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classification.
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In fulfillment of & ocontract between the Institute of Engineering
Research, University of Californie and the Office of Naval Eesearoch,
(Contract N7onr-29536, Project No. NR-262-003) staff members of the
Waves Investigations Group coll: ted, compiled and evaluated all
available information ocn waves, surf, beaches, and landing craft.

The results of this work are presented in this manual, The intemt
of the presemtation is to mske this informetion available for use
by technioal personnel who are not necessarily technicians inm this
field,

;0

This manual has been prepared under the direotion of Dul[l. P./
0'Brien and Professor J. W. Johnson with Mr. R. L. Wiagel as ’m ]
Engineer, The writer of each section was, in almost all oeses, &
specialist either in the field or in a olosely related field, K. /

In addition to the authors the following personz made consider-
able contributions in the preparation of this manusls Mr. Re C.
MacCamey and Mr. John Butler who did muech work cn the theoretical
section; Mr. M. Hall and Mr, K. Granthem who helped with the seotions
on wave recorders; krs. Virginie Diller, who performed the non-technioal
editingy Viss Margaret. Lincoln, who prepared ell of the illustrations,
Mrs. Conklin, Mrs. Kappeler, Mrs, McPate, Mrs. Morison and Mrs. Neunsig,

who typed and proofread the manusoript, ’
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yURE IB-1 Directions of orbitci movement of wote rticles

of wind waves advancing in direction of large arrow
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Co * Velocity with which the
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wove form moves forword

FIGURE IB-S

I8-6 Time exposures of orbital motio the Wave Channel, University of Co
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| FIGURE IB-8  Orbital motion
during twc wave periods of o
water particle 1 U Jeep-waler
wave of moderate or grea! height,
In two wove periods the forword
displacement equals 2u' T.
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FIGURE IB-9 Aerial view of short-crested waves
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a. Wind speed=6.3 knots b. 8.4 knots
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f. I7.0 knots

FIGURE 18'20 - Relationship betweer
Wind Waves and Wind Ve y

Constant Fetch and Steady State Cond




168" Fetch

15" Fetch |

FIGURE IB-2! - Generation and Decay
Wind Waves. Constant wind velocity in the
fetch, no wind in the decay area. Steady
state conditions. Photographs taken in the

University of California Wave Channel.
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boaling Bottom

ot ioued
waves shoaling water refract 1o such a manner that
they tw Lo become parallel Lo the wderwater sontoure

Sowever, they wually wreak

belfore becoming quite paral.el to the beach

anside, Califoraia
vaves tem me paralle e beact
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urrents
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the serial photograph shows abowe for illustretion of how sweh diagrams
igh wave sction ouz be expeched,
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FIG ID-I

AERIAL PHOTOGRAPH OF SWELL

, BREAKERS AND SURF NORTH
OF OCEANSIDE, CALIF,

17 AUG 1945 (UTILITY SQUADRON 12)

R e WAVE CRESTS
\/ﬁ(

X XXX XX BREAKERS

. B BOTTOM CONTOURS
SCALE ~FT.

FIG ID-2. WAVE PATTERN FROM AERIAL PHOTOGRAPH, FIG ID-|

RESTRICTED

N 4 Tt nad
oecurii in rma















FIG. 1D-15 THEORETICAL WAVE CREST - ORTHOGONAL
PATTERN FOR WAVES PASSING OVER A
CLOCK GLASS. NO PHAGE SHIFT.

FIG 1D-17 ACTUAL WAVE CREST - ORTHOGONAL PATTERN

FOR WAVES PASSING OVER A CLOCK GL ASS.
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FIG 1D-16. THEORETICAL WAVE CREST — ORTHOGONAL
PATTERN FOR WAVES PASSING OVER A
CLOCK GLASS. PHASE SHIFT

| 1 B

FIG. ID-18. SHADCWGRAPH FOR WAVES OF MODERATE
LENGTH PASSING OVER A CLOCK GLASS.
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HALF MOON BAY

NOVEMBER 11, 184e
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WAVE REFRACTION DIAGRAMS

FIG. ID- 37.
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Fig. ID-38. Wave tefraction inside Humboldt Bay. - Note wave fronts crossing at shoal in upper
right-hand corner. Al tnis point the waves augment each other and breck
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FiG. ID- 39.
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Aerial photograph showing refraction of waves at Purisima Point, Calif
The waves shown here are from winds blowing directiy on to the coast.
Note that the waves in the upper portion of the picture are almost

parallel to the shore line as a result of refraction. The deep water
wave length is about 600 feet; the wave height © feet, and the
breaker height S feet.
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FIG.ID-40
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Aerial photograph of surf at Ocecnside, Calif

Two wave systems are present
in this picture

fhere are small wind waves coming from the upper right, and

a long, low swell from the upper left. The swell is almost invisible in deep water,

but pecks up near the shore form the predomincte breakers. Note how the waves
break in short segments, where crests of the wind waves are superimposed on the
crest of the swell

wind waves hove o deep woter wave length of about 50

feet and o height of |1 feet. The sweil has o deep woter wave length of about

1,000 feet, with a heig f 2 to 3 feet. The breaker height is about 5 feet

urity Information
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FIG. ID-41. Wave refraction at Moss Landing. Note the 'flat" water at the end of the
pier where the Monterey Canyon approaches the shore. Compare complicated
refraction pattern with hydrography in Fig. ID-21.
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SCALE-FT

FIG. ID-42. Refraction ond diffraction of both swell and wind waves at Farallon Island, Calif.
Note reflection from small island at lower left.
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FIG.ID-43. Wave refraction in inlet to Morro Bay. Note reflections from Morro Rock
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FI1G. ID-44. Wave refraction at Duxbury reef near Bolinas, Calif. Note waves breaking on reef
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FIGURE 1D-48
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FIG. SIE-| -- DIFFRACTION OF WAVES AT A BREAKWATER.
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f* “g] REFRACTION
OVER SHOALS

i

FIGURE 1E-1 - DIFFRACTION OF WAVES AT A BREAKWATER
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FIG. SIF-I
RY _ZO0ME

Breaker Types

Both photographs and diagrams of the three type reakers are presented below. The sketches consist of e series of profiles
of the wave form as it appears before breaking, during the breaking, and after breaking. The numbers opposite the profile lines
isdicate the relative times of the cccurrences

BREAKING
FOAM POINT
s 4 3

\ 2‘ )
- S S
e vlu_!qur&:.l:.; —

ACH TY
F\Y\!{_‘T 22 _0-< = —~—

| BEACH IS USUALLY VERY FLAT !
L ul S s
SKETCH SHOWING THE GENERAL CHARACTER
OF SPILLING BREAKERS

BREAKING
| POINT

1
|
|

BEACH IS USUALLY STEEP

PUBGIN SR SKETCH SHOWING THE GENERAL CHARACTER
OF PLUNGING BREAKERS

FOAM LINE FOAM LINE FO;‘MZUN[

OF & oF 3

BEACH IS USUALLY VERY STEEP

SURGING SR KER SKETCH SHOWING THE GENERAL CHARACTER
_ OF SURGING BREAKERS
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FIG. IF-I

(o) Breaker Types

Both photographs and diagrems of the three types of breakers are presented below, The sketobes consist of & series of profiles
of the wave fors as it appears before breaking, during the breaking, and after breaking. The numbers opposite the profile lines

indicate the relative times of the coourremoces.

ACH TTOM

BEACH IS USUALLY VERY FLATY

SPILLING BREAKK. SKETCH SHOWING THE GENERAL CHARACTER
OF SPILLING BREAKERS

l BEAGH IS USUALLY STEEP

PLIMGING B SAKKR SKETCH SHOWING THE GENERAL CHARACTER
- OF PLUNGING BREAKERS

BEACH 1S USUALLY VERY sTEer

SKETCH SHOWING THE GENERAL CHARACTER
OF SURGING BREAKERS
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o. Aerial photograph of swell breaking b. Schematic dingrom for energy and mo-
at on angle to the shoreline, thus mentum considerations ofslongshore
causing a longshore current in the currents. '

direction shown.

FIG. IG-I - LITTORAL CURRENT
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FIG. IG-2 - Coraparison between observed ond
calculated velocities of longshore currents
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FIG. IG-3 - Vertical cerial photograph of surf rips on o steep beach

FIG. IG-4 - Broached landing craft
2
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a. ldealized rip current; the feeder
current may, and often does, approach
from both sides

b. Aerial photograph showing rip current

FIG. IG-5
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FIG. I-1-5

The entrance 10 the

est iV the Oregon coast illustrates
the condition sketched }. An excess of fine debris has
filled in the bay ar bu the eachff at the right is protected
by a sandy beach and ! y straight
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FIG. 1-1-12 - Spits In the Straits of Juan de Fuca
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FIG. I-1-13a - The Santa Monica, California, breakwater has caused a tombolo 1o star!
forming. Sand, migrating along the coast from the left, deposits in ihe
quiescent zone behind the breakwater Beaches beyond the sin )
deprived of their natural supply of sond and retreat

b - Tombola on the Washington coast. James Island protects coast from the prevau
westerly seas. The Quillayute River, which also supplies much of the sand, fakes
vantage of this easy outlet to the sea and is now maintgined in a permanent positio
there by jetties - not visible at this high tide. A smaller tornbola has formed
the flank of the lorge one.
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FIG. I-1-23a - An uprush crossing the crest of the berm. In this manner the berm
grows vertically and traces of previous berm cresis are eliminated.
E xcess water returns to sea through the run-off channel at the right

b - A new berm (under DUKW) has widened the beach at Seacliff, California. The old
“winter” shoreline with its large cusps is now abandoned at the back of the beach.
Run-off channel is just over of the right hand tree

1 3¢

RESTRICTED Security Information



RESTRICTED Security Information

FIG. I-1-24a - Beach ridges a! Gray s Harbor, Washington, are marked
by lines of varying vegetation. Beach is widening more rapidly in
the foreground and the ridges converge in the distance. Note the
remarkable similarity _between this beoch and the one Delow, which
is on the opposite”of the U.S

b - Beach ridges at Parramore Beoch, Viriginia. Each ridge marks an old
beach line - probably o berm formed by a large storm. If the building

of a berm is followed by a long period of deposition, the ridge is likely
to remain.
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e -

b - Cusps on the exposed beach at Fort Ord, California, are bold in contrast to the
gentle ones shown above. The wave stage is comparable 1o 6 in the diagram
(Figure I-I-25).

¢ - The same cusp as above. Situation is now comparable to stage 4.
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Current Oscillatory

| RIPPLE MARKS

FIG. I-i-

n

7b - Small current ripples ot Copalis, Washington, are
about O.15 feet from crest to crest. Current flowed
from right to left

FIG I-1-27c - "Giant" ripples in Netarts Bay, Oregon, os seen from
the oir Those at the lower left are probably 5O feet
from crast to crest and severol feet deep
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cliff 1o the right oppears fo be the source of the cobbles on the beach
ofter the fine material is transported o seaq.

e ]
bl o

—— T R o ,'

FIG. I-1-3Ib - Cobble bar exposed at low tide on the peach at Kincheloe, Oregon.
All of the major beach features form on cobble beaches as well
as on those of sand

FIG. I-1-3lc - Cobble berms, sometimes called ramparts, near Santo Domingo,
Mexico, form impressive barriers, such as this 25-foot dam at
the stream mouth. Two lower berms may be distinguished; at
about MLLW fine sond infersects the cobbles. The upper berm

may be of many years stonding since it supports plant life; only
another great storm will change it.
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= Photomicrographs of beach sands showing range of sizes frequently

FIG. 1-1-33

Scale divisions are 1/64", or 0.397 cm.

encountered.
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ACCRETION IN HARBOR, SANTA BARBARA, CALIF

SCALE 1" »100

FIG. I-1-43 Santa Barbora, California, hos o serious sand and beach problem created

by the construction of o breakwater Sand which moves eoastward olong
the coost {left to right) under the jence of the prevailing westerly
waves is unoble 10 po the breckwo nd deposits in its quiet lee. Be-

inf

blocking the harbor, this tar s the beaches ot the right of the picture,
} treal ropidly The upper diogram Shows successive stoges in the
' i [ 1 The ewoas wer righ!, shows thot currenis exist
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TIDAL-ILLUMINATION DIAGRAM

YOKOHAMA
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c. Power extracted as waoter flows between ftwo basins whose levels ore kept above
ond below 1I/3 points of the tide ronge.

FIG. IL-13 - DIAGRAMS OF TIiDAL POWER SCHEMES
(from Encyclopedia Brittanica)
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