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ABSTRACT

The breakwater and entrance jetties for the Channel
Islands Harbor in California form a total littoral
barrier to longshore sand transport. The sand impounded
by these structures was monitored by repetitive
bathymetric surveys and systematic surface sand sampling.

~~~~~~ This paper discusses patterns of sediment deposition
behind an offshore breakwater . Data collected were
studied to determine if the deposition observed agrees

Os.. with that predicted prior to construction. Both the

~~~~ geometry and size distribution of the deposition sediment
are examined.

Three dimensional computer plots are used to
‘ LJJ illustrate filling patterns . Sediment size and sorting
......J’ distribution which occur during filling are investigated.
~~~~ Analyzed data allows an evaluation of predicted verses

actual filling patterns. Sediment distribution in the
iiipoundment area was evaluated.

B A C K G R O U N D

=-• At Channel Islands Harbor in Southern California ,
entrance jetties and an offshore breakwater are used to
provide a solut ion to a downcoast beach erosion problem
and to provide a small craft harbor. This harbor is
located about 60 miles (100 km) northwest of Los Angeles
and 1 mile (1.6 km) upcoast of Port Ilueneme (Figure 1).
Th~ harbor was constructed for the dual purposes of beach
erosion control and small craft harbor. Prior to Channel
Islands Harbor construction a serious erosion problem
existed downcoast of Port Hueneme , which was attributed
to diversion of littoral sands into the Ilueneme Canyon by

* U. S. Army Coastal Engineering Research Center , Fort
Belvoir , Virginia 22060
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F i g u r e  1. Study Area

the P o r t  fueneme n o r t h  jetty. Presently, sands trapped
at Channel Islands Tiarbor are bypassed to the south of
Port Itueneme by periodic dredging.

The offshore breakwater is located at a depth of 30
feet (9 m); it is 2300 feet (700 a) long, about 2000 feet
(t00 is) from shore , and trends roug hly parallel to the

• shore. The desi gn of the sand trap was developed
empirically by considering the configuration of the Santa
Monica , California breakwater fillet and by developing
diffraction patterns for generally prevailing waves
(Corps of Eng ineers . 1948; flerron and Harris , 1966).
Figure 2 shows the predicted fillet developed for design
of the sand trap and offshore breakwater. During the

• period from April 1974 to September 1975 , ‘ etween sand
trap dredg ings , repetitive hydrographic and topographic
surveys were conducted and surface sedim ent samples were
taken. Surveys were made by ~easuring elevations along
22 shore-normal profile lines spaced at 100 foot (30 a)
intervals (Bruno and Gable , 1976). These profiles
covered the full extent of the trap and beyond the dredge
area. Sand samples were taken on a grid of 30 points
with a spacing of 300 feet (90 a) (Figure 1).
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Esi st ing Conto urs at Santa Monica 
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Ltj rn its or ~~~~~ 
Proposed Breakwater  300 Feet Longer

— — —____ . — Than Santo Mon iCO Breakw a ter

Note - Con/ours in Fo/h oms
( a f t e r  t~o rp n  of i . i~~1nee rs , ~~~~~

F i g u r e  2. i c s i Dn of Channel Island s ~a rh o r  a n~
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UEA R SIIO RJ ! E Y V l R O S f l E ~JT

Fi gure 1 shows the Sites where twice daily nearshore
data were collected using procedures developed under the
Coastal Eng ineering Research Center ’s (CEP.C) Littoral
Lnviro nii ent Observation (LEO) program (3rt’no and
tl ii pakka , 1973; Berg, 1963). These data include
observations of surf conditions , local winds and littoral
currents.

By looking at the plot of monthly averages on
breaker heig ht , period and direction (Figure 3), two
seasons can be identified. Theso can be considered as
the general summ er and winter conditions. From ~4ovemher
to lay storms wit h larger breakers (7-If) feet , 2-3 a) and
breaker angles greater than 92 degrees are observed.
However , from June throug h October summer conditions
persist. These are smaller breakers (2-4 feet , 1 ri) ,
and monthly average wave directions are less than 92
degrees.

DEPOSITION GF.OIF.TP.Y

The geometry of sand fillet formed behind the
offshore breakwater is illustrated with the use of three
dimensional computer plots. For each geometry two plots
were drawn , first a perspective view of all profile
lines , then shore parallel grid lines were added to give
the appearance of a surface. Figure 4 shows the post
dredge confi guration in A pril 1974. The many
irregularities in this surface are the result of
dredging. The dredged area covered stations 102+00 to
118+00. Dred ge cuts were terminated about 1100 feet (350
ii) from the baseline thus leavin g a shore parallel ridge
at 1150 feet (360 a) from the baseline ,

By February 1975 the trap area shows significant
filling and smoothing (Figure 5). The fill is occuring

• along the shore as the beach builds seaward . Also fill
can be seen forming a pronounced offshore bar/plateau at
a depth of about 10 feet (3 a). The presence of the
rid ge at 1150 feet (360 a) offshore is still evident.

The September 1975 survey of the fillet is shown in
Figure 6. The onily remnant of the dredge hole can be
seen on stations 103+00 and 104+00. The rid ge at 1150
feet (360 a) has’ now lost its identity. The shore has
prograded in a bulge with its apex at station 108+00. At
the 10 foot (3 ri) depth contour a plateau can be seen
seaward of this bulge.
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Fig ure 3. lonthly Average Littoral Observations
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Deposition can hc’ ex anine d iv s ub tractin g two
s u r f a c e s  a n d  ~1ot ti ng t h e  r~~siiI t iu~ difference surface.
Fi g u r e  is  a d i f f e r e n c e  s u r f a c e  s h o w i n g  t h e  c h a n g e  f r or t
l a y  l9 T’ 4 t h r o u g h  J u l y  197. 1. T h i s  w a s  t h e  p e r i o d  of
initial adjus tmenl . after couplet ion of the dred g in g.
Deposition is irreg ular due i n  part to adjustments of the
s t e e p ,  unna tural slopes left by t:ic dredge . There was
si gnificant accretion along the l each even to the nost
shelter ed corner of the trap at st at i on 11)3.00.
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i N u r e  7 . i f fe r c ’ n ce  S u r f a c e , 7 :~ay l~~~’4 to 3~ J u l y  I~~~ l

A h i g h rate of longshore transport of sand occured
d u r i n g  t h e  p e r i o d  I t a r c l t - A p r i l  1975. F i g u r e  8 s h o w s  t h e
difference surface conputed for this time. Some
onshore-offshore adjustments can he seen on stations
117+00 to 122+00. At this time accretion occurs in two
bands , one along the shore the other about 900 feet (280
tn) offshore. The large deposition on station 106+00 can
be identified with the edge of t h e  r e m a i n i n g  d r e d g e  h o l e .

_________ _______ - .
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4 :.larch 1075 to  14 A p r i l  107S

In contrast , Figure 9 shows a period of low
transport , August-September 1975. Here the only
significant change occured at the edge of the dred ge hole
on Station 104.00, Part of this deposition is attributed
to slumping into the hole as evident from adjacent
erosion shown on station 105400.

13 A u g u s t  1975 to
16 S e p t emb e r  1975

The t o t a l  c h a n g e  e x p e r i e n c e d  over  t h e  s t u d y  period ,

.
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A p r i l  1974 to S ep t e m b e r  1Q75 , is  shown in  Fi g u r e  10.
This deposition generally agrees with the Units of
d r e d g i n g ,  i.e. stations 102+0° throug h 118.00 , wi t h t he
m axi num deposition occuring where the dredge hole was
d e e p e s t in  April 1974. Little or no changes occured
seaward of 12 00 feet (370 n) from the baseline.
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F i g u r e  11) . D i f f e r e n c e  S u rf a c e ,
17 \pri l 1974 to

16 September 1075

SE U I ’( E N l  P R O P E R T i E S

Surface sedimen t samples were analyzed using the
CERC automated settling tube from which fall velocities
are de termined and hence particle sizes are derived .
Using the phi scale , a ½ phi class cumulative percentage
is a s s i g n e d  o v e r  t h e  r a ng e  of -1 to 4 ph i  f o r  e a c h
s a m p l e .  From this analysis , m e a n s  and  sor t i n g  ( s t a n d a r d
devia tion) are derived as follows:

phi moan = (phi 16°o + phi 84%)/2

phi sor ting = (phi 84% - phi l6%)/2

Seven con tour maps of surface sample means at each
s a m p l i n g  da te are shown in Figure 11. S m a l l e r  n u m b e r e d
con tours represent coarser materials due to use of the
ph i  s c a l e. As a poin t of reference the shoreline has
been added to each map. Shading has also been added to
delinea te patterns of coarseness. The basi c pattern that
prevails throughout all these maps is the gradation of
sediments from coarse onshore to fine offshore which is 

—— 
.
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Offshore Breakwater Of fshore Breakwater
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0. June 974 b .Ju Iy 974

Offshore Breakwater Ot t shore Breakwate r

~~~~~~~~~~~~~~ 3O~~~~~~~~

c. November 1974 d .J on uory 1975

Offshore Breakwater Off shore Break water

~ 0
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e . March 197 5 f May 975

Offshore  Breakwater

Notes :

£ Contours in Phi
Dash t ine denotes shoreline

g. September 1975
Figure 11. lontours of Sample heans
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t y p i c a l  of an o p e n  c o a s t  l i n e .  I n  t h e  J a n u a r y  1 9 7 5  n a ’ ,
t h e r e  i s  a d e v i a t i o n  f r o m  t h i s  s h o r e  p a r a l l el  p a t t e r n .
At t h e  b u l ge in  t h e  s h o r e  t h c  c on t o u r s  t u r n  sh o r e  n o r n a l
i n d i c a t i n g  a g r a d a t i o n  of  s a n d s  a c r o s s  t h e  b e a c h .

P a t t e r n s  of c o a r s e n e s s  i n  t h e  s an ’I  t r a p  a r ea  a p p e a r
• t o  c o r r e l a t e  w i t h  t h e  s e a s o n s  i d e n t i f i ed  e a r l i e r . fl,, r j n ’

t h e  s u m n e r , f i n e  se~t i n c n t s  i sv  he cound  i n  t h e  o c f s h o r e
z o n e  ( , lu n e  , Ju l y 1P74 an d  S e p t e m b e r  10 7 5 ) ,  h u t  i n  t he
w i n t e r  t h e r e  i s  s u f f i c i e n t  w a v e  e n e r g y  t o  c a r r y  c o a r s e r
m a t e r i a l s  t o  t h e  o f f s h o r e  a r e a  ( . J a n u a r y ,  1 9 75 ) ,  a n d  t h e
offshore zone is composed of co arser material as compared
to the summer season.

I n  a s i m i l a r  f a s h i o n , sorting maps were prepared for
the sample dates (Fi gure 12). Smaller numbers indicate
be tter sorted samples with si:es ranging close to the
mean value. The poor  s o r t i n g  p a t t e r n s  i n d i c a t e d  by t h e
s h a d ed a r e a s  o c c u r  o f f s h o r e  d u r i n g  t h e  w i n t e r  s e a s o n  of
h i ghe r energy and inshore during the lower energy summer
season. L o o k i n g a t bo th m e a n  a n d  s o r t i n g  f o r  J a n u a r y
1975 , i t can be seen the available wave energy h a s
renove d the finer fraction from inshore and left a well
sorted coarse ma terial. Also this type environment has
carried some coarser materials offshore producing a
poorly sor ted deposit with mean of 2.5 to 3.0 phi.

Iixtreaely high value s of sorting shown for the
• onshore zone for ‘ ay and September 1075 , i n d i c at e two

transport environments. This very poorly sorted material
refl ects the superposition of sands deposited by waves
and that transported by wind action .

In general , the sor ting patterns trend shore
p a r a l l e l  w h i c h  is i n d i c a t i v e  of  b e a c h  processes . Any
sor ti n g  due to the p r e s e n c e  of the  o f f s h o r e  b r e a k w a ter is
not reflected in the surface samples .

The seven samples at each point taken over the study
period can be combined to form a composite. T h i s
composi te was produced by weig h t i n g  the c l a s s  f r e q u e n c y
d i s t r i b u t i o n  b y the amount of deposition to produce a
composite frequency distribution . Uean and sorting are
t h e n  c a l c u l a t e d  f r o m  t h i s  c o mp o s i t e .  F i g u r e  13 s h o w s
c om p o s i t e  w e i g h t e d  reaps of mean and s o r t i ng .  The
composite sortings are genera lly hi gher values than the
indivi dual episode. This is an expected artifact of the
ma tli ema tics.

The composi te mean map shows the general pattern of
coarseness inshore grading to fine offshore. The
composi te sorting map shows that the deepest dredge hole
a t the ou t se t of the st ud y Con tains t h e  poorest sorted

• ma terial . This indicates that all materials which were

_____ _____ .• • . - -
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Offshore Breokwo ier Of fshore Breakwater

a. June 1974 b Jul y 1 974

Offshore Breakwater Offshore Breakwater

C . November 1974 d January 1975

Off:ore Breakwater Offshore Breakwater

• e. March 1975 f . May 975

Offshor e Breakwater

No/es :

£ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Contours in Phi ( X 0. I

~~~~~~~~~~~ Dashl ine denotes shoreline
_

g. Septemb er 1975

Fi gure 12, Contours of Samp le Sortings
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Of fshore  Breakwater

0

a. Sample Means

Offshore Breakwat er

• _ _ _ _

b. Sample Sorting

F i gu r e  13. C o m p o s i t e  of S am p i c  i c a n s  and Sort ing s

_ _ _  -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - • •- - - - •
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brought to this point wore deposited , whether they wore
• fines- brought in under low energy currents or coarse

riateria l transported by hi gh energy waves.

In studying the composite mean values a linear trend
is evident. Therefore , a best—fit linear surface was
determined (83°i sum of squares reduction) and is shown in
Fi gure 14a. The residuals of this fit are shown in

H Figure 14b. This residual map indicates with negative
values those areas whore the material was coarser than
the linear fit. The strong negative values shaded are
indications that gradation is occuring across the trap as
well as onshore-offshore.

ACTUAL VS r t I :S IGN F I L L

Figure 15 shows the predicted desi gned sand trap
geometry and the actual fillet as measured in September
1975. The -12 foot (-4 o) contour shows good agreement
with its predicted position at Stations 112+00 to 120.00.
Presumably this contour would prograde to nearly the
predic ted position inside the trap as the trap continues
to fill. The reunant of tire dred ge hole persis ts
throughout the Stud y and can he seen in the September
1975 con tours , bu t was not predicted in the ori g inal
d e s i gn. As a resul t of th is hole the -12 and —6 foot (-4
and -2 is) contours are closely spaced indicating a much
steeper slope on the seaward side of the fillet.

In the upcoas t reg ion of the fillet the -6 foot (-2
ri) and S-till’! contours are displaced considerably seaward of
predicted values. This indicates that more of the fill
occured onshore and in dep ths of less than 6 feet (2 a)
than was expected. In this respect , Jierron and Harris
(1966) reported tha t the refilled trap area extended well
beyond predicted con tour lines during the first and
second dredge cycles in 1963 and 10(~5. For those da tes
the sand trap was dred ged to a dep th of -30 feet (-9 a).
Since 1965 the trap has been dredged to a depth of -35

• feet (—11 m).

DREDG ING PATTERN

It is desirable to place the material dred ged from
the- Channel Islands sand trap on the feeder beach
downcoas t of Port hlueneirie where it has the same textural
proper ties as that of the natural nearshore material
upcoast of the Channel Islands h arbor trap. The data
analysis presented sh ows that the material contained in

- • • the sand trap area tends to be coarser from onshore to
offshore and from upcoast to downcoast. This coarse to
fine distribution , how ever , is certainly not well defined

— .~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ .,~~~~~~~~~~~ , - --~~~~~~~~~~~~~~~~~~ ----- ‘- - -- - - • - - • - - -
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Of fshor e Breakwater

3.0

2.5
a,-,

2.0

a. Trend Surface

C

O ffshore Breakwater

b. Residuals
Fi gure 14. Trend Surface and Residuals of Composite ‘leans
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B r e a k w a t e r

- - -

Actua l Cont ours

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

/ ---
~~~~~~~~~~~~ _

Contours in Feel

Figure 15. Actual and Predicte d Sand Trap Fill
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by the s u r f a c e  s a n d  s a m p l e  da ta . To achiev e a w e ll m ixe ,
bypass r.rateria l for the feeler beach would roqrl i re
s ip u l t a ne o u s  d r e d g i n g  f r o m  t he  f i n e  a n d  c o a r s e  ma t e r i a l
areas. This , of c o u r s e , is  no t p o s s i b l e  w i t h a s i n g l e
pipeline dredge. Th e pattern that haS generally been
u t i l i z e d  at t h e  C h a n n e l  I s l a n r i s h a r b o r  s a n d  t r a p  i s  t o

• m a k e  a ser i e s  of  c u t s  n or ~r a l  t o  t h e  s h o r e  w i t h  th~ c u t s
s t a r t i n g  a t  t h e  up d r i  f t  s id e  of  t h e  san i t r a p  a r e a .  T h i s
d r e d g i n g  p a t t e r n  r e s u l t s  i n  place m ent of aat erial in the
f e e d e r  b e a c h  w h i c h  progressively varies in size
charac teristic from fine to coarse with eachi dred ge cu t
and as the cuts progress toward the Channel Islands
Iharbo r entrance the material is of a finer gradation.
Th u s , the overall texture of the resultant feeder beach
is a aixture of fines and coarse material for the
landward por tion and the seaward por t i o n  i s  a f i n e r
ma terial characteristic since it is composed of material
from the southerly por tion of the sand trap area. There
is no apparen t dred g ing pat tern for the trap area that
would op timize a mixture of the material composing the
trap area. T h e  basic function of a feeder beach is to
erode and nourish the shores downdrift . The dredging
pa ttern that has been utili zed in the bypassing operation
is a good compromise in terms of the basi c function of
the feeder beach. If material from the sand trap was to
serve as a beach fill to protect onshore installations ,
say in the feeder beach shore sector , t h e n  an i m p r o v e d
d r e d g i n g  p a t t e r n  w o u l d  he t o  m a k e  d r e d g e  cu t s p a r a l l e l  to
the shore starting in the offshore area of the trap and
progressing shoreward to t1 i e shoreward trap limits.

CONCLUUI’;G RC hiflCS

The survey da ta taken over the period of study
indica ted the filling pattern and resultant geometry of
the sand trap area were relatively close to that
predic ted. Vifferences irs bottom slope in the 6—12 foot
(2—4 a) zone were no ted for the predicted versus the
actual . The ac tual slope in this zone was steeper than
predic ted; however , it could be rationalized that if the
sand trap area were permitted to accumulate additional
ma terial and adjust to the incident wave energies , t h e
predicted and ac tual bottom slopes of the impoundment
area would probably be in close agreement.

The design and physical fea tures of the Channel
Islands Harbor offshore breakwa ter and entrance jetty
sys tem would suggest that there should be a distinct
pat tern of coarse to fine composition for the littoral
ma terials impounded in the trap area. The sand sample
da ta do not clearly confirm this suggestion . The data
indica tes a trend of the pattern but the results were not
as distinct as one would have predicted. One influencing
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fac tor for this could be the hi r ~h wave ener gy environment
at the stud y si te. ;lottom cores are sc h e d u l e l  to he
t i k e n  in  t h e  t r a p  a r e a  p r i o r  t o  th o n e x t  d r e ’g i n g
( S e p t e m b e r , 195’7) of the trap an - h t h e s e  c o r e  d a t a  w i 11 he

- • a n a l y z e d  to  f u r t h e r  ev a  h u a t e  t S e  m a t e r i a l  l i s t  r i h i t  i o n
pa ttern in the trap area.

T h i s  p a p e r  r e su l  t ed  f r o r i  r e s e a r c h  c o n d u c t e d  a t  t c
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