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Wave runup has been investigated on the high energy dissipative beaches
typical of the Pacific Northwest of the United States. This has been accomplished
through field investigations on the central Oregon coast utilizing video image
processing techniques. Extreme runup statistics have been found to linearly depend
on the deep-water significant wave height. This relationship and other potential
runup models have been used to develop a methodology which evaluates the
susceptibility of coastal properties to erosion. Extreme water elevations, including
water elevations measured by tide gauges as well as elevations achieved by wave
runup, are compared with measured elevations of the beach face junction on a
variety of beaches. The model, valid for conditions when the beach face junction is
landward of the mean water line, predicts susceptibilities to erosion that agree well

with observations.

A more detailed investigation into the frequency response and frequency-
wave number structure of swash motions is also presented. Overlap in the coverage
of 3 video cameras allowed for runup elevations to be analyzed at any longshore
position over a 1600 m reach of beach. Runup spectra show a large saturated region

with an f* dependence extending to lower frequencies than previously reported.



Runup motions are coherent over very large alongshore distances, O(1 km), at the
extremely low frequencies, 0(0.005 Hz), that dominate the swash zone. Due to the
low frequency nature of the swash, the array length was too short to resolve between

leaky modes and higher edge wave modes.

Finally, an analytic model is presented which predicts longshore currents and
sediment transport on beaches backed by vertical structures with toes seaward of the
mean water line. A partial standing wave develops in front of the structures causing
modulations of the bottom stress, radiation stresses and the resulting setup,
longshore current and longshore sediment transport. Model results suggest that the
magnitudes of these processes can be either greater or less than on a similar beach
without a structure, depending on the position of the structure across the surf zone,

the beach slope and the wave conditions.
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WAVE RUNUP ON HIGH ENERGY, DISSIPATIVE BEACHES AND THE
PREDICTION OF COASTAL EROSION

CHAPTER ONE: GENERAL INTRODUCTION

Erosion has been common along the Oregon coast due to the high energy
nature of the wave climate and the dynamic behavior of its beaches. Erosion has
occurred in areas where either sea cliffs or foredunes back the beaches. The erosion
has been episodic, associated with the occurrence of extreme storms, and it also has
been spatially variable. This spatial variation is due in part to the tectonic setting of
Oregon, which has resulted in different rates of coastal uplift (Komar and Shih,
1993). In general, the southern part of the coast and the northern-most part near the
Columbia River are rising faster than the present rate of sea level rise, while the
north-central stretch has minimal uplift and therefore is experiencing a sea level
transgression due to the global rise in sea level. This coast wide pattern of relative
sea-level change is reflected in the degree of sea cliff and dune erosion. However,
there also are more local controls, which include the volume of sand on the fronting
beach and the corresponding ability of the beach to act as a buffer between the sea
cliffs or sand dunes and storm waves (Shih and Komar, 1994). The north-central
portion of the Oregon coast, where erosion has been greatest, is segmented into a
series of littoral cells by large headlands, which effectively isolate the stretches of
beach within each cell. Sources and losses of sand to the series of littoral cells are
highly variable, and this has controlled the amount of sand on the beach and the
elevation of the junction between the beach face and the backing feature, be it a sea
cliff, sand dune or shore protection structure. As a result, there tends to be
differences in the susceptibilities of properties to erosion between the series of
littoral cells. It is this highly spatial as well as temporal variation that has made it
important to develop analysis techniques that can assist in rationally evaluating

potential erosion. One such methodology (developed in this thesis) examines the
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extreme total water levels experienced on Oregon beaches relative to the elevation of
the beach face junction. This analysis requires the capability to predict both the
extreme water levels measured by tide gauges as well as extreme wave runup levels

during large storm events.

Many beaches in the Pacific Northwest of the United States can be classified
as dissipative. They exhibit behavior which is very different than beaches on the
more heavily populated, and more heavily studied, intermediate to reflective beaches
common on the east coast of the U.S. Beaches in general can be morphologically
classified as ranging from fully dissipative, corresponding to low sloping beaches, to
highly reflective steep beaches (Wright and Short, 1983). Dissipative beaches are
characterized by spilling breakers and wide saturated surf zones, while on more
reflective beaches, nearshore processes occur over a narrower region. As incident
waves propagate shoreward and become significantly affected by the shallowing
bathymetry, wave energy is transferred through non-linear processes to both higher
and lower frequencies (Longuet-Higgens and Stewart, 1962). On steep beaches, this
evolution of the incident spectrum occurs over only a few wave lengths. On very
mild sloped beaches, the evolution occurs over many wavelengths, in which case the
incident waves can be strongly dissipated and the inner surf zone can be dominated
by low frequency (infragravity) energy. In particular, fluid motions over the swash
zone, defined as the section of intermittently wetted profile between the landward
most runup of ocean waves and the furthest offshore rundown, can be of extremely

low frequency on dissipative beaches.

Nearshore field studies in the U.S. have, until recently, been limited to a
relatively narrow range of beach types and offshore wave conditions, primarily
focusing on intermediate to reflective beaches subject to relatively low wave heights.
Holman and Sallenger (1985) and Holman (1986), using an extensive data set taken
from the intermediate beach of the Field Research Facility in Duck, North Carolina,
showed that swash on natural beaches depends strongly on a non-dimensional surf

similarity parameter known as the Iribarren number. Other field studies of wave



runup have taken place on relatively low energy dissipative beaches in southern
California (Guza and Thornton, 1984 and Raubenheimer and Guza, 1996). These
studies have shown wave runup to be linearly dependent simply on the offshore
wave height, rather than the Iribarren number. Incident band energy in the swash
zone of these dissipative beaches is typically saturated, and it is the infragravity
energy that increases with increasing offshore wave height. A recent field
experiment on the central Oregon coast (described in this thesis) investigated the
dynamics of a high energy dissipative beach. Video image processing techniques
were employed to make accurate measurements of the swash zone during the

experiment (Holman and Guza, 1984; Holland et al., 1997).

This thesis has three primary objectives. The first is to characterize wave
runup on the high energy dissipative beaches typical of the Pacific Northwest of the
U.S. This objective is addressed in both Chapters 2, "Wave runup, extreme water
levels and the erosion of properties backing beaches,” and 3, "Longshore variability
of wave runup on a high energy dissipative beach.” In Chapter 2 it is shown that
extreme runup statistics are linearly related to the offshore wave height, consistent
with the observations of Guza and Thomnton (1982). Portions of this chapter, co-
authored by Dr. Paul Komar, Dr. William McDougal and Dr. Reginald Beach, were
presented at the 25th Conference on Coastal Engineering and will appear in the
conference proceedings (Ruggiero ef al., in press). The chapter in full will be
submitted to the Journal of Coastal Research. Swash dynamics on dissipative
beaches are more closely examined in Chapter 3. This chapter extends the extreme
statistical analysis of Chapter 2 to an investigation of the frequency response of
swash motions, as well as to the frequency wavenumber structure of these motions.
Runup is found to be coherent over very large alongshore distances, O(1 km), at the
extremely low frequencies, O(0.005 Hz), that dominate the swash zone. Chapter 3
is co-authored by Dr. Rob Holman and Dr. Reginald Beach and will be submitted to
the Journal of Geophysical Research.



The second objective of this thesis is to develop a quantitative methodology
for determining the susceptibility of coastal properties to wave induced erosion.
This objective is addressed in Chapter 2, where we report on analyses of extreme
water levels measured by a tide gauge, on predicted extreme total water levels
including wave runup, on efforts to document the beach morphology variations that
affect wave runup and determine beach face junction levels, and on efforts to apply
the analyses in coastal-zone management decisions. Combining empirical
relationships for wave runup with long-term data bases of measured tides and waves,
we predict the frequency with which properties backing beaches are subject to
potential erosion. The application in this chapter is to the Oregon coast, but the
techniques can be used on other coastlines, employing wave and water level data

specific to those areas.

The model described in Chapter 2 can predict not only the frequency with
which sea cliffs and dunes are impacted by storm wave runup, but also the
susceptibility of coastal protection structures to potential failure. The third objective
of this thesis extends the analysis of Chapter 2 to vertical structures that are more
disruptive to surf zone processes. Vertical structures in this sense can be thought of
as either sea cliffs or sea walls. Weggel (1988) proposed a classification scheme for
vertical structures, depending on the location of the structure with respect to the
shoreline. A Type-1 sea wall (or sea cliff), according to Weggel (1988), has its toe
located landward of the level of maximum runup at all times. The toe of a Type-2
sea wall is always above the mean water level but is impacted by wave runup during
storm conditions. These are the conditions for which the erosion susceptibility
model of Chapter 2 was developed, in order to predict how often the sea wall or sea
cliff would be impacted by wave runup. The toe of a Type-3 through a Type-5 sea
wall ranges from occasionally submerged under the still water level to always
submerged at every tide level but still within the surf zone. Finally, a Type-6 sea
wall is located beyond the breaker line. Although the assumptions in the model of
Chapter 2 are not applicable above the Type-2 classification, the model described in

Chapter 4, "Longshore currents and sediment transport on beaches with seawalls," is



valid for sea wall types 3-5. Therefore, the third objective of this thesis is to
predict longshore currents and sediment transport on beaches backed by sea walls.
This is accomplished with an analytic model based on the depth and time averaged
shallow water equations of motion in the nearshore. Model results suggest that the
magnitudes of longshore currents and sediment transport in front of a seawall can be
either greater or less than a similar beach without a seawall, depending on the
location of the structure within the surf zone, the beach slope and the wave
conditions. Chapter 4 is co-authored by Dr. William McDougal and has been
submitted to Coastal Engineering.

Conclusions drawn from the investigations into these three objectives are
summarized in Chapter 5. Beach morphology data collected for the application of
the model described in Chapter 2, as well as for studies of the long term beach
response to shore stabilization structures (Hearon, 1995 and Hearon et al., in press)
and numerical modelling of foredune erosion on the Oregon coast (Carpenter, 1995),
is presented in Appendix A. The appendix, taken from an engineering report
submitted to the Oregon Department of Land Conservation and Development,
describes beach morphology monitoring on the Oregon coast from 1993 through
1996 with information about the 23 sites in the data base. The actual survey data
can be found in Ruggiero (1995).
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CHAPTER TWO: WAVE RUNUP, EXTREME WATER LEVELS AND THE
EROSION OF PROPERTIES BACKING BEACHES

2.1 Abstract

A model has been developed to evaluate the susceptibilities of coastal
properties to wave induced erosion. The model includes analyses of the
probabilities of extreme water levels affected by various oceanographic and
atmospheric processes, as well as by predicted tides, and the runup elevations of
storm waves on beaches. The application is to the Oregon coast, where measured
tides often exceed predicted tides by tens of centimeters, especially during the
occurrence of an El Nifio, and where measurement of the runup on dissipative
beaches typical of the Oregon coast have been found to depend on the deep-water
significant wave height. Predicted extreme water elevations are compared with the
measured elevations of the junctions between the beach face and the toes of
foredunes and sea cliffs. The objective is to evaluate the expected number of hours
per year water can reach the property, an evaluation of the susceptibility to potential
erosion. This assessment is illustrated by an application to the Jump Off Joe
Landslide in Newport, Oregon, with the analysis showing that the toe of the slide
can expect upwards of 173 hours of wave attack per year, while the adjacent
vegetated sea cliff unaffected by landsliding is impacted only 13 hours. The model
is applied to the entire littoral cell in the Newport area, demonstrating how this type
of analysis can aid in making coastal management decisions. Application is made to
other sites along the Oregon coast, revealing differences between the various littoral
cells, depending on the quantity of sand on the beach and its capacity to act as a

buffer from wave attack.



2.2 Introduction

The overall morphology of a beach can be characterized as ranging from
dissipative to reflective (Wright and Short, 1983), depending on the sediment grain
size and wave conditions. This classification scheme relates to the dissipation of
wave energy, the dynamic response of the beach morphology, and ultimately to the
natural capacity of the beach to protect coastal properties. Much of the Oregon
coast is characterized by wide, dissipative, sandy beaches, which are backed by
either sea cliffs or sand dunes. This dynamic coast typically experiences a very
intense winter wave climate, and there have been many documented cases of
dramatic, yet episodic, sea cliff and dune erosion (Komar and Shih, 1993). A
typical response of property owners following such erosion events is to build large
coastal protection structures. Often these structures are built after a single event,
which is followed by a long period with no significant wave attack. From a coastal
management perspective, it is of interest to be able to predict the expected frequency
and intensity of such erosion events to determine if a coastal structure is an
appropriate response as well as to rationally determine setback lines for the siting of

new developments.

Wave induced erosion of properties backing beaches, whether they be in
foredunes or sited atop sea cliffs, depends on the elevation achieved by the water
relative to the elevation of the fronting beach. There are two main components,
diagrammed in Figure 2.1, which combine to generate total water levels (Shih ez al.,
1994; Ruggiero et al., 1996). The first is the measured tide elevation, ¢, which
consists of the predicted tide and the many oceanographic and atmospheric processes
that alter the mean water level from the predicted tidal elevation. These factors
include water temperature, the geostrophic effects of offshore currents, the presence
of winds, particularly onshore winds that can cause storm surge, and the various
processes associated with El Nifios which can alter water levels by tens of

centimeters (Komar and Enfield, 1987). Superimposed on these many processes that
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Figure 2.1. The basic model for the quantitative assessment of the susceptibilities of sea cliffs and sand dunes to
wave-induced erosion.



affect the mean water level at any given time along the coast, is the vertical
component of wave runup, R, which consists of both the wave setup 17, that elevates
the mean shoreline position, and swash fluctuations, S, about the setup. Wave
induced erosion of a sea cliff or dune will occur only when the total elevation of the
water at times of maximum runup exceeds the elevation of the beach-face junction (¢

+ R > E).

This paper reports on a model that has been developed to provide quantitative
evaluations of the susceptibilities of coastal properties to erosion by waves. This is
achieved through evaluations of the factors discussed above, including examinations
