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Rising sea level, storm waves, and development pressures along coastlines have led to construction of
many types of coastal protection structures in many different coastal environments. With the construction
of each seawall or other protective structure comes an ongoing debate over the long-term and short-term
effects of that structure on the surrounding coastline. Engineers, developers, and coastal planners need
qualitative descriptions and models of the effects of seawalls on the coastal environment in order to make
intelligent decisions about when and where coastal protection structures are appropriate. Although researchers have documented effects of seawalls on beach morphology, there are few observations of seawalls
actually interacting with nearshore dynamic processes. This investigation documents short-term effects
of seawalls on nearshore hydrodynamic processes and the resultant beach morphology.
Visual observations, measurements of the beach water table at a seawall-natural beach boundary, and
comparisons of beach profile variation show that a seawall affects (1) swash velocity, duration, and
elevation, (2) beach groundwater elevation, and (3) beach slope variability. These effects occur when high
waves and swash interact with the seawall. Swash that is reflected by a seawall is directed seaward several
seconds earlier than swash on an adjacent natural beach, increasing backwash duration and velocity. Also.
less infiltration in front of the seawall increases backwash volume and velocity. Swash is focused at the
seawall flanks, accentuating run up and infiltration. Buried portions of a seawall or revetment alter beach
porosity, permeability, and beach groundwater elevation. Because of the relatively mild conditions that
prevailed during the four-year study period, the seawall's effect on processes produced only minor effects
on beach morphology. It is reasonable to conclude that increased wave energy would increase the differences in response between natural beaches and those protected by seawalls.
ADDlTIONAL INDEX WORDS:
water table.

INTRODUCTION

In recent years, the combination of rising sea
level,large storm waves; coastal erosion, and construction in or near the surf zone has heightened
the awareness of environmental, engineering, and
planning problems at the shoreline (DEAN, 1988;
GRIGGS and TAIT, 1988; KRAUS, 1988; TAIT and
GRIGGS, 1990). These problems arise when shoreline retreat threatens houses or other structures
and when seawalls, built to protect the threatened
structures, begin to affect the surrounding natural
environment, As development increases along the
shoreline and property is lost, planners need
quantitative descriptions and models of how
coastal processes affect the shoreline (DEAN, 1987).
Although there is general agreement on the responseof natural beaches to varying incident wave
conditions, there remains a need to quantify how
shoreline processes and beach morphology re91012received 8 February 1991; accepted in revision 12 August 1991.

Longshore current, principal component analysis, seawall, swash,

spond to coastal protection structures, such as
seawalls.
One of the largest gaps in the understanding of
beach response to seawalls is the relationship of
waves, swash, and groundwater to the morphologic effects attributed to the presence of seawalls.
This deficiency in knowledge is, according to DEAN
(1987), "due in part to the complexities of wave
and current input, difficulties of measurements,
sometimes rapidly changing geometry and energetic conditions." To date, most studies have focused on documenting the morphologic effects,
forming conceptual models for beach response,
and using scale models in the laboratory to simplify the complex nearshore environment. Topographic surveys conducted at low tide and after
major erosion events usually lack observations of
the types of wave-seawall interactions that affect
beach morphology. Likewise, observationsofmorphology and processes usually do not accompany
conceptual models of beach response. Review of
both hypothesized seawall effects on forcing pro-

184

Plant and Griggs

SANTACRUZ .,

MONTEREY

BAY
WAVE GAUGE

1
transects

3

4

5

7

6

9

10

11

12

13

N

"

o

50

100

200

m

Figure 1. Location and detail map (inset) of Aptos Seascape study area in northern Monterey Bay, California.

cesses and documented beach response to seawalls emphasizes the need to look closely at the
processes acting on and near coastal protection
structures. This investigation, which builds on two
earlier studies (GRIGGS and TAIT, 1988; TAIT and
GRIGGS, 1990) conducted in northern Monterey
Bay, California (Figure 1), attempts to identify
some of the dynamic processes affected by seawalls and relate them to the morphologic effects
observed in this and previous studies.
GRIGGS and TAIT (1988) documented beach
morphology near several different seawalls and

determined relationships of seawall type, position
on the beach, and beach shape to the degree that
a seawall affects beach response. Their field work
began in October 1986, and by the end of the 1988
winter they had completed 79 bi-weekly or poststorm (which ever was more frequent) beach profile surveys. The effects that they observed were
seasonal (i.e., they were not long-term or permanent changes) and occurred in the winter
months during storm conditions. These effectsinclude: (1) erosion of the summer berm in front of
the seawalls before equivalent erosion on adjacent

Journal of Coastal Research, VoL 8, No. I, 1992

Beach Morphologies and Seawalls

beaches without seawalls, (2) occasional erosion
of the berm in front of a vertical impermeable
seawall before equivalent erosion in front of an
adjacent permeable sloping revetment, and (3)
increased erosion up to 150 m downcoast of seawalls (often termed scour without documentation
of a scouring process). GRIGGS and TAIT (1988)
alsonote that after initial winter erosion the shape
ofbeaches in front of seawalls is indistinguishable
from non-seawall backed beaches and that spring
andsummer recovery are not affected by seawalls.
TAIT and GRIGGS (1990) compared the effects
observed in their initial field work to those observed in other studies, tested conceptual models
with their observations, and compared the regional characteristics of the seawall response
problem. They noted that seawalls adversely impact beaches undergoing long-term, rapid shoreline retreat, as is common on the Atlantic and
Gulfcoasts, more than the slowly retreating west
coast beaches. Also, seawalls positioned further
seaward affect beach response more than those
built on the back beach. Although most of the
reportedeffects of seawalls are seasonal, T AIT and
GRIGGS (1990) note that seawalls protruding far
enough into the surf zone to impound sand upcoast (relative to littoral currents) can cause
downcoast erosion. Other observed or hypothesized effects of seawalls do not occur consistently
or are site dependent.
NEARSHORE DYNAMICS AND
NATURAL BEACH RESPONSE

Observations of natural beaches (those without
protective structures) document the variety of responses that seawalls may affect. These responses
depend on the hydrodynamic processes as well as
beach morphology (CLARKE et al., 1984; WRIGHT
et al., 1985; WRIGHT, 1980). In general, the hydrodynamic processes drive beach response while
the morphology determines the pattern of beach
change (SHORT and WRIGHT, 1984). The morphology also modifies the incident wave energy
through reflection, dissipation, and resonance.
Nearshore, shear stress from oscillating and
mean currents, beach groundwater fluctuations
resulting from low frequency oscillations such as
tides, and gravity force sediment transport while
dissipation and reflection of incident and subharmonic wave frequencies (periods that are integer multiples of incident band) control the range
oftheseforces (DUNCAN, 1964; DEAN, 1976; ELIOT
and CLARKE, 1986; KOMAR and HOLMAN, 1986).
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Different processes can be responsible for erosion
than for deposition, and processes that dominate
in the swash zone may differ from those in the
surf zone. Although it is the near-bed dynamic
processes that most directly control sediment
transport, the forces that drive these processes
are modified by the nearshore morphology.
PROPOSED EFFECTS OF SEAWALLS
ON BEACH DYNAMICS

Morphologic and hydrodynamic response to
seawalls depends largely on the site conditions,
such as the wall's position on the beach profile,
the long-term erosion rate, and perhaps the type
of structure (KRAUS, 1988; GRIGGS and TAIT, 1988;
TAIT and GRIGGS, 1990). A wide range of observations indicate that a seawall may affect a beach's
storm response if it reflects wave energy, directs
nearshore currents, or alters the beach groundwater level (KRAUS, 1988). The extent to which
seawalls impinge on hydrodynamic processes controls their effect on adjacent and fronting beaches.
Swash Interactions

Wave reflection from a seawall may cause scour
at the toe and ends of the structure and could be
responsible for offshore bar formation (DEAN,
1986). KRAUS (1988) concludes from his extensive
literature search on the interactions of seawalls
and beaches that scour depth may increase with
the reflectivity of the sea wall, but scale models
of wave reflection predict both scour and deposition in front of a seawall (DEAN, 1986). Reflection certainly intensifies dynamic processes in
front of seawalls and may affect current patterns
as well (DEAN, 1988), but its net effect on beach
morphology both in front of and adjacent to seawalls is unresolved.
Beach Groundwater

WALTON and SENSABAUGH (1979) propose that
impermeable structures elevate the local groundwater surface and this increases the mobility of
the fronting beach. High water tables reduce swash
percolation, which increases uprush and backwash velocities, and increase hydrostatic pressures, which reduces the effective stress between
sand grains (DUNCAN, 1964; LANYON et al., 1982;
CLARKE et al., 1984). Groundwater discharge from
the beach also adds an upward directed force on
the sediment, aiding erosion, while groundwater
recharge has the opposite effect (Figure 2)
(DUNCAN, 1964; NIELSEN, 1990). The beach

Journal of Coastal Research, Vol. 8, No.1, 1992

Plant and Griggs

186

RELATIONSHIP BETWEEN TIDE, SWASH, AND BEACH WATER TABLE
swash zone - - - - - - - - '

overwash

<f--

';~i~'~:;r~~ti'd~
••tar

:;",:

A. RISING TIDE

m.,\"::>fi',
,I

rapid rise

____";;

»» ;.:. '.,

I

groundwater
flow

:.:

::;>.. ': :::.,:.: . t

»• •

I-,:::'::..:":"':""

B. FALLING TIDE

't! ~~~dual' '.:":~;""

·---r-.. . . . .
water table

swash zone
...... _
discharge through beach slope

groundwater
flow

. ."':.": .;::: .:.
',

beach

Figure 2. Beach hydrologic cycle shows (A) the rising water table with recharge through the heach slope and from swash infiltration
and (B) falling water table with discharge only through the beach face (after Duncan, 1964).

groundwater elevation fluctuates both seasonally
and on shorter time scales. The water table is
elevated by precipitation, sea level set-up due to
high winds and large breaking waves, and overtopping of the berm by these waves (ELIOT and
CLARKE, 1986, 1988). Storm cycles, spring to neap
tide cycles and semi-diurnal tide cycles cause
shorter-term groundwater fluctuations.
Longshore Current Interactions

Seawalls that protrude into the surf zone can
affect longshore currents, trap sand up current of

the wall and perhaps induce scour in front and
downcoast of the seawall (DEAN, 1976; BERKEMEIR, 1980; McDOUGAL et al., 1987). Longshore
variation in wave energy dissipation induces strong
currents that flow parallel to the shore and have
maximum velocities about midway between the
shoreline and the wave break point (DEAN, 1976).
The velocity of these currents is greatest when
confined by nearshore troughs during large wave
conditions. Seawalls that impinge on nearshore
currents could focus flow further, increase its velocity, and cause a local increase in sediment
transport.
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Figure 3. Th e Sout h Aptos Seascape st udy site.

METHODS

The South Aptos Seas cape seawall site in
northern Monterey Bay, studied by GRIGGS and
TAIT (1988) and T AIT and GRIGGS (1990) (Figure
3), was chosen because it interacts often with winter waves. The site consists of a gently curving
shoreline, a 300 m long seawall flanked by a 300
m long unprotected beach to the northwest (upcoast) and continuous, unprotected beach to the
southeast (downcoast), all backed by 30 m high
seacliffs. The unprotected sandy beach is 90 m
wide in the summer months and significantly narrower (60 m) in the winter. The beach slope is
approximately 1:25 in the summer (measured from
the seaward edge of the berm to the seaward extent of the beach pr ofile) and 1:50 in the winter.
The seawall stands 6.4 m above MLLW with a
2:1 sloping revetment at its toe and sits 75 m
seaward of t he base of the seacliff. A rock revet ment also protects the toe of the cliffs at the back
of the natural beach. Winter wave energy is moderate to high (up to 3 m high waves) and depends
greatly on the angle of approach. Waves from the

northwest mus t refract most to reach the site (see
Figure 1) while refract ion reduces the energy leas t
of those waves from t he southwest and west , pro ducing the most severe conditions. The tides along
this section of the coast are mixed semi-diurnal
with a spring tidal range of up to 2.75 m (GRIGGS
and TAIT, 1988).
To elucidate the behavior of beach morphology
and nearshore processes near seawalls, systematic
comparisons between natural and protected
beaches should relate variations in morphology to
sediment transport processes, which operate at
widely varying time scales. The present investigation attempted to document transport proce sses at appropriate time scales and involved the
following:
(1) Surveys at 1-12 day intervals to cap ture pre-

storm beach morphology and short- lived pr ofile changes during t he four month period between December 1989 and March 1990.
(2) Videotaping and other visual observations of
surf-seawall interact ions during erosion and
recovery events.
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SCHEMATIC DIAGRAM OF WATER TABLE EXPERIMENT
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fordable means of monitoring the beach. A video
camera supplemented observations by recording
wave-seawall interactions for several hours on six
different occasions. This approach allowed us to
capture seawall-related processes in the act of affecting the beach and also record the frequencies
of interaction.

C

c " ..

60

"

E

"
0

I

upper row
.....:....:..\ .. :

......

40

piezometer

~

j

20

.. '. J
longshore Cross Section of Sand Elevation

=

o

scale
10

20m

Figure 4. Layout of the water table study conducted 26 January 1990. The two shore parallel rows of filled circles are the
piezometers referred to in the text.

(3) Measurements of the groundwater elevation
at the seawall-natural beach boundary.
(4) Measurements of the longshore current velocities.
(5) Comparisons of time series of beach variation
at different alongshore positions relative to
the location of the seawall.

Beach Groundwater Interactions

The presence of a seawall may alter the pattern
of groundwater flux, and hence the groundwater
elevation, and may cause increased beach erosion.
This hypothesis was tested at the Aptos Seascape
study site on January 26, 1990 during a spring
tidal cycle under relatively calm (less than 1 m)
wave conditions. Six piezometers, installed in two
shore-parallel rows positioned at the upper beach
slope and lower beach slope (Figure 4), measured
water table variations due to swash and tide level
fluctuations near the seawall. Each piezometer
consisted of a 1/2 inch diameter steel pipe, driven
into the beach (with a bolt in the bottom to block
the entry of sand during installation). After driving the pipe into the ground and lifting the pipe
enough for the bolt to drop out, a water sensor
lowered into the pipe measured the distance from
the top of the pipe to the water table at 10-15
minute intervals for 7 hours. Surveying the pipe
tops allowed correction of all measurements to
the same datum.
Longshore Current Interactions

Beach Surveys

The seawall divides the beach into an up coast
(northwest) natural beach, a seawall-backed beach,
and a downcoast (southeast) natural beach (Figure 1). The upcoast section consisted of transects
1, 4, and 5 (waves never reached the seawall at
transect 5 during the four month study period,
classifying it as a natural beach profile; a stream
cut through the beach near transects 2 and 3 and
these transects were omitted from the analysis).
The seawall-backed section included transects 7,
8,9, and 10 (the seawall influenced the beach at
transect 10 while transect 6 was omitted because
it is at an intermediate position). The downcoast
section included transects 11, 12, and 13.
Swash Interactions

Since processes that affect beach morphology
are continuous and occur at a variety of time scales,
visual observations are the easiest and most af-

Longshore currents in front of seawalls may be
accelerated if the surf zone width is sufficiently
restricted or if a scour trough forms (DEAN, 1976),
but this acceleration has not been measured
(KRAUS, 1988). This hypothesis was tested on four
separate occasions at high tide during the 19891990 winter when large waves forced swash excursions to reach the seawall. Rhodamine B® dye
added to the seawater provided 4-6 minute samples of the flow pattern as currents ran from the
seawall-backed beach to the adjacent natural
beach (or vice-versa). By recording the time required for the centroid of the dye to travel flagged
distances along the seawall and unprotected
shoreline, we calculated the average velocity of
the currents between flags. This method did not
sample time periods that were long enough to
resolve statistically meaningful variations in the
mean current. It did, however, indicate the range
of velocities acting along the upper beach face and
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provides some perspective on the potential for
erosion through this process.
TIME AVERAGED
PROFILES

(All 13 PROFILES, MATCHEDAT 0.0 MlLW)

Principal Component Analysis
c

Principal component analysis provides a quantitative, succinct and statistically meaningful
means of comparing both cross-shore and longshore beach variation (WINANT et al., 1975;
WINANT and AUBREY, 1976; AUBREY, 1979;
BOWMAN, 1980; WRIGHT et al., 1985; ELIOT and
CLARKE, 1986; KREIBEL et al., 1986; CLARKE and
ELIOT, 1988; ELIOT and CLARKE, 1988; PENYA and
LANFREDl, 1988). Using time series of many beach
profiles, this technique identifies modes of linearly related (in phase) beach variation, and time
series of the magnitude of each mode. While the
many profiles comprising the original time series
are difficult to compare because of their great variability over a winter season, comparison of dominant modes of beach variation reveals major differences in beach response, which may be
attributed to the presence of the seawall.
Naturally occurring longshore variation in beach
morphology results from rhythmic topography
such as beach cusps, rip channels, or oblique bars.
The spacing between the 13 shore-normal transects (Figure 1) occasionally spanned beach cusps,
which affected the measurement of beach variability. Longshore cusp wavelengths at the study
site varied from about 30 m to over 100 m with
maximum vertical amplitudes of 1-2 m. Averaging factor loadings and factor scores of transects
within each of the three sections attempted to
reduce the effect of rhythmic topography on the
analysis of longshore variation.
Shoreline curvature and oblique orientation of
the linear survey baseline (Figure 1; the front edge
of the concrete footing formed the baseline) complicate comparison between beach profiles surveyed at different longshore positions. The profiles appear to be horizontally offset (i.e., where
the baseline and shoreline diverge, profiles are
displaced seaward, and where the baseline and
shoreline converge, profiles are displaced landward). Because this study attempts to compare
variability patterns, matching time-averaged profiles (Figure 5) by shifting them horizontally onshore or offshore permits comparison of the spatial variance modes. The profiles were matched
at 0.0 MLLW. This technique assumes that mean
profiles are not significantly different, which is
reasonably supported by visual observations.
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Figure 5. (Top) Time averaged mean profiles, matched at mean
lower low water, for all thirteen transects (Figure 7) surveyed
between December 1989 and March 1990. (Bottom) Spatial average of mean profiles within upcoast, seawall-backed, and
down coast beach sections.

Principal component analysis requires spatial
interpolation of irregularly spaced survey data.
The size of the data set, limited to 30 points per
profile by the computing routine (FACAN, written by Marlene Noble at the USGS, Menlo Park,
CA, 1988), and the length of the profile, limited
to 90 m by the shortest survey, set the interpolation interval to 3 m. Several temporally interpolated profiles, calculated for periods of infrequent surveys during times of little beach change,
weighted beach shape in proportion to the length
of time a particular shape existed.
This analysis follows the procedures used to
calculate principal components as described by
DAVIS (1986). Jacobian transformation extracts
the eigenvectors and eigenvalues from a variancecovariance matrix produced by multiplying the
de-meaned data matrix by its transpose:
[R]

=

[X]' [X]/nt

(1)

where
[R]

[X]

variance-covariance matrix
de-meaned data matrix; columns rep-
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[X]'
nt

resent cross-shore position and rows
represent survey dates
transpose of [Xj
number of dates used in analysis

=

=

The total variance of a profile is represented by
the sum of the diagonals of the variance-covariance matrix. Each eigenvector represents a normalized mode of linearly related beach variance.
The value of each component of an eigenvector
represents the proportion of variance occurring
at each shore-normal position. Factor loadings,
calculated by multiplying each eigenvector by its
corresponding eigenvalue, modify the amplitudes
of the eigenvector to represent variance in real
units (meters):
[Aj

=

[Uj ll-l

(2)

where
[L]

[Uj
[A]

matrix of square roots of eigenvalues of
[Rj
matrix of eigenvectors of [Rj
R-mode factor loading matrix

Thus, a graph of each factor loading versus crossshore position represents profiles of linearly related beach variation. Summing the product of a
factor loading with each de-meaned beach profile
yields a series of factor scores:
[Sj

=

[X][Aj

(3)

where
[Sj

=

R-mode factor scores matrix

This is a time series that represents the correlation of a factor score with the data. High positive factor scores indicate times that factor loadings aptly represent the variance pattern, while
large negative scores indicate that factor loadings
have estimated the magnitude of the variance distribution but have reversed the sign. A near zero
factor score indicates a poor correlation of the
factor loading with the measured variance pattern.
RESULTS AND DISCUSSION
Swash Interactions

Wave reflection, swash bore deflection, backwash intensification, and water table deflection
occurred near the seawall during peak wave energy events when the waves and seawall interacted. Swash comprises landward propagating white
water bores and reformed waves while backwash

is seaward directed sheet flow down the beach
slope. Reflected waves form when 20-100 em high
swash bores strike the rock revetment fronting
the seawall. A reflected wave propagates seaward
2-3 seconds after impact, usually at a small angle
from the shoreline (Figure 6), typically colliding
with incident swash bores and dissipating the incoming energy in a turbulent break. A dissipative
beach fronting the seawall, high tide, and infragravity swash oscillations produced well developed reflected waves. Backwash from the rock
revetment begins several seconds earlier in front
of the seawall (i.e., before backwash on an adjacent beach) and reaches higher velocities before
the next swash bore begins another cycle. Backwash in front of the seawall continues to flow
several seconds after flow ceases on the adjacent
beach as virtually none of the swash is lost to
infiltration (Figure 6) when this portion of the
beach remains saturated due to the high water
level. The beach in front of the seawall is often
deeply rilled by the backwash that is directed
seaward in streams between the rocks of the revetment (Figure 7).
Waves that reflect off the rock revetment increase the water depth and accentuate swash runup on the downcoast beach immediately adjacent
to the wall. On this adjacent section of beach, the
backwash begins later than it does both in front
of the wall and further downcoast. Again, the
backwash phase lasts longer (10 seconds or more
if swash has penetrated far back on beach) here
than downcoast as water drains off the flank of
the seawall and down the beach slope (Figure 6).
A scarp commonly forms at the intersection ofthe
seawall and down coast beach berm (Figure 8) and
may be a result of these and other processes affected by the seawall.
Beach Groundwater Interactions

Observations of the beach groundwater effluent
line, marking the upper limit of saturated sands
(Figure 9), suggest that the seawall may affect the
elevation of the beach groundwater level. At high
tide the effluent line deflects landward as it approaches the seawall while at low tide the effluent
line deflects seaward in front of the wall (Figure
10). This may be due to the relative impermeability of the rock revetment that underlies the beach
sands near the wall. The revetment reduces the
porosity (and perhaps the permeability) of the
beach aquifer, which may then respond to water
level changes more rapidly.
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SWASH RESPONSE AS IT STRIKES THE SEAWALL
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Figure 6. The behavior of swash and backwash near a seawall.

Time series of beach water table elevations
(Figure 11) show that the groundwater response
variesin both shore-parallel and shore-normal directions. Groundwater response beneath the upper beach slope lags behind the response of the
lower beach slope and the maximum at the upper
beach slope is higher and more peaked. The
amount of lag and difference in maximum elevation depends on the distance between stations
and beach slope (LANYON et al., 1982). Although
both time series are asymmetric, the upper beach
slope response is considerably more asymmetric.
In front of the seawall, the water table rose more

rapidly and to a higher elevation (12 em higher
at the lower beach slope and 7 em at the upper
beach slope) than the levels at both the seawallnatural beach boundary and a station 40 m downcoast of the seawall. There are beach elevation
differences between piezometer locations that are
comparable to the measured groundwater elevation differences, but note that the 40 em elevation
difference between the upper and lower piezometers in front of the seawall results in less than
10 em of maximum water table elevation difference (Figure 4). Thus, the effect of a 10 cm elevation difference in piezometer locations would
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Figure 7. Photograph shows rills formed by streams of backwash that flowed through the rock revetm ent .

cause only a 2.5 em water table elevation difference. At the lower beach position, the water table
dropped faster in front of the seawall than it did
at the boundary and natural beach positions.
However, the water table at the upper beach
dropped more slowly in front of the seawall.
The cross-shore differences result from the effects of beach slope and elevation on groundwater
recharge and discharge. The upper beach slope
steepness and elevation limits wave run-up and
the swash infiltration component of groundwater
recharge (LANYON et al., 1982). More frequent
swash excursions on the shallow sloping lower
beach face allow water to infiltrate quickly, accompanied by a rapid water table rise. Since all
discharge must seep through the beach face, this
process proceeds more slowly than infiltration,
accounting for the asymmetry of the groundwater
response.
When the seawall deflects swash bores at its

also elevates the groundwater near the seawall as
it approaches the less permeable boundary. Near
the seawall, the concrete footing and underlying
rock revetment reduce the bulk porosity and per haps the permeability of the beach and the effective volume of the aquifer (Figure 12). The extensive rock revetment (Figure 12) that is buried
beneath the beach sand replaces 50 to 75 percent
of the volume that it occupies with solid rock
(assuming cubic to rhombohedral packing of the
rock (SHEPARD, 1963)) and could replace a greater
amount depending on the distribution of rock sizes. Thus, the beach porosity is reduced to at least
0.2 or 0.1, rather than the typical value of 0.4
(SHEPARD, 1963). As a result the sand should saturate much faster near the seawall when the water
table elevation rises as indicated by the time series
data (Figure 11). Similarly, the water table should
fall faster in front of the seawall. This hypothesis
is supported by the record at the lower beach slope

Figure 8. Example of scarp that formed on 17 February 1990 at the downcoast end of the seawall during major overwash events.

elining slowest . Ponding water within the buried
rock revetment could be an explanation of this
behavior as rock underlies the upper beach slope
but not the lower beach slope .
Erosion of the beach slope is believed to be
controlled largely by variations of the beach water
table elevation (DUNCAN, 1964; WADDEL, 1980;
LANYON et al., 1982; ELIOT and CLARKE, 1988).
The arcuate scarp cut in the beach berm adjacent
to the seawall at the study site (Figure 8), which
formed during several erosion events this season
(November 1989 to March 1990) and has occurred
repeatedly in past winters (GRIGGS and TAIT,
1988), reflects the higher water table at the downcoast flank of the seawall. An elevated water table
caused sand to slump and form the scarp, not
scouring by reflected waves, which tend to plane
off angular beach features (WRIGHT, 1980; SHORT
and WRIGHT, 1984). Once erosion begins anywhere along a beach, the lowered slope increases
the shoreward extent of long period swash excursions and, consequently, saturation of the beach.

This feedback perpetuates the effects that cause
increased erosion at this location (WRIGHT, 1980;
SHORT and WRIGHT, 1984; WRIGHT et al., 1985).
The mild wave conditions during the winter
groundwater study limited the effect of the seawall on beach groundwater response, and the study
did not measure short-term beach level fluctuations, which might have been affected by the subtle variation of the water table (DUNCAN 1964;
SALLENGER and RICHMOND, 1984). During storm
conditions, when swash excursions are greater and
overtopping of the berm saturates the beach, perturbations of the water table should be more significant.
Longshore Current Interactions

The longshore current velocities, measured by
tracking the center of a dye injection, varied considerably (Figure 13), ranging from 0 to 94 cm/
sec. The average of all high tide longshore velocity
measurements was 55 ern/sec, which corresponds
to a bed level shear stress of about 0.4 N/m 2 (as-
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Figur e 9. The upp er limit of slick sand (photographed on 14 J anuary 1990) marks th e groundwater eflluent line.

A. DEFLECTION OF EFFLUENT LINE AT HIGH TIDE

saturated sands

~

dry sands

[ill

B. DEFLECTIO N OF EFFLU ENT LINE AT LOW nDE

suming turbulent stream flow models, with a flow
depth of 1 m and bed roughness, z, = 1.0 X 10- 4
m). Using the Shields Diagram, this is the critical
shear stress for 0.25 mm diameter sand (MIDDLETON and SOUTHARD, 1984), ignoring the slope
of the bed . The mean grain size at the study site
during the winter (March, 1990) was 0.23 mm ,
which could be transported by the longshore current. If longshore currents did accelerate in front
of the seawall, they did not appear to increase
erosion there. Since longshore currents flowed near
the wall only during the highest tides, the wall
had little opportunity to affect longshore currents. Longshore variation in sediment transpor t
resulting from these short lived effects on the cur rent was not detected.
Beach Profile Variation

Comparison of the first factor loading and score
averages reveals the spatial and temporal vari-
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Figure 11. Time series of groundwater elevations, measured at different cross-shore and longshore positions. Upper (Top) and
Lower (Bottom) refer to the cross-shore position while seawall, intermediate (at the seawall-natural beach boundary), and natural
refer to the longshore position.
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LONGSHORE CURRENT VELOCITIES

PERTUR8ATION OF THE BEACH WATER TABLE
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Figure 12. Perturbation of the beach water table resulting from
reduced porosity where beach sand is replaced by a rock revetment. The seawall faces the downcoast (south-east) natural beach
(see Figure 1).

nantly positive, have maxima between 30 and 45
m offshore and broad minima at about 60-80 m
offshore. The positions of the maxima indicate
the points of maximum variance in each transect.
The variance minima suggests some sort of nodal
point crossed by sand eroded from the upper shore
face and deposited offshore. Note that variance
is in phase at the two maxima, indicating that
beach face accretion is tied to accretion on the
low tide terrace.
The averaged first factor scores (Figure 14),
which indicate the temporal amplitude variations
of the factor loadings, contain a long-term seasonal pattern and several shorter oscillations. The
long-term trend initially declines, reaches a minimum in mid-February (day 60 = February 16),
and increases from that time onward. This corresponds to the seasonal cycle of upper beach face
erosion during the winter followed by spring recovery. The short-term oscillations are erosion
events during storms and subsequent post-storm
recovery. Generally, there are three minima in the
factor score plots, corresponding to three major
erosion events. These minima tend to lag behind
storm events (indicated by increased wave height)
by several days. Beach response appears to be
driven by sustained large wave conditions and
responds at time periods of several days.
Comparison of the first factor loading and score
averages (Figure 14) reveals the spatial and temporal variability of winter beach erosion and deposition. The position of the seawall-backed and
downcoast factor loading maxima is 5-10 m fur-

12 Jan. 1990

14 Jan. 1990

6 Feb. 1990

Observation Dale

Figure 13. Variation in longshore current velocities measured
with Rhodamine B® dye on 4 different occasions. Note that the
variability in the data precludes statistically significant comparison between velocities in front of the seawall to those in
front of the natural beach.

ther seaward than that of the upcoast factor loading, and the minimum of the seawall-backed loading is 20-30 m seaward of the minima of the other
sections. This suggests that seawalls may displace
patterns of variability offshore.
The temporal behavior of the three sections
differs greatly. The upcoast section, which contains only two major erosion-recovery cycles, appears to respond slowly to erosion events and recovers more fully from the erosion. Both the
down coast and seawall-backed sections underwent three full erosion-recovery cycles, the amplitude of each cycle being greatest in the seawall
section. At several times, erosion and recovery
cycles are out of phase between the two sections
(day 23, 40, 50, and 53), suggesting longshore sediment exchange.
The results of principal component analysis do
suggest differences in beach response associated
with the seawall. Comparison of the factor scores
and factor loadings indicates that in front of the
seawall short-term fluctuations are more frequent
and the beach variation pattern is shifted seaward. If the differences in the spatial variance
pattern are due to the seawall and the dynamic
processes that it affects, then comparison of the
dominant factor loading indicates that the seawall
effects occur only within 80 m seaward of the wall.
Comparison of the factor scores suggests that the
seawall affects short-term beach variability but

Journal of Coastal Research, VoL 8, No. 1,

199~

Beach Morphologies and Seawalls

197
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Figure 14. Comparison of averaged principal components and wave heights recorded at Marina (see Figure 1).

has little effect on the seasonal erosion-recovery
cycle.
CONCLUSIONS

This field investigation added to three previous
years of monitoring at a northern Monterey Bay
seawall site and documented the interaction between beach morphology, hydrodynamic processes,and a seawall throughout a late fall to spring
beach erosion and recovery cycle. The effects of
a seawall on both morphology and processes were
documented in order to test several hypotheses
on the interactions of beaches and seawalls. Although winter storms occurred infrequently and
lacked severity during the study, the frequent

monitoring captured at least 3 erosion and recovery cycles, which provided adequate data to test
many of the proposed beach response hypotheses.
This study demonstrates that a seawall affects
uprush and backwash amplitude, velocity, and
duration, beach groundwater elevations, and beach
slope variability.
Immediately in front of a seawall or rock revetment, the duration of the swash cycle decreases; backwash velocities increase, and backwash
duration increases as wave reflection truncates
the uprush portion of the swash cycle. Water held
within the rock revetment above beach level does
not infiltrate and, thus, feeds the backwash flow.
On the seawall flanks, swash excursions deflected
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by the rock revetment increase in depth, penetrate further onto the back beach, and add to back
beach infiltration, compared to similar excursions
away from the wall. Reflected waves propagating
at a high angle to the shoreline also increase the
swash depth near the seawall.
Reduced permeability and porosity below beach
level due to a rock revetment inhibits groundwater flow and increases water table elevation at
the wall-natural beach boundary during times of
elevated sealevel. Back beach sources of surface
water are also confined by the seawall's rock revetment and concrete footing, and compound the
seawall's effect on beach water table elevation.
DUNCAN (1964), WADDEL (1980), LANYON et al.
(1982), and ELIOT and CLARKE (1988) demonstrate the strong control of the water table on
patterns of erosion and deposition on the upper
beach face. The seawall did affect the tidally forced
groundwater cycle (this investigation), but mild
conditions during the study period did not demonstrate the maximum extent of this effect. This
topic deserves further study.
Principal component analysis indicated increased temporal beach variability in front of the
seawall and showed that this section of the beach
responded strongly to erosion events. Also, the
locations of maximum and minimum variance shift
seaward in front of the seawall. Again, the lack of
severe erosion events limited beach response variability between seawall-backed and adjacent natural beaches.
Visual observations led to most of the conclusions reached in this investigation, while more
detailed analysis attempted to quantify the magnitude of seawall effects. Since wave interactions
with the seawall at the study site occurred sporadically, and since the beach changes during such
events are rapid and extreme, monitoring at daily
to weekly intervals did not always capture the
most significant interactions. More continuous
monitoring during such events would add significantly to our observation record. In particular,
observation and measurement of the rapid erosion
of the upper beach slope, detailed three-dimensional measurement of the groundwater elevation,
and more sophisticated measurement of the longshore currents and wave run-up would allow statistically significant comparisons of processes and
morphology. This information ought to allow engineers, planners, and property owners to make
reasonable decisions about how, where, and when
to use seawalls. Such well guided decisions ought

to minimize the adverse effects on the coastal environment and save the cost of ineffective and
often controversial coastal protection structures.
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o RESUME 0
La montes du niveau de la mer, les tempetes, les surpression Ie long du littoral ont conduit ala construction de nombreuses structures
de protection sur differents types d'environnement. Chaque digue entraine un debat sur la consequence a long ou a court terme de
la structure sur l'environnement littoral. Ingenieurs et planificateurs ont besoin de descriptions qualitatives et de modeles des effets
des digues pour prendre des mesures intelligentes de protection. On dispose de peu d'observations sur les interactions des digues
avec les processus dynamiques littoraux. On propose ici d'examiner les effets a court terme de digues sur les processus hydrodynamiques de l'estran et la morphologie de la plage qui en resulte,
On a effectue des observations visuelles, des mesures du niveau de la nappe de la plage pres de la digue et conpare les profils de
plage.II y a une grande variabilite de I'effet de la digue sur la vitesse du swash, sur la duree et I'elevation de la nappe de la plage
et sur la variation de la pente. Ces effets adviennent quant il y a interaction entre des vagues hautes et Ie swash sur la digue. Le
swashqui est reflechi par la digue se dirige vers la mer quelques secondes avant Ie swash d'une plage naturelle, ce qui aceroit la
duree du retrait et sa vitesse. La minoration de l'infiltration devant la digue accroit Ie volume et la vitesse du retrait. Le swash est
concentre sur les flancs de la digue ou Ie jet de rive et l'infiltration sont accentues, Les portions enterrees d'une digue ou leur
revetement alterant la porosite, la permeabilite et Ie niveau de la nappe de la plage, La digue n'a provoque que des effets mineurs
sur la morphologie de la plage parce que les conditions moyennes ont prevalu durant la periode d'etude, On peut raisonnablement
conclureque la croissance de l'energie de la houle aceroitrait les differences entre plages naturelles et plages protegees de digues.CatherineBousquet-Bressolier, Geomorphologie EPHE, Montrouge, France.
o RESUMEN 0
EI ascenso del nivel del mar, las ondas de tormenta y las perturbaciones meteorologicas, han inducido a la construccion de varios
tipos de estructuras de proteccion costera, en diversos y diferentes ambientes. Con la construccion de cada estructura se inicia un
debate sobre sus efectos sobre la costa en el corto y largo plaza. Los ingenieros, los planificadores y aquellos eneargados del desarrollo
costero necesitan descripciones cualitativas y modelos que indiquen los efectos de las estructuras sobre el ambiente costero a fin de
adoptar medidas racionales acerca de donde y cuando sera necesario y adecuado la implantacion de una estructura que proteja la
costa. Aun cuando los investigadores han documentado los efectos de las estructuras sobre la morfologia de la playa, son pocas las
observaciones de la interaccion entre las estructuras y los procesos dinamicos costeros. Estas investigaciones solo documentan los
efectos de las estructuras sobre los proeesos hidrodinamicos y la morfologia de la playa resultante en el corto plazo. Observaciones
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visuales y mediciones de algunos parametros en el limite entre la estructura y la playa natural, y comparaciones de la variacion del
perfil de la playa muestran que una estructura afecta: (1) la duracion, la velocidad y la elevacion (sobre la playa) dellavado de las
olas; (2) el ascenso de la napa de agua subterranea en la playa; y (3) la variabilidad del perfil de playa sobre la playa. Estos efectos
se manifiestan cuando interactuan en la zona de lavado: la estructura con un campo de olas importante. La reflexion, del agua de
la zona de lavado, sobre un murallon, retrocede unos segundos antes que el lavado sobre una playa natural adyacente, aumentando
la duracion y la velocidad de retorno. Al mismo tiempo, la menor infiltracion en el frente del muro incrementa la velocidad y el
volumen del agua de retorno. El lavado se centra sobre los flancos del muro, acentuando la infiltracion y el ascenso vertical de las
olas sobre la estructura (run-up). Las partes de las estructuras hincadas en el terreno 0 revestidas, alteran la porosidad, la permeabilidad y la slevacion de la napa de agua subterranea sobre la playa.
Este estudio se desarrollo durante cuatro afios en condiciones ambientales normales, y los efectos de los procesos sobre las estructuras
dieron lugar a cam bios menores sobre la morfologia de la playa. Es razonable conduir que un incremento en la energia de la ola
podria aumentar las diferencias entre las respuestas de las playas naturales y las protegidas.-Nestor W. Lanfredi, CIC-UNLP, La
Plata, Argentina.
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