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Coastal Engineering
Technical Note

SUMVARY OF SEAWALL AND BEACH | NTERACTI ON
AT NORTHERN MONTEREY BAY, CALI FORNI A

PURPCSE: To summari ze results of recent field studies on the effects of
coastal armoring on beaches al ong northern Monterey Bay, California.

BACKGROUND: Engi neers and scientists are studying seawal Il s, revetnents and
bul kheads to define the effects of coastal arnoring on beaches. Seawal | s,
revet ments and bul kheads are structures built to protect a coastal comunity
agai nst wave attack and fl oodi ng during severe storns, since there are few
other structural alternatives available to provide the sanme degree of
protection. Throughout the remainder of this docunent seawalls, revetnents
and bul kheads will be grouped together and referred to sinply as seawal | s.
The failure of some seawalls and rapid erosion of the foreshore in the
vicinity of some seawal | s has pronpted controversy as to whether seawalls
protect or damage natural beaches. Coastal planners and nmanagers becone
increasingly reluctant to consider these structures for their coastal defense
appl i cati ons. Both North Carolina and Mai ne have | egislation prohibiting the
construction of seawalls.. In other states such as Texas, Florida, and
Massachusetts, construction of seawalls or other types of hard structures
along the coastline is severely restricted.

Kraus (1987,1988) conducted extensive literature reviews and concl uded
that "beaches with and w thout seawalls exhibit simlar behavior and variation
with regard to short-term erosion and recovery associated with stornms and
post-storm wave conditions." He further pointed out that "seawalls are
relatively innocuous with regard to cross-shore sedi ment transport processes
and only have potential to damage nei ghbori ng beaches if | ongshore processes

are interrupted."” Accordingly, a "properly" designed and engi neered seawal |
shoul d not cause or accel erate beach erosion provided a sedi nent supply
exists

Structures inproperly designed and sited can adversely inpact beaches
adj acent to and/or in front of structures. These potential inpacts are (1)
accel erating or enhanci ng beach erosion in the formof either |owering the
beach profile or causing toe scour during wave attack and (2) causing
downdrift flanking and updrift accretion. On a receding beach, hard
structures interfere with nearshore sediment processes if the shoreline

retreats to the proximty of the structures. In this case, corrective
neasures such as beach nourishnment can be effective to mtigate the
structure/ beach interactions

Structural inpacts on beaches can be mnimzed or avoi ded through
conpr ehensi ve anal yses of site-specific wave climate and coastal processes
along with sound engineering judgenent and design practice. To devel op
effective functional design guidance, the research Wrk Unit, "Engineering
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Performance of Coastal Structures,” in the Coastal Structures Evaluation and
Desi gn Program at the Coastal Engineering Research Center sponsored a
long-termfield nonitoring study of seawal |l -beach processes at four |ocations
al ong the northern coast of Monterey Bay in California. This ongoing field
study , initiated in 1986, is being conducted by Dr. Gary B. Giggs of the
University of California at Santa Gruz. The study invol ves neasurenents of
beach profiles in front of seawal | s and conparisons with profil es neasured at
adj acent unstructured or control beaches. This note sunmarizes the
significant findings to date. Detail ed discussions of the study results are
presented in Tait and Giggs (1990), Giggs, Tait, and Scott (1990), and
Giggs and Tait (1988).

MONI TORI NG SITES: According to Giggs and Tait (1988), the coastline al ong
northern Monterey Bay is backed by cliffs cut into Tertiary sedi nentary rocks
which range in height from5 to 30 m The interior of the bay, which extends
from New Bri ghton Beach on the north to Monterey on the south, is considered
an “equilibriunt coastline (Giggs and Jones 1985). It has a snooth arcuate
shape and is flanked by a continuous w de sandy beach which is often 50 to 100
min width during the summer nonths. During severe winters, however, waves
will erode the beach and, on occasion, reach the base of the cliff. In
contrast to the interior of the bay, the northern nmargin, fromSanta Gruz to
New Bri ght on Beach, is al so backed by steep cliffs, but consists of a series
of pocket beaches of varying length. One of the four nmonitoring sites,
Corcoran Beach, is situated al ong one of these pocket beaches, with the other
sites (North Beach Drive, South Beach Drive and South Aptos Seascape) being
along the inner bay (Figure 1).

These sites differ fromsites on the Atlantic or Qulf barrier island
coastlines where many of the observations concerning inpacts of seawal | s on
beaches have been made. Three of the four sites nonitored in this study are
along equilibrium stable shorelines with no net erosion or accretion
Littoral drift inthe area is relatively high and beaches are well supplied
with sand. Conversely, on the Atlantic shoreline, the barrier islands
generally mgrate | andward and nmany areas exhibit severe erosion rates. In
addi tion, typical stormand wave conditions associated with inpacts of
seawal | s for the Gulf and the Atlantic are associated with hurri canes,
occurring less frequently and of greater severity than typical winter storm
conditions which affect this region of the California coastline (Giggs, Tait
1988) .

The average diurnal tide range of the study area is 5.3 ft, and the
extrene range is 9.0 ft. Waves in the region are rel atively noderate.
According to &iggs and Tait (1988) deepwater wave heights of 21 ft were
neasured of fshore of Monterey Bay during the severe winter storns of 1978 and”
1983. In the sane time period, wave heights ranged from5 to 10 ft one nile
off Santa CGruz. Wave conditions during the study period were relatively mld.
Measurenents at the Santa Gruz Snall Craft Harbor gage (Figure 1) reveal ed
that on only 11 days did wave hei ghts exceeded a height of 5 ft between
Cct ober 1986 and Cctober 1987.

Figure 1 shows the four nonitoring sites in northern Monterey Bay. Site
No. 1 at Corcoran Lagoon is imrediately south of Santa ‘ CGruz. The riprap wall
structure, approximately 820 ft long (Figure 2). is situated on a relatively
narr ow beach and stacked directly agai nst coastal bluffs. Rocks were randomy
pl aced without core and bedding |ayers at a slope of 1 (vertical) : 1.6
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(horizontal). The crest elevation varies from33 to 36 ft nean | ower | ow
water (M.LW and the toe is at approximately 11 ft MLLW Two different walls
nmeet at Site No. 2, North Beach Drive (Figure 3). Upcoast is an BOOft |ong
rubbl e nound type structure with core stone and filter fabrics. The crest
ranges from 12 to 15 ft MLW | medi at el y downcoast is a 650 ft wooden

bul khead wi th curved concrete cap and crest of 16.6 ft MLLW  Site No. 3,
South Beach Drive, is a 410-ft long rubble nound wall (Figure 4) randomy

pl aced without core stone and filter fabrics. Mund crest is at 16.6 ft MLW
Site No. 4 at South Aptos Seascape (Figure 5) is a 980 ft curved concrete
seawal | of 21 ft MLWcrest with stone toe protection. Except at Site No.1,
the beaches are all of relatively noderate width with gentle offshore sl opes.
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Figure 1. Locations of Monitoring Sites

SI GNI FI CANT FI NDI NGS: Al changes in beach profiles were tenporary or
seasonal, and devel op during the transition between sumrer swell and winter
storm conditions. Regar di ng cross-shore transport, no long-termdifferences
wer e observed between arnored shorelines and unarnored-control areas. In some
i nstances | ongshore transport appeared to be affected and signs of sedi nent
deprivation were observed downdrift of the structure. The follow ng are the
conclusions by Giggs, et al (1990a) and Giggs (1990b) derived froma 4-year
field nmonitoring study at the coast along northern Monterey Bay.

a.  Wth the arrival of winter waves, the |oss of the sumer berns
occurred sooner in front of all nonitored seawalls than in front of the
adj acent unstructured beaches

b. The bermnmay or may not be renoved sooner in front of an inperneable
vertical wall when abutted by a sloping perneable wall.'

c. After the winter profile has been established, there is no significant
or consistent difference between the beach face fronting perneabl e structures
and i nperneabl e wal | s.




Figure 2. Monitoring Site No. 1 at Corcoran Lagoon

Figure 3. Monitoring Site No. 2 at North Beach Drive
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Figure 5. Monitoring Site No. 4 at South Aptos Seascape
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d. Once-the bermon the adjacent unstructured beaches has retreated
landward of the seawalls, there is no significant difference in winter beach
profiles seaward of seawalls or revetnents relative to adjacent unprotected
beaches.

e. Increased bermretreat and beach scour occurs up to 500 ft downcoast
fromseawalls due to a conbination of wave reflection and groin effects.

f. Late spring/sumer bermrebuilding takes place in a uniform manner
al ongshore with no obvious difference between seawal | - backed or adjacent
control  beaches.

g. A trough was never observed in front of any walls during the
nmoni tori ng peri od.

h. Longshore troughs oblique to the shoreline often develop in the surf
zone at downcoast ends of seawalls in response to rip current devel opnent
during the winter nmonths.

i, Dean's hypothetical profile (Dean, 1986),. based on the excess sand
renoved fromin front of a seawall which would have scoured fromthe area
landward if the seawall had not been constructed, did not occur. Figure 6
shows Dean' hypotheti cal profile. Figure 7 shows nmean profiles which
represent all of the nean profiles for an entire season of surveying at the
Apt os Seascape Site, upcoast, at the seawall, and downcoast sites; An area of
| ocalized scour at the seawall area is not present on these profiles.

Normal Rofile

Storm Profile ‘ T

a) Normal ond Storm Profiles on o Natural Shoreline

Storm Profile T
(Withitit-Seamvall)

Qt__,;rs'igrm Profile (with Seawalt)

b) Normol and Storm Profiles on o Seowalled Shoreline
and Comparison with Profiles on a Natural Shoreline

Figure 6. Dean's Hypothetical Profile predicts additional scour immediately
in front of a seawall due to storns.
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Figure 7. The upper graph shows all of the meanprofiles, matched at nean | ow

wat er . The | ower graph shows the nean profiles of each of the
averaged beach sections.



ADDITIONAL INFORMATION: A similar Corps sponsored field monitoring/study was
initiated in 1989 at Sandbridge Beach, Virginia and is being conducted by Dr. David R. Basco of
Old Dominion University. For additional information about the seawall effects studies at both
east and west coast locations contact Ms. Cheryl E. Pollock at (601) 634-4029,
Cheryl.E.Pollock@erdc.usace.army.mil.
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