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CHAPTER 9

BUDGET OF SEDI MENT AND PREDI CTI ON OF THE
FUTURE STATE OF THE COAST

9.1 LITTORAL CELLS AND THE BUDGET OF SEDI MENT

For purposes of this study, the coast of the San D ego Region
is divided into three segnents consisting of two littoral cells and
one "group” of littoral cells and subcells (Figure 9-1). The two
wel | -defined littoral cells are the Oceanside Littoral Cell to the
north and the Silver Strand Littoral Cell to the south. The
M ssion Bay Group of Subcells is | ocated between the Cceansi de and
Silver Strand Cells, and extends fromPoint La Jolla to Point Lona.
For convenience, this group will be referred to here as the M ssion
Bay Littoral Cell.

Division of the coast of the San Diego Region into three
relatively | arge segnents provides for a continuous, uninterrupted
series of subcells and cells wi thout the problemof having gaps in
coastal coverage or of having separate general descriptions for the
many subcells. This chapter provides a detail ed description of the
three littoral cells, a budget of sedinment for each cell, and a
| ong-termprognosis for the beaches, cliffs, and | agoons cont ai ned
t herein.

These cells were first described by Inman in 1960, at which
time sinple budgets were derived enphasizing rivers as sedinent
sources, beaches as transport paths, and subnmari ne canyons as si nks
(I'nman & Chanberl ain, 1960; Inman & Frautschy, 1965). Foll ow ng
the early studies, advances in the understanding of sedinent
dynami cs led to the devel opnent of nore refined budgets by a nunber
of different investigators (e.g., California, 1977a; 1977b). As
indicated in Table 9-1, nost of the effort was concentrated on the
Cceansi de Cel | .

Prior to the Coast of California Storm and Tidal Waves Study
(CCSTWB), the advances in evaluating the budget of sedinent
resulted from (1) the devel opnent and eval uati on of nodels for
the | ongshore transport of sedinment (i.e., Inman, 1968; Konmar &
| nman, 1070; Kraus & Harikai, 1983; Wite & Inman 1989), and (2)
t he quantification of seasonal changes in beach profiles (Nordstrom
& I nman, 1975; Wnant, et al., 1975; Pawka, et al., 1976).

Starting from the know edge acquired during these earlier
studi es, the research conducted under the auspices of CCSTWS has
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TABLE 9-1
LI ST OF SEDI MENT BUDGET ANALYSES
SAN DI EGO REG ON

Littoral Cel

M ssion Silver
Ref erence Cceansi de Bay St rand

Chanberl ain, Horrer & Inman (1958) X

| nman & Chanberl ain (1960) X
(S. California cells defined)

| nman & Fraut schy (1965) X
| nman (1973)

Nordstrom & | nman (1973) X
| nman, et al. (1974)

| nman (1976; reissued 1980)

Hal es (1978)

| nman & Jenki ns (1983)

Weggel & Cark (1983)

| nman, et al. (1986: CCSTWS 86-1)
Everts (1987: CCSTWS 87-3) X
Sonu (1987: CCSTWS 87- 4) X

Everts & Bertolotti (1988: CCSTWS 88-7) X

Everts (1990: CCSTWS 90-2) X

X X X X

X X X X X
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added significantly to our understandi ng of the budget of sedi nment.
The nost inportant concepts that have energed from the CCSTWS
studies are: (1) the magnitude of the sedinent yield fromerosion
of coastal blufflands in contrast to that fromrivers; (2) the
effect of cluster storns and ot her high "total -energy” type storns
in causing downwelling transport of naterial from the shorezone
onto the shelf; (3) the extent of downwelling as docunented by
hi stori cal changes in beach profile and by deposition of materi al
on the shelf in depths of 10 to 40 m (30 to 130 ft); and (4) the
i nportance of changes in wave climate on transport paths in the
shorezone. All four of these findings are new and need to be tested
with rigor. |If they are correct, as they appear to be, they have
enhanced our understandi ng of coastal processes to the extent that
t he anal yses presented in Sections 9.6 to 9.8 represent the first
in a new generation of sedinent budgets.

There are a nunber of apparent anomalies and contradictions in
t he data set that nmust be resol ved before proceeding with estinates
of the budget of sedinment. These include: (a) extensive offshore
deposition along the 10 fathom (18 n) contour, (b) the relative
stability during the past decade of the volune of sand on t he beach
down to the depth of 30 feet, c) the apparent stability of the
shoreline, with slight average accretion, (d) high rates of cliff
erosion, and (e) a reduction in the yield of sand due to trapping
behind dans on rivers. A stable shorezone (b, c) appears to be
i nconsi stent with a di m ni shed supply of sand fromthe traditional
river source (e), and extensive offshore accretion (a). These
apparent contradictions nmust al so be evaluated fromthe standpoi nt
that they occur on a collision coast (see Section 9.2) which, with
its narrow shelf and seacliffs, is customarily an erodi ng coast.

9.2 GCEOLOG C SETTI NG
9.2.1 Tectonics

Pl ate tectonics, or the novenent of oceanic pl ates and adj acent
continental masses, determ nes the type of coastal zone and its
exposure to waves and currents. The west coasts of the Anericas
are collision coasts, occurring along a plate margin where two
plates are in collision or inpinging upon each other. These coasts
are characterized by narrow continental shelves bordered by deep
basi ns and ocean trenches. Submarine canyons cut across the narrow
shel ves and enter deep water. The shore is backed by sea cliffs
and coastal nountain ranges; earthquakes and vol cani smare conmmon.
Al t hough now a northward noving terrain associated with the San
Andreas fault, the San Diego Region retains nost of the
characteristics of its collision history.
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In contrast, the eastern coasts of the Anericas are exanpl es of
mature trailing-edge coasts that nove with the plate and are
situated upon the stable portion of the plate away fromthe plate
mar gi ns. These coasts typically have broad continental shelves
that slope into deeper water wi thout a bordering trench. The
coastal plain is also typically wide and |owlying, containing
| agoons and barrier islands.

The COceanside Littoral Cell is typical of a collision coast
having a narrow shelf, terrestrial sources of sedinent, submarine
canyons, and downwel Il ing over the shelf. The Mssion Bay Littoral
Cell, however, is a river nmouth enbaynment confined between two
headl ands (Point La Jolla and Point Loma). The Silver Strand
Littoral Cell is a conplex bifurcated system with northward
transport in the U S. portion of the cell associated with a
spit-built enbaynent (San Di ego Bay) and shelter from w nds and
waves by Point Lona.

The characteristics of the continental shelf in these three
cells determ ne the processes and pat hs of sedi nent transport. The
"shelf break" or "shelf edge" that narks the outer edge of the
continental shelf occurs at a depth of about 80 m (262 ft) off the
entire coast of southern California (Shepard, 1963). The shelf to
80 mdepth is narrowthroughout the Oceanside Littoral Cell, w der
at M ssion Bay and wi dest off the Silver Strand (Table 9-2). The
sl opes of the shelf are correspondingly steeper noving from the

southern to northern cell. VWere the shelf slope exceeds the
critical equilibriumslope for onshore wave transport, material on
the shelf will not be transported to the shorezone. Consequently,

coastal downwelling and transport down submarine canyons are
important paths for the Cceanside Littoral Cell but are not
important for the Mssion Bay and Silver Strand Littoral Cells.

9.2.2 Seal evel Change

Seal evel changes associated with global climatic cycles during
the Pleistocene and Hol ocene have influenced the position and
physi ography of the coast. A generalized seal evel curve applicable
to the southern California coast during the past 30,000 years is
shown in Figure 9-2. Seal evel rose rapidly, about 1 mper century,
from 18,000 years BP (before present) to about 10,000 years BP,
foll owed by a nore gradual rise of about 10-12 cmper century from
6,000 BP to present. Sealevel continues to rise, and projected
increases in the rate of sealevel rise are discussed in Chapters 4
and 8 and Section 9. 3.

The position of nmean seal evel relative to onshore topography
i nfluences sedi ment transport and coastal |andfornms (I nman, 1983).
Stream and valley cutting were nost extreme during the seal evel
m ni mum of 21, 000 years (18, 000 radi ocarbon years) BP (Fi gure 9-3).
Huge vol unes of sedinent and | arge size material were noved to the
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TABLE 9-2
SLOPES AND W DTHS OF THE SHELF?
SAN DI EGO REG ON

Dept h Range (m

Locati on 0-10 0-20 20-50 50-80 0-80
Canp Pendl et on D stance, km 1.2 2.8 2.3 1.6 6.7
5 km N of Harbor Sl ope, % 0.8 0.7 1.3 1.9 1.2
Sol ana Beach D stance, km 0.75 1.25 1.5 1.25 4.0
15 km N of Pt La Jolla Sl ope, % 1.3 1.6 2.0 2.4 2.0
M ssi on Bay D stance, km 0.8 1.4 2.7 4.1 8.2
2 km N of Jetties Sl ope, % 1.2 1.4 1.1 0.7 1.0
Silver Strand D stance, km 0.35 4.2 7.6 3.7 15.5
8 km N of Border Sl ope, % 2.8 0.5 0.4 0.8 0.5

@2 Shel f break is at 80 m (262 ft)

Source: U. S. Ceol ogical Survey, Topographic-Bathymetric N1 11-8
(Santa Ana) and N1 11-11 (San Diego) fromIlnman, et al.
(1993).
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Thousands of Years Before Present
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Figure 9-2. Late Quaternary fluctuations in sealevel. Solid line is the
"generalized" sealevel curve (from Curray, 1965): dashed line is detailed curve
(from Curray 1960, 1961). Tree ring and Uranium/Thorium dates give greater age
than the radiocarbon ages for these curves. Recent studies indicate the glacial
maximum was 21,000 ( 230Th/ 234U ) years BP with a sealevel lowering of 121 + 5 m

(400 + 16 ft) (Fairbanks, 1989; Bard, et al., 1990).
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B. SEA LEVEL CHANGE
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rise. (B) Assumed sealevel curve for times t; - tg

(from Inman, 1983).
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coast. Deep valleys were cut across the exposed continental shelf.
As seal evel rose during the Flandrian transgression, these valleys
fl ooded and |agoons flourished along the coastline. Table 9-3
lists the coastal wetlands of the San Di ego Region. According to
the San D ego Museum of Natural Hi story, salt marshes covered over
32,000 acres of twelve ecologically diverse coastal wetlands in
1900. By 1990, less than 3,000 acres renmain due to human
i ntervention.

Shel f Deposits

The continental shelf has been cut and nol ded by wave action
during the many nmarine transgressions of the Pl eistocene glacial

peri od. O der sedinents of Tertiary (3-70 mllion years ago)
t hrough Cretaceous (70-135 mllion years ago) age outcrop in nany
pl aces along the shelves of the San D ego region. Most thick
deposits on the shelf are associated with fill of stream valleys
cut across the shelf during |owered sealevel (Figure 9-3), wth
shore parallel zones of fill associated with nmarine terrace cutting
and sea cliff formation by waves, and with fill along fault

di spl acenents on the shelf (Figure 9-4).

The vol unmes of the Hol ocene (past 10,000 years) deposits al ong
the shelf, based on seismc reflection studies, are given by
Fischer, et al. (1983) and the volunes of specific nearshore
deposits by Osborne, et al. (1983). Estimates of the Hol ocene
vol unes on the shelves of the San Di ego Region are given in Table
9-4. The Flandrian transgression has resulted inarelatively thin
veneer of sand over the older, wave-cut surface of the shelf.
Cenerally, this veneer of nobdern to Hol ocene material does not
exceed a thickness of 1to3 m(3to 10 ft) (e.g., Fischer, et al.
1983; Tekmarine, 1988: CCSTW5 88-5).

One of the significant discoveries of the CCSTWs effort is the
band of accretion at depths of about 18 m (60 ft) in the Cceanside
Littoral Cell. The initial analysis by Dolan, et al. (1987) and
the nore detail ed study by Everts (1990: CCSTW5 90-2) indicate that
bet ween the hydrographic surveys of 1934 and 1971/ 72, sedinent
accreted in a band along the 10-fathom contour of the Cceanside
cell (Figure 9-4). (Note: Because the term "10 fathom contour™
has appeared extensively in the literature, it is used instead of
its equivalent in SI units.) The net accretion of sand size
material for the 84 km (52 m) length of the Cceanside littora

cell 1is estimated by Everts (ibid.) to be about 27 mllion cubic
meters (35 x 10° cy), or 322 nf per m of beach (385 cy/yd) (Table
9-5). If this finding is correct, and it appears to be, it

provi des val uabl e informati on about transport of sedinment to the
shel f during nodern tines.

The shore-paral |l el deposition along the Cceansi de shelf (Figure
9-4) appears to be associated with the 10-fathom terrace and
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TABLE 9-3
COASTAL VWETLANDS OF THE SAN DI EGO REG ON

Wet | and Estuary
Locati on Wat er shed Lagoon of Sand?
m 2 acres 108cy
San Mateo Creek 132
San Onofre Creek 30
Las Flores Creek 20
Santa Margarita River 740 268 2.8
San Luis Rey River 558 40 0.6
Buena Vi sta Lagoon 20 220
Agua Hedi onda Lagoon 29 400
Bat i qui t os Lagoon 53 600 9.0
San Elijo Lagoon 77 530 9.0
San Di egui to Lagoon 350 300 2-10
San Dieguito River
Los Pefasqui t os Lagoon 98 630 2.8
M ssi on Bay 53 4, 600
Kendal | - Mar sh
Fanpsa Sl ough
San Diego River 440 0.5
San Di ego Bay 415
Sweet wat er Ri ver 1.8
Ti juana Estuary 1, 730 1, 320
@ Estinmated potential sand sources (Environnmental Task Force, 1970)

Source: State Coast al

Conservancy (1989)
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San Juan Creek
CAPISTRANO BEACH

Son Hateo Creek

AN CLEMENTE
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LEUCADIA

LA JOLLA
PT. LA JOLLA

Figure 9-4. Regions of shoaling and deepening on the
continental shelf of the Oceanside Littoral Cell from
comparison of the NOAA hydrographic surveys of 1934 with

those of 1970/71. The survey error was found to be
+ 2 ft = 60 cm (from Everts, 1990; CCSTWS 90-2).
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TABLE 9-4
VOLUME OF HOLOCENE SEDI MENT ON THE CONTI NENTAL SHELF
SAN DI EGO REG ON

Depth Interval on Shelf

0-30 m 0-100 m
Vol ume/ Vol ume/
unit length unit I ength
Coast al Reach Vol une of coast Vol une of coast
(Lengt h) 106 n? 10% n¥/ m 106 n? 10% ¥/ m
Dana Point to 124. 8 8.9 401. 4 28. 7
San Mateo Pt.
(14 km
San Mateo Pt. to 156. 2 5.8 711.5 26. 4
Cceansi de Har bor
(27 km
Cceansi de Harbor to 83.7 7.6 198. 1 18.0
Carl sbad Sub. Cyn
(11 km
Dana Point to 364.7 7.0 1311.0 25.2
Carl sbad Sub. Cyn
(52 km
Carl sbad Sub. Cyn. 89.6 2.8 288. 6 9.0
to Point La Jolla
(32 km
Dana Point to 454. 3 54 1599. 6 19.0
Point La Jolla
(84 km
Point La Jolla 6.3 0.3 319.6 14.5
to Point Loma
(22 km
Poi nt Loma to US/ 57.1 2.6 196.0 8.9
Mexi co Border
(22 km

Source: Fischer, et al. (1983), Figure 20.
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TABLE 9-5
SHELF ACCRETI ON OF SAND- SI ZED SEDI MENT
BETWEEN NOAA SURVEYS OF 1934 AND 1971/72
OCEANS| DE LI TTORAL CELL

Depth Interval (feet)and Rat e
Vol une (yd3) (12-120 ft)
yd3/ n¥/
Shorel i ne Reach 12-60 60- 120 12-120 yd-yr myr
Dana Point to 1, 909, 000 243, 000 2,152,000 3.9 3.2
San Mateo Point?
San Mateo Point to 17,999, 000 6,487,000 24,486,000 16.0 13.3

Car | sbad Sub. Canyon®

Carl sbad Sub. Canyon 5,570, 000 3, 041, 000 8,611, 000 6.6 5.5
to Point La Jollac

Tot al ¢ 25,478,000 9,771,000 35,249,000 10.4 8.7

@ Shoreline distance 14 km (8.5 m)
® Shoreline distance 38 km (23.5 m)
¢ Shoreline distance 32 km (20.0 m)

4 Shoreline distance 84 km (52 m)

Source: Everts (1990: CCSTWS 90-2)
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faulting (e.g., GCsborne, et al., 1983, plate XIV-D). The shelf
sl opes increase fromO0. 7%to 1.3%at the 20 m(66 ft) depth contour
of f Cceanside (Table 9-2). The probable cause of this deposition
is discussed in nore detail in Section 9.4.

A careful analysis of the two surveys (Everts, 1990: CCSTW5
90-2) along the COceansi de shelf indicates a survey error of about
+ 60 cm (= 2 ft) as shown in Figure 9-4. Inspection of profiles
across the shelf (e.g., Figures 9-10 and 9-15) shows that shelf
sl opes are steepest at the shorerise where erosion occurred and at
the 10-fathom terrace where accretion occurred. These findings
cannot be explained by systematic horizontal or vertical errors,
and t he | ongshore coherence of the accretion and erosi on zones rul e
out random error.

In contrast to the Cceanside shelf, that off M ssion Bay shows
a net erosion in depths of 10 fathonms (18 n) and greater off
M ssion Bay and a net deposition off Point La Jolla and Point Loma
(Figure 9-5). This pattern of erosion and deposition is
interpreted to result from a net northerly transport along the
shel ves off M ssion Bay and the Silver Strand with deposition at
the headl ands of Point La Jolla and Point Lona. The severe
sout herly waves and wi nds associated with the 1939 tropical storm
may have driven this transport, as discussed under Section 9.3. It
seens likely that sedinent was al so renoved from depths | ess than
10 fathonms off M ssion Bay and Silver Strand, but this material has
been repl aced by seasonal transport in the shorezone.

9.2.3 Terrigenous Sources of Sedinent

The rel ative contributions of the maj or sources of sedinent to
the littoral =zone have changed wth sealevel fluctuations
associated with the |l ast Pl ei stocene gl aci al maxi mum (circa 21, 000
years BP) and subsequent transgression. Figure 9-6 provides a
schematic interpretation of the two mmjor sources, rivers and
streans versus blufflands and seacliffs.

Maj or streanms and rivers possessed the maxi mum potential for
sedi nment transport and | and erosion during the seal evel m ni num of
21,000 years BP. All else being equal, the transport capacity of
a streamis proportional toits slope raised to the 3/2 power. At
t he maxi num seal evel regression of approximately 120 m (390 ft),
streans and rivers woul d have transported nore and | arger material s
to the coast. They would also have cut upland valleys and deep
val | eys across the now subnerged shelf (Inman, 1983).

Seacliffs and coastal blufflands becanme nore i nportant sources
as seal evel rose during the Flandrian transgression. The short
stillstand between 10,000 and 8,000 years BP cut the 10-fathom
terrace into the shelf, and the sea cliff associated with this
terrace contributed sedinent to the littoral zone. But the mgjor
injection of sedinment fromthe seacliffs and associ ated bl uf fl ands
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occurred when seal evel approached its pr esent position
approximately 4,000 years BP (Figure 9-2). Erosion of the
seacliffs progressed by neans of wave notching at the base of the
cliff, followed by failure and coll apse of the entire face of the
sea cliff.

During the period between 4,000 years BP and the present,
weat hering and gul |l yi ng of the blufflands associated with the tall,
vertical seacliffs has created |ocalized high relief. A slower
rate of seacliff retreat as the platformw dened provided the tine
necessary for the gullying to transformthe coastal terraces behind
the seacliffs into coastal badlands. Evidence that the nunerous
smal | coastal canyons are features of the past 4-5,6000 years al so
conmes from the prehistoric Indian sites of coastal San Diego
County. At sites dating to 6-8,000 years BP, m dden deposits and
burial s are exposed by smal| transecting canyons that open onto the
beach (Masters, 1985). During the historic period and conti nuing
at present, urban and agricultural activities have accelerated
bl uf fl ands erosion (see Inman & Brush, 1973).

As the coastal blufflands have evolved, the rivers and stream
val | eys traversing the coastal plain have filled with sedi nent and
| ost transport potential due to the concurrent rise in seal evel.
Only major floods (e.g., 1916, 1938, 1939, 1980, 1983) w Il now
break through the valley fills and create | arge deltas at the river
nmout hs.  Conpoundi ng this natural reduction in transport capacity
has been the construction of dans which has vastly dim nished the
anount of river-borne sedinment delivered to the coast (Inman,
1985) .

In consequence, the contribution of coastal blufflands as a
sedinent source to the littoral zone has increased, while the
contribution of rivers and streans has decreased. The yields of
sand and gravel fromrivers and streans in the San D ego Region
for both natural and present conditions are listed in Table 9-7.
The relative inportance of the yields fromrivers versus coasta
bl uffl ands i s given by conpari son of Tables 9-6 and 9-7. It should
be noted here that the blufflands' yield is based on conpari son of
the USC&GS topographic surveys of 1889 with the US Geol ogi cal
Survey quadrangl e surveys of 1968. These sources have different
scal es, and the early surveys provi de no vertical datuminformation
and steep sl opes are shown by hachure marks. |In consequence, the
estimates of bluffland yields should be regarded as approxi mate.

Unfortunately, there is a wide disparity in the estimtes of
river yield. The variability in estinmates is partly due to a | ack
of agreenent in cal cul ati ng bedl oad (I nman & Jenkins, 1983) and to
the intermttent nature of floods which bring nost of the material
to the sea. In particular, the Santa Margarita Ri ver appears to
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TABLE 9-6
YI ELD OF SANDY SEDI MENTS FROM COASTAL BLUFFLANDS
(COASTAL TERRACES, GULLIES, SLUMPS)

1889- 19682
Sea cliff Sea cliff Total Yield % Total Yield Yield Rate
Coast al Hei ght Er osi onP of Sedi nent  Coarser Sandy Sandy
Section (MBL) t han Sedi nment s Sedi nent s
cm ft/ n¥/ yd3/
m ft yr yr 10° n? 10°yd® 62.5u  10° n? 10° yd?® m=yr yd-yr
San 27 90 6 0.20 15.2 19.9 72 10.9 14.3 18.1 21.7
Onofre
Par k¢
Canp 18 60 8 0.25 13.2 17.2 54 7.1 9.3 11.8 14. 1
Pendl et on®
Torrey 15- 50- 3 0. 10 7.9 10.3 42 3.3 4.4 6.9 8.4
Pi nes 80 260
Par ke

2 Data from Kuhn, et al. (1988: CCSTW5 88-8).

b Data from Everts (1990: CCSTWS 90-2).

¢ Length of coastal reach 7620 m (8330 yd); wi dth 455-685 m (500- 750 yd).
¢ Length of coastal reach 7620 m (8330 yd); width 1140 m (1250 yd).

¢ Length of coastal reach 5940 m (6500 yd); width 1140 m (1250 yd).



TABLE 9-7
YI ELD OF SAND AND GRAVEL FROM RI VERS AND LARGE STREAMS
SAN DI EGO REG ON

Nat ur al 2 Present?®

Ri ver Sour ce 103 i/ yr 103 nd/yr
San Juan I nman & Jenkins, 1983 37 30
Creek Brownlie & Tayl or, 1981

California, 1977b 43 29

Sinmon, Li & Assoc, 1988
San Mat eo I nman & Jenkins, 1983 30 15
and Brownlie & Tayl or, 1981
San Onofre California, 1977b 28
Cr eeks Sinmon, Li & Assoc, 1988
Sant a I nman & Jenkins, 1983 22 18
Margarita Brownlie & Tayl or, 1981 17 14
Ri ver California, 1977b 15

Simon, Li & Assoc, 1988
San Luis Rey I nman & Jenkins, 1983 86 28
Ri ver Brownlie & Taylor, 1981

California, 1977b

Sinmon, Li & Assoc, 1988
San Di eguito I nman & Jenkins, 1983 53 5
Ri ver Brownlie & Tayl or, 1981 32 3

California, 1977b 4

Si nmon, Li & Assoc, 1988
San Di ego Brownlie & Taylor, 1981 35¢ 8
Ri ver Si nmon, Li & Assoc, 1988

California, 1977b 110
Ti j uana Brownlie & Tayl or, 1981 105 52
Ri ver | nman, 1976 535

Everts, 1987 153- 380 100- 115

Thi s study 200 50
2 Pre-dam conditions
b Estimates for present, post-dam conditions
¢ Average 35,000 n¥/yr; range 11,700 to 58,300 n¥/yr; |argest

event 157,000 n?¥
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be a | arger contributor than estimted by nost i nvestigators (e.qg.,
Sinons, Li & Associates, 1988: CCSTW5 88-3). The deep stream
valley cut beneath the present coastline during the Holocene
suggests that the Santa Margarita had a higher yield of sedinent
than did the San Luis Rey in forner tinmes. Seismc studies show
the Santa Margarita was excavated to a depth of over 45 m (150 ft)
bel ow present seal evel at the coast whereas the San Luis Rey was
cut about 30 m (100 ft) deep at the present shoreline (Gsborne, et
al., 1983, Plate XIV-D). Al so, aerial photographs archived at
Scripps Institution of Oceanography show significant sand deltas
off the Santa Margarita River nouth in March 1952, January 1953 and
January 1966.

9.3 WEATHER, WAVES AND EXTREME EVENTS

Along the southern California coast, there are decades of
relatively stable, mld weather interrupted by shorter periods of
severe storns. The nost recent period of mld weather occurred
during the 30 years between the m d-1940's and m d-1970's. Wnters
were noderate with low rainfall. Wnds were noderate and
predom nantly fromthe west-northwest. The principal wave energy
was from Al eutian | ows having stormtracks which usually did not

reach southern California. Summers were mld and dry wth
princi pal wave energy conm ng fromthe southern hem sphere. During
the sumrer and fall, no tropical storns reached the west coast.

We now appear to have entered a period of nore variable climate
having a | arger nunmber of extrene weather events. Sone years have
remai ned mld; others have been relatively severe. For exanple,
the winter of 1976/77 was mld and dry because the storm tracks
m ssed the southwestern coast. The winter of 1977/78 was nuch
wetter, with flooding along the west coast. The winter of 1978/ 79
was mld, as were the winters of 1980/81 and 1981/82. 1In contrast,
coastal flooding occurred during the winters of 1979/ 80 and 1982/ 83
when Aleutian storm tracks traveled far to the south before
approachi ng the west coast fromthe west-southwest. These storns
caused the worst coastal flooding in southern California history.
Summaries of the beach erosion and danage associated with the
wi nter storms of 1979/80 and 1982/83 are given in National Research
Council (1982) and Dean, et al. (1984).

During the 19th century, there was a simlar pattern of
alternating periods of drought and wet weather. A wet period
appears to have occurred from about 1830 to 1841, followed by
drought from 1842 to 1883. The subsequent wet period, 1884-1891,
was so intense that it has been renenbered as "Noah's Del uge.™
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9.3.1 Wave dinmte

The wave climate is the prevailing set of wave conditions
incident to a particul ar coastal segnent averaged over an extended
period of time (typically several years to several decades). The
wave climate includes swell fromdistant stornms as well as |ocal
wi nd waves. It is presented as a data set consisting of the
vari abl es wave height, period and direction. These variables are
aver aged over the period of interest and reported in terns of their
frequency of annual occurrence. The wave climate is commonly
di vided i nto seasons such as winter, sunmer and transitional. Wen
used for calculating the longshore transport of sand, the wave
climate yields the estinmated (potential) transport for a typical
year within the averaged tinme range.

During the long periods of mld, stable weather, the wave
statistics for exposed coast in the Southern California Bi ght vary
seasonally in response to winter storns fromthe Gulf of Al aska and
subt ropi cal cyclone or southern hem sphere swell in sumer (see
Chapter 4 for a detailed discussion of deep-water waves).
According to spectral studies (Pawka, et al., 1976; Seynour, 1980),
wi nter waves typically have a net energy flux conmponent to the
sout h because they are generated by North Pacific storns passing
close to southern California. Sumrer waves, on the other hand,
often show a net energy flux to the north fromnore distant storm
sources off the coast of Mexico or from South Pacific waters.
Therefore, the annual wave energy flux affecting the littoral drift
is the net of two conpeting seasonal sources. The overall climatic
trends of the Pacific basin determ ne which of these wave sources
will domnate the wave climate in the San Diego Region for any
particul ar year.

Conmparing observations of Sverdrup & Mink (1947), W egel
(1956), Pawka, et al. (1976), and Seynmour, et al. (1980), wave
statistics have varied fromyear to year, and this variability has
acconpanied a shift in characteristic weather patterns over the
past 45 years. The mild period from1945 until 1977 was nai nt ai ned
by a strong hi gh pressure ridge that prevented subtropical cycl ones
fromtracki ng near enough to southern Californiato have a dom nant
effect on the waves (Inman & Jenkins, 1983). Consequently, swell
fromthe North Pacific storns dom nated this period, causing a net
l[ittoral drift to the south as evidenced in the skewness of sand
spits, fillet beaches and | agoon entrances toward the south. The
1945-1977 drought was ended by the wet period 1978-1983, with the
pronounced El Nifio events of the winters of 1979/80 and 1982/ 83.
The noisture in this transitional wet period (and t he precedi ng one
of 1934-1945) cane from subtropi cal cycl ones advancing up fromthe
south and from Aleutian storns tracking far to the south before
approachi ng the west coast fromthe west-southwest. The wi nd waves
due to these violent west-southwesterly storns cause reversal of
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the net littoral drift, shifting sand spits and reopening the
natural lagoon inlets to the north. Because the transitional wet
periods are brief in conparison to the protracted droughts, the
long-termnet littoral drift is still to the south.

Recent events suggest that wave statistics based on the mld
1945-1977 period may prove to be anomal ously owin wave intensity

and erroneous in wave direction (Seynour, et al., 1984; I|Innman, et
al ., 1986). Addressing the unusual weather across the United
States in recent years, Karl, et al. (1984) find statistically

(Monte Carlo simulation) that the return period of occurrence is
1164 years. They conclude that "the recent variability is either
a noderately rare event in a reasonably stationary climte, or it
represents climte change.™

Revi ews of wave climate in the Southern California Bight are
given by Wal ker, et al. (1984) and Mffatt & Nichol (1989: CCSTW5
88-6). They summari zed the 30 stornms produci ng the hi ghest waves
during the period 1900 to 1983. This list is updated in Table 9A8
to include data for the period Decenber 1982 through Decenber 1988
from Begg Rock Buoy reported in the nonthly records of the Coastal
Data Information Program (CDIP). Begg Rock Buoy records
unshel tered deepwat er wave data representative of the open waters
of the Southern California Bight and began recordi ng 20 Cctober
1982. Recent studies (OReilly, 1989) show that wave heights in
the vicinity of Begg Rock may be enhanced over true deepwater
hei ghts by wave refraction and diffraction.

Tabl e 9-8 gives an ordered |list of 41 wave events during the 89
year period of this century in which the significant wave heights
i n unshel tered deepwater were 4.0 m(13.1 ft) or greater. The data
are also plotted in Figure 9-7. It is interesting that 26 (63% of
these wave events occurred during the 9 years of the 1980's.
Undoubt edl y, inclusion of the data from Begg Rock Buoy has bi ased
the statistics toward greater nunbers in recent years. |n previous
years, island sheltering dimnished the intensity of many deepwat er
waves to the 4 to 5 m (13 to 16 ft) range, causing them to be
omtted from the list of hindcast events. | f waves are high
enough, however, they will be recorded as high wave events even
within the sheltered waters of the Bight. Consequently, the bias
toward greater nunbers of high wave events in recent years should
decrease with increasing intensity of the unsheltered waves.

There are 17 wave events with wave heights of 5 m(16.4 ft) and
greater, and 7 (41% occurred in the last 9 years (Table 9-8).
There are 8 events greater than 6 m(19.7 ft), and 6 (17% occurred
in the last 9 years. As can be seen in Figure 9-7, these data
support an intensification of the wave climate during the 1980's.
There al so appears to be a southerly shift in the stormtracks and
an increase in the neridional (north-south) alignment of
extratropical cold fronts as conmpared with the previous zona
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UNSHELTERED DEEP- WATER WAVES (Hs > 4 m

TABLE 9-8

IN THE SOUTHERN CALI FORNI' A BI GHT, 1900 THROUGH 1988

Si gni ficant Wave
Dat e Wave Hei ght Peri od Direction®* Source?
m (feet) sec degrees true

17 Jan 88 10.1 533.23 14-17 280 CDI PP
Sep 39 8.2 26.9 14 205 MA
Apr 58 7.7 (25.1) 8- 18 290 PVWA
Mar 83 7.3 (23.6) 11-19 265 PWA
Jan 81 6.6 21.5 6- 16 270 PVWA
3 Dec 85 6.5 21. 4 14-18 CDI P
Jan 83 6. 4 21.0 8-21 285 PVWA
Nov 82 6.2 20. 4 12-15 295 PWA
Feb 63 5.9 19.5 10- 14 270 PWA
Jan 78 57 18. 6 7-17 285 PWA
Feb 60 5.6 18. 3 11-19 295 PWA
Jan 58 5.5 18.1 9-14 270 PWA
Mar 04 5.5 17.9 12 225 MA
Mar 12 5.3 17.5 12 270 MA
Feb 83 5.2 17.1 16- 17 275 PWA
Feb 15 5.0 16.5 12 280 MA
Jan 15 5.0 16. 3 12 205 MA
Jan 43 4.9 16. 2 11 180 MA
Jan 53 4.9 16.0 15-19 260 VA
1 Dec 82 4.8 15. 8 8- 14 CDI P
23 Dec 82 4.8 15. 8 6- 12 CDI P
Feb 69 4.8 15.6 8- 15 285 PWA
Feb 80 4.8 15.6 9-15 255 PWA
13 Mar 87 4.8 15.6 18- 22 CDI P
Jan 81 4.7 15. 4 17-18 265 PWA
31 Jan 87 4.7 15. 4 10- 12 CDI P
13 Dec 84 4.6 14.9 10- 14 CDI P
Dec 69 4.4 14. 4 20-21 275 PWA
27 Mar 88 4.4 14.5 10-12 CDI P
10 Dec 83 4.4 14. 3 14-16 CDI P
4 Dec 83 4.4 14. 3 12-16 CDI P
16 Dec 82 4.3 14. 2 12-18 CDI P
Jan 16 4.3 14.0 10 250 VA
4 Nov 84 4.3 14.0 14-16 CDI P
9 Mar 84 4.2 13.9 18- 22 CDI P
22 Dec 88 4.2 13.9 14-18 CDI P
16 Jan 88 4.2 13.8 14-18 CDI P
18 Nov 83 4.2 13. 7 14-16 CDI P
15 Jan 87 4.1 13.3 10-12 CDI P
22 Dec 87 4.0 13.3 8- 10 CDI P
11 Nov 83 4.0 13.2 12-14 CDI P

D recti onal

sites 12, 13, 22) from Wl ker et al.

(1988) .

13).

(1961);

data hindcast to points outside the islands(Figure 3.7,

(1984) updated by Mffatt & N chol

CDI P data for 1983-88 from Begg Rock Buoy (Figure 3.7,

site

CDI P, Coastal Data Information Program M, Marine Advisers

PWA, Pacific Weather Analysis (1983).

17 January 1988 data al so from Seynour (1989) and O Reilly (1989).

Tropical Storm (Horrer,

1950) .
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(east-west) alignment (S. A Jenkins, 1990, personal comuni cation).
These changes appear to decrease the magni tude of the net southerly
transport potential of the waves.

However, the apparent shift in the wave clinmate needs to be
guantified in greater detail by analysis of historical data. The
measur enents of Pawka, et al. (1976) and Seynour, et al. (1980) do
not extend over sufficiently long periods of time to answer
guestions of longer termclimtic effects on the wave climte and
net littoral drift. For the present purpose of analyzing the
budget of sedinent, the apparent shift cannot be ignored.

Esti rates of the Potential Longshore Transport

As the wave climate in the Southern California Bight changed
beginning with the ENSO (El N fio-Southern Gscillation) years of
1979/ 80 and 1982/83, the prevailing northwesterly wi nter waves have
been repl aced by waves approaching fromthe west, and the previous
sout hern hem sphere swell waves of summer have been replaced by
tropical stormwaves fromthe waters off Central Anerica. The net
result appears to be a decrease in the southerly conponent of the
net | ongshore transport of sand that prevail ed during the precedi ng
30 years.

The potential |ongshore transport of sand as determ ned from
wave arrays in shallow water off San Clenente, San Onofre and
Cceanside for the period July 1983 through Decenber 1989 is shown
in Figure 9-8.  The up- and down-coast (northerly and southerly)
conponents of |ongshore transport are approxi mately equal during
this 6.5 year period. In interpreting this figure, it is noted
that the net transport is the difference between two |arge
conponents. Inman & Jenkins (1983, Table 3.3.2) show that the net
sout herly transport of 194, 000 n¥/ yr (254,000 yd3 yr) estimated to
occur at Qceansi de for the 24 year period 1951-1974 was only 18% of
the sum of the up- and down-coast transports. Further, nost of
this transport could be accounted for by |local wind waves fromthe
then prevailing northwesterly sea breeze waves. Because of the
relatively short period of the sea breeze waves, nmuch of their
energy is not recorded on the wave arrays, which are |ocated at

dept hs of about 10 m (33 ft). |In addition, an uncertainty of as
little as 2°in the orientation of the wave arrays woul d change t he
direction of the estinmated net |ongshore transport. Under these

conditions, it is estimated that the net |ongshore transport of
sand during the period from 1983 to 1989 is about 50,000 ni/yr
(65,000 yd® yr) to the south in the vicinity of Cceanside.

9.3.2 Extrene Events
For the San Di ego Regi on, the processes causi ng beach erosion

and danage to coastal structures have been addressed in Chapters 4
and 8. Short-term processes such as tides, storns, and ENSO
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(ElI' N fio- Southern Gscillation) events are the best understood and
have statistical databases for predicting future recurrence
i nterval s. Long-term processes such as global warmng and
subsi dence (both natural and induced) have as yet unknown trends
and | arge uncertainties. Extrene events of |ow probability in the
San Di ego Regi on include earthquakes and tsunam s.

Ti des

Ti des cause the greatest changes in water levels along the
southern California coast (see extensive discussion in Chapter 4;
Moffatt & Nichol, 1989: CCSTWS 88-6), and tidal range can reach 3
m (10 ft) at San Diego. During the next decade, years wth
predi cted extrene tides are 1990-1991, 1994-1995, and 1999-2000.
Exceedences of sea |level over the predicted tide result fromE
Ni fio epi sodes and stormsurge and waves. During the extreme w nter
of 1982-1983, these effects rai sed the water | evel approxi mately 30
cm(1 ft) at the tide gage | ocations at San Di ego. The coi nci dence
of extreme high tides with high waves will produce extensive damge
to coastal structures and seacliffs, but high tides alone will have
little effect on beach profiles.

St or s

The | argest waves to reach southern California are generated by
either eastern north Pacific tropical cyclones or extratropica
stornms resulting from warm or cold fronts in the North Pacific
(Section 4.5). One of the largest significant deepwater wave
hei ghts hindcast to be 8.2 m (26.9 ft) with a period of 14-17
seconds occurred during a tropical storm on 25 Septenber 1939
(Table 9-8). The | argest waves ever neasured in the Southern
California Bight were produced during 17-18 January 1988 by an
extratropical storm \Wave intensity peaked in the evening of 17
January with a nmaxi num unsheltered, deepwater significant wave
height of 10.1 m(33.2 ft) and a period of 14-17 seconds at Begg
Rock (Table 9-8). Storm surge increased water levels in the Los
Angel es area about 25 cm (0.8 ft) above predicted tides.

Single extreme events |like the two storns descri bed above have
significant design inplications for coastal structures, but they
may not be the nobst destructive to beaches. The inportance of
stormclusters was discussed in Section 8.4. Such clustering, as
occurred in 1982-1983, may cause erosion of the beach profile past
t he point at which sedi nent yield during drought periods can effect
recovery.

The frequency of occurrence of the stormclusters is unknown,

but it may be about once or twice per century. Early
nmet eorol ogi cal records are accurate only in terns of tenperature
and rainfall, and nost rainy years are not associated with storm
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cl usters. The only explicit nineteenth century descriptions of
these storns along the coast of southern California are those of
Ri chard Henry Dana covering the years 1834 through 1836. Prior to
the well-docunented events of 1979-1980 and 1982-1983, early
reports inply that stormclusters occurred in the 1890's and again
in the 1920's.

Anot her neans by which a single storm can weak extensive
erosion is to increase its total energy by prolonged blow  The
Atl antic coast storm of March 1989 was one of the three highest
total -energy storns for the period 1942 t hrough 1989. Although t he
maxi mum deepwat er significant wave height was only 5 m waves 1.5
m and greater occurred for 115 hours, producing a total- energy of
11.5 MM/ m (negawatt hours per neter) of beach (Dol an, et al.,
1990) .

Conmpari son of Stornms of Septenber 1939 and January 1988

These two storns, separated by al nost 50 years, were the two
maxi mum i ntensity stornms of the century. The January 1988 storm
wi th deepwater, unsheltered significant wave heights of 10.1 m
(33.2 ft) was nore intense, but of shorter duration, than the
Sept enber 1939 st or mwhi ch had hi ndcast deepwat er significant waves
of 8.7 m(28.5 ft) (Horrer, 1950). Both nmade |andfall with strong
coastal winds in the Southern California Bight, and both had peak
energy in period ranges of about 14-17 sec. Calculations indicate
that in deepwater the 1939 storm produced waves with a total -energy
of about 12 MW/ m (megawatt hours per nmeter of stormfront) whereas
the 1988 stormhad a slightly | ower total energy of about 10 MWW/ m

Conmpari son of neasured and predicted (hindcast) waves during
the 1988 storm showed that there was a nuch nore rapid rate of
increase in wave height than predicted (Seynmour, 1989; O Reilly,
1989). It is likely that the 1939 stormal so had hi gher waves t han
hi ndcast, but there were no wave neasuring stations for conparison
at that tine.

However, the effect of island sheltering produced a maxi num
attenuation of the easterly traveling 1988 storm and a m nimum
attenuation for the northerly traveling 1939 storm Thus the 1939
stormwas far nore intense at the shoreline and had nuch greater
total -energy al ong the coast of the San Di ego Regi on. Mst of the
total -energy of 12 MW/ m of the 1939 storm was expended directly
on the coast. 1In contrast, data obtained at CDI P wave arrays off
San Cl emente, COceanside, Del Mar, and M ssion Beach show that the
1988 storm s total -energy was reduced to less than 1 MW/ m at the
coast.

These calculations explain why the 1988 storm had little

Il ong-term effect on the beaches of the San Diego Region. Beach
profiles were neasured al ong nmany ranges within 10 days foll ow ng
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the storm Conparison of these profiles with those prior to the
stormshows that the profiles were eroded to depths of 6 m(20 ft),
but that all of the nmaterial renmained in the shorezone (e.g., see
Figure 9-11). 1In effect, the stormdanage did not exceed t he beach
changes caused by a normal wi nter season. As the winter of 1987/88
was ot herwi se a | ow wave energy winter, the sand was returned to
t he beach berm by the foll ow ng sumer.

In contrast, the 1939 storm appears to have noved sand wel

of fshore fromthe shorezone and for | ong di stances al ong the shel f
(Figure 9-4). Per mmnent changes resulted in the crosshore sand
budget (see Sections 9.6 through 9.8). It is likely that the
deepeni ng off M ssion Bay and the shoaling off Point La Jolla shown
i n conmparisons of the 1934 and 1970 surveys (Figure 9-5) also were
caused by a northerly transport of sedinment associated with the
1939 storm

El Ni fio- Sout hern Oscill ati on ( ENSO)

ENSO phenonena have been di scussed in Chapters 4 and 8. E
Ni o events persist 2 to 7 years and have the strongest coherence
for recurrence with periods of 2.8 and 3.5 years (Julian & Chervin,
1978). ENSO events appear to account for nobst of the wet years
during the nost recent 30 year period of mld, dry climte
(md-1940's to md-1970's) along the southern California coast
(e.g., winters of 1951/52, 1957/58, 1965/66, 1968/69, 1972/ 73). In
addition, the long periods of drought appear to be term nated by
unusual |y strong EI N fio epochs, as in 1939/40, 1940/41, and again
in 1979/80 and 1982/ 83.

Water |levels are anonalously higher during El N o years.
Beyond the increase in the nunber of storns and their associ ated
stormsurges due to wi nd and decreased at nospheric pressure, there
is also a large-scal e seal evel increase associated with (a) the
rel axation of the westward fl owi ng trade w nds whi ch causes water
to "pile-up" along the west coast of the Anmericas, and (b) the
expansion of the warm surface water wth increasing El N fio
tenperatures. As indicated in Section 4.2.2, the maxi mum water
el evation neasured at Scripps Pier in La Jolla between 1925 and
1986 was 2.38 m(7.81 ft) above MLLWin August 1983. The conbi ned
effects of storm surges and waves and El N fio events increased
water |evels approximately 30 cm (1 ft) at tide gage |ocations
during the extreme EI Nifio wi nter of 1982/83, and were responsible
for extensive coastal flooding and structural danage.

d obal Warn ng

The warmng trend in world surface tenperatures that began in
the m d-1970's peaked with 1988, the warnest year in a 134 year
record (see Kerr, 1990). 1In 1989, the earth's surface was 0.23°C
war mer than during the reference period 1951 to 1980, nmking 1989
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the fifth warnmest year on record. The decade of the 1980's
contai ned six of the ten warnmest years on record. Cinmatol ogists
suspect, but w thout unani nous agreenent, that the accunul ation of
greenhouse gases has caused this warm ng trend during the past 15
years.

If global warmng is intensifying, the inplications for coastal
regions are i ncreased rates of seal evel rise and possibly increased
i ncidence of storm activity (see discussion of ocean surface
warm ng and propagation of tropical cyclones in the Southern
California Bight, Section 8.4). Seal evel rise has averaged
approximately 20 cmcentury (0.7 ft/century) in the San D ego
Region (Barnett, 1984; CCSTW5 88-6). Estinmates of future rates of
seal evel rise vary widely due to the nmany uncertainties associ ated
wi th global warm ng. The Marine Board (1987) has recommended t hat
arate of 1.3 ft/century be used for 25 year design projects.

Eart hquakes and Tsunam s

The northwest/southeast trending coast from Point La Jolla
north to Pal os Verdes is paralleled offshore by a nunber of faults.
In increasing distance from shore, these faults are the Rose
Canyon- I ngl ewood fault zone, Pal os Verdes- Coronado Bank fault zone,
San Di ego Trough fault zone, and the San Cl enente-San Isidro fault
zone. All are right lateral faults, with the offshore segnent
nmovi ng north. Al though all have been active during the past 10, 000
years, none are known to have generated tsunam s during historic
times. However, their orientation suggests that the Point La Jolla
headl and bl ock on the offshore side of the Rose Canyon fault and
the San Cenente Island block on the San Cenente fault are
potentially intense wave nakers for sending tsunam s in a northeast
direction against the shoreline of the entire Cceanside Littoral
Cel I.

The Loma Prieta earthquake of 17 October 1989 denonstrated the
potential for upthrust notion associated with bends in the fault
Iine (Anderson, 1990). The earthquake caused initial fears of a
t sunam when water was observed rushi ng out of the Santa Cruz Snal
Craft Harbor and at Moss Landing. The cause was | ater determ ned
to be an upward thrust of the Pacific Plate of 4.3 ft above the
hypocenter, and an uplift of 0.5 ft at the shoreline (Flavell
1990) .

A recent exanple of slippage along subnarine right |ateral
faults occurred off the southern coast of Mexico (Fox, 1990). A
tsunam generated by the of fshore seismc activity swept away 300
homes in the fishing village of Cuajinicuilapa. The powerful but
sl ow novi ng tsunam allowed the 1500 residents to evacuate.

Seismic activity has been inplicated in sea cliff failure.

Kuhn & Shepard (1984) attribute a slunp at Sunset Ciffs (Ocean
Beach) to the Borrego Vall ey earthquake of 1968.
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Whet her frominland or offshore faults, seismic activity can
affect the coastal zone of the San Di ego Region. The frequency of
occurrence of earthquakes and tsunams is |low, but the potenti al
for coastal damage particularly in the Cceanside Littoral Cell is
hi gh.

Subsi dence

Two |eveling surveys at benchmarks along the northern and
eastern margi ns of San Diego Bay reveal an apparent subsidence of
about 0.008 ft/year (Mdffatt & Nichol, 1989: CCSTW5 88-6). 1In the
vicinity of Lindbergh Field, the artificial fill appears to be
subsiding at a rate of 0.02 ft/year. Conti nued downwar pi ng
associated with strike-slip nmovenent across the Rose Canyon fault
zone (Kennedy & Welday, 1980) nmy explain these observations of
| ocal subsidence. Along the exposed coast of the San Di ego Regi on,
long-term tectonic wuplift averaged over the last 125,000 years
appears to be occurring at a rate of about 10 cmm |l ennium (see
| nman, 1983).

Assuming there wll be local fluctuations in wuplift and
subsi dence associated with the nunerous fault blocks in the San
Di ego Region, the general picture is one of gradual uplift and
right lateral slippage between fault blocks. However, this wll
have relatively little effect on the coast in the short-termunl ess
there is a najor earthquake. |In areas of |ocal subsidence such as
San Diego Bay, sealevel rise will still be nore inportant, but
subsi dence has the potential of increasing coastal flooding.

9.4 REVIEWOF H STORI C BEACH PROFI LES AND SHELF TRANSPORT

The shorezone is the sedinentary and solid surface associ ated
directly with the interaction of waves and wave-induced currents
and the sediments derived fromthe land. It includes the beach and
the shorerise, the gentle steepening of slope leading up to the
beach. Al ong the San D ego Region, the shorezone sands constitute
a thin veneer of sedinent that extends from the base of the sea
cliff seaward over the wave-cut terrace to depths of 10 to 15 m (33
to 50 ft). A generalized diagram of the shorezone sedinent
t hickness in the San Diego Region is shown in Figure 9-9.

9.4.1 Beach Profiles

Recent studies indicate that beaches undergo two types of
on-of fshore response to wave forcing: a seasonally reversible
equi librium response where the crosshore transports are totally
contained within the shorezone; and disequilibriumresponses that
result in net gains or |osses of sedinment to the shorezone.
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Di sequilibriumis associated with high-energy stormevents and with
t he steepness of the slope of the shelf seaward of the shorerise.
Epi sodic high total-energy wave events cause sedinent to be
downwel | ed and carried seaward of the shorerise. Wen the slopeis
too steep, the downwelled sedinent is permanently lost to the
shor ezone. When the slope is not too steep, sone sedinent may
eventually be returned to the shorezone. Wen the slope is gentle
and covered with sedinment, normal wave action following the
downwel I i ng i nduces a net onshore transport of sedinment into the
shorezone again (Inman & Dol an, 1989, p. 209-210). Net onshore
transport fromthe shelf probably occurs fromtinme to tine al ong
the Mssion Bay and Silver Strand Littoral Cells but to a |esser
extent or not at all along the Oceanside cell due to the greater
steepness of the shelf in this region.

Seasonal Equili brium Responses

Seasonal beach profile changes are a classical condition in
whi ch seasonal responses to sunmmer and wi nter waves retain an
equilibriumrelation to wave forcing. For this case, all materi al
remains in the shorezone and participates in a sinple seasonal
on-of fshore mgration in response to sutmmer and wi nter waves. The
Wi nter storns renove material fromthe beach (bar-berm portion of
the profile and deposit it on the shorerise, where it remains
avai l abl e for transport back to the beach by the smaller waves of
sumer. Studies at Torrey Pines Beach show that the vol une of sand
associated with this crosshore seasonal migration ranges fromabout
60 to 130 n? per neter | ength of beach (72 to 156 yd® yd) (Nordstrom
& I nman, 1975).

Di sequi li brium Responses

H gh-energy wave events epi sodically overwhel mthe equilibrium
conditions of the beach profiles and may cause downwelling of
shorezone sand to distances and depths where nornmal sumrer wave
action cannot return it to the beach. Such events constitute net
| osses of sand fromthe shorezone to the shelf. The conditions for
such a net change depend upon the intensity and duration
(total -energy) of the stormevent and upon the sl ope of the shelf
bel ow the toe of the shorerise. A significant increase in slope
occurs along the Cceanside Cell at depths of about 18 m (10
fathonms) (Table 9-2). Once material is dowmwelled to this depth
it appears to be lost fromthe Oceansi de shorezone. In contrast,
the shelf slopes at depths of 18 m (10 fathons) are quite gentle
off Mssion Bay and Silver Strand, and downwel | ed material may be
avai l abl e for return to the shorezone.

Profile Analysis

Hi storical profiles in the San Diego region show reasonable
consi stency when the outer portion (shorerise) is separated from
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the inner portion (bar-berm at the breakpoint (Chapter 5, |nman,
et al., 1993). Both portions have curves of the form

h = Ax™

where, for sinplicity of expression, x is positive offshore, his
positive downward, and the two curves have different origins; that
for the bar-berm is near the berm crest whereas that for the
shorerise is near the bar with h neasured fromMSL (I nman, et al.
1993). It is found that both the shorerise and the bar-bermcurves
have val ues of mof about 0.4. The principal difference between
seasonal profiles is that in winter the breakpoint (bar) is deeper
and farther offshore while the bermcrest is displaced | andward.
This results in an increase in the distance between the origins of
t he bar-bermand shorerise curves, produci ng an overall decrease in
the wi nter beach slope fromthe bermcrest to the depth of closure
of the profile.

The net onshore stress exerted by ocean waves on bottom
sedi ments decreases with increasing depth. Therefore the slope of
the equilibriumprofile of the beach al so decreases with depth, as
shown in Figures 9-9, 9-10, and 9-11. At depths of 5 and 10 m (16
and 33 ft), waves can effectively nove sand upsl ope when t he sl opes
do not exceed 4%and 2% respectively. However, when sl opes exceed
about 1% in depths of 20 m (65 ft), waves cannot return the
sedinment to the beach. Since the shelf slopes off the Cceanside
cell are generally steeper than 1% in depths of 20 m (65 ft) (see
Table 9-2 and Figure 9-15), sand transported seaward of the
shorerise does not return to the beach. In contrast, Silver Strand
Littoral Cell has the steepest slopes in the shorezone, but the
nost gentle beyond that depth (0.4%from20 to 50 m . Therefore
sand can be returned to the beach fromgreater depth in that cell.
In depths of 20 to 50 m (66 to 164 ft), the Mssion Bay shelf is
internediate in slope (1.1% between Cceanside (1.3-2.0% and
Silver Strand (0.49%.

The data showthat the initial response to unusually high waves
and stornms is a |landward recession of the bermand a seaward and
deeper | ocation of the breakpoint bar (Figure 9-11). A single
storm may have relatively little efffect on the outer portion of

the shorerise. However, years with a series of intense storns
(storm clusters) may show severe erosion of the shorerise and
bar - berm profiles. Erosion of the toe of the shorerise (i.e.

deepening of 1.2 m= 4 ft and nore) in depths of 12 to 15 m (40 to
50 ft) occurred along the open coast following the winters of
1952/ 53, 1979/80 and 1982/83 (e.g., Figure 9-10). These were years
during which stormclusters battered the southern California coast
(Chapters 4 and 8). Interestingly, the nost intense stormof the
century (January 1988) had little effect on the deeper portions of
the shorerise profile, probably because the storm was of short
duration and was the only stormof significance during that
othermise mld winter (Figures 9-10 and 9-11). It is known that
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the tropical storm of 1939 caused mmjor damage to beaches.
However, there are no beach profiles available from the decade
following that storm even though four profiles go back intine to
1934 (Table 9-9).

The historic data show that significant erosion of the entire
profile (shorerise and bar-bern) occurs sporadically in tinme and
only following storms of high total-energy or storm clusters.
Further, the erosion is greatest when the stornms make their
landfalls locally, subjecting the nearshore waters to the ful
spectrum of wave frequency and direction. The nbst severe erosion
in the record of historical profiles was caused by the cluster
stornms of 1982/83 (Figure 9-10, Table 9-10). Although the bar-berm
portion of the beaches gradually recovered over a period of about
five years, the erosion at the 12 m (40 ft) depth still remains
apparent along many profiles (Figure 9-10).

Cl osure Depth

The sand participating in seasonal beach changes remains within
t he shorezone. The maxi mum depth of seasonal changes is about 10
m (33 ft) and is referred to as the "closure depth" (Figure 9-9;

Chapter 5). The closure depth is best illustrated froma plot of
dept h versus the standard devi ati on of depth changes fromrepeated
surveys of the sanme profile as shown in Figure 9-12. It is

apparent that profile changes at depths greater than about 6 m (20
ft) MSL were insignificant for Range PN1240 during the period of
January 1984 to Decenber 1989. However, downwelling of sedinent
bel ow t he shorerise occurred during the cluster stornms of 1982/83
(Figure 9-10) and periodically before that tine. Therefore a
simlar plot for that range over the preceding period from 1950
t hrough 1983 (Figure 9-13) shows a secondary increase in standard
devi ation bel ow depths of 10 m (33 ft) MSL, and hence a |ack of
cl osure. It is interesting that the binodality in the standard
devi ati on of depth change occurs to either side of a depth of about
10 m (33 ft) MSL, which coincides with the closure depth at the toe
of the shorerise (Figures 9-10 and 9-11).

In sunmary, the beach profile response is very different for
storm cluster episodes than for years with a nore uniform mlder
wave climate. During mld years there are seasonal beach changes
that may extend to, but do not exceed, the closure depth of about
10 m(33 ft). When the seasonal cycles are averaged over the year,

it is found that little or no net erosion results (Inman, 1956;
Nordstrom & Inman, 1975; Wnant, et al., 1975; Aubrey, et al.,
1980). However, the erosion that occurs during storm cluster
epi sodes extends to depths in excess of 15 m (50 ft), and there is
no closure out to the greatest depths profiled. These storns
appear to be the cause of significant long-term irreversible
erosion. In the vicinity of Canp Pendleton and Oceanside, the

deeper portions of the shorerise profile have not recovered from
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H STORI CAL BEACH PROFI LES

TABLE 9-9

SAN DI EGO REG ON

Dat e of
Initial Survey # Surveys to
Littoral Cell Range? 30 ft 40 ft 30 ft 40 ft
Cceansi de SC1720 1965 -- 7 0
SC1660 1968 1986 6 4
PN1280 1972 1972 7 0
PN1240 1950 1972 10 6
PN1180 1972 1972 7 7
near PN1110 1950 1972 7 14
har bor 051070 1959 1964 18
0S1030 1959 1964 24 14
051000 1961 1962 19 13
0S930 1972 1972 7 7
0S900 1961 1964 15 12
CB800 1970 1970 8 8
CB720 1934 1934 9 9
SD670 1934 1934 6 6
SD630 1934 1934 7 6
TP540 1934 1934 6 5
M ssi on Bay VB384 1972 1986 5 4
VB340 1940 1949 10 8
MB310 1940 -- 10 0
0B230 1951 1951 13 7
Silver Strand SS50 1954 1956 17 8
SS15 1965 1975 7 0
SS3 1969 1986 6 5

2 Range nunbers increase fromsouth to north
designate: SC, San C enente;

Cceansi de; CB, Carlsbad; SD, San D ego County;
MB, M ssion Beach, OB, Ccean Beach; SS,

Torrey Pines;
Silver Strand.

Source: CCSTWS Appendi x B
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TABLE 9-10

VOLUME CHANGES ALONG BEACH PROFI LES MEASURED TO DEPTH OF 10 M (33 FT)
COVPARED W TH THOSE TO 13 M (43 FT) IN THE VICINITY OF OCEANSI DE?

Measured to 10 m (33 ft) MSL Measured to 13 m (43 ft)MSL
Di st ance fron?

Cceansi de 86/ 89 Ave! 86/ 89 Ave!

Har bor 82/ 83 Change® Change vs 72 82/ 83 Change® Change vs 72

Range km (103 ft) nt/ m (yd3¥ yd) nm/m (yd3 yd) nt/m (yd3yd) n¥/ m (yd3 yd)
PN1280 6. 7N (22) - 380 (-460) +20 (+24) -1050 (-1200) +60 (+75)
PN1240 5. 5N (18) -15 (-18) +30 (+40) -900 (-1080) -120 (-150)
PN1180 3. 7N (12) -100 (-120) - 230 (-270) -630 (-750) -750 (-900)
PN1110 1. 5N (5) +1150 (+1380) +1530 (+1830) +1500 (+1800) +1630 (+1950)
0s1070 1.0S (3) +190 (+230) - 740 (-880) +280 (+330) +230 (+270)
0S1030 2.1S (7) +380 (+460) - 230 (-270) +380 (+460) -230 (-270)
0s1000 3.0S (10) -240 (-290) - 40 (-50) -480 (-570) -630 (-750)
0s900 5.8S (19) +75 (+90) +190 (+230) -180 (-210) 0 (0)

o

D stance north (N) and south (S) of centerline of Oceanside Harbor.
Conmpari son of surveys of summer 1982 with sunmer 1983, or next avail abl e.

1972 is the comon reference year before 1982/ 83 cluster storns.

Data from CCSTW5 Chapter 3 Appendi x, selected for surveys extending to 13 m depth.



PN1240 (From Jan 1984 to Dec 1989)
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Figure 9-12. Depth of closure for the period January 1984

to December 1989 on range PN1240. Depth of closure is about

6 m (20 ft) MSL as shown by the reduction in standard deviation
of the depth changes to about 10 cm (0.3 ft) (from Inman, et al.,
in press).
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PN1240 (From 1950 to end of 1983)
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Compare with Figure 9-12 and Chapter 7 (Figure 7-22).
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the 1982/83 stormcluster episode (Figure 9-10). 1In contrast, the
nost severe stormof the century (January 1988) acted as though it
was a typical, albeit severe, winter storm wth profile changes
restricted to the closure depth for seasonal changes. The beaches
fully recovered during the follow ng sumrer season (Figure 9-11).

The coastal reach nost affected by a particular storm is
critically dependent on the degree of island sheltering associ ated
with the direction of approach of the storm waves. For exanpl e,
the 1979/80 and 1982/83 storm clusters approached from west to
west - sout hwest and were nost danmaging in the vicinity of Oceanside
and Silver Strand. Santa Catalina Island partially sheltered the
San C enente section of coast, while San C enente Island partially
sheltered the coast fromDel Mar to Point Lona. The 1939 tropical
storm on the other hand, approached fromthe south and inflicted
damage on the coast from the Mexican border to Dana Point. The
storm cluster of 1955/56, with storm paths approaching from the
west - nort hwest, damaged the coastal section from Del Mar to Point
Loma. As might be anticipated from the foregoing analysis, the
shorerise profiles in this region underwent pernanent erosion
during these stormevents (DLI photo collection; profiles CB720 and
VB340) .

A question of accuracy and reliability of data naturally arises
in conparing the historical beach profiles and interpreting their
dept h changes. The depth changes exceed the presuned accuracy of
fat hometer surveys, which for carefully controlled profiling was
shown by I nman & Rusnak (1956) to be about + 1 ft in elevation and
+ 15 ft in position. In addition, there is spatial consistency in
t he depth changes al ong the coast which resulted fromthe 1982/83
stormcluster events. Errors in bench mark rel ocation or el evation
cannot explain the 1.2 m (4 ft) changes along the gentle sl opes
(0.69% at depths of 12 m(40 ft) and greater (Figure 9-10), nor the
fact that the changes occur only in the |ower portions of the
profiles. Finally, the CCSTW5 historical profiles are in
agreenent with the shoaling and deepening trends detected in the
NOAA surveys of 1934 and 1970 (e.g., Figure 9-15).

9.4.2 (Cceanside Harbor and the 10-Fat hom Si nk

The orientation of the northern breakwater at COceansi de Harbor
i nduces strong, artificial rip currents that intercept |ongshore
transport and shunt the sand of fshore into deeper water (Figure 9-
14). The sand is deposited in the notch caused by the 10-fat hom
terrace cut during | ower seal evel about 9 to 10 t housand years ago,
as shown by the profiles in Figure 9-15. The terrace slopes are
locally steeper than the equilibrium profile of the beach,
preventing the onshore transport of sand by subsequent wave acti on.
Waves and currents acting over the steepened profile induce a
contour-parallel transport. The presence of this accretion band
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Figure 9-14. Formation of a surging breaker zone and strong rip current that

transports sediment offshore at Oceanside Harbor (from Inman & Jenkins, 1983; 1985).
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was noted by Dol an, et al. (1987), who cal culated a volune of 3.4
mllion cubic neters (4.4 x 10° yd®) for the 12 km (7.5 m) section
of coast extending fromnorth of Cceansi de Harbor to Agua Hedi onda
Lagoon (Figure 9-15a).

Using the profiles in Figure 9-15, the volunme of accretion
along the 10-fathomterrace is estimted to be 5.6 mllion n? (7.3
x 10° yd®). An additional 1.3 million m® (1.7 x 10° yd®) of sand has
accreted around the harbor. During the 14 year period between the
extension of the north breakwater in 1958 and the 1971/ 72 surveys,
therefore, atotal of roughly 7 million nf (9 x 10° yd® of sand may
have been diverted fromthe littoral transport path. This volune
corresponds to the 7 mllion n¥ of erosion along Cceanside's
downcoast beaches between 1958 and 1972 conputed by I nnman & Jenki ns
(1983) .

| nspection of Figure 9-4 and Table 9-5 shows t hat deposition of
mat eri al along the 10-fathomnotch is far nore extensive along the
Cceanside cell than that shown locally in Figure 9-15a. Thi s
observation rai ses the question of the inportance of |ocal seaward
defl ection of sedinment by the harbor relative to nbre genera
downwel i ng events along the coast. That is, what percentage of
t he deposition shown in Figure 9-15 is related to the harbor and
what percentage is the result of natural downwel|ing? Analyses by
Dol an, et al. (1987: CCSTWS 87-4) indicate that the harbor is a
maj or contri butor whereas Everts (1990: CCSTWS 90-2) attributed the
phenonenon to natural downwelling processes. Resolution of this
problemis essential to understanding the beaches downcoast of the
har bor. The budget analysis in Section 9.6 suggests that the facts
lie somewhere between the two extrenes.

9.4.3 Conparison of Profile Change, Shelf Accretion and Erosi on of
Bl uf f | ands

A review of the beach profiles in the San D ego Regi on yi el ded
23 that extend back to 1972 or earlier; these are designated as
"historical" profiles. O these, 19 have four or nore surveys that
extend to depths of 13 m (43 ft) below MSL: 14 in the Cceansi de,
3 in the Mssion Bay, and 2 in the Silver Strand Littoral Cells
(Tabl e 9-9).

Ei ght ranges in the Qceanside cell extending to depths of 13 m
(43 ft) MSL were found to bracket critical events such as the My
1981 beach nouri shnment programat Cceansi de and the cluster storns
of 1982/83 (Table 9-10). Two are within 1.5 km (1 m) of the
center of Cceanside Harbor; three are 3.7 to 6.7 km (2 to 4 m)
north of the harbor and represent undi sturbed open coast effects;
and three are 2.1 to0 5.8 km(1.5t0 3.5 m) south of the harbor and
show the effects of sand trapping by the harbor, as well as beach
nouri shnent.
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Total vol une changes can differ significantly between profiles
when they are sumred to depths of 13 m (43 ft), in contrast to
depths of 10 m (33 ft) MSL. Table 9-10 shows that the additional
3 m (10 ft) depth magnifies the vol une change by a factor of five
along the three northern profiles. For exanple, the average change
for the cluster stormyear of 1982/83 is -165 n¥/ mwhen conputed to
a depth of 10 m and -860 n¥/ m when conputed to a depth of 13 m
These storns produced deepening of 1.2 m(4 ft) at depths between
10 mand 13 m (33 and 43 ft). As shown in Figure 9-10, the depth
increase occurred after the survey of June 1982 and persisted
t hrough the | ast deep survey of Septenber 1987. Inspection of the
profiles shows that the deepening continues beyond the seaward
l[imt of the profiles, indicating that the total volune change is
probably much larger than that calculated to the 13 m (43 ft)
dept h.

The average profile change of -860 ni/m for 1982/83 cluster
storms can be conpared with the yield of coarse sedinent from
coastal blufflands erosion of 12 n¥/ myr (Table 9-6) and the
accretion rate on the shelf off Canp Pendl eton of 13 n¥/ myr (Table
9-5). The bluff erosion rate and the shelf accretion rate nearly
bal ance. But the profile changes during cluster storm years are
equi val ent to about 70 years of "normal" bluff erosion and shelf
deposi tion.

It is of interest to note that the historic shelf deposition
rate between depths of 0 and 37 m (0-120 ft) (Table 9-5) and the
yield fromthe coastal blufflands (Table 9-6) are both an order of
magni tude greater than the rate of deposition on the continental
shel f during the Hol ocene (Table 9-4). This difference may be due
to the fact that the narrow shelf off Cceanside is basically a
wave- cut phenonmenon with nost deposition occurring in depressions
related to notches fromformer seacliffs, streamvalleys cut across
the shelf, and faults on the shelf. Qher than these deposits,
material found on the shelf is probably in transit, either
| ongshore to submari ne canyons or of fshore beyond t he shelf break.
Note that the Cceanside shelf steepens to about 2% in the depth
range of 50 to 80 m (165 to 265 ft). Al so, conpaction wll
eventually reduce the fine sedinents to only a fraction of their
original vol une.

9.5 MXDEL FOR THE BUDGET OF SEDI MENT

A shoreline nodel based on the continuity relations foll ow ng
| nman & Dol an (1989) is described in this Section and applied in
Sections 9.6 through 9.8 to coastal processes within the three
littoral cells of the San Diego Region. In Chapter 7, an iterated
(tinme-stepped) nodel was enployed to derive detailed shoreline
changes along small control cells. Inthis Section, the integrated
nodel will provide an overview of littoral sedinent budgets for
subcells defined by natural or artificial boundaries within the
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three main cells of the San D ego Region. Their budgets of
sedi rent and associ ated shoreline changes provide a test of our
under st andi ng of processes and their quantitative effects on the
coast.

The integrated form of the continuity relation for the
vol une-flux of sedinment in a control cell is

oviot = zQ + =Q (9-1)

where dV/ot is the volunme change in a cell of length ¢ and Q and Q
are the onshore and | ongshore conponents of volunme fluxes into (+)
and out of (-) the cell (Figure 9-16).

It follows fromequation (9-1) that there will be a change in
the volunme of sedinent in the control cell when the summation of
t he budget does not equal zero (oV/iot # 0). Beaches al ong sandy
coasts attain energy profiles that are in equilibrium with the
waves that form them For the prevailing wave conditions, any
change in the shape of the profile will result in a change in the
position of the shoreline. The shoreline position then varies with
ti me and season. Averaged over a | onger period such as a nunber of
years, the seasonal profile changes result in no net gain or |oss
of sand to the beach. The shoreline novenent oX/ot is included in
the continuity nodel by introducing a flux-surface at the shoreline
that noves to conpensate for the net gain or loss of volune
resulting fromthe di vergence of the volune transports through the
cell. The shoreline flux-surface will have | ongshore |l ength ( and
vertical height Z equal to that defined for the fixed-form
transl ational profile that is assuned to nove a hori zontal distance
equal to the shoreline change. Using the sign convention
illustrated in Figure 9-16 and Table 9-11, the volunme-flux Q
through this flux-surface that results in shoreline change oX/ ot
will be given by

oXlot - Z-10=0Q (9-2)
where Z = q’ is the volune-equivalent factor (n¥ nt) defined in
Chapter 5 (equation 5-2). For a translational type, fixed-form

profile, Z is identically equal to the vertical height of the
flux-surface (i.e., the "closure height") and Z = h, + ¢ where h,
is the closure depth and c is the berm hei ght above MSL

Note that the direction in which the sedinent nmass noves
relative to the noving flux-surface determnes the sign of Q. Q
is positive for shoreline erosion (9X/dt positive) and negative
for shoreline accretion (JdX/dt negative), in agreement wth
equation (9-2) and Figure 9-16. Q is one of the x-conponents of
t he budget; its sign (subscript ;or , in Figure 9-16) depends upon
the sign of oX/ot. Wen all factors relating to volunme change in
the control cell are summed, except Q, then
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Tabl e 9-11
BUDGET SYMBCOLS

Vari abl es

g = volune transport rate of sandy material, nm¥/ myr (yd¥yd-yr)

Z = q' = height of the shoreline flux-surfacenén) and vol ume-
equi val ent factor for shoreline change, / m (yd3 yd)

Q =49 -(=total sand transport rate into or out of cell,

%ﬁ/yr (yd3 yr)

| ength of control cel

0

Gener al Subscripts

I = flux into cell (+)

2 = flux out of cell (-)

a = artificial nourishnment, bypassing, dredging, etc. (+/-)

b = blufflands erosion (+); includes sea cliff, gullies,
coastal terrace, slunps, etc. as distinct fromrivers

f = shoreline flux-volunme into control cell (+) by shoreline
erosi on, or deposition of material out of cell (-) by
shoreline accretion, in accordance with novenent of
shoreline flux-surface, oX/ot - Z - ( = Q

I = inlet material, i.e., carried in or out by inlet flow
(+/-)

0 = longshore transport of sand in and near the surfzone,
versus n

n = nearshore transport along the coast, outside the surfzone

o = on/offshore transport at the base of the shorerise (+/-)

ow = overwash (-)

r = river yield to the coast (+)

s = lost into submarine canyons (-)

w = w ndbl own sand (-)

Har bor Effects Subscripts

ab = artificial bypassing (+)

at = bypass material retrapped (-)

(d = longshore deflected to deep water (-)
it = longshore trapped in harbor (-)

nd = nearshore deflected to deep water (-)
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oviot = oV'/ot + Q

where dV'/ot is the volume sum neglecting the effects of shoreline
change. For the condition of a balanced budget of sedinent
ov/iot = 0, and

Q = - aV/at (9-3)

Revi ew of historical profiles in the preceding section shows
that the beaches in the Cceanside Littoral Cell are markedly
reduced in volume during the episodic occurrences of high
total -energy storns. Between these events, the beaches gradually
recover in total vol une. Consequently, there is no neaningfu
cl osure height Z (equation 9-2) that pertains to beach changes for
t hese episodic stormperiods. W only have neani ngful neasures of
Z for periods of normal seasonal beach changes (conpare Figures
9-12 and 9-13). Therefore, it is useful to select tinme intervals
for our nodel that exclude these episodic events and conpare the
observed shoreline changes with the nodel changes obtained from
equations 9-2 and 9-3.

The foll owi ng paragraphs di scuss a nunber of other Iimtations
and speci al assunptions which nust be considered in the application
of the nodel to real shorelines. These include determning
meani ngf ul depths of closure, the problens related to changes in
seal evel , and eval uation of the | ongshore transport of sand on the
shorerise outside of the surfzone.

Cl osure Height. The shoreline change nodel (Figure 9-16;
equation 9-2) requires that the beach profile be represented by
sonme nmean profile of translation that is highly correlated with the
net volunme change in the control cell Q and the height of the
flux-surface Z, here referred to as the closure height. Thi s
requi renent neans that "seasonal" crosshore beach changes nust be
contained within the shorezone above a constant depth of closure h,
at the toe of the shorerise. The condition of profile closure is
the only condition under which the height of the flux-surface Zis
identically equal to the vol une-equivalent factor q (refer to the
di scussion in Section 5.2.2). It is apparent from the study of
historical profiles (Section 9.4) that in general, there is no
| ong-termcl osure depth (Figure 9-13), although there are peri ods,
usually less than a decade, between high total -energy wave events
when the depth of closure remains nearly constant (Figure 9-12).
Interpretation of the budget is thus strongly dependent upon the
presence or absence of these high total-energy events. To cope
w th these episodic events, it is convenient to bal ance the budget
within tinme periods dom nated by a single type of wave climate.

Seal evel Rise. As the control cell for evaluating the budget
of sedinent is considered to include the translational beach
profile, the redistribution of sedinent associated with seal evel
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rise is assunmed to occur entirely within the volune of the "box"
that constitutes the control cell (see Inman & Dol an, 1989).
Because the anmount of the redistribution due to seal evel change is
small and the rate is gradual and extends through the tines of
seasonal changes i n beach profile, theredistributionis integrated
into the neasured profile changes. Consequently, as discussed in
Section 5.2.2, the change in shoreline Ax, resulting fromseal evel
rise Az does not contribute to the volunme-flux Q into or out of
the cell, but nust be subtracted fromany neasured shorel i ne change
which includes adjustnments due to sealevel rise and other
processes. Another way of viewing this is to consider that the
entire box constituting the cell noves onshore a distance Ax, in a
Lagrangi an frane of reference as discussed in I nman & Dol an (1989,
p. 231-232). From Table 5-1, the shoreline recession Ax at Torrey
Pi nes Beach is about 9 cmiyr (0.3 ft/yr) assum ng a seal evel rise
of 0.2 cmyr (0.0065 ft/yr). Accordingly, the shoreline change
oX/ ot applicable to the volume-flux Q in equation (9-2) is the
nmeasured value mnus 9 cmiyr (0.2 ft/yr).

Longshore Sand Transport. Longshore transport of sand is
transport within the surfzone, usually assuned to take place over
the crosshore di stance between the hi ghest breaking wave and the
maxi mum runup on the beach face. This transport has been nuch
studied and relations for predicting it are well known (refer to
Section 5.3). This notion is usually thought to be the predom nant
nmode of | ongshore transport because | ongshore currents are strong
and nost energy of the advancing wave is released into surfzone
waters. Here, the estimated rate of |ongshore sand transport in
the surfzone is designated by Q.

However, sand well outside the surfzone is al so noved by waves
and currents, but the relative inportance of |ongshore sand
transport on the shorerise (Figure 9-9) has not received sufficient
study to place it in qualitative or quantitative perspective. The
study of historical beach profiles with the abundant evi dence of
extensive notion to depths in excess of 15 m(50 ft) enphasi zes the
i nportance of crosshore transport, and by inplication that of
| ongshore transport of sand on the shorerise portions of the
shorezone. It is observed that nuch of the crosshore transport on
the shorerise is associated with | ongshore conponents of notion due
to obliquely approachi ng waves and coastal currents. Calcul ations
of the |l ongshore conponent of notion on the shorerise (Inman &
Masters, n.d.) suggest that |ongshore transport of sand al ong the
shorerise is at least 10% and perhaps 20% of that in the
surfzone. Accordingly, inthis study we assune that the | ongshore
sand transport on the shorerise, Q, is 10% of the estinmted

transport in the surfzone, i.e., Q = 0.1 Q.
Interpretation of the Mbdel. Rigorous interpretation of the
nodel requires that all of the driving forces and sedinent
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responses be obtained in a neaningful way, averaged over the sane
time intervals, and that the variance of the data set is small
conpared to the nean. Further, it is assuned that the sedinent
responses to forcing by elenments in the regional climte and the
i ncident wave climate are direct and wi t hout significant phase | ag.
In practice, these requirenents and assunptions are rarely net.

Many investigators use the sedinment budget to solve for an
unknown budget contribution such as the |ongshore transport of
sand. This procedure requires that estimates of all other factors
be accurate. Such an enforced bal ance of the budget nmay overl ook
i nportant di screpanci es which serve as signals for problens in our
under st andi ng of the underlying physical processes. The real val ue
of the budget procedure is to enter best estimates of all itenms and
then learn from the discrepancies. In what follows, the best
estimates of factors contributing to the budget are entered w t hout
constraints except for the shoreline-change flux Q which is
eval uat ed separately because of the uncertainty in the value of the
cl osure height Z, as discussed above. Thus the budget is used here
as an informative tool and gui de.

9.6 OCEANSI DE LI TTORAL CELL

The Cceanside Littoral Cell extends for 90 km (56 m ) from Dana
Point to Point La Jolla (Figure 9-1). The coast consists of
relatively narrow, sem -continuous sandy beaches backed by wave- cut
seacliffs. Sone of the seacliffs are over 90 m (300 ft) high, as
along Torrey Pines State Reserve, and present sonme of the nost
spect acul ar seascapes in the world.

The cell includes two harbors for small craft, Dana Point
Har bor and Cceansi de Har bor. Dana Point Harbor, |ocated at the
northern end of the littoral cell, is essentially free of siltation
probl enms. Cceanside Harbor is in the center of the "river of sand”
for thelittoral cell, and as a consequence, it is a major trap for
littoral sand.

The cell is divided into three subcells based on natural
physi ographic units: (1) Dana Point to San Mateo Point, (2) San
Mateo Point to Carlsbad Submarine Canyon, and (3) Carlsbad
Submarine Canyon to Point La Jolla (Figure 9-17). The north
subcel |l is dom nated by the | owl ands adj acent to San Juan Creek and
San Mateo Creek and receives less contribution from bluffland
erosion than the southern two subcells. The central and south
subcells are separated by the Carlsbad Submarine Canyon, with a
wi der continental shelf to the north and narrower to the south. The
presence of Oceansi de Harbor di srupts the budget in conpl ex ways by
bot h i npoundi ng materi al and defl ecting materi al seaward beyond t he
shor ezone. Carl sbad Subnmarine Canyon is a possible sink for
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sedi nents transported al ong the shel f beyond the shorezone (Figure
9-4). The southern subcell is term nated by Scripps and La Jolla
Submari ne Canyons, which act as a sink and create a total barrier
to further |longshore transport sout hward.

The anal ysis of the budget of sedinent for this cell has been
carried out for three tine periods: (1) the period fromabout 1900
to 1938 (Table 9-12), (2) a mld, uniformweather period from21960
to 1978 (Table 9-13), and (3) a period of nore variable wave
climate covered by the CCSTW5 studies from 1983 to 1990 (Table
9-15). The "natural"™ budget permts an uncluttered | ook at the
cell as it predates construction of dams and Cceansi de Har bor,
al though it necessarily draws on sonme findings froml ater studies.
The mld, uniformperiod from1960 to 1978 is selected to eval uate
the effects of Cceanside Harbor at a tinme when the wave climte was
consistent from year to year and |less variable than the present
wave clinmate. The | ast period of nore variable climte (1983-1990)
enphasi zes the change in wave climte from one that gave a
consi stent, strong southerly littoral transport to one that gives
a nore variable transport with a net northerly conponent in sone
years.

9.6.1 Analysis of the Budget of Sedinent

Several general assunptions are made in arriving at the budget
of sedi ment:

(1) We enploy the 10% approxi mation rule and round off vol une
estinmates fromb5, 000 to 100,000 to the nearest 5,000 and esti mates
over 100,000 to the nearest 10, 000.

(2) Based on the analyses of Inman & Masters (n.d.), it is
assuned that a longshore transport of sand Q occurs outside the
surfzone in an anount equal to 10% of the surfzone |ongshore
transport Q(see Section 9.5).

(3) Wien ot her budget quantities bal ance, seal evel rise of 0.2
cm(0.0065 ft) per year is equivalent to a real shoreline recession
AX, of 9 ¢cm (0.3 ft) per year, which in accordance with Bruun's
rul e does not add to the flux of sedinent in the control cell (see
Section 9.5).

(4) The budget is first sumred without the contribution from
the shoreline flux-volume Q because of uncertainty in the flux-
surface height (or closure height) Z. Then, the estimated shoreline
change oX/ot is conputed fromequations 9.2 and 9.3, using a val ue
of Z =14 m (45 ft). This value of Z is applicable to the usua
seasonal changes that ©prevail during periods between high
total -energy events (i.e., Figure 9-12). It is used here only for
conparing the different budgets. Wen corrected for seal evel rise
AX,, OX/ ot can be conpared with neasurenents of shoreline change
over the period of observation.
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(5) The budget is considered to bal ance when the shoreline
change rate oX/ot, conputed fromthe volune-flux Q = -dV/dt, is
less than 3 cmyr (0.1 ft/yr).

Nat ural Conditions circa 1900-1938

The budget for the three subcells under natural conditions is
shown in Table 9-12. It is assuned that there is no |ongshore
transport into the north subcell (Q; = 0), whereas the |ongshore
transport out of the north subcell Q, is assunmed to be 2/3 of the
| ongshore transport rate determned for the uniform period at
Cceansi de of 190, 000 cubic neters per year (254,000 yd¥yr). This
estimate of the |ongshore transport is based on the relation
between transports at Oceansi de, San Onofre and San C enente as
shown in Figure 9-8. In addition, the budget assunes that thereis
a coastal |longshore transport Q, outside of the surfzone, in
accordance wth the known seasonal and | ongshore transport on the
shorerise. As discussed in (2) above, this transport is assuned to
be 10% of the |ongshore transport Q.

The yield fromthe coastal blufflands into the north subcell is
assunmed to be %% the rate nmeasured at San Onofre State Park. The
of fshore transport onto the shelf due to downwelling Q is assuned
to be that determ ned fromconpari son of the hydrographic charts of
1934 and 1971/72 as listed in Table 9-5. The yield fromthe San
Juan and San Mateo Creeks (Q) is listed in Table 9-7. The data
sources for the sedinment contributions and | osses in each subcel
are referenced in footnotes to each table.

These first order calculations indicate that the inputs and
outputs are essentially in balance. The results suggest that the
estimates were reasonable and that there was little net change in
position of the shoreline during this period. The | argest
di fference between input and output occurs in the central subcel
for which a positive value of 125,000 cubic neters (165,000 yd?®
per year is calcul ated. When entered into equation (9-2) for
shorel i ne change, and using a flux-surface height Z =14 m(45 ft),
the value of oJX/ot indicates a net shoreline accretion for all
t hree subcel | s.

The inplied net shoreline accretion (Table 9-12) of 3, 23 and
18 cmyr (0.1, 0.8 and 0.6 ft/yr) for the three subcells appear to
fall withinthe limts of accuracy. However, assum ng ot her budget
guantities balance, sealevel rise would result in a shoreline
recession of 9 cm (0.3 ft) per year. This inplies that the
sedinment input to the cells, in the presence of a known seal eve
rise and its associated potential for shoreline recession, was
equi val ent to a shoreline accretion of aX/dt plus Ax, of 12, 32 and
27 cm (0.4, 1.1 and 0.9 ft) per year. Over a decade or two, this
woul d provide a significant w dening of the beaches, a situation
that apparently did not occur for this period except at river
mout hs followi ng floods. This "natural" bal ance suggests that the
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TABLE 9-12
OCEANS| DE LI TTORAL CELL
NATURAL PRE- DAM CONDI TI ONS 1900- 1938
SEDI MENT BUDGET I N 103 n¥/ yr

Subcel |
Nor t h Centr al Sout h
0 = 14 km 0 = 38 km 0 = 32 km
| nput Qut put | nput Qut put | nput CQut put
Q2 0 130 130 190 190 0
QP 0 15 15 20 20 0
Q 130 45 400 490 150 180
Q 0 0 0 0 0 0
Q. 65 0 210 0 50 220
Tot al +195 -190 +755 -700 +410 -400
| | || | [ |

Net (oV/ot) +5 +55 +10
oX/ot (myr)e® 0. 03 0.10 0.02

accretion accretion accretion

& FromIlnman & Jenkins (1983) (see Chapter 6), north subcell
2/ 3 Cceanside (Figure 9-8).

b Assunmed to be 10% of Q.

¢ Q: (north) assuned to be Y2the rate neasured for San Onofre
(Table 9-6); Q, = 9 n¥/—yr) x 14 km
Q: (central) assuned to be average of San Onofre and Canp
Pendl eton (Table 9-6); Q, = 15 n¥/ (—yr) x 38 km
Q: (south) assuned to be Torrey Pines Park (Table 9-6);
Q=7 n¥/(—~yr) x 32 km
Q. from Table 9-5; assum ng downwelling rates of 3.2, 13 and
5.5 n¥/ (—yr), respectively.
¢ Q, fromTable 9-7; increased yield for Central subcell due
to flood of 1916.
Q. fromlInman & Jenkins (1983), plus Q.

¢ Fromequations 9-2 and 9-3 for Z =14 m This relation does

not include the estimated 9 cm yr shoreline recession
associ ated with seal evel rise.
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yield of bluffland and/or river sedinent is overestinmated. In view
of the wuncertainty in datum in conparing the 1889 and 1968
bl uf fl and surveys, the yield of bluffland material seens to be the
suspi cious quantity. Accordingly, in the follow ng budget
analysis, the estimates of the yield of bluffland material is
reduced to 70%of that listed in Table 9-6 and shown i n Tabl e 9-12.

MId, Uniform Northwesterly Wave Cimate circa 1960-1978

This period of wuniform wave clinmte was also one of
unprecedented coastal developnent along the Cceanside Littoral
Cell. The period sawthe rapid urbanizati on of coastal bl uffl ands,
t he devel opnent of two harbors (Cceanside and Dana Point), two
coastal power plants (Encinas at Agua Hedi onda Lagoon and the San
Onofre Nuclear Power Plant), and the construction of nunerous
groins, jetties, seawalls and cliff-edge residences. Wil e the
yield of sedinent from streans decreased due to construction of
dans on rivers, large volunes of sand were excavated from the
coastal blufflands and |agoons and placed on the beach
Ur bani zati on has i ncreased the yield of sedi nent by runoff fromthe
coastal bluffland (State Coastal Conservancy, 1989), al though there
are no quantitative estimtes of this increase (Kuhn, et al., 1987:
CCSTWS 87-2).

Beach nourishnment, bypassing, and sand entrapnent behind
structures conplicate analysis of the budget by introducing nmany
"credits" and "deficits" that vary intinme and place. |n addition,
there is always a tinme and distance |lag associated with the
downcoast propagating accretion and erosion waves caused by the
rel ease and entrapnment of littoral material. The residence tine
for these waves to traverse a given subcell was estimted from
| nman (1987) and used in establishing the budget in Table 9-13
(e.g., footnote c).

The har bor excavati on and bypass procedures at Cceansi de Har bor
present the single nost conplex problemin interpreting the budget
for this period. Accordingly, it is treated in greater detai
bel ow. The I ongshore transport rate Q is that fromthe detail ed
eval uation of Inman & Jenkins (1983), and the |ongshore transport
outside the surfzone Q,is taken as 0.1 Q in accordance w th budget
anal ysi s assunption (2). The yield of sedinment fromthe bl uffl ands
Q is fromTable 9-6, but it is reduced to 70% of the value in the
previ ous budget (Table 9-12) as this estimte appears too high
under natural conditions. The river contributions Q are from
Tabl e 9-7, using the present post-dam stream conditions. Further
details for the budget quantities are given in the footnotes to
Tabl e 9-13.

The effects of COceansi de Harbor are shown in the | ower portion
of Table 9-13 and the types of transport and their paths in Figure

9-57



Qa
Q1a
Q.o
Qﬂc
Q.
Tot al

Net (dV'/at)
oXlot (nmlyr)e®

Har bor

Qa

Q1a
Qd'
Q'
Q.
Qo at
Subt ot al
Q.°
Qﬂc

Q d
Tot al

Ef fects

Net (dV'/ot)
oXlot (nmlyr)e®

TABLE 9

-13

OCEANS| DE LI TTORAL CELL
UNI FORM NW WAVE CLI MATE Cl RCA 1960- 1978
SEDI MENT BUDGET I N 103 n¥#/ yr

Subcel |
Nor t h San Mateo Pt Sout h
t o Har bor
14 km 27 km 32 km
| nput Qut put | nput Qut put | nput  CQut put
0 130 130 190 190 0
0 15 15 20 20 0
90 45 280 350 150 180
90 0 50 0 75 0
45 0 20 0 5 220
+225 -190 - 495 -560 +440 -400
| | |
| | |
+35 - 65 +40
0.18 0.17 0. 09
accretion er osi on accretion

Har bor to Carl sbad

Submari ne Canyon

(harbor effects)

11 km
190 190
20 20
0 40
0 150
0 20
230 80
+440 -500
120 140
75 0
30 0
+665 - 640
| |
+55
0.16
Accretion
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TABLE 9- 13 ( CONTI NUED)
FOOTNOTES

Q, Q, sane as Table 9-12

Q 70%that in Table 9-12 in accordance with findings from
“natural” budget (see |ast paragraph of text).
Q sane as Table 9-12.

Q. (north 1.8 x 10° n? nourishment at Capi strano Beach 1964
1970 averaged over 20 yr = 90 x 10% n?¥/yr (Chapter 6).

Q. (central, north 27 km) 1.0 x 10° n? excavated from bl uff
at San Onofre Power Plant 1964-Dec 1984, averaged over
20 yr = 50 x 10 n¥/yr (Flick & Wanetick, 1989).

Q. (central, south 11 km 1.1 x 10° n? excavated from
Cceansi de Harbor basin 1962/ 63 averaged over
15 yr = 75 x 10% n¥/yr (Table 9-14).

Q. (south) 3.1 x 10° n? excavated from Agua Hedi onda Lagoon
in 1954, assuming residence tinme in subcell 16 yr (Innman,
1987), providing Y2total averaged over 20 yr from 1960-1979,
equal s 75 x 10% n¥/ yr.

Q, fromTable 9-7; Q, is sumof the canyon head | oss (Il nman
& Jenkins, 1983) and the | ongshore transport along the
shorerise, Q.

Q. fromlInman & Jenkins (1983), plus Q.

From equations 9-2 and 9-3, for Z =14 m This relation
does not include the estinmated 9 cm yr shoreline recession
associ ated with seal evel rise.

Har bor effects shown in Figure 9-17 and described in text.
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9-17 and Table 9-11. The harbor effects include deflection of the
| ongshore currents Qg and Qg and harbor trapping Q; as well as the
artificial bypassing Qp, and the estinmated quantity of bypassed
material retrapped in the harbor Q. These harbor effects and
their transport paths are discussed and evaluated in Inman &
Jenkins (1983).

Not e that the harbor effect is obtained by dividing the central
subcell into two portions at the harbor and including the harbor
effects as an internal subtotal of the southern 11 km(7 m) of the
subcel | extending from the harbor to Carl sbad Submarine Canyon
Tabl e 9-14 shows that the rate of dredging material fromthe harbor
and bypassing to the downcoast beaches fromthe harbor enl argenent
between 1960 and circa 1980 was about 230,000 n¥yr (300,000
yd¥ yr). This value is entered as Q, in Table 9-13. The input to
t he harbor conplex fromupcoast is Q; and Q, or an estimted total
of 210,000 n¥yr (275,000 yd3yr). The output from the harbor
conplex is the bypass rate Q, m nus that portion of the bypass that
is retrapped in the harbor Q; or a total of 150,000 n¥/ yr (200, 000
yd® yr). Therefore this tabulation indicates that the harbor has
caused a net | oss of about 60,000 n¥/ yr (80,000 yd® yr) during this
peri od.

Table 9-13 provides a nore detailed analysis of elenents
contributing to the harbor effect, but note that the al gebraic sum
of the internal subtotal is also -60,000 n?/yr (-80,000 yd%yr).
This net |oss of sand associated with the harbor appears to be in
agreenent with the extensive shorezone erosi on downcoast fromthe
harbor during this period. The erosion was partially repaired by
a dry haul of 700,000 nt (920,000 yd® fromthe San Luis Rey River
bed whi ch was placed on the beaches between Novenber 1981 and My
1982 (Table 9-14).

The only beaches that underwent serious erosion during this
time period were Capi strano Beach and Cceansi de Beach south of the
har bor. Both of these beaches received | arge anmounts of artificial
nouri shnent. El sewhere the beaches generally w dened during this
peri od, except Torrey Pines Beach which eroded as the erosion wave
from the harbor propagated downcoast, and then w dened foll ow ng
the arrivals of the accretion waves.

Inviewof the relatively high rates of artificial nourishnent,
it is surprising that the beach accretion was not greater. The
artificial nourishnment for the north, central, and south subcells
was sufficient, using a flux-surface height Z = 14 m (45 ft), to
wi den the beaches at a rate of 0.5, 0.2, and 0.2 myr (1.5, 0.6,
and 0.6 ft/yr), respectively, yet this did not happen.

I nspection of the budget for the central subcell inplies slight
erosion north of the harbor and accretion south of the
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T9-6

SUMVARY OF QUANTI TI ES OF DREDGED MATERI AL

TABLE 9-14

FOR OCEANSI DE HARBOR AND BEACH

Starting Conpl eti on Appr ox. Dredge Cum Beach
Dat e Dat e Di sposal Area Quantity, yd? Nour. (10°yd3®
May 1942 Aug 1944 Inland fill 1500000 0
Apr 1945 Jun 1945 Inland fill 219000 0
Apr 1957 May 1958 6" to 9" St. 800000 0.8
Aug 1960 Aug 1960 6" to 9" St. 17500
Sep 1960 Cct 1960 6" to 9" St. 23700 0.84
Jan 1961 May 1961 6" to 9" St. 222350
Aug 1961 Dec 1961 6" to 9" St. 258800 1.32
Mar 1962 Feb® oth St. to Loma Alta Creek 3810700 5.13
Aug 1965 Aug 1965 oth to 3¢ St. 111400 5.24
Mar 1966 Apr 1966 39 St. to Mnnesota Ave. 684000 5.93
Jul 1967 Jul 1967 39 to Tyson St. 177900 6. 11
Mar 1968 Jun 1968 San Luis Rey to Wsconsin Ave. 433900 6. 54
Jul 1969 Sep 1969 San Luis Rey to 3'¢ St. 353000 6. 89
Apr 1971 Jul 1971 39 St. to Wsconsin Ave. 551900 7.44
Jun 1973 Jul 1973 Tyson to Hays St. 434100 7.88
Cct 1974 Jan 1975 Pine to Wtherby St. 559750 8. 44
May 1976 Jul 1976 Ash to Wtherby St. 550000 8.99
Aug 1977 Feb 1978 Ash to Wtherby St. 318550 9.31
Feb 1981 Jun 1981b 379 St. to Buccaneer 463000 9.77
Nov 1981 May 1982 Cceansi de Beaches 920000 10.69
SUBTOTAL in cubic yards 12409550 10. 69
SUBTOTAL in cubic neters 9493000 8.18
1984 1984 Cceansi de Beaches 475000 11.17
1986 1986 Cceansi de Beaches 450000 11.62
1988 1988 Cceansi de Beaches 220000 11.84
TOTAL in cubic yards 13554550 11.84
TOTAL in cubic neters 10638000 9.1

8 1.1 x 10% n? (1.4 x 10% yd3®) new excavation from harbor basin,

entrapnent by 1942-1958 construction
b Dry haul from San Luis Rey River 705,000 nf.

Sour ce:

I nman & Jenkins (1983) and USACE LAD,

i n- house records.

1.8 x 10% n? (2.4 x 10% yd3) fromlittora



har bor. Actually, observation of beach changes (Chapter 3) suggest
just the opposite. This may nean that the budget underestinates
the effect of the harbor. Perhaps the downwelling Q, north of the
harbor is |less than esti mated, whereas deflection at the harbor is
greater than estimted. These considerations enphasize the need
for a nore extensive study of the harbor effect.

Vari able Westerly Wave Cimte of 1983-1990

The relatively m|d and seasonably predictable wave clinate of
the "uni formepoch” of 1945-1978 was term nated by a period of nore
vari able and at tinmes far nore i ntense wind and wave events of the
w nters of 1979/80 and 1982/83. The latter was particularly severe
wWith repeated series of cluster storns. These cluster storns
produced extensive erosion of the shorezone with downwel ling of
sedinent across the gentle toe of the shorerise and onto the
st eeper slopes of the 10-fathomterrace, where it renmains lost to
t he shorezone sedi nentation cycle.

The three beach profiles north of Oceansi de  Har bor
(PN1180- 1280, Table 9-10) indicate that the average |oss of
sedi nent fromthe shorezone to a depth of 13 m MsSL was 860 n¥ per
neter of shoreline (1030 yd3 yd of shoreline). The beaches south
of the harbor had just received 704, 000 n? (920,000 yd®) of sand in
May 1982, dry hauled fromthe San Luis Rey R ver bed (Table 9-14).
This material was renoved fromnear the surfzone by the storns and
deposited along the shorerise and in deeper water.

The period followng the cluster storm epoch of 1982/83 has
been unusually variable and dry. Further, the wave clinmte has
changed. Much nore energy cones from the south, in sone cases
reversing the usual net southerly |longshore transport into a net
northerly conponent (Figure 9-8). These conditions suggest, on
average, that the net southerly conponent of | ongshore transport Q
is only about one-quarter of its former value. Further, analysis
of profiles shows that nobst sand novenent on the beach is of the
seasonal type with closure depth h. extending to about 10 m (33 ft)
MSL, as opposed to depths in excess of 13 m (43 ft) MSL for the
previ ous periods which included high total-energy events. Thi s
suggests that little material has been | ost of fshore by downwel | i ng
(Q. = 0). Therefore, although input from coastal blufflands may
be | ess due to the drought (say one-half of the forner value), the
net bal ance for this short period is one of accretion.

Estimates for the budget of sedinent for the 1983-1990 period
of variable, but dry weather are shown in Table 9-15. Criteria in
arriving at the estimates are listed in the footnotes and di scussed
above. Al subcells show shoreline accretion associated with the
repl eni shnment of sand in the shorezone followng the high
total -energy stornms of 1982/83. Even though the yield of sedinent
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Qa
Q]a
Q.o
Qﬂc
Q.
Tot al

Net (dV'/at)
oX/ot (myr)e®

Har bor

Qa

Q1a
Qd'
Q'
Q.
Qo at
Subt ot al
Q.o°
QC

Q d
Tot al

Ef fects

(har bor

Net (dV'/ot)
oXlot (nmlyr)e®

TABLE 9-15
OCEANSI DE LI TTORAL CELL
VARI ABLE W WAVE CL| MATE CI RCA 1983-1990
SEDI MENT BUDGET | N 10° n¥/ yr

Subcel |
San Mateo Pt
Nor t h t o Har bor Sout h
( = 14 km 0 = 27 km 0 = 32 km
[ nput Qutput Input Qutput |nput Qutput
0 35 35 50 50 0
0 5 5 5 5 0
45 0 140 0 75 0
0 0 25 0 0 0
0 0 0 0 0 55
45 -40 205 -55 130 -55
| | | |
| |
+5 +150 +75
0. 03 0. 40 0.17
accretion accretion accretion

ef fects)

Har bor to Carl sbad
Submari ne Canyon

11 km
50 50
5 5
0 10
0 40
0 5
125 85
180 -195
60 0
0 0
0 0
240 -195
| |
+45
0. 29
accretion

9-63



TABLE 9-15 ( CONTI NUED)
FOOTNOTES

Sout herly shift in wave direction reduces Q and Q, to 25% of
the 1960-1979 estimated val ue shown in Table 9-13 (refer to
Figure 9-8 and text).

Dr ought reduces Q, to 50% of the 1960-1979 rate in Table 9-
13. Qy is negligible due to absence of high total-energy
events.

San Onofre Decenber 1984 rel ease of 168 x 10% n? new source
material (Flick & Wanetick, 1989) averaged over
7 yr = 25 x 10% ¥/ yr.

Ri ver yield assuned negligible (Q, = 0); Q, assuned to be
equal to Q; + Q..

From equations 9-2 and 9-3, for Z =14 m This does not
include the estimated 9 cmyr shoreline recession associ at ed
with seal evel rise.

Qy, from Table 9-14, 876 x 10°® n? averaged over

7 yr = 125 x 10 n¥/yr. Harbor effects identified in Figure
9-17 and described in text.
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fromblufflands and rivers has decreased fromthe previous period
as shown in Table 9-13, downwelling was absent, and |ongshore
transport was consi derably reduced. The result is a net accretion
of the shorezone of the entire cell.

Accretion in the north subcell was slow, but all other subcells
showed substanti al recovery. Includingthe correction for seal evel
rise, the accretion rates in terns of shoreline advance were about
0.5, 0.4, and 0.3 m(1.6, 1.2, and 1.0 ft) per year for the central
subcell north and south of the harbor and the south subcell,
respectively. Al though the north subcell appears from these
figures to have recovered the least, it is likely that the
i ncreased northerly conponent of the | ongshore transport has noved
sone sand rel eased fromthe San Onofre nourishnment north into the
north subcell. This contention is supported by the nearly equa
north and south conponents of |ongshore transport shown in Figure
9-8 and by the observations of Flick & Wanetick (1989).

9.6.2 Predictions for the Future Condition of the Cel

The preceding analysis of the budget of sedinent for the
Cceanside Littoral Cell shows that the "health" of the beaches has
been closely related to the type of wave clinmate and t he degree of
human intervention. Epi sodic, high total-energy storm events
result in extensive denuding of the beaches and transport of
shorezone sand onto the steep shelf where it is lost to the beach.
The beaches are replenished with sand during prolonged periods
where mld wave climate is associated with influxes of sedinent
fromrivers and the erosion of blufflands. Beach replenishnent is
enhanced by a wave climate that reduces the net |ongshore
transport, a condition that prevailed from 1983 to 1990.

Human intervention has diverse effects on the beach.
Ur bani zation has resulted in seawal | s that take up beach space and
i ncrease beach erosion. Urbani zation al so has vastly i ncreased the
yield of sedinment from blufflands which nourishes the beaches.
This sedinment has becone an increasingly inportant source of
material as it replaces sedinent that is nowtrapped behi nd dans on
rivers. Har bor projects such as that at Oceanside seriously
interfere with the natural beach processes, often resulting in
severe downcoast erosion. On the other hand, "new source" materi al
from these projects has a mtigating effect when placed on the
beach as nouri shnent

Between 1954 and 1988, 20 mllion nm¥ (26 mllion yd® of
materi al was pl aced on the beaches of the Cceanside Littoral Cell,
and 8 million n? (12 million yd® of this nmaterial was "new source"
materi al excavated fromthe seacliffs and bl ufflands and dredged
from| agoon sedi ments of Hol ocene and ol der age. Consideration of
equation 9-2 shows that this "new source" beach nourishnent should
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have been sufficient to extend the mean shoreline of the entire 84
km (52 m) length of the cell a seaward distance of 7 m (25 ft),
assum ng a shoreline flux-surface height Z = 14 m = 45 ft. In
spite of this massive nourishnment project, thereislittle evidence
of it on the beaches of today. Sone of this material has been | ost
by harbor deflection; sone has been | ost down submari ne canyons;
and sonme has been lost to the deeper shelf by downwel Iing.

9.7 M SSION BAY LI TTORAL CELL

Thi s conpartnent extends al ong the coast for 22 km(14 m) from
Point La Jolla to Point Lona. It includes 5.8 km (3.6 m) of
pi cturesque pocket beaches along the La Jolla headland (Point La
Jolla subcell) and 9.7 km (6.0 m) of rocky cliffs al ong the Point
Loma headl and (Point Loma subcell). Seven km (4.4 m) of sandy
beach, extending from Fal se Point to Narragansett Street south of
the Municipal Pier at Ccean Beach, form the sand spits and sand
beaches of the M ssion Beach and Ocean Beach subcells.

The natural source of sedinent for the Mssion Bay Cell was the
San Diego River which flowed alternately to either side of the
Poi nt Loma headl and, sonetinmes into Mssion Bay (False Bay) and
sonetinmes into San Diego Bay (Brooks, et al., 1948). Duri ng
significant floods, the river flowed t hrough M ssion Bay depositing
some material in the ocean. There, ebb-tidal currents fromM ssion
Bay and ocean currents transported sone sand south al ong the rocky
coast of Point Loma. Under such conditions, sone material probably
"| eaked" around Point Loma and into the Silver Strand Littora
Cell. In 1876 the U.S. Arny Corps of Engineers built a dike that
permanently channeled the river flow into Mssion Bay. However,
the many dans on the San Diego River prevent it from being a
significant present-day source of sedinent (Table 9-7). The dans
on the San Diego River include those for Muirray Reservoir (1918),
El Capitan Reservoir (1935), and the Chet Harriet Reservoir (1962).

The nost significant structural nodification of the shoreline
occurred during 1948 to 1950 when three jetties for navigation and
river flood control were constructed at the entrance to M ssion
Bay. The south and mddle jetties were extended to their present
l ength in 1970. Between 1948 and 1984, dredging within the bay and
from the entrance channel has resulted in "new source" sand
nouri shnment for the beaches of M ssion Beach and Ccean Beach of a
total of 1,012,000 n?¥ (1,323,000 yd?).

Unfortunately, the beach profiles avail able for the M ssion Bay
Cell are not very informative. Bruun (1954) studied a series of
six ranges along M ssion Beach each neasured four tines during
1950. He concluded that M ssion Beach was a stable, conservative
system losing little material to the north or south. Two of the
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four Corps of Engineers' historical beach profiles date back to
1949 and 1951 for survey depths of 12 m (40 ft) MLW (Table 9-9:
VB340, OB230), but no neasurenents were taken during the five years
preceding the 1982/83 storns. Furthernore, the profiles Bruun
studied did not include any of the historical profiles. Thus, the
profiles are not particularly hel pful for evaluating stormeffects
of 1939, 1982/83, and 1988, or the beach changes directly
associated with the jetty building of 1948/ 50.

However, the pronounced changes in bathynetry between 1934 and
1970 shown in Figure 9-5 suggest that the tropical storm of
Sept enber 1939 noved vast quantities of sedinent along the shores
of the Mssion Bay Cell. CGenerally, there is deepening off the
M ssion Bay entrance channel and shoaling at the points. These
bat hynetric changes probably indicate erosion of the submerged
portions of the Mssion Bay/San Diego River delta and northward
transport of material to the shelf off La Jolla (see Section
9.2.2).

The vol ume changes on the historic profiles show | arge changes
at M ssion Beach of about 300 n¥/ m of beach (360 yd®yr), and even
greater at COcean Beach. Contrary to short-term studies (Bruun,
1954), at tines there appear to be appreci abl e beach changes. Over
the period of the historic profiles, and to depths of 40 ft MLW
two of the three M ssion Beach profiles (Appendi x F;, NMB384, NMB310)
show a net loss. The only Ocean Beach profile near the jetties
(0B230) shows a net gain.

9.7.1 Analysis of the Budget of Sedinent

As indicated above, there is insufficient data to attenpt the
sanme detailed analysis for the Mssion Bay Cell that was perforned
for the Cceanside Littoral Cell. Everts &Bertolotti (1988: CCSTW5
88-7) provide a conprehensive di scussi on of what i s known about the
budget. Muich of the present analysis is drawn fromtheir work, and
we apply assunptions (1) through (5) as listed in Section 9.6.1

The four subcells and their potential types of credit and debit
are shown in Figure 9-18. The north (Point La Jolla) and south
(Point Loma) subcells are "cliffed" coast with numerous snall
pocket beaches. Sone aspects of the Point La Jolla pocket beaches
are described in Inman (1953) where it is shown that the source of
sand is fromthe erosion of the sandstone cliffs of Cretaceous age
(>70 mllion years), and no sand fromthe Oceanside Littoral Cel
mgrates to the Point La Jolla beaches.

It seenms likely that during intense storns from the south,
shel f material may be carried north into La Jolla Submari ne Canyon.
During storns fromthe north, sonme material may be carried around
Poi nt Loma. However these events are probably episodic.
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Figure 9-18. Elements of the sediment budget for Mission Bay Littoral Cell and
Symbols are defined in Table 9-11.

its four subcells.
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Uni form Nort hwesterly Wave Cimate circa 1960-1978

Ext ensi ve sandy beach areas are restricted to the 7.0 km (4.4
m) length of the M ssion Beach and Ocean Beach subcells. The
budget conpiled here considers the period following the
construction of the Mssion Bay Jetties until the cluster storns of
1982/ 83.

Tabl e 9-16 shows that the budget is dom nated by the artificial
beach nouri shnment, Q estimated at 25,000 n? (19, 000 yd® and 10, 000
nt (7,600 yd®, placed in M ssion Beach and Ccean Beach subcells.
After subtracting the recession due to sealevel rise, this
materi al accounts for the overall beach accretion of 9 cmyr (0.3
ft/yr) and 21 cmyr (0.69 ft/yr) in the two cells, respectively.
Even so, mning of beach sand during kelp renoval operations is
clearly a significant problem (refer to Table 9-16, footnote c).

Vari able Westerly Wve Cimate circa 1983-1990

The anount of shoreline change during five sumer to w nter
seasonal cycles at M ssion Beach from 1979 through 1986 are shown
by Thonpson (1987). The greatest change, averagi ng about 30 m (100
ft) recession at MHW was between COctober 1982 and April 1983,

reflecting the effects of the 1982/83 cluster storns. The
hi storical beach profiles show that the beach gradually recovered
over a period of years. Al though the cluster storns caused

downwel i ng of sedinent onto the shelf (Q.), the gentle slope of
the M ssion Bay shelf permtted wave action to return this materi al
gradually to the beach areas of the cell.

The budget for this period (Table 9-17) indicates a nearly
stabl e shoreline, but with sone excess material in the Point Loma

subcel |, probably near the south end of the point. Nearly all of
the sedinent input is fromcliff erosion, wwth only snmall anounts
fromthe San Diego River. 1In view of the long-term|oss of beach

due to sealevel rise, it is apparent that additional sand sources
must be found for the future.

9.7.2 Predictions for the Future

None of the values entered in Tables 9-16 and 9-17 is thought
to have a high level of reliability. Every value is a sinple
estimate, and the budget of sedinent calculated in this study
should be considered at best a guide to further study of the
M ssion Bay Cel | . Nor are the significant variables affecting the
future budget of the Mssion Bay Cell quantified with any
certainty.

The forecast by Everts and Bertolotti (1988: CCSTWS 88-7)
provi des the nost recent, conprehensive treatnment for the M ssion
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TABLE 9-16
M SSI ON BAY LI TTORAL CELL
UNI FORM NW WAVE CLI MATE Cl RCA 1960- 1978
SEDI MENT BUDGET | N 10° n/yr

Sandy Beach Subcells

Poi nt M ssi on Ccean Poi nt
La Joll a Beach Beach Loma
( = 5.8 km ( = 5.6 km ¢ = 1.2 km 0 = 9.7 km

| nput Qutput Input Qutput I|nput Qutput |nput OQutput

Q2 0 0 0 0 0 0 0 0
Qd 0 5 5 5 5 10 10 10
Q..° 10 0 0 0 0 0 20 10
Q° 0 0 25 10 10 5 0 0
Q. 0 5 5 0 10 0 0 0
Qf 0 0 0 5 0 5 0 0
Tot al 10 -10 35 -20 25 -20 30 -20
| | | | | | |
| | | |
Net (oV'/at) 0 +15 +5 +10
oXlot (nmlyr)e® 0.18 0. 30
bal ance accretion accretion accretion
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TABLE 9- 16 ( CONTI NUED)
FOOTNOTES

2 Qis zero because of pocket beaches on the headl ands and
bl ocki ng of |ongshore transport at the M ssion Bay jetties.

Q, There is probably a southerly transport outside the
surfzone during this period of predom nant northwesterly
waves. This may account for sonme accretion off Point Lonma
and a transport around Point Loma and into the M ssion Bay
Entrance Channel .

b Q Assuming cliff and blufflands erosion contribute
2 mM/myr to the rocky coasts of Point La Jolla and Point
Loma. This may be too high, although conparison with Table
9-6 suggests not.

Q It is likely that sonme sand is lost to the shelf off Point
Loma

¢ Q, (Mssion Beach) 938 x 10% n? placed on beach over 36 year
period 1948 to 1984

Q. (Ccean Beach) 285 x 10° n? placed on beach over 34 year
period 1950 to 1984

Q. (Point La Jolla) unknown anpbunt renoved with kelp

Q. (M ssion Beach) 10 x 10% n¥/yr renoved with kel p (Hotten
1988)

Q. (Ccean Beach) 2 x 10% n¥/yr renoved with kelp (Everts &
Bertolotti, 1988: CCSTWS 88-7, rounded to 5 x 103 n¥# yr

¢ Q, estimated yield of 15 x 10% n¥/yr (Table 9-7) assuning 1/3
to M ssion Beach, 2/3 to Ocean Beach

Q. assune storns cause attrition onto steep slopes of La
Jol Il a Submari ne Canyon

¢ Fromequations 9-2 and 9-3, for Z =14 m This does not
include the estimated 9 cm yr shoreline recession associ ated
wi th seal evel rise.

" Q, deposition between jetties and in entrance channel,
bal anced by Q, which is included in Q..

9-71



TABLE 9-17
M SSI ON BAY LI TTORAL CELL
VARI ABLE W WAVE CL| MATE Cl RCA 1983-1990
SEDI MENT BUDGET | N 10% n¥/yr

Sandy Beach Subcells

Poi nt M ssi on Ccean Poi nt
La Joll a Beach Beach Loma
¢ = 5.8 km 0 = 5.6 km (= 1.2 km 0 = 9.7 km

[ nput Qutput Input Qutput |nput Qutput [nput Qutput

Q2 0 0 0 0 0 0 0 0
Qd 0 0 0 0 0 0 0 0
Q..° 10 0 0 0 0 0 20 10
Q° 0 0 5 10 0 5 0 0
Q. 0 10 5 0 10 0 0 0
Qf 0 0 0 5 0 5 0 0
Tot al 10 -10 10 - 15 10 -10 20 -10
| | | | | | |
| | | |
Net (oV'/at) 0 -5 0 +10
oXlot (nmlyr)e® 0. 06 0
bal ance er osi on bal ance accretion
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TABLE 9- 17 ( CONTI NUED)
FOOTNOTES

2 Q, Q are zero because of shift to net westerly wave approach
during this period.

b Q Assuming cliff and blufflands erosion contribute
2 mM/myr to the rocky coasts of Point La Jolla and Point
Loma. This may be too high, although conparison with Table
9-6 suggests not.

¢ Q. material placed on M ssion Beach 1984, averaged over this
peri od.

Q. (Point La Jolla) unknown anpbunt renoved with kelp

Q. (M ssion Beach) 10 x 10% n¥/yr renoved with kel p (Hotten
1988) .

Q. (Ccean Beach) 2 x 10% n¥/yr renoved with kelp (Everts &
Bertolotti, 1988: CCSTW5 88-7, rounded to 5 x 10° n¥#/ yr).

¢ Q, estimated yield of 15 x 103 n¥/yr (Table 9-7) assuning 1/3
to M ssion Beach, 2/3 to Ccean Beach.

Q. assune increased high waves of this period cause greater
attrition onto steep slopes of La Jolla Submarine Canyon.

¢ From equations 9-2 and 9-3, for Z =14 m This does not
include the estimated 9 cmyr shoreline recession associ ated
wi th seal evel rise.

" Q, deposition between jetties and in entrance channel,
bal anced by Q, which is included in Q..
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Bay Cell. The follow ng recomendations are sunmari zed fromtheir
st udy.

Shoreline erosion is predicted for the M ssion Beach Subcel

(12 cmyr, 0.4 ft/yr) and the Ocean Beach Subcell (88 cmlyr, 2.9
ft/yr) despite projected nourishnment equivalent to the 1960-1986
rate. Loss of sand to the entrance channel was expected to
continue at the sane rate as in the past. Due to the anticipated
increase in rate of sealevel rise (averaging 70 cm = 2.3 ft per
century, EPA low, md-range scenario), shoreline retreat wll
increase with tine. Sedinent discharge fromthe San D ego River
wll likely decline over the next 50 years, reducing the natural
source for the Ccean Beach Subcell.

Consequently, in order to maintain a stable shoreline, the need

for sand nourishnent to the beaches will increase in the future.
Thr ough year 2037, approximtely 420,000 n? (550,000 yd® of "new
source" sedinment will be needed in the M ssion Beach Subcell, and

610, 000 n? (790, 000 yd®) will be required in the Ccean Beach Subcel
to maintain the 1987 shoreline. The supply of sand nourishnent to

the Ocean Beach Subcell wll have to be significantly increased
over present anobunts, and additional sources of fill other than
fromthe entrance channel will have to be utilized.

All  of the sedinent volunmes suggested above for beach
nouri shnment are dependent upon the estimated rate of seal evel rise.
Managenment of the cell's sand resources will require nonitoring of
the rate of sealevel rise at least every 10 years in order to
updat e beach repl eni shnent needs.

9.8 SILVER STRAND LI TTORAL CELL

This littoral cell extends for 26 km(16 m) from Point Loma to
the United States/Mexico Boundary and south for many mles al ong
the coast of Baja California, Mexico (Figure 9-19). The cell
includes 22 km (14 m ) of sandy beach extending from Zuiiga Jetty
at the entrance to San Diego Bay to the international border. The
Mexi co portion of the cell appears to extend about 30 km (20 m)
bel ow the border to Punta El Descanso, or farther, but has never
been studied in detail. The first 4.5 km (2.8 m) of the Mxican
portion of the cell, known as Pl ayas de Tijuana, consists of sandy
beaches backed by seacliffs (Figure 9-19).

This is one of the few cells in southern California with a
significant northerly transport of sand, caused by the wave shadow
inthe |l ee of Point Loma. Under natural conditions, the principal
source of sedinent was the Tijuana R ver which brought material to
the coast just north of the border. Bifurcation of the sedinent
transport path fromthe delta of the Tijuana River nourished the
beaches to the south and provided the sand for the Silver Strand
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tonbolo to the north. The devel opnent of the tonbolo and the
formati on of San Diego Bay as a result of wave action and seal evel
rise during the early Hol ocene have been discussed in Msters
(1988). Under natural conditions, Zuiiiga Shoals at the entrance to
San Diego Bay was created by northerly transport which has
continued to supply the Silver Strand beaches with sand. Fornerly,
sand from Zuii ga shoals was naturally recycled south to Coronado
and Silver Strand beaches.

Human intervention has drastically altered natural processes
within the Silver Strand Littoral Cell. Construction of Zuifiiga
Jetty from 1893 to 1904 strengt hened and extended the ebb-tide jet
fromthe bay, causing the tidal delta to nove into deeper water,

and creating an artificial sink for sediment (I nman et al., 1974,
| nman, 1976). Recircul ation of sand from Zufiiga Shoals can no
| onger occur to replenish the beaches to the east and south. In

addition a hooked groin was built for the Hotel Del Coronado in
1897 and extended in 1900. As aresult of these structures, severe
erosion occurred along the Coronado beaches, and the Coronado
Seawal | was constructed in 1906-07.

Construction of Rodriguez Damin Mexico and Morena and Barrett
Dans in the United States has elimnated the Tijuana River as a
significant source of sedinent for the cell. This has caused
serious erosion in the vicinity of Inperial Beach and i nto Mexi co.

Massi ve harbor construction activities within San D ego Bay
followwng Wrld War Il generated vast quantities of "new source"
sand to nourish the beaches of the Silver Strand. This type of
human intervention has slowed the effects of the erosion waves
generated by | oss of material fromthe Tijuana River.

9.8.1 Analysis of Budget of Sedi nent

The analysis is carried out wthin four subcells, three within
the United States and one in Mexico (Figure 9-19). This division
generally follows that used by Everts (1987: CCSTW5S 87-3). The
principal difference between the present analysis and that by
Everts (ibid.) is that Everts did not recognize the |oss of
sedi ment through the Zufiiga jetties. The sem -perneable jetties
permt sand to filter through and into the bay's entrance channel
where it is jetted out and deposited in depths of 18 to 30 m
(60-100 ft).

Details of beach changes and cliff erosion within the Playas
subcel | (Figure 9-19) have been worked out by Everts (1987: CCSTW5
87-3). This subcell fornmerly was characterized by a sandy beach
backed by seacliffs. Recently, it has experienced extensive
erosion and | oss of property.
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The Delta subcell has a seaward, submarine protrusion
persisting fromthe Pleistocene delta of the Tijuana River. Wve
refraction over this feature has been inportant to the formation of
the Silver Strand Littoral Cell. H gh waves drove sand both north
and south from the deposits of the delta. | medi ately after
damm ng of the Tijuana River, the delta provided the nmajor source
of sand for the cell. Therefore, Q, (onshore transport by waves)
was a significant input to the system However, waves have
wi nnowed sand out of the subnmerged delta deposits, |eaving only
boul ders, and the delta can no | onger supply sand to the transport
regi ne. The erosion south of Inperial Beach began in 1937
i mredi ately after conpletion of Rodriguez Damon the Tijuana R ver.
Intermttent supply of sand fromthe delta has not been sufficient
in recent years to control erosion of these beaches. The two rock
groins constructed in 1959 and 1961 have not proven effective in
preventing beach erosion.

The Strand subcell is a 10 km (6 m) |long sand spit extending
fromthe south end of the bay to the Hotel del Coronado. This
subcel | has undergone the | argest changes in terns of erosion and
artificial filling. Due to erosion waves noving north through the
cell, the Strand shoreline continues to erode. Between 1941 and
1985, approximately 24 x 10° n? (31 x 10° yd®) of sand dredged from
San Di ego Bay was pl aced on the central Silver Strand (California,
1980). This material advanced the shoreline seaward in the fill
area over 300 m (985 ft). However, since 1946 the shoreline has
steadily retreated as the sand has been transported north through
the cell.

The Zuiiga subcell is now a sand storage area. However,
erosion was first observed on Coronado Beach in 1905 shortly after
construction of Zuiiiga jetty and the extension of the hooked groin
at Hotel Del Coronado in 1900. The perneable jetty caused strong
tidal ebb currents to aspirate sand through the jetty to the east,
while the groin initially prevented sand fromtraveling northeast
into the area. In response to continuing erosion, arevetnent wall
was constructed in 1906-1907 al ong Ocean Avenue in Coronado. The
Zufiiga subcell was filled with sand in the first major beach
nouri shnment project on the Silver Strand in 1940/ 41 (Table 9-20).
The sand nouri shnment suppl enented by sand transported around the
Hotel Del Coronado groin has filled the subcell, and it is now a
maj or sand deposit.

In the three budget estimates that follow (Tables 9-18, 9-19,
and 9-21), the guiding consideration for estimating the | ongshore
transports away from the subnerged delta of the Tijuana River is
the river input, which under natural conditions provided a nore or
| ess stable shoreline. Wth this in mnd, we then apply
assunptions (1) through (5) as listed in Section 9.6.1
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Natural, Pre-Dam Conditions circa 1905-1936

There are very little quantitative data on | ongshore transport
rates, primarily because the area is open to the south through
sout hwest to west, and we have no reliable wave statistics for
southerly waves. Further, refraction over the subnerged delta of
the Tijuana River (Figure 9-19) nakes interpretati on of wave arrays
difficult.

However it shoul d be noted that wave convergence over the delta

will increase |ongshore transport away from the delta in both
directions by creating stronger | ongshore currents and by produci ng
a gradient in breaker height. The general relations leading to
i ncreased | ongshore transport are discussed in Chapter 5.3.3, and
t he specific types of I ongshore currents along the Delta subcell in
| nman, et al. (1971). |In any event, over tine, |ongshore transport
out of this subcell, conmbining Q and Q, was equal to the river

i nput, here estimated for pre-dam conditions to be Q = 200, 000
nt/ yr (260,000 yd3/ yr) (see Table 9-7).

The budget shown in Table 9-18 assunes that the |ongshore
transport out of the Delta subcell is equal to the river input for
natural conditions, and that three-quarters of this anmount under
natural conditions was transported to the north and one-quarter to
the south into Mexi co. The other major assunption here is that, at
| east early in the period, follow ng construction of Zuiiga Jetty
in 1904, the increased ebb-tide jet current through the entrance
channel aspirated material through the porous jetty and deposited
it in deeper water (see Inman, et al., 1974; Inman, 1975). This
effect is listed under Q for the Zuiiga subcell

This time period was one in which the littoral cell, except for
t he Zuiiga subcell, was essentially in equilibrium Ther ef or e,
this period is used as a calibration for the budgets that follow

Uni form Nort hwesterly Wave Cimte circa 1950-1978

The dom nant change during this period was the damm ng of the
Tijuana River and the dramati c decrease to about one-quarter of its
natural vyield. Conpare the river yield in Table 9-7 with the
entries under Q in Table 9-19 and its value in the previous
budget . Fortunately, the decrease in river yield was nore than
of fset by a nassive placenent of "new source" nourishnent in the
Strand subcell. Refer to Table 9-20 and the entry for Q in Table
9-19.

The erosion of the delta continued and its erosion wave noved
north into the Strand subcell where it was neutralized by
nouri shnment . Note that it is now assuned that the build up of
Zuiii ga Shoal s east of the jetty has produced a bl ocki ng acti on that
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TABLE 9-18
SI LVER STRAND LI TTORAL CELL
NATURAL, PRE- DAM CONDI TI ONS Cl RCA 1905- 1936
SEDI MENT BUDGET | N 10° n¥/yr

Subcel | s

Zufii ga Strand Delta Pl aya
0 = 4.3 km 0 = 10.1 km 0 = 7.6 km 0 = 4.5 km

[ nput Qutput Input Qutput Input CQutput [nput Qutput

Q.2 (north) 130 0 150 130 0 150 0 0
Q.. (south) 0 0 0 0 0 50 50 50
QP 0 0 0 0 0 0 0 0
Q°c 0 0 0 0 0 0 0 0
Q¢ 0 750 0 0 200 0 0 0
Qv 0 0 0 20 0 0 0 0
Tot al . 130 -750 150 -150 200 - 200, 50 50

| | | |
Net (oV'/at)' -620 0 0 0
oXlaot (mlyr)o 0 0 0

er osi on bal ance bal ance bal ance

2 Sumof Q and Q, assuned to equal Q with 3/4 transported north and
1/4 to the south

b and ¢ Onshore transport Q, and downwel ling Q, assuned to be in
equi librium there was no artificial nourishnment Q.

¢ River yield Q, average “natural” of 200 x 10% n¥/yr (Table 9-7).
Sand | oss Q, from Zufii ga Shoal assuned %2 rate of 1,500 x 103 n¥/ —yr
determ ned from bat hynetric surveys of 1923-1934 (Chanberlain, et
al ., 1958; refer to text).

e Wnd and overwash Q, = 2 n?¥/ —yr; assuned 2/5 rate neasured at Pisnpo
Beach, California (Bowen & Inman, 1966). Bluffland and cliff
erosion Q, assuned zero.

" Except for the known erosion in Zufiga subcell due to jetties and
groin construction, the other subcells were required to bal ance for
this “natural” calibration period.

9 From equations 9-2 and 9-3, for Z =14 m This relation does not
include the estimated 9 cmyr shoreline recession associated with
seal evel rise.
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TABLE 9-19
SI LVER STRAND LI TTORAL CELL

UNI FORM NW WAVE CLI MATE Cl RCA 1950-1978
SEDI MENT BUDGET | N 10° n/yr

Subcel | s
Zufii ga Strand Delta Pl aya
0 = 4.3 km 0 = 10.1 km 0 = 7.6 km 0 = 4.5 km
[ nput Qutput Input Qutput Input CQutput |nput Qutput
Q.® (north) 130 0 50 130 0 50 0 0
Q.. (south) 0 0 0 0 0 150 150 150
QP 0 0 0 0 100 0 0 0
Qs 0 0 630 0 0 0 0 0
Q¢ 0 130 0 0 50 0 0 0
Qv 0 0 0 20 0 0 0 0
Tot al 130 -130 680 -150 150 - 200 150 -150
| | | | | | |
Net (oV'/ot)' 0 +530 -50 0
oXlot (nmlyr)?® 3.75 0.47 0
bal ance accretion er osi on bal ance

2 Uni form weat her with waves from nort hwest induces southerly

transport from Delta subcel

sout h; Point Loma wave shelter permts

northerly transport from Strand to Zuii ga subcell.

b Decreased river discharge causes beach recession and a wave-i nduced
onshore transport of sand from subnerged delta.

¢ Artificial nourishnment Q, from Tabl e 9-20.

¢ River yield Q, for present conditions,

e Wnd and overwash Q, = 2 n¥/ —yr;

Beach, California (Bowen & | nman,

erosion Q, assuned zero.

Tabl e 9-7.

assuned 2/5 rate neasured at Pisno

1966) .

Bluffland and cliff

" Artificial nourishnment resulted in w dening of Strand beaches.

9 From equations 9-2 and 9-3,

for Z =14 m This relation does not

include the estimated 9 cnmlyr shoreline recession associated with

seal evel ri se.
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TABLE 9-20

SI LVER STRAND LI TTORAL CELL

BEACH NOURI SHVENT

Reach? Quantity

Year Subcel | km m n¥ yd3

1941 Zuiii ga 20- 22 12.6-13.6 1, 730, 000 2, 260, 000
1946 Strand 14-17 8.8-10.8 20, 050, 000 26, 200, 000
1967 Strand 16 10 30, 000 40, 000
1976 Strand 14-17 8.8-10.8 2,680, 000 3, 500, 000
1977 Delta 4-5.5 2.5-3.5 840, 000 1, 100, 000
1985 Strand 15-16.5 9.5-10.2 840, 000 1, 100, 000
Total 1941-1985 26, 200, 000 34, 200, 000
Total Strand + Delta Subcells 24, 470, 000 31, 740, 000
Rate 1946-1985 (vol une/yr) 627, 000 814, 000

& Reach of beach nouri shnment

border (Figure 9-19).

Sour ce:

Everts (1987: CCSTW5 87-3, Table 4)
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decreases the sand | ost by aspiration through the jetty. Thus for
this period, the Delta subcell was the only one show ng si gnificant
erosion, and sone of that is counteracted by onshore transport Q,
of sand fromthe submerged delta.

Vari able Westerly Wve Cimate circa 1983-1990

This period of variable weather was preceded by the cluster
storns of 1982/ 83. Conpari sons of the National Ocean Survey
bat hynetry of 1934 and 1968 indicate erosion of the Delta Subcel
and deposition in the northern part of the Strand subcell (see
Everts, 1987: CCSTW5 87-3, Figure 32). Sone of this transfer was
undoubtedly due to a northwest transport along the shelf by the
tropical storm of Septenber 1939. However, erosion of the delta
was |likely associated with the loss of the river source as
described in the previous budget.

The budget for this period, as shown in Table 9-21, is
characterized by erosion. The erosion wave that began at the delta
with the decrease in river yield has now travel ed both north and
south of the delta. The erosion in the Strand subcell would have
been nmuch worse except for the inmmense anount of "new source"
nouri shnent, sonme of which persisted into this period. The
shorel i ne changes oX/dt shown in Tabl e 9-21 shoul d be conpared with
Tabl e 9-20 and Fi gure 9-20.

9.8.2 Predictions for the Future

Budget estimates for the three tine periods are, at best,
guides to the real fluctuations inthe Silver Strand Littoral Cell.
The phenonenol ogi cal budgets in Tables 9-18, 9-19, and 9-21 are in
fair agreenent with the tinme history of sedinent volune changes
cal cul ated by Everts (1987: CCSTW5 87-3) and based on shoreline
changes (Figure 9-20). The agreenent |ends support to the budget
anal yses presented here.

In general, the Silver Strand Littoral Cell is undergoing
erosion now, despite the massive injections of "new source"
nourishnment. It is essential that sources of potential nourishnent

be | ocated and neans of dispensing nourishnent to the beaches be
perfected. The mninumlong-termrate of new source material is
estimated to be that of the previous yield of the Tijuana River,
say about 200, 000 n?/yr (260,000 yd3 yr). However, considering the
anticipated rise in sealevel, a rate several tines this anmount may
be required, perhaps up to 600,000 n¥/yr (800,000 yd3 yr).
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TABLE 9-21
SI LVER STRAND LI TTORAL CELL
VARI ABLE W WAVE CL| MATE Cl RCA 1983-1990
SEDI MENT BUDGET | N 10° n/yr

Subcel | s

Zufii ga Strand Delta Pl aya
0 = 4.3 km 0 = 10.1 km 0 = 7.6 km 0 = 4.5 km

[ nput Qutput Input Qutput Input Qutput |nput CQut put

Q.2 (north) 130 0 50 130 0 50 0 0
Q.. (south) 0 0 0 0 0 50 50 75
QP 0 0 50 0 0 0 0 0
Qc 0 0 20 0 0 0 0 0
Q¢ 0 130 0 0 50 0 0 0
Qv 0 0 0 20 0 0 10 0
Tot al 130 -130 120 - 150 50 -100 60 -75

| | || | || | || | |
Net (oV'/ot)' 0 -30 -50 -15
oxX/ot (myr)? 0.21 0. 47 0.24

bal ance er osi on er osi on er osi on

2 Variable weather with prevailing waves from west decreases
southerly transport fromDelta and Playa subcells; Point Loma wave
shelter permts northerly transport from Strand to Zufii ga subcel |

b Previous budget depl eted offshore source (only cobbles remain on
subnerged delta), Q, (Delta) now zero, but sone shelf source for
Strand subcel |

¢ Artificial nourishnent ceases in 1985; sone renai nder from 1985
nouri shnent (Table 9-20).

¢ River yield Q, for present conditions, Table 9-7.

© Wnd and overwash Q, = 2 n¥/ —yr; assunmed 2/5 rate neasured at Pisnp
Beach, California (Bowen & I nman, 1966). Bluffland and cliff
erosi on Q, assuned zero, except for the Playa where it is estinmated
to be 10 x 103 n¥/ yr.

" Fromequations 9-2 and 9-3, for Z =14 m This relation does not
include the estimated 9 cmyr shoreline recession associated with
seal evel rise.
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9.9 SUWMMARY AND PREDI CTI ONS
9.9.1 CCeneral nservations

The present study considers the different types of sedinent
response to a wde range of forcing by waves and currents within
the three littoral cells of the San Di ego Region. This procedure
provi des the basis for preparing plans for future contingencies,
even though we cannot predict the future with any degree of
certainty. Generally, our beaches appear to be in reasonably good
condi ti on. However, this status prevails only because of seven
years of "fair" weather since the cluster storns of 1982/83 and
because there have been nmssive injections of "new source" sand
nourishnment in all three littoral cells.

The historic past shows that the quantity of sand on the
beaches has varied widely. These fluctuations are related to sand
supply, downcoast propagation of accretion and erosion waves,
occurrence of high total -energy stornms and cluster stornms, and in
recent years, progressively greater repercussions of human
i ntervention.

A nunber of new insights regarding the nmechani sns of sedi nent
transport and the significant variables in the budget of sedinent
have energed fromthe CCSTW5 studi es. W have used these advances
in our analyses of the three littoral cells of the San D ego
Regi on. The budgets of sedinent for the three cells for various
wave climtes are sunmarized in Figures 9-21 through 9-23, where
the budget is presented in both netric (a) and U. S. conventi onal
(b) units. The contributions to our understanding of littora
processes in the San D ego Regi on can be summari zed as foll ows:

(1) Significant new inputs to the budget are the yields from
coastal blufflands and, where the slopes are gentle, the nearshore
shel f.

(2) Cduster stornms and high total -energy stornms appear to drive
downwel I ing currents that carry sand onto the shelves of the San
Diego Region. Along the steeply sloping shelf of the QOceanside
Littoral Cell, the sand is permanently | ost fromthe shorezone.

(3) Historical profiles show changes to their naxi mum neasured
depth of about 40 ft MLW and correlate with the occurrence of
cluster storns and high total -energy storns.

(4) These profile changes denonstrate the transport nechani sm
operating between sedinent stored in the shorezone and sedi nent
downwel | ed onto the shel f.

A nunber of principles about the retention of sand on beaches
and the nechanisns of recuperation follow ng severe storns are
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hi ghlighted by this study. Nor mal wave action contains sand
agai nst the coast and, when sedi nent sources are avail able, results
inaccretion of the shorezone. High total-energy wave events cause
a loss of sand from the shorezone via downwelling currents that
deposit sand on the shelf. These accretion and erosion cycles are
anal ogous to a slowy filling reservoir, followed by a sudden | oss
of sand and water when the sluice gates are opened. The downwel | ed
sedinment is lost to the shorezone when deposited on a steep shel f
such as that of the Cceanside Cell, or it may be returned gradually
from a gently sloping shelf to the shorezone by wave action.
Downwel | ed sand is probably returned to the beaches of the M ssion
Bay and Silver Strand Littoral Cells.

In all cases where neasurenents were nmade just before and after
the 1982/83 cluster storm events, and the profiles were distant
from structures, it was found that these events resulted in the
| onest | evel of beach sand in the history of the observations.
Using the profiles north of Oceansi de Harbor where conditions are
closest to natural and unaffected by harbor effects, it is found
that the 38 km (24 m) of the central GOceanside subcell during
1982/ 83 | ost an unprecedented 33 million cubic neters (43 mllion
yd®) of sand from the shorezone in one year! Such a vol une
represents perhaps a 50-year supply of sedinment to the shorezone
under normal conditions.

Cluster storm events can cause permanent profile changes to
depths of 40 feet and deeper. During mld years, the beaches
recover in their bar-berm sections but not necessarily in the
deeper shorerise portion. Thus the health of the beach is closely
associated with the occurrence of these episodic events, and the
time el apsed since the events.

There are two scenarios with regard to the future health of the
beaches:

(1) For as long as relatively mld wave climte persists, the
beaches will remain in their present state.

(2) The next season of high total-energy storms will lead to
extensive erosion that nmay be as bad as, or worse than, that
followng the cluster storns of 1982/ 83.

During the next 50 years, the nost significant, and still
unpredi ctable, set of wvariables are the coastal wave climte and
its episodic changes. The second significant and unquantified
variable is the rate of sealevel rise. Gven that the San D ego
Region is on a collision coast with sandy beaches backed by
seacliffs, beach erosion and failure of the seacliffs nust be
anti ci pat ed. Ext ensi ve damage and | oss of property will occur.
The magni tude of the erosion wll depend on both the wave climte
and seal evel change.

9- 86



Preventive intervention wll require the identification and
nmobi | i zati on of new sources of sand to nourish the nost depl eted
beaches. Monitoring of the beach profiles should continue on a
regul ar schedule in order to expedite nourishnent responses.

Nat ural sources of beach sand have been the rivers, streans,
and | agoons of the San Di ego Region. Dans have reduced the yield
of rivers and streans alnbst to negligible quantities.
Ur bani zati on, however, has accelerated the erosion of coastal
bl uf f | ands and sedi nent ati on of | agoons (St ate Coastal Conservancy,
1989). The alluvia in lagoons and river channels still represent
potential sedinment sources that can be m ned where | and uses have
not precluded this possibility. Table 9-3 lists |localities having
nore than 30 million yd® of available sand. Agua Hedi onda Lagoon
has already contributed sufficient sand to generate an accretion
wave that ended the severe erosion in the southern section of the
Cceanside Littoral Cell. Dredging of San Diego Bay has fed nore
than 26 x 10° n? (>34 x 10° yd® into the Silver Strand Littoral
Cel | . Muni cipalities and regional governnments should be making
| and use decisions with the goal of reserving these sand sources
for present and future needs. There also may have to be
environnental trade-offs in ternms of wetland habitats within the
| agoons versus heal thy beaches.

New sources of sand may require creative solutions: m ni ng
from Zuhniga Shoals, recovery and recycling from the heads of
submari ne canyons, or releasing fromdamentrapnent (e.g., Inman &

Harris, 1970; Wsyl, et al., 1991). Efforts to develop the
necessary newt echnol ogi es are | ong overdue and should be initiated
i mredi atel y.

In the long term decisions will have to be made to let the
seacliffs erode. Zoning codes should be nodified, and the sooner
such deci sions are nmade, the | ower the economc inpact wll be. A
phi | osophy of "damage control"” woul d be nore appropriate than "save
the cliffs at all costs.” In the long term rational policy
permtting sea cliff retreat may be less costly than total
fortification.

In sunmmary, all the beaches of the San Diego Region are
threatened with erosion. The apparent stability of the beaches is
bel i ed by rigorous exam nation of the historical beach profiles and
summati on of previous beach nourishnent. Wthout the earlier
massi ve i nputs of beachfill, the shoreline of the San D ego Regi on
woul d exhibit nearly continuous erosion from Dana Point to the
i nternational border. New sources of beach-quality sand need to be
readi ed for beach nourishnent foll ow ng severe stormevents and for
| ong-termprotection fromrising seal evel. Just as water districts
provi de reservoirs as a margi n of safety during prol onged droughts,
sand managenent districts should plan for future needs of beach
nouri shment .
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Sand Managenent: Needed St udi es

It is apparent that future health of beaches will be critically
dependent upon adequate sources of sand. Therefore it 1is
i nperative that studies be undertaken to determ ne: (1) the
possi bl e sources, (2) the mechanics and econom cs of transport and
di spersal, (3) the best neans of keeping sand on t he beach, and (4)
the possibility of mnimzing |l oss into sinks.

VWave Cdinate and I nplications for Coastal Engineering

Conparisons of the effects of the nobst intense storm of the
century in January 1988 with that of the stormclusters of 1982/83
illustrate fundanmental concepts of the application of wave data to
coastal engineering. The nmaxi num value of the wave intensity or

energy (e.g., joules) applies to all inpulse-response phenonena
such as runup, overtopping and stability of structures (see |nman
& Jenkins, 1989). Thus a neasure of the highest waves is an

inportant criterion | eading to the "design wave". The hi ghest wave
concept is also inportant interns of breaking | edges in submarine
canyons and destroying kelp beds as denonstrated by the January
1988 storm (Seynour, 1989; Dayton, et al., 1989).

On the other hand, sand transport rate is proportional to the
energy flux (joules/sec = watts) of the waves, while the total
anount of sedinent transported is proportional to the total energy
(watt-hours). Thus a long duration but low intensity storm may
have nore effect on the crosshore and | ongshore transport of sand
and the form of beach profiles than a short duration, high
intensity storm(e.g., Dolan, et al., 1990).

Simlarly, tsunams with their high nearshore waves may be the
nmost destructive wave phenonena to coastal structures and reefs,
but they may not seriously affect the budget of littoral sand.
These consi derations explain why the effects of the January 1988
stormwere restricted to the bar-bermportions of the beach profile
and the beaches totally recovered in a few nonths (refer to Figure
9-11). In contrast, the cluster storm events of 1982/83 caused
erosi on of the shorerise portion of the beach profiles in depths of
18 m (60 ft) which had not recovered by 1987, the date of the | ast
survey that extended to these depths (refer to Figure 9-10).

In terns of assessing real changes in wave climte versus
normal cycles of mld and severe weather (Section 9.3), the
dat abase now avai |l abl e i ncl udes i nformati on fromdeep-wat er sensors
whi ch may be biasing our analyses. |Is the increase in high waves
sinply due to the gauge at Begg Rock? 1Is it possible that the high
waves neasured from that station since 1982 have al ways been out
there, but island sheltering had decreased the coastal effect to
mere noi se?
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Wave d i mat e: Needed St udi es

Wave climate i nfornmati on has been i nadequat e and t he advant ages
and di sadvant ages of deep-water wave sensors versus coastal arrays
shoul d be careful ly studi ed. New t echni ques of
refraction-diffraction anal ysis have vastly extended our ability to
interpret deep-water wave data. Locations of deep-water sensors
shoul d be sel ected on the basis of refraction-diffracti on anal yses.

Beach Profil es: Needed St udi es

This study shows that the traditional profile carried to depths
of 10 m (30 ft) covers only seasonal changes and does not include
the effects of high total-energy events. It is necessary that
profiles be extended to depths of 15 to 18 m(50 to 60 ft) and that
these be neasured routinely at least twce a year (fall and
spring). In addition, they should be neasured imediately
foll ow ng episodic high total -energy events.

Profiles should be spaced at |east every 1.5 km (1 m ) al ong
all sandy portions of the coast. The present study was
considerably hindered by absence of historic profiles north of
Cceansi de Harbor, and in the northern portions of M ssion Beach and
Silver Strand. There are wusually sufficient profiles near
structures, but these profiles tell little about conditions away
fromthe structures.

9.9.2 C(Cceanside Littoral Cel

Beach and coastal conditions in the Cceanside cell can be
expected to foll ow patterns of erosion and accretion simlar to the
past 50 years, but with accel erated trends towards erosi on because
of (1) | oss of stream supply behind dans, (2) erosion in downcoast
reaches of Oceanside Harbor, and (3) increase in the rate of
seal evel rise. A summary of the sedinent budgets for periods of
uniformwave climate is given in Figure 9-21. It should be noted
that these uniformperiods are term nated by erosional events such
as the 1982/83 cluster storns.

In the past this coast has always had periods of relatively
abundant sand supply following large sand injections by river
fl oods. Downcoast traveling accretion waves have acted to
naturally nourish the beaches. Follow ng high total-energy storm
events, the beaches are denuded by downwel ling of sand onto the
steep shelf, where it is nostly lost to the shorezone. These
episodic events are followed by erosion sequences. Human
intervention in the form of Oceansi de Harbor and danms on streans
has had significant inpacts that bal ance the scal e t owards erosi on.
This trend has been counteracted in the past by |large quantities of
artificial nourishment (e.g., dredging of Oceanside Harbor basin,
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Agua Hedi onda Lagoon, and excavation of the cliffs at the San
Onofre Power Pl ant).

The nost critical coastal reaches in the future are those south
of COceanside Harbor, where urbanization and construction of

cliff-edge residences have been extensive. These areas wll
continue to erode and, in terns of decades to 50 years, erosion
probably will accelerate. It should be enphasized that the nost

effective erosion control device is a wi de beach.

A second area of concern is San C enente, which exists as a
beach conmmunity only because of past major artificial nourishnent.
Budget details and the anmounts of material involved are sunmari zed
in Figure 9-21. These budgets are for various wave climtes, and
serve as the basis for the necessary ongoing study and planning
required to nmaintain beaches in this area.

Speci fic Studies

(1) Effect of Oceanside Harbor on downcoast beaches. This
shoul d be a detail ed study based on increased nunber and repeated
profiles run to depths of 15 m (50 ft) generally and to 18 m (60
ft) inthe vicinity of the harbor. The study should include better
daily wave data. |In addition, sand tracer studies are needed to
identify paths and quantities of transport.

(2) Study of loss in Carlsbad and Scripps Submari ne Canyons,
with objective of limting |oss down the canyons.

(3) More extensive, better controlled studies and nonitoring
of blufflands erosion and its contribution to the beaches.

9.9.3 Mssion Bay Littoral Cel

This littoral cell will remain reasonably stabl e during periods
of mld wave climte. However its only significant source of beach
sand has been the San Diego River which is now reduced to about
one-quarter or less of its former yield. This decline has caused
increased cliff and bluffland erosion to supplenment the |loss from
rivers. In the long term this cell probably wll require about
100, 000 n¥/yr (130,000 yd® yr) of "new source" beach nourishnent.
Budget details and anmounts of material involved are sunmarized in
Figure 9-22. These budgets serve as a beginning for the necessary
ongoi ng study and planning required to maintain the shorelines of
M ssi on Beach and COcean Beach.

Speci fic Studies

(1) It is inportant to find "new sources"” of sand and the
means of bringing sand to the beach.
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(2) A better nethod of kelp renoval is needed to avoid sand
m ning fromthe beaches.

9.9.4 Silver Strand Littoral Cel

This littoral cell had as a "sol e source" the yield of sedi nent
fromthe Tijuana Ri ver, which is now danmed and no | onger a viable
source. The beaches have been nuai ntai ned by massive injections of
over 26 mllion n? (34 nmllion yd® of "new source" nourishnent.
The rate of nourishnment from 1946 to 1985 was over 600, 000 n# yr
(800,000 yd¥yr). Significant erosion now exists in the vicinity
of the Tijuana R ver delta, and it is progressing both north
towards Coronado and south into Mexico. Cearly this cell wll
require continued nourishnent at rates nearing those of the past.
Fortunately nuch of the sand remains in deposits at Zuii ga Shoal s
and in deeper water off the entrance to San D ego Bay. Budget
details and anmounts of material involved are sunmarized in Figure
9-23. These budgets serve as the basis for the necessary ongoing
study and planning required to nmaintain the beaches of the Silver
Strand Cell.

Speci fic Studies

(1) Sand nourishment is by far of first order inportance here.
Det ai | ed anal ysis nmust begin of the sand volunes in Zuii ga Shoal s
and in the deposits at depths of 18 to 30 m (60-100 ft) off the
entrance to San Diego Bay. The subnerged Tijuana River delta is
now nostly cobbl e and boul der and not a source of sand.

(2) This source study should be paralleled by study of the

econom cs and nethods of transporting the sand to nourishnment
poi nts.
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