in the report “Wave Sta t i s t i c s  for Six Deep-Water
Stations Aiong the C a l i f o r n i a  Coast” , Meteorology r n t e r n at i mal ,

-5 
incorporated , February 1977. Adju s ted  for island ~~e l t  ~‘r i n ~by U. S. Army Engineer  W~L t er w a y s  Experiment Star i -~- -- .. V i c k s b ur g .
Mississippi . Sheltered Deep Water Depth 300 f t .  ftc
heig ht  hands are 0 .5 and 1 .0 ~-~et er.
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MI SS IOt ’  RAY , CALIFORNI A

FreQuency of Annual Occurrence

of
Sheltered Deep Water

Sea Charac teris t ics 
—

(Frequency in Percent of Year)

Shel tered Deep Water Approach Azimuth = 205° - 215°

Si gnifican t Wav e Per iod , sec.
Wave Height, —

feet 4-5 .9 6—7.9 8-9.9 10-11 .9 12— 13.~~~~14-l5.9

0.0-1.6

1.6— 3.3 0.17

3. 3—4 .9 0.11
4.9-6.6 0.02 0.10

6.6-8.2 0.06

8.2-9.8 0.01 0.01

9.8—13.1 0.01

13.1—16. 4

16.4—19. 7

19.7—23.0

23.0+

These data are based on mid-point interpolations between Stations
5 and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International ,
Incorporated, February 1977. Adjusted for island sheltering
by U. S. Army Engineer Waterways Experiment StatIan , V icksb ur~ ,Mississippi. Sheltered Deep Water Depth = 300 f t .  The wave S

height bands are 0.5 and 1.0 meter. 
S

D2 1

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



___________ -~ - ~~~~~~~~~~~~~~ — ‘S’S ---- — —----5---

~‘IISSION R\Y , C A L IFORNIA

~reQuencv of Annual  Occurrence

Shel te red  Peep Wa ter
Sea Characteristics

(Frequency in Percent of Year)

Shel tered Deep W at e r Appr oach \ z i m u t h  = 215° - 225 °

Si gn i f i c an t  Wave Period , sec.
Wave Hei ght ,
feet 4-5.9 ~~~~ S-9.9 10-11.9 12-13.9 14-15 .9

0.0-1.6

1.6-3.3 0.10

3.3—4.9 0.06

4.9-6 .6 0.01 0.04

6.6—8.2 0.03

8 . 2 — 9 . 8

9.8-13.1 0.01

13.1—1 6.4 0.01

16.4—19.7

19. 7-23.0

23.0+

These data are based on mid— poin t  interpolat ions between Stations
5 and 6 in the report “Wave Sta t is t ics  for Six Peep-Water
Stations Along the Ca l i fo rn ia  Coast” , Meteorology In t e r n a t i o n a l ,
Incorporated , February 1977 . Adjusted for island s h e l ter i n g
by Li . S. A rmy En~’ineer Waterways Experimen t S ta t i o n , ~ icksbur g ,
Mississi pp i. Sheltered Deep Water  Depth = 300 f t .  The wave
hei ght bands are 0.5 and 1.0 meter .
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M ISS I ON B AY , CALIFORNI.\

Freq~encv of Annual Occurrence

_______ ISheltered Deep Water

Sea Charac ter i s t ics
(Frequency in Percent of Year)

2Shel tered Deep Wat er  Approach A z i mu th  2_ S - 35

Significan t Wave Period , sec.have Height, - 
— —f eet 4-5.9~~~~7~9 8-9 .9 lO-1j .9 12~~~~~9 14-15 .9

0.0-1.6

1.6-3.3 0.11
3.3-4.9 0.06

4.9-6.6 0.03
6.6—8.2 0.04

8.2—9.8 0.02

9.8-13.1 0.01

13.1-16.4

16. 4-19. 7

19.7—23.0
23.0+

These data are based on mid-point interpolations between StationsS and 6 in the report “Wave Statistics for Six Deap-h’aterStations Along the California Coast”, Meteorology International ,Incorporated , February 1977. Adjusted for island shelteringby U. S. Army Engineer Waterways Experiment Station , Vi cksburg ,Mississippi. Sheltered Deep Water Depth = 300 f t .  The waveheig ht bands are 0.5 and 1.0 meter.
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M I S S I O N  HA Y , CAl. I FORN IA

of Annual Occurrenee

2!
Sht’l I c  red I)eep Wate r

Sea Ch ar ac te r i s t  ics
(Fr equency in Percent  of \ ea r)

5) 0
Shelt e r ed  Deep W a t e r  Aj ) I ) t’Oac h ~z~ r u ut h  —~ 5 —

Sign i I icant Wave Period , S ec.
have Height , - —

~~~~— —

fee l 4-5.9 ~-7 .9 8-9.9 10-11.9 l.~-l3 .9 14-1 5 .9

0.0— I .t

1.6-3.3 0.19

3.3—4 .9 0.0 7

4 . 9-6. 6 0.01 0.05

-~ 0.04

8.2— 9.8 0.02 0.01

9 .8 — l - S .1 0. 01

13. 1— 16. 4

16.4-19.7

19. 7-23 .0

23 .0+ 

- __

I he se dat a  a re I’ .tsud on m i d — p o i n t  j u t  e rpo tat.  ions b etwe en St at I on~
~ . inj  6 in the report ‘‘Wav e S ta t i s t i c s  for S i x  D e e p — W a l e r

~ i ~t t a n s  Along t l ie Ca l  i b m  ia Coast’’, Meteoro [o~~’ Internat io,rni i
I - 

~~~~~ 
F.L  t ed , l:~.l) ruarv 1977. Adj U :-; t ed for i s l a n d  ~;lie I cr1 ug

h-~ I I . - . Amm ~- F u g in e er  Wa t e r w ~iys Exper intent Stat ion , V i cksburg
.. -.i ~.- . pp I . ~- h -  I t  c red Deep h a t  er  Depth S )0~) t t  . ‘Ih’ W a V e

- m l - - -~ & e  0 . ~ and I . 0 meter
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M IS S I ON RAY , CAL I FORN I A

Frequency of Annual Occurrence

of

Sheltered Deep Water

Sea Characteristics

(Freq uenc y in Percent of Year)

5) 0
Sheltered Deep Water Approach Azimuth = -

Sign i f i can t  Wa~-’e Period , sec .
Wave Height ,
feet 4—5.9 6-7.9 8—9.9 10-11 .9 1~ - 13 .. 14-15 .9

0.0-1.6

1.6-3 .3 0.35

3.3~4.9 0.30

4.9-6.6 0.02 0.13 - :

0.07

8.2-9.8 0.04

9.8-13.1 0.02

13.1-16.4

16.4-19. 7

19.7—23.0

23.0+

These data are based on mid-point interpolations ~-~~t i~eeii St a t i on s
S 5 and 6 in the report “Wave Statistics for Six 1)e.

~:’-Wat er
S Stations Along the California Coast”, Meteorology international ,

incorpora ted , February 1977. Adjusted for i s l an d  ~~e1teringby Ii. S. Army Engineer Waterways Experiment S t . t t i e n , \ i c k sb u r g ,
- Mississippi. Sheltered Deep Water Depth = 300 f t .  ) h e  wave

height bands are 0.5 and 1.0 meter.
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MISS I ON BA Y , CAL iFORN IA

Frequency of Annual Occurrence
of

Sheltered Deep Water

Sea Characteristics

(Frequency in Percent of Year)

Sheltered Deep Water  Approach Azimuth  = 255~ - 2650

Significant Wave Period , sec.
Wav e He igh t ,
feet 4-5.9 6-7 .9 8-9.9 10-11.9 12-13.9 14-15.9

0.0-1.6

1.6-3.3 0.36

3.3-4.9 0.23

4.9-6.6 0.01 0.07

6.6-8.2 0.07

8.2—9.8 0.04 0.01

9.8—13 .1 0.01

13 .1-16. -I

16.4-19.7

19.7—23.0

23 .0+

These data are based on mid -point  interpolations between Stations
5 and 6 in the report “h ave Statistics for Six Dee p—Water
Stations Along the California Coast”, Metcorolo1 . - Int ernational ,Inc orpora ted, February 1977 . Adjusted for is lan d sheltering
by U. S. Army Engineer Waterways Experiment Station , Vicksburg,
Mississipp i. Sheltered Deep Water Depth = 300 f t .  The wave
hei ght  bands are 0.5 and 1.0 mete r .
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MISSION I~AY , CALI F ORNI A

Frequency of Annual Occurren ce
of

Sheltered Dee~p Water
Sea Characterist ics

(Frequency in Percent of Year)

Sheltered Deep Water Approach Azimuth = 265° - 275°

Significan t Wave Period , sec.
Wave Hei ght , —-

feet 
- 

4-5.9 6-7.9 8-9.9 10-11 .9 12-13.~~ 14- 3.9

0.0-1.6

1.6—3.3 0.59

3.3~4.9 0.52 0.25

4.9—6.6 0.13

6.6-8.2 0.04

8.2—9.8 0.07

9.8—13.1 0.01

13.1—16.4

16. 4—1 9. 7

- 19. 7— 23 ,0

23.0+

These data are based on mid-point interpolations beti~-eer S:ati~ ns
5 and 6 in the report “Wave Statistics for Six Deep-Water
Stations Along the California Coast”, Meteorology International ,
Incorporated, February 1977. Adjusted for island she 1teri :~g
by U. S. Army Engineer Waterways Experiment Station , Vicksbur~,
Mississippi. Sheltered Deep Water Depth 300 ft. The :~~~-:~
hei ght bands are 0.5 and 1.0 meter.
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MISS iON BAY . CALIFORN IA

FreQuency of Annual Occurrence
I2!

Sheltered Deep Water
Sea Characteris t ics

(Frequency in Percent of Year)

Sheltered Deep Ic ater Approach Azimuth = 275° - 285°

Si gn i f i can t  Wave Period , sec.
Wave h e i ght , — - - - --

feet 4-5.9 t - ’.9 8-9._9 _ 10-11 .9 12—13.9 14-15.9

0.0-1.6

1.6-3.3 2.09

3.3— 4 .9 0.12 0.60
4.9-6 .6 0. 42

0.24 0.14

8.2-9.8 0.02 0.01

9.8-13.1

13.1-16 .4

16.4—1 9.7

19. 7-23 .0

23.0+

These data are based on mid-point interpolations between Sta t ions
& and 6 in the report “Wave Stat is t ics  for Six Deep-Water
Stations Along the California Coast”, Me teorology In tern ation al ,
Incorporated, February 1977. Adjusted for island sheltering
by U . S. Army Engineer Waterways Experiment Stat ion , VI ck~burg,Mississi pp i. Sheltered Deep Water  Depth 300 f t .  The wave
hei ght bands ar e 0.5 and 1.0 meter .
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M ISS i ON BA Y , CALT FOR N 1, \

Fre quency o t Annual  Occurren ce

2!
Locally Generated Sea Characterj~ tjcs

(Fre~iuenc ~ in Percent of Y ear)

Deep Water Approach Azimuth = 180 0 
— 2100

Significant Wind Veloc ity (knots) and Wave Period (sec .)Wave Height , 10— 15 knots 15—20 knots 20—25 knots  2S~~Tnotsfeet 3.5 sec 5.0 sec 5.5 sec 6.0 sec

3.0 0.69
5.0 0.30
6 .5 0 .12
8.0 

0.11

These da ta were dev el oped from wind frequenci es which  wereobtained from Synoptic Shipboard Meteorological Observations(SSMO ) data tapes. Water depth = 300 ft.
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MISSI O N BAY , CA L I F O R N I A

I:re~[uencv of Annual Occurreiic~-

of

Loca l i v  Generated Sea Char act e r i~~t - i c s

(Frequency in P cr cent  of Y e3t - )

Deep Wat er  Approach A z i m u t h  = 210° - 240°

S i g n i f i can t  Wind Ve locI ty  (kno t s )  and 1’ a~ ’- P . ’ r od ( sec .)
Wave h le iQht , ‘lO-iS knots  15-20 knots  2O -2~i ‘knots ~ 2S+ kn ot~feet 3.5 sec 5.0 sec 5.5 sec ô .Os e c

3.0 0.99
5.0 0.17

6. 5 0.10
8.0 0.02

These da t a  were developed from wi nd frequencies wh ich  were
obtained from Synoptic Shi pboard Meteorological  Obser vat ion s
(SSMO) data tapes. Water depth = 300 ft.

P30

— _____ 

I —



Fr—
-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
~~~~~-—- S.-- — - - ---S 

- ------ - -—--- -- -- .—-— 7

MISSION BAY , CALIFORNIA

Fre~~ency_of Annual Occurre nce
of

Locally Generated Sea Characteristics

(Frequency in Percen t of Ye ar)

Deep Water Approach Azimu th = 240° - 270°

Significant Wind Velocity (knots) and Wave Period (sec .)
Wave Height, 10-15 knots 15—20 knot~ 20-23 ~~ots 25+ knots
feet ~~~~~~~ sec 5,0 sec 5.5 sec 6.Osec

3.0 4.46
5.0 1.32

6. 5 0. 41
8.0 0.09

These data were developed from wind frequencies ;~~ich wereobtained from Synoptic Shipboard Meteorological O:servations
(SSMO) data tapes. Water depth = 300 ft.

:L D31
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M1 S~~lO\ BAY , C A L I F O R N I A  -

Freq~z encv of Annu al  Occ~ r~ ence

of
Locally Generated Sea Characteristics

(Frequency in Percent of \‘ea r)

Peep Water Approach Azimuth = 270 0 
— 3QQ O

Signifi cant Wind Velocity (knots) and Wave Period (sec .) _______Wave Hei ght . 10~iS knots
L 

15—20 knots 20-25 1~~~ts 25+ ~~otsfeet 3.5 sec 5.0 sec 5~5 
sec o .o sec

3.0 4.56

S .0 1. 40
6.5 0.47

8.0 0. 21

These data were deveI cp e~I from w ind frequencies which were
ob tain ed from Synopt ic Shi pboard Meteoro logical Observations
(SSMO) data tapes. Water depth = 300 f t .

P32
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MISSiON BAY , CALIFORNI A

Frequency of Annual Occurr ence

2!
Local ly  Generated Sea Characteristics

(Frequency in Percent of Ye~~-~

Deep Water  Approach .- \ c i m u t h  = 3000 
- 3300

Sign ific~~ t Wind Velocity (knots) and Wave Period (sec.)S 

IVa ~~t’ h eight , 10-15 knots lS-20 knots ~~-~ 5 knots 25+ knotsfeet 4.0 sec s.o sec 6.0 SOC 7.0 sec

3.5 3.47

5.5 1.18
.5 0.44

9.5 
0.08

These data were developed from wind frequencies which wereobtained from Synoptic Shipboard Meteorological Observations
(SSMO ) data tapes. Water depth = 300 f t .

P33
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MISSION BAY , CALIF OR NIA

Frequency of Annual Occurrence

- - of
Loca l ly  Generated Sea C h a r a c t e r i s t i cs

(Frequency in Percent of Year) r
S 

Deep Water  Approach ~:imuth = 330° - 350°

Significant Wind Velocity (knots) and Wave Period (sec .)
Wave Height , 10-15 knots 15-20 kn~~~-~~~ 0-2 S knots 25+ knots
feet 3.5 sec 4.5 sec 5.0 sec 5.5 sec

2.5 1.32

4 .0 0. 23

s.s 0. 12
• 6.5 0.01 P

These data were develaped from wind frequencies which  were
obtained from Synoptic Shipboard Meteorological Observations
(SSMO) data tapes. Water depth = 300 ft .

P34 -
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M l S ~~1ON BAY , CALIFO RNiA

Annua l Longshc-~re rransoort

Southern Hemisphere Swell Chara~ t:~~ a-tics

Sheltered Deep Water -\pproach ~\:inuth = 185
0 

- 1950

Significant Wave Period . sec . 
-

Wave Height , 12-13.9 14-15.9 16-F.9 1S-19.9 20+feet

9.20 4.20 2.70 0.33
0 0 0 9 0.9 1.0 1.1 1.2- 

+3.0 #3~5 +4.0 +4~5+1779 +1232 +1148 +193

1.70 1.30 0.60 0.13
1 9 1.5 1.8 2 .1 2.31.0- +5~ 3 +5.8 +6 . 2 +6. 6

+2075 +2736 +1982 +551

0.10
2.3

- .  -. 
+7•7
+513

3.0-3 .9

Legend
Time (Percent of Year).
Break er h e i ght . Mb•Br eaker Angle , ab.Longshore Transpor t, cu yds’year.
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MISSION BAY , CALIFORNIA

Ann ual  Lol~&share Transuort
Southern  Hemisp here Swell  Charac te r ist i c s

Sheltered Deep Water A pproach Az imuth = 195~ - 2050

Signifi cant 
- 

Wave Period . sec .
Wave Height , 12—13.9 14—15.9 16-F.9 18-19 .9 20+
feet

2.2 4.2 1.7 0.63
0.9 1.1 1.2 1.3

0.0-0.9 +3.6 +3~3 +2.9 +2.5
+510 +1475 +652 +848

3.1 2.3 0.63 0.05
2.1 2.3 2.5 2.7

1.0-1.9 +5 .8 +5 .4 +4~ 9 +4 .5
+9590 +8324 +2530 +226

0.03 0.10 0.03
2.0—2.° 3.0 3.4 3.7

+7.8 +7.2 +6.8
+252 +1276 +373

3.0 —3.9

Legend

Time (Percent of Year) .
Breaker Uc igu t .
Breaker Angle , a1Longshore iranspdrt , cu yds/year.
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MISSION BAY , CALIFORN IA

Annual Lon~ shore Transoort

Southern Hemisphere Swell Characteristics

Sheltered Deep Water Approach A zimuth = 205° - 215°

Signi ficant 
-

- 

Wave Period . sec .
Wave Height , 12-13.9 14—15.9 16-17.9 18-19.9 20+
feet

2.3 0.5 0.23 0.25

0 0 0 9 1.2 1.3 1.4 1.5
- 

+4.3 +2.8 +1.5 +0.5
+1306 +226 +66 +29

4.30 0.90 0.30 0.03

1 0 1 9 2.4 2.6 2.8 3.0
• — 

+6.2 +5.0 +3.8 +2.8
+1983 7 +4101 +1253 +92

0.80 0.70 0.20 0.10

2 0 2 9 3.5 3.8 4,1 4.4
• - 

+8. 3 +7.1 +5.8 +5.0
+12610 +11637 +3295 +1698

0.10 0.20 0.20 010
4.5 4.9 5.3 5.7

3.0-3. 9 +10.1 +9.0 +8 .0 +7 .1
+3571 +7908 +8583 +4581

Legend

Time (Percent of Year).
Breaker Height. Hb.
Breaker Angle, ab.
Longshore Transport, cu yds/year.

E4
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MISSION BAY , CALIFORNIA

Annual  Lon~~ hc re Transuort
Southern ILe ~ isphere Swell  Character is t ics

• 0 0Sheltered [)eep ~ater -~pproach A z imuth  = 215 — 225

Sign ificant Wave Pcriod . sec .
Wave Hei ght , 12-13 9 14-15.9 16-17.9 18-19.9 20+

0.70 0.60 0.05 0.03
1.3 1.4 1.5 1.60.0-0.9 +3.3 +2.7 +2.0 +1 .3
+373 +315 +23 +9

- 

2.90 3.70 0.40 0.10
2.5 2.7 2.9 3.11.0-1.9 +5~3 +4.6 +4.0 +3.4
+12692 +17060 +1919 +482

2.10 2.60 0.70 0.05
2.0—2.9 3.7 4.0 4.3 4.6

+7.2 +6.5 +6.0 +5~3+33109 +45059 +13434 +1005

0.40 0.90 0.60 0.05
4.8 5.2 5.6 6.03.0—3.9 +9.0 +8.3 +7.6 +7.1
+15021 +38169 +28106 +2604

Legend
Time (Percent of Year).
Breaker Height. Hb.
Breaker Angle, ab.
Longshore Transport, cu yds/year.

ES
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MISSION RAY , CALIFORN IA

Annual  L u t ~~ hore Transport
Northern  Hemisphere Swell Character is t ics

0 0Sheltered Deep Water Approach Azimu th  = 165 - 175

~fgnifican t Wave Period , sec .Wave Hei ght , 
—

feet 4-5.9 6-7.9 8-9.9 10-11 .9 12—13.9 14-15.9 16+
0.01 0.01

0.0-1 .6 0.5 0.6
+6.6 +5~3
+1 +1

1.6—3 .3

3.3-4.9

4.9-6.6

6.6-8.2

8.2—9.8

9.8-~13.1

13 .1— 16. 4

L~gend
Time (Percent of Year) .
Breaker Height , H0.Breaker AnQle , ab .
Longshore Transport , cu yds/ year.
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Ml S~ I ~ \ R .\\ , C.- \ I . I  I O I ~N I A

Aititu.~ I L~’u - Ii~ F~ I 1 ‘ )O r t

Northern Uem i~ j~ie re~~~.e I I  Ch a r a c t e i - i~. t i c s

S h ’  I &‘red Deep Wa t e t- App ro~tdt .\ i mu t It 1 ~ 5
O 

- 185°

S t g n t t i c a n t  - 

W .tve Pe r i od , sec. 
-

~~~~~~

Wav e H e i g h t ,
4-5 .9  6~

T
.9 8-9.9 10—11. 9 12-13.9 14—15.9 1(,+

0.01 0.01
0.7

+t~. +3.5
+ 1 +1 

___________________ _______

1.t— 5. 3

b

2

8.2-9. 8

9 . 8 — 1 3 . 1

13 .1— l ~~.-l

~~~~~ (Percent of Year) .
Breaker IIc i~ ht , fl 1~

.
Bre aker  Ane l e , ‘4b~I.ongshore Transport , Cu yds / year.

I~8
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M ISS L ON RAY , C AL I I O I ~N 1 \

N o r t h e r n  IIein ~ ~phere Swe l l  Char act  e:’ i c’.

- 0 0She It e red Deep W a t e r  Approa ch -\~ tm u th  = 185 — 195

Signif icant  — 
Wa ve  Per i~~i ,

e Hei ght , — — 
_—_ 

-. ___________________________

fee t  4 — 5 .9 t~~7 .9 8—9.9 I~~ 11. 9 1 .~— 1~ .9 i~~~15.9 1(~+

0 . 0 - I .

0 .02 0. 01
1.~~- 3 . 5  i . ’ 1 . 9

+ 1 1 . 3  + 10 .0
+80 •4~’ — -~~~

______

3 . 3 —4 .9

o .6-8 . 2

8.2-9 .8

9.8-13 .1

13.1- 1t. 4

Lqg~~ d 
-

~~~~~~~

Time (Percent of Year) .
Breaker IIe i t ~ht , UbBreaker  Anele , ab.
Longsho re Transport , cm yis ‘ ‘e a r .

LI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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M ISS I ON I’ , CAl. I FOI~N 1 \

~~~~~~L_1 u ~ sho re_ rxi -~~~r t
N or thern  Uemi ~ phez -e Swel I_ C h a r a ct e r i ~.t ic~

She! t o t -ed 1k-op W t t c r  Appro~~ )i .\~ im u t h  1950 — 205 0

Si j fj~ ant 
-

~~~~~ W ave Per ied , -~e~-~ 
-

Wa ve lIe tght  , ~~~~~~~~ —
feet 1 5 .9 t~_ 7 .~ S-9 .9 10— 11 .9 12 - 13 .9 1 4 — 1 5 . 9  1t .

- -o 
~~~~~~ ~~~~~~~~~ 

- —__—

0.0- l .~ 0.9
+8 .3

_______ 

.9
— 

_ _ _

1.~~-5.5 1.9 2 .1 2 .5 2 .8 3. 1
+ 18 .5 + 12 .’ +11 .0 +9.0 +7 .8
.41 .113 +5 1 +5b .63

0.02 0.01
3 . 3 - 1 .9 3 . 3 3.b

+ ) t~~~~ .14 .5
4451 ÷ 1 t 4  _____________

4. ‘)- (‘. C’

8.2-9.8

9.8 -13 .1

13. 1— I~~.4

I e t ~end
Time (Percent  of Year ) .
Br eaker He i~ ht , Il k .
Bre ak er  Arw Ic ,
Longshorc I ran~ porr , Cu v~i-~ ‘year .

El 0

—

—



___________________________________________________________ - - - - - - -

M t  -‘S I ON ft-U • C-U. I EOI1N I .-\

Aitt t L l t sI~au ~~~I r t n ~ p~~rt
N ’r t l t e r n  H~ p ~ ‘I ere 5t,e1 I C h a r a c t e r i s t i c s

She I t  ered !~~ep W a t e r  •\~~‘~~‘ r~’~~ h -U im u t h  205° — 215 °

Sig n it t c z t n t  Wa v e Per i~ d ,h .ivc lIe i ~ht , —~~~~~~ ~~~~~~~ — — — —— ________________

feet  
~~~ 

b
:~ 

9
:~~~~

0_ 11.9 12 13 .9 i $ 1 ~~.9 It ~,
0.01 0.01 0.01

0 .0 -Ut ’  0.9 1 .1 1.3
.14.0 .9.5 .8.0
+5 +t ’ 4 ”

0 .02 0 .12 0.01
I .c ,— 3 .3  2 .1 2 .4 2 .8

+20 . ” .14 .5 .12 .3
______ +t ~~’ +j .~53 + 151

0. 03
3 .3-4 .9 3.

+18 .3
÷129 9

0.01
4 . 9 - c ~.t ’ 5 . S

+ 18 .0
+575

t’.C~— S . 2

8 .2 -9 . 8

9. 8- 1 5 . !

IS. I - L t ~.4

i egcnd

Time (Percen t of Year) .
Breake r lie it~ht , II I .
Rre~~ er Anc to , a~ .
L .~~t t ~-~ltore Transp~t r t  , cm yds - e a  i- .

Eli

L TI~ _ _ _ _ _ _ _-
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M I SS 1 ON BAY , CAL ! l ORN IA

Annu~i 1 Lon~ sho re Tr~uisport

Nor thern Hemi sp here Swell Characte ri stics

Sheltered fleep Water Approach Az imuth  = 215° - 225 0

S~~ nmcan t 
— 

Wave P er io d , set’ . 
— -

~~~ 

- -

Wave Hei ght , 
~~~~ 6 7 .9 8-9.9 10 11.9 12-13. 9 14-13. 9

0.01 0.01
0.0-1 .6  1. 2 1. 4

+8.4 +6.8
+o + 8

— 

~~~~~~~~~~~~~~~~~ oToi 
— — -

1 .6—3.3 2.6 2.9
+12. 7 +10 .7

- +322 +144 - - - —
- 

0. Ol
3 .3-4 .9 4.0

+16. 0
+468 ___________________

4 .9-6.6

6.6-8 .2

8. 2-9. 8

9.8-13.1

13. 1-16. 4

Legend

Time (Percent of Year) .
Bre a ker H eight , 

~~~Breaker Ant~1e , a
Long shor c Tr ansp~ rt , cu y~k / year .

E12



•II ~-’” I O N ~ ‘ U , C-~t I I  O R N I  \

1 1 ~~~~~~ 
- - ~~‘ i c  I i a u ~.-~ ’ v t

, 0Sh e l t e red lk-ej ’ h a t e r  App r oa ch  -U i i u u t h  —~~ —

______ - ______ 
________

ha~ e lI~~i t ~I i t , - ———-—-—-—----- — — — — — — -— ——-— -—-—------— — —- 4 .5 .9 ~~~ .9 S 9 • 9 10 1L9 12 1’ .9 I ! U~.~
) 1t’~

——

1 .2
•1’ . 

-.

_______ 

.25
— — —

~~~~~ r —

2 .S  2 . 5  3 . 1 3. S
s i 4 .~ .1 0 . 7  + 9 . 0  • t ’ . 3
.132 +5 58 +285 +85

- -~~~~~~~~ -

~~~~~~~~~~ 

__
~~~~

__
~~~~

y- - - - - - --- -- -

3.3—4.9 4.3 4.
,13.~ + 1 1 .~
.

~~~~~ .1049
~~~~~PJfl

7 t’. 3 .0
• 1 5 . + 1 3 . S .l 1 .3

.1115 •t ’24 •t ’S’

o.t ’-S. 2

8. 2-9 . 5

9 . 8 —  13 . 1

13. i— It ’ .4

Time (Percent of leat-)
Breaker Height , 11b’
B r e ak e r  An~~Le ’, a
Longshore Transp~ rt . cm yds ‘ye a r .

F l  3 

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

-
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M I S S i O N  BA Y , C-\1 ( FOR NIA

A n n u a l !  t hor e Tra n s~~~~
N or t h e r n  Hemisp h e r e  Sw e l l  C h a r a c t e r i st i c s

- 

Sh e l t e r e d  Deep h a t e r  Approach A: m ath  2350 
- 245°

s1~~n 1 t i c~.:lt Wave Per iod , sec.
have He~ -~h t , -

~~~~~~ 
-

~~~~~~~~
— — —  —

feet 
- 

~~~~~~~~~~~~ ~~~~~~~~~~~~ 8-9.9 10-11.9 12-13.9 14 15 .9 1b÷

0.01 0. 02 0.01
0. 0 - L b  1.1 1.3 1.4

+6.7 .4.8 +3.0
+8 +13 +7

- F ~~~~~~~~~~~~O1
1.b-3 .3 2 .5 2.9 3.9 4 .5

+11. 0 47~ 4 +3 .2 +3 .6
+5 1 4 1413 +46 +74

-— o. oI o:~T T ~~
3 . 3- 4 . 9 4 . 4 5 . 9  6. 4 6. 8

+ 1 0. 0  +5 . 2 + 5 . 5  +5 . 7

+3640 +211 +273 +10848

0.01 0.01 0.01 0.06
4.9-6.b 6.0 6.6 7. 2 8.8

+1 1.8 .9•9 +8.0 +6.8

- 
+487 +523 +529 - 

+8196
— - - 

0.01 
- 0.03

8.8 10.8
+8.3 +7.8
49Q5 +8531

8. 2-9 . 8

9.8- 13. 1

13.1-16.4

~~~~nd
Time (Percent of Year) .
Breaker l1e i~ ht , 11b•
Breaker Axi~~lc , ab.
Longshore Transpor t , Cu vds ‘year.

E 14

- 
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M i S S i ON F -~ • L-\ 1 11 OR.\ l ,\ 
-

~ -

\ e r t h e r,i__)k~n~~ j~m e r e  St .ci  I Ch a r a c t e r i s t i c s  - -~

She it ered Deep h a t e r -~ ‘pi - o t c h  \~ i ntu t h  245~ — 255 °

- — — ___________________s ign  i t  i c a n t  W a v e  Pe r i od , sec .W lye lie ight , —

4 — 3 . 9  ~~~~~~~~~ 8 — 9 .9 1 0 — 1 1 .9 1 2 — 1 3 .9 1 i — 1 3 .~ h-i.

0 .01 0. 03 0 .0 1 0 .02 0 .04 0 . 02 0 .01
0.0- 1.6 1.1 1 .3 1 .5 1 .t’ 1 .” 1.9 2.0

+5.0 +3.0 +1.0 -1.0 -1 . 8 — 1 .5 — .13
+3 +~ 4 +1 _

6 
— 23 — 14 -4

- - --~~~~~~~~-0.03 0.03 0.02 0.04 (1.09 0.12 0.05
2 .7 2 .9 3 .3 3 .7 4 .0 4 .4 4 .7
• ‘.S ~~ .7 +3 .0 +1 .2 ~o.5 +1.2 +1 .3
+214 +194 +114 +106 +123 +493 +373- 

0 .03 1) .0 1 0 .01 ~~~~~~~ ~~~~~~~~~3.3—4.9 4.e 5.0 5.5 6.0 .0
~~b. 3 ~4.5 .2 . +2 .0 .3 .8
+683 + 12 1 +92 +85 +2129

—

.4.5
+1108

6 . ~~~ 2

8.2—9 .5

°.S-1.S .i

13. 1 — I t ’ .4

1~~~~d

Time (Percent of Year).
Breaker Height , Fib.
Break er Ancl e , ab.
Longshore Transport , cu yds yea r .

F I S

— -~.-- -- -- --
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MISSION BAY , CALIFORNIA

Annual Lon~ shore Tran spor t

Nor thern Hem isp here Swel l  Charac teris tics

Shel tered Deep Water Approach Azimuth = 255° - 265 0

~~gnificant Wave Period , sec .Wave Height , 
4-5 .9 6-7.9 8-9.9 10-11.9 12-13 .9 14-15.9 164

0.06 0.10 0.16 0.85 0 .08
0.0—1 .6 1.4 1.7 1.9 2.0 2.2

+1. 3 — 2.5 -2.5 —0 .8 + 1.0
+16 —77 -167 -322 +48
0.17 0.09 0. 21 0.92 1.59 0.52

1.6-3.3 3 .1 3 .6 4.0 4.3  4 .6 4.9
+2.2 +0.7 —0.7 -0.7 +0.7 +2.3+519 +124 —399 —2067 +4237 +5291
0.03 0.02 0.01 0.10 

- 

0.063.3—4.9 4.9 5,5 6.5 6.9 7.4 —
+2.9 +1 .7 +0.8 +2.5 +3~5+370 +232 +83 

- 
+2706 +2754

4.9-6.6

6.6—8.2 
H

8.2— 9.8

9.8—13.1

13.1—16 .4

Legend

Time (Percent of Year) .
Breaker Height , Fib .
Breaker Angle, ab.
Longshore Transpor t, cu yds/year.

E 16



MISS iON flAY CA l I 1:ORN IA

Annua l
N o r t e ! 1 H&9MSJ~ t er C Sw l 1 C h a r a c t .rj ~~~j~-s

Shelte red  Deep Water  Approach A: imu t h  2650 
— 275 0

Sig n i t t c a n t  Wave P e t - l e d , see .
Wave Hei ght
feet 4- 5 .9 6 - 7 . 9  8 — 9 . 9  1 0 - 1 1 . 9  1 2 - 1 3 .9 14- 13 .9 In .

0. 04 0.05 0 . 15 0. 37 2 .58 3 .30 0. 890 . 0 — l . t ’  1.3 1.5 1.7 1.9 2 .0 2 .2  2.3
-0.4 -1 0 -2 5 -4 0 -3 S -1 0 +2 0— 3 — i~ — u s  — 6 1 ! — 4 ~~’9 - l~ 91 +~~~~4
0.02 0.32 0.21 0.12 0.48 0.17 0.02

1.6-3.3 3.0 3.4 3.8 4.3 4.7 4.9 5.1
-0. 4 -0 . 8 — 1 . 5  -2 . 5 -2 .0  +0. 4 +2 . 7
-9 ~~~452 - 752 ~~~~ -38.7J ~~~~~~~~0.01 0.03 0.02

3.3—4 .9 5.2 5.8 .0
— o . — 1. 0 —1 .3

- 
-21 -234 ~~~~~~~~~~~~~~~~~~~

4.9-t’.t’

8 . 2 — 9 . 8

9. 8 - 1 3 . 1

13 . 1 — 1 6 .4

Time (Per cent  of Year)
Breaker h e i g h t , hI t .
Breaker Ani~1e , a
Long~ hto re Tr ansp~ rt , cm yds - ‘year.

P17
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MISS 1 ON hAl , CAL I R)I4N IA

Ann umi I L a t ~~~~~re Ti- mtnsport
Not -th e m Hemisp here Swell Ch a l -a c t e t - i st i c s

Sheltered Deep Water Approach A z i m u t h  275 ° - 285°

Si gnif icant  
- 

!Vave Perio Sec .
Wave h e i g ht ,
feet 4 -5 .9  6-7 . 9 8-9 .9 1 0- 1 1 . 9  12 - 1 3 . 9  1 4 - 1 5 . 9 16.

G. 4~S 3 .69 ~1 .58 0 . 44 S.29  
- _______

0. 0 — 1 . 6  1 .3  1.5  1 .7  1 . 8 1.9
— 5 . 5  -4 . 7 - 5. 0  - 5 . 5  -4 .8
-401 -3998 -912 -881 -10565

~~~~~~~~~~~~~ ~7�7Th.33 O~~Tl . o — 3 . 3  2.9 3 .2  3 .6 4 .0 4 . 3
-6.2 -5.2 -4.8 -4.6 -4.2
-721 —20434-3281 -1835 -618

0.01
4 .9
-5. 7

__________________ 
-145
—------ - -- ----

6.6-8.2

8.2- 9. 8

9 .8-13 . 1

13.1-16.4

Time (Percent of Year ~Bre a ker h e i g h t , H 1 .
Br eaker An g le , a .
Longshore Transp~ rt , cm yd-~ / ye u- .

‘i s

--- -

~ 

-~~~~~- - - —  ~~~~- - - - -~~~~~ --- - - - —--~~-~~~~~~~~~~~
- -~~~ 

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



MISSiO N R A Y , C \ i I F O R N [ - \

Aimua I Longshe t- t- Tra ,~_spoi -t
N or thern  Hemis p here Swel l  C h a r a c t e r j s t i c .~

She l t e r ed  Ik’t -p W ater  Approach \c i i n t i t h  * 2850 
— 295°

STgni~~~ant ~~~~~~~~~~~ P~~-~~ d , see.
Wave Height ,
feet ~~~~ 6-7 .9 5—9 .9 10— 11 .9  12 — 1 3 .9 14 - 15. 9 16+

- 

1 .1t’ 8.02 2.22 0.84 3.74 1.t’S 0.33
0 . 0 — 1 .t’ 1. 2 1. 4 1.5 Ut ’  1.7 1.8 1.9

-10.0 -8 .1 -7 .4 -t ’. 8 — 6 . 2 -5 . 3 -4 . 4
_ _ _  

1S11 124 83 53 -~~ 44 7.~8 8 3  176 
-0 .03 5. 48 1 .42 0 .2 1 0.10

1 . 6 — 3 . 3  2 . 8 3. 1 3 .4 3 .7  3~~9
— 12 .0 —9.5 — 8.2 _ 7

•Ø —6. 2
— 442 — 7 2 7 1 6 — 2 0 5 0 4 — 3 1 t ’ 3  — 1 5 1 2  

__________- 

~.0
_
1~~~~ 

- -

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

--—  -

3 . 3-4 .9 5 .1
-9 .0
—250

4.9-6.6

8 . 2 - 9 . 8

9 .8 -13 .1

13 . 1- 16. 4

i~~~ nd
Time (Percent of Year) .
Break er  H e i g h t , I- IsIlr~’aki’ r An~~1c~ a
l~ongsitor e Transp }~rt , cii

I 19 

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



-II S S IO N 1~-ll , CAL I FORN

th n i ~~ t~~ aot-e I r ai tsj~~~t

Sea C h a r a c t e r i  s t i c s

Sh e l t e r e d  !)~-~ p ~.at e r  \~ p t e a c h  A z i m u t h  = 195 0 
— 2050

c n i  f i ca~i~- 
- h av e  Per iod , sec.

have  liei~ ..t 
________ ________________________ _______________

feet 4 - 5 .9  6- 7 .9  5-9 .9 10-1 1.9 12-13 .9  14-15.9 16+

0.~’- 1 .6

0 .17
1 . 6 - 3 . 3  1 .9

+ 18 .5
+1198
0.07 0.04

3 . 3 - 4 . 9  3 .0 3 .3
+24 .0  +16.7
+1917 +1202—— 0.04

-1 .9- 6 .6  4.3
+ 19. 8
÷2360 

_____

0.01 0.01
6.6-8.2 5.3 5.9

+22.0 +19.0
+1239 +1436 (

0.01
8.2-9.8 6.8

+20.7
+ 1100

9 . 8 - 1 3 . 1

13.1-16.4

Legend

Time (Percent of Year) .
Breaker Heig ht , 

~~~Break er Angl e , ab .
Longshore Transport , cu y d s/yca r .

— E20
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Ml SS !~~N BAY , CALIFORNIA

Annua l  Longshore Transport

Sea Charac te r i s t i c s

Sheltered Deep Water Approach Azimuth = 205° - 215°

Sian ificant - 

—_________

have Period , sec.h ave Heig ht , _____________________________________________________
feet 4-5.9 6-7.9 8-9.9 10- 11.9 12-13 .9 14- 15. 9 16-f-

0 .0 -1 .6

0.17
1.6-3.3 2.1

+20.7
+ 1691
0.11 —

3.3-4.9
+26.0
+4634
0.02 0.10

4.9-6.6 4.5 4.9
+29.5 +21.1
+2032 +8864 

________

0.06
6.6-8.2 6.3

+23.1
+9918
0.01 0.01

8.2-9.8 7.3 8.0
+25.0 +21.8
+304 3 +3444

0.01
9 . 8- 1 3. 1  9 .8

+23.5
+6066

13. 1-16 .4

Legend

Tithe (Percent of Year)
Breaker Hei ght , 11b •Breake r Angle , ab .
Longshore Transpo rt , cu yds/ycar.

E21
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F~ 
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MISS1O~ BAY , CALL hOi ~N I .-\

Annua l Lot~~sh or e__
i, r an~j ’~’r:

Sea Cha r a c t er i s  t i c s

- . 0 0
Shel tered Deep Wate r  Approach A z im ut h  = 215 — 225

Significant -have l eriod , ~.ec.Wave ilciga t , 
_________________ ___________ _____

feet 4-5.9 6-7.9 8-9.9 10- 11.9 L’-13. ° I - i 5-~) l n+

0.0-1.6

0.10
1.6-3.3 2.3

+17.5
+1142 

___________

0.06
3.3-4.9 3.6

+22.5
÷2398
0.01 0.04

4.9-6.6 4.8 5.3
+25.5 +18.2

______ 
+54 1 +4235

0.03
6 .6- 8 .2  6.6

+19.9
+5928

8.2-9 .8

0.01
9 . 8 - 1 3 . 1  10. 6

+20 .5
+ 33 10 

_____

0.01
13. 1-1c~.4 12. 4

+22 .7
+53 18

Legend

Time (Percent of Year).
Breaker Heig ht , 11h~Breaker Angle , a~~.Longshore Transpor t • Cu y d s/y c a r .

F 22
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MI SS EON U \Y , CAI.1 I :URN I A.

~~‘~~!J ~~~~~~~~~~~~~
Sea ü~ u- a e t e r i s t i c s

She I t  e j~ ’ f  Dee p -~ at  i- -\pp r~ aeh A : I nut  h = 225 0 
— 23S°

S i g n t f i e m ~t
- - . have Period . see .h ace He i ~~ - ~t
feet 4—5 .9 t’— ’.9 5—9.9 1 0— 11 .9 12 —13 ~~ 1 - 1 — 1 5 . 9 1 - .

0 . 0 — 1  .t’

0.11
1 n — 3 3 2 .5

+14 . 5
--_________ 

-—

0.06
3~ S - 4 .9 3. 8

+19.0
-—----------- - --- - ---~~~—- - - - - -~~~ -- -- - - - -  - . - -  - - - -

0.03

+15.7
_____ +334 5

0.04
7 .0
+ 17 .1

__________________ +7036 
_____

0.02
8 .2 - 9 . 8  8.4

+ 13 .5
______ 

+5093
0.01

9.5-13 .1 11.3
+17.5

__________ + 3396

13. 1-1 .-i

Ic gevtd
I’i~~e (Per cent  of Year)
B i-cake r 1 Ic i gh t , 1
Breaker  A n g l e , a

~~
.

Longshot -c Transport  , cm vds / e a  i-

P23
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M I SS U )N BAY , CAL IFORNI . -\

Ai tn u a 1 Lot~~sliort . ~~i~s’~~~
Sea Charac te r  is t i cs

She l te red  Deep Wat er  Approach A z i m u t h  = 235° - 245°

Si g n i f i c a n t  
- -h a v e  Per iod s e c .Wave Heigh t , 

_______ 
________fee t 4 — S . 9 t ’- 7 . 9  8-9 .9  10— 11.i 12 - 13 . 9  1- 1-15 .9

__
16,

0 . 0 - 1 .6

0.19
1.6-3 .3  2.5

+11 .0
+1685
0.07

3 .3- 1.9 4.0
+14.0

_____ + 2694 
____________________

0.01 0.05
4.9-6.6 5.4 6.0

+16.2 +11.8
________ +501 +4383

0.04
6 6-8.2 7.3

+12 .8
+6007
0.02 0.01

8.2-9.8 8.6 9.4
+14.2 +1 1.8
+4269 +1496 

- ________

0.01
9 . 8 - 1 3 . 1  11. 7

+13 .0
+28~~~_ _ _

13. 1-16.4

legend
Ti~ae (Percent of Year) .
Breake r Height , 11

b~Breaker An gle , %~Longshore Transpor t , cii yd~ .’vea r.

P 2-I
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MiSSiON BAY , CAL1PORN L~

Annua I Lon~ shor~’ Tran~~~ort

Sea C h a r ac t e r i s t i c s

Sheltered Dee p Water Approach A z i m u t h  = 245~ — 2550

Si g n i f i c a n t  
-- . h ave Per iod see .have Heigh t , ______________________________________________

feet  4 -5 .9  6 -7 .9  8-9.9 10- 11.9 12 - 1 3 . 9  14 - 15 .9  1t’+

0 .0 -i  .~~~

-
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.35

1.6—3 .3 2.7

_______ 
+2609
0.30

3 . 3 - 4 . 9 4 .1
+9~5

______ 
+7948 

________

0.02 0.13
5 .6 6 .1
+11.0 +‘.S
+1534 +7500 

_________

8. 6 - 8 .2
+8.7 r
+7882
0. ~4

8.2-9.8 9.0
+9, 7

_____ _______ 
+7793

0.02
9 . 8 - 1 3 . 1  12.2 Li+ 8. 5

-
~~~~~~~~~~

______________ 
+8386 

- -
~~~~~~~

1 3 . 1 - 1 6 . 4

~~~ end
Fi ne (Pet-cent of Year) -
Bre aker He ight . hI t,, -
Breaker Angle . 

~
b •I ongshor e L ran spor t • cm yd s r e ar .

125

L _ _  _ _ _ _ _ _  
_ _ _ _ _
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Mi s s  t O\  B .~\ , ~ -\I I P ORN t .\

~~~~~~ ~~~~~~~~~ ~~~~~~~~
Sea t~~Li r a c t e r ~ ~‘t

-, 0..~ 0 1 D - o • ’  ~‘a t et  ‘~~‘~-o.i~- h \ :  t n a t ~1 g .55 — .65

- 
- I et - t~-’d , ~~~~~~~~h a ~ t’ i I c t ~~~t

t~~’~.— t  -1 ~‘ .9 c’--~~.~
) 5_ 9 9 l 0 — 1 1 .9 l :- - l~~~ -. t~~- _ ’ .~) 1 ~’~

0 . 0 - 1 .

- 

0 . 3c.~
2 .8
+

+ i 3 t ~7 
- - - - - — - —~~~~~~~~~~~~~~~~~ -~~~~ -~~~~~ —---- -~~~~- - --

•S .~~ 3 - j) 4 . 3

_
~ .01 ~~~~~~~~ 

- - -- -~~~~~~~- - — - - — -—- -~~- -

4~~) ~~~~~~~ ~‘ . S  6 .5
+s .S + .‘.6

+426 +2421
- -  - -

6 .~ ’ 8 . 2  8 . 1
+4 . 1
+4405 

p0.0.~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - - - - - - - --

S. 2- ’) . 8 9.5 10.4 0
+4 . 5 +3~ 5
.4202 +586

) 5  l 3~ 1 12 .
.4• 3

______ 
+11 88

1 3 . 1 - 1 6 . 4

F L  r-~c (Pe i-~ ent  of ’ \ ea r)
Bi -eake r h e i gh t  . hi t .
B~-e aker  -\n~ it ~ . a1I ongshor e l t-an~.pcrt  , cm vds ‘ r -

118
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M i s s  I ON B- \ \ , C A L I F O R N i A

\i i t ~~ ) - r e  F r ansj~or t

Si -a Ch a t - a e t e r i s t  tc s

t o  rod 1k-op ~ a t e  z- \~~‘~~‘ roaoh ~\ I inu th — 265 ° — 275 0

~‘ t - - fl t t~ t ~ai t t
e Period . see .

~~~~~~ h eig ht
t o ot  4 — 5 . 9  t~— 7 .9 8 — 9 . 9  1 0 — 1 1 . 9  1 2 — 1 3 . 9  1 4 — I : . .~ 1~~

0 ~0 - 1 .

0.59
I 

~~~~~~~~~~~~~ 
3 .0
-0.4
— _ _ -  - ---- - - - -o c ~ o~~c
4.5 S.2
-0 .2 -0.~ 

- - - -  - -0.13r -
~ .

9 -~ .~~ 6 .8
-0. -
-894
0.04
8.4
-0. 5
-3$S 

_____ _____

0.0~
8.1-9.8 11 .1

-0.3

0.01
~~S-13.i 13.5

-0.2
-64

I .. 1—l c .-. .4

I~~ end

li ~o t,I’c i-cent o1 Year)  .

Breaker  H ei ght , hI~ -

Br e ak er  Angl e . ab -1 ongshore I L-anSport cm vds b at-

P 1 7

-
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I~~s I ON IL A\ , CA LI F ORN I \

.\n ~~ a I I ~‘i~ ”—I ~ore Ii - ms~’ ’-—
—‘ea C l i a r , i c t e r i s t i 0 s

She l t e re d  Peep ~atc r -\p~’r oach A~ i muth = 2 7 5
0 

— 2850

Signific ant -1.a\ e I eri c~~, S o c .have Heigit  
_______________ _________________

f e e t  4-5.9 8-7 .9 8-9 .9 10- 11 .~~~ 1 2 - 1 3 . 9  14-15.9 1o~

O - 0 — 1 .0

2.09 -
~
___________ _________

1.8-3.3 2.9
— b .2
-15440
0.12 &60
4 .4 4 . 8
— b .  -5.7

_______ 
—2 726  -14313

_  -~~~-~~~ -- 

4.9-6.6 6.3
-8.0

_____________ 
-20858

_ _ _ _ _  _ _ _ _  - -

6.6-8.2 8.2 8.9
—6.3 —5 .1
-24333 -13853

0. 02 o.rn
8.2-9.8 10.4 11 .2

-5.2 -4.0
-2o06 -806

9.8-13 .1

13 . 1 - 1 6 . 4

Legend

Time (Percent ~f Year) .
Breaker Heig ht , 11bBreaker Angle , %Lon gshore Transport , cu v2s; year.
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M E SS i~r-~ it- ~i , C AL l b ORN I .\

Annu al Ien~ shore Transport
local lv (enez’J ted Sea Chax -a c t e i -j s  t i - s

Sh~- 1 t e red Peep k a t e i -  Appz -oa ch Azimut h 1800 — 2100

S ig n i f i c a n t  
- -- have Per’ojhave H e i gh t ,

f eet 3 .5 sec 5 .0  sec 5 .5 sec 6 .0 sec

0.69
- 2 . 0

+2 7 .5
+ 7642

0.30
5.0 3.2

+ 25.5
+ 10213

0.12
6 .5 4 .1

+25.3
+ 7 72 5

~~~~0.118.0 5.0

~23.5
+ 10827

Legend
Time (Percent of Year).
Bre aker Uei ght , Rb .Bre aker An gle , a~~.Longshore Transp~ rt , cu yds ’y ear .
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MISSION BAY , CALIFORNIA

Annual Longshore Transport

Local ly  _Genei-ated Sea Characteristics

Sheltered Deep Water Approach Azimuth = 210° - 240°

Significan t
- have PeriodWave h eight , ___________________________________________________

feet 3.5 sec 5.0 sec 5.5 sec 6.0 sec

0.99

3.0 2.7
+23.0
+20620

0.17
5.0 4.5

+22.0
+11997

0.10
5.76.5 
+21.8
+12235

- 0.02
6.98.0 
+20.5
+3358

Legend

Time (Percent of Year).
Breaker Hei ght , 11b•Breaker Ang le , ab.
Longshore Transport , cu yds/year.
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M i SS I ON BA Y , ( :ALLI :ORN I .\

Annual  Longsho re Tian SpO it

l ocally Generated Sea Chat-ac tori sUe_S

SIte I t  cred Deep hater Appi- oach Az imuth  240
0 

— 270 °

Si gnificant -h ave  Pci- tod
Wave  H e ig h t , — -  —— -
t C V t  3.5 sec 5.0 sec 5.5 sec 6.0 sec

4.4o
-. 3.0.-~.0 +8 • 0

+461 26

1.32
5.0 5.1

+8.0
+5 1257

0. 4 1
6.4

6.5 +8.0
+28124

0.09

8.0 7.9
+7 • 5
+9837

Legend

Tim e (Percent of Year).
Breaker Height , 11

bBreaker Angle, ab.
Lon gshore Transport , cm vds .- yeai - .

1i3 1

~ 
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MI SS ION BA\ , CAI.lFO 1t~N I .\

Annu a l  Lwtgs h or u Tran~pt~ -t
b o a  E l y Gener a ted  Sea Charac tcz- i  o~.

She I t red t ) et - p h a t e r  A~ ~proac B .\: imut h  2700 — 3000

S i t ~i i I f i c a nt  
- -- - h ave Pe~~ —I~aVt ’ i t ’  t g h t ,

feet 3.5 sec 5.0 sec 5.5 sec 6.0 see

4.56
3.03.0 
-11.5
-66837 

1 .40
ç 5.1
- .0 

-10.5
— 7074 6

0.47
6.56.5 
-10.0
-41509 

- — . — . - - . - — ~ . - - . — . - — 

0.21— 

8.0

-31827

~~~ eri d
Time ~Pcrcen t of Year ) .
Breakt’t- I t ei ght , 11 b•Breake r —\ngl e’, ‘hL~ ngsho re Transport , Cu ) J .~ 1y - a  r.

)~ 32

- 

--. 
-



M I S S I O N  flAY , CAL iFORN i A

Annual Lo~~ shor e Trans port

Local ly  Genera ted Sea C h a r act e r is t ics

Shel tered Deep Water Approach .\:imuth 300° — 3300

Si gn i f ican t
- - Wave I’ei- todWave H e ig ht , —

_

feet  4 .0 sec 5.0 sec 6. 0 sec 7 .0 sec

3 4 7
3. 23.5 -26.5
-122038

1.18
5. 1

5.5 -25.5

-129497

0.44
6.8

7 .5 -22 .7
-91636

~~08

-21.0
-277 12

L~g~ nd

Time (Percent of Year) .
Breaker Height , 11b~Breaker Ang le , a
Longshore Transp~ rt , cu yds/ycar .
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M I Ss iO N lk-\\ , C A L I F  I ) R N IA

Annu a l  Lou t~shore Ir an sport
Local!)- Generated Sea Churactez- i-,tjos

She 1 tered Peej’ h a t e r  \ j roa c l t  A z i m u t h  3300 — 3500

Si g n i f i c a n t  
- -

- hav e  Periodhave h eig ht , _______________________________________ 
_____________fee t 3.5 sec 4.5 sec 5.0 sec 5.5 sec

1.32
‘ 5  1. 8— . — 32 .4

-12499

0.23
2 7

4 .0 -29.3
-5662

0 .12
r r-

—28.5
-5958

0.01
6.5 

-25 . 4
-635

Legend
‘I’ime 

~Porcent of Year).Breaker height , 11b •Bre ake r Angle , ab.
Longshore Transport , CU yds/y ea r .
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