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PREFACE

Portions of the work described herein were authorized as a part of the
Civil Works Research and Development Program by Headquarters, US Army Corps of
Engineers (HQUSACE). Work was performed under the Shoreline and Beach
Topography Response Modeling Work Unit 32592, and the Calculation of Cross-
Shore Sediment Transport and Beach Profile Change Work Unit 32530 which are
part of the Shore Protection and Restoration Program at the Coastal
Engineering Research Center (CERC), US Army Engineer Waterways Experiment
Station (WES). Messrs. John H. Lockhart, Jr., James E. Crews, and John G.
Housley were HQUSACE Technical Monitors. Dr. Charles L. Vincent was Program
Manager for the Shore Protection and Restoration Program at CERC.

The studies at CERC were performed over the period 1 January 1988
through 30 October 1989 by Dr. Nicholas C. Kraus, Senior Scientist, Research
Division (RD), CERC; Dr. Norman W. Scheffner, Research Hydraulic Engineer, and
Mr. Mark G. Gravens, Hydraulic Engineer, Coastal Processes Branch (CPB), RD;
and Dr. Steven A. Hughes, Hydraulic Engineer, Wave Dynamics Division (WDD),
CERC. Collaborators in this work were Drs. Hans Hanson and Magnus Larson,
Department of Water Resources Engineering, Institute of Science and
Technology, University of Lund, Sweden, and Dr. Lindsay Nakashima, formerly of
the Coastal Geology Section, Louisiana Geological Survey, and presently at
Woodward-Clyde Consultants, Baton Rouge, Louisiana. Acknowledgments for site-
specific studies are contained within the main text.

The studies at CERC were under general administrative supervision of
Dr. James R. Houston and Mr. Charles C. Calhoun, Jr., Chief and Assistant
Chief, CERC, respectively, and under direct administrative supervision of
Mr. H. Lee Butler, Chief, RD; Mr. Claude E. Chatham, Jr., Chief, WDD; and
Mr. Bruce A. Ebersole, Chief, CPB.

Dr. Kraus coordinated development and review of the papers. Mr. Gravens
and Dr. Mark R. Byrnes, CPB, were Principal Investigators of Work Units 32592
and 32530, respectively. Ms. Carolyn J. Dickson, CPB, reformatted the papers
and provided organizational support in preparing the manuscript.

COL Larry B. Fulton, EN, was Commander and Director of WES during final

report preparation. Dr. Robert W. Whalin was Technical Director.




FOREWORD

This report consists of seven papers dealing with prediction of beach
change by means of numerical simulation models. The papers were recently
published by members of the Coastal Engineering Research Center (CERC),

US Army Engineer Waterways Experiment Station (WES), and colleagues from other
organizations. The papers collectively provide an overview of the state of
research and engineering capabilities of numerical modeling of beach change,
as well as a framework for understanding the role of modeling in planning and
design of shore protection projects. This information is expected to be of
interest to US Army Corps of Engineers field offices and other public and
private organizations involved with technical aspects of beach change modeling
and the use of models in project planning and design.

Each paper comprises a chapter of this report. Five of the papers
appear in the Proceedings of the Coastal Zone ‘89 conference, one is an
updated and expanded version of a paper appearing in that Proceedings, and one
appears in the Proceedings of the Beach Technology '88 conference. Coastal
Zone '89 was held under the auspices of the American Society of Civil
Engineers, and Beach Technology '88 was held under the auspices of the Florida
Shore and Beach Preservation Association. In support of the Coastal Zone ‘89
conference, the editor of this report organized a special session of five of
the papers included here under the session theme, "Shoreline Change and Storm-

Induced Beach Erosion Modeling," also used as the title of this report.

Six of the papers were reformatted and minor corrections made in
phraseology for publication in this report. The reformatted versions can be
considered as reprints of the originals which appear in the conference
Proceedings, and the citation to the source is given at the top of the
respective title page. The paper by Mark B. Gravens is a substantially
revised version of his paper appearing in the Proceedings of Coastal Zone ‘89
and includes final results and conclusions not available at the time of
writing of the conference paper. Therefore, it is an original contribution.

The papers treat three major topics; use of numerical simulation models

in project planning and design, prediction of long-term shoreline change, and

prediction of the response of the beach profile to storms. The first two




papers primarily concern modeling and the planning process. The paper by
Nicholas C. Kraus develops a general framework for understanding the role of
numerical models of beach change in the planning and design process for shore
protection, and it also serves as an introduction to the technical papers
which follow. The paper by Steven A. Hughes describes an actual project and
the application of various types of models, illustrating some of the
principles described in the preceding paper.

The five remaining papers treat technical aspects of numerical simula-
tion of beach change, emphasizing procedures and results rather than mathe-
matical details. In development of the technical papers, an effort was made
to present the state of the art in both research and application of the
models. The paper by Hans Hanson and Nicholas C. Kraus presents the first
description of a recent advance in shoreline change modeling, the capability
to describe shoreline change produced by detached breakwaters that transmit
wave energy, and it includes tests of the model and verification for Holly
Beach, Louisiana. The paper by Mark B. Gravens describes an intensive
application of the shoreline change model to investigate the effect of
construction of a proposed entrance channel on the beach at Bolsa Chica,
California. The shoreline change project at Bolsa Chica is put in a broader
perspective of a multitasked study in the paper by Steven A. Hughes.

The final three papers concern modeling of storm-induced beach erosion.
The two papers written by Magnus Larson and Nicholas C. Kraus describe tests
of a newly developed model of storm-induced beach and dune erosion which has
some capability to simulate beach recovery after storms. They apply the model
to examine the relative behavior of two generic types of beach-fill cross-
sections for protection against attack by hypothetical storms and also discuss
the methodology of applying this emerging technology. In the third paper on
storm erosion, Norman W. Scheffner summarizes an application of a model of
storm-induced beach erosion to the north New Jersey coast. He takes a
statistical approach by which dune erosion-frequency of occurrence curves are
developed by driving the model with waves and water levels available from a

large data base encompassing both hurricanes and northeasters.

Nicholas C. Kraus
Editor
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Reprinted from:

Proceedings of Coastal Zone '89,
American Society of Civil Engineers,

pp. 553-567, 1989.

BEACH CHANGE MODELING AND THE COASTAL PLANNING PROCESS

Nicholas C. Kraus?

ABSTRACT

This paper describes the role of beach change numerical modeling
in the process of planning, design, and evaluation of shore
protection projects. Topics discussed include the capabilities of
models, selection of the appropriate model, applications of models
to coastal planning, and how coastal managers can create condi-
tions which will maximize returns from models and lead to improved
predictions of project performance. The paper also serves as a
general introduction to more detailed papers on model applications
given in a special session of the Coastal Zone ‘89 conference
entitled "Shoreline Change and Storm-Induced Erosion Modeling."

INTRODUCTION

Beach stabilization and coastal flood protection are two major areas of
concern in the field of coastal engineering. Erosion, accretion, and change
in offshore bottom topography occur naturally through the transport of sedi-
ment by waves and currents. Additional changes result from perturbations
introduced by coastal structures, beach fills, and other engineering
activities. Beach change is controlled by wind, waves, currents, water level,
nature of the sediment and its supply, and constraints on sediment movement,
such as those imposed by coastal structures. These sediment processes are
nonlinear and have great variability in space and time. Although it is a
challenging problem to predict the course of beach change, such estimations
are necessary to design and maintain shore protection projects.

Prediction of beach evolution with numerical models has proven to be a
powerful technique that can be applied to assist in the determination of
project design. Models provide a framework for developing project problem

formulation and solution statements, for organizing data collection and

(1) Senior Research Scientist, U.S. Army Engineer Waterways Experiment
Station, Coastal Engineering Research Center, 3909 Halls Ferry Road,
Vicksburg, Mississippi 39180-6199.




analysis and, importantly, for efficiently evaluating alternative designs and
optimizing the selected design. Most of the physical factors mentioned above
and their interaction can be represented in numerical simulation models.

This paper describes the use of numerical models in the planning process
for shore protection. It also introduces general concepts and capabilities
expanded upon in companion papers (Gravens 1989, Hanson, Kraus, and Nakashima
1989, Scheffner 1989, Larson and Kraus 1989) on models given in a special
session of the Coastal Zone ‘89 conference entitled "Shoreline Change and

Storm-Induced Erosion Modeling."

TYPES OF MODELS
Coastal Experience / Empirical Models

The best "model” is to know the optimal project design from experience.
Because of the complexity of beach change, design decisions should be grounded
on "empirical modeling," i.e., adaptation and extrapolation from other pro-
jects on coasts similar to the target site. Coastal experience and under-
standing of coastal processes (waves, currents, sediment transport) and
geomorphology are essential. However, prediction through coastal experience
without the support of an objective, quantitative tool, such as a numerical
model, has limitations:

a. It relies on the judgment of specialists familiar with specific
regions of the coast and on experience with previous projects, which
may be limited, inapplicable, or anachronistic.

o

It is subjective and does not readily allow comparison of alternative
designs with quantifiable evaluations of relative advantages and
disadvantages. Also, conflicting opinions can lead to confusion and
ambiguity.

[e]

It is not systematic in that it may not include all pertinent factors
in an equitable manner.

[oN

It does not allow for estimation of the functioning of new, novel, or
complex designs. This is particularly true if the project is built in
stages separated by long time intervals.

o

It cannot account for the time history of sand transport as produced,
for example, by variations in wave climate, modifications to coastal
structures, and modification of the beach.

i+n

It does not provide a methodology and criteria to optimize project
design.




Finally, complete reliance on coastal experience places full responsi-
bility of project decisions on the judgment of the engineer and planner
without recourse to external and alternative procedures.

Beach Change Numerical Models

The capabilities of the various types of beach change numerical models are
compared in this section. Fig. 1 extends and updates the classification
scheme of Kraus (1983) for comparing models of beach evolution by their
spatial and temporal domains of applicability. The domains were estimated by
consideration of model characteristics, accuracy, and computation costs. The
ranges of these domains will expand as knowledge of coastal sediment processes
improves, models are improved and refined, wave and beach topography data
become more abundant, numerical schemes become optimized, and computer costs
decrease. The remainder of this section will discuss the capabilities and
limitations of the classes of models compared in Fig. 1.

Analytical models of shoreline change

Analytical models are closed-form mathematical solutions of a simplified
differential equation for shoreline change derived under assumptions of steady
wave conditions, idealized initial shoreline and structure positions, and
simplified boundary conditions. Longshore sand transport is represented,
whereas cross-shore transport is omitted, yielding a l-dimensional (1D) model.
Because of the many simplifications needed to obtain closed-form solutions,
particularly the assumption of constant waves, analytical models are usually
too crude for use in design. Analytical solutions serve as a means to examine
trends in shoreline change and to investigate basic dependencies of the change
on waves and initial and boundary conditions. Larson, Hanson, and Kraus
(1987) give a survey of more than 25 new and previously derived analytical
solutions of the shoreline change equation.

Profile change / beach erosion models

Beach erosion models calculate sand loss on the upper profile resulting
from storm surge and waves (Kriebel 1982, Kriebel and Dean 1985, Larson 1988,
Scheffner 1988, 1989). This 1D model is simplified by omitting longshore sand
transport processes, i.e., constancy in longshore processes is assumed, so

that only one profile at a time along the coast is treated. Although such
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Fig. 1. Classification of beach change models

models can calculate with some reliability beach erosion produced by large
storms, considerable research remains to be done to extend them to simulate
ma jor morphological features of the profile, such as bars and berms, and beach
recovery (Larson 1988, Larson, Kraus, and Sunamura 1988, Kraus and Larson
1988, Larson and Kraus 1989) and hence become true "profile change" models.
Shoreline change model

The shoreline change numerical model is a generalization of analytical
shoreline change models. This 1D model enables calculation of the shoreline
response to wave action under a wide range of beach, coastal structure, wave,

and initial and boundary conditions, and these conditions can vary in space




and time (Kraus 1983, Kraus and Harikai 1983, Kraus, Hanson, and Harikai 1984,
Hansoa and Kraus 1986a, Hanson 1987, Hanson and Kraus 1989, Gravens and Kraus
1989). Despite the assumption of constancy of beach profile shape alongshore,
the shoreline change model has proven to be robust in predictions and provides
a complete solution of the equation governing shoreline change. Because the
profile shape is assumed to remain constant, in principle, oushore and off-
shore movement of any contour could be used to represent beach change. Thus,
this type of model is sometimes referred to as a "one-contour line" model or,
simply, "one-line" model. Since the mean shoreline position (zero-depth
contour) is conveniently measured and such data are usually available, the
representative contour line is taken to be the shoreline.

Multi-contour line / schematic three-dimensional (3D) models

Three-dimensional beach change models describe the response of the bottom
to waves and currents, which can vary in both horizontal (cross-shore and
longshore) directions. Therefore, the fundamental assumptions of constant
profile shape used in shoreline change models and constant longshore transport
in beach change models are relaxed. Although 3D models are the ultimate goal
of deterministic calculation of sediment transport and beach change, achieve-
ment of this goal is limited by our capability to predict sediment transport
processes and wave climates. In practice, simplifying assumptions are made to
produce schematic 3D-models, for example, to restrict the shape of the profile
or calculate global rather than point transport rates. Perlin and Dean (1978)
introduced an extended version of the "2-contour line model" of Bakker (1968)
to an n-contour line model in which depths were restricted to monotonically
increase with distance offshore.

Schematized 3D beach change models have not yet reached the stage of wide
application; they are limited in capabilities due to their complexity and
require considerable computational resources and expertise to operate.
Introduction of these models into engineering practice is expected in the near

future, however.




Fully 3D models

Fully 3D-beach change models represent the state-of-art of research.
Waves, currents, sediment transport, and changes in bottom elevation are
calculated point by point in small areas defined by a horizontal grid placed
over the region of interest. Use of these models requires special expertise,
powerful computers, and extensive field data collection programs (Vemulakonda
et al. 1988), and applications have been limited to large and high-funded
projects. Because fully 3D-beach change models involve the detailed physics
of sediment transport, they require extensive verification and sensitivity
analyses.

Summary of model capabilities

Only two types of well tested beach change numerical simulation models are
presently available for general use, namely, the storm-induced beach erosion
model and the shoreline change model. The storm erosion model is site specif-
ic in that local profile information and storm statistics are the main inputs.
This type of model is discussed in a deterministic approach by Larson and
Kraus (1989) and in a statistical approach by Scheffner (1989) in papers
companion to this one.

The shoreline change model requires comprehensive data on the local and
regional levels. Therefore, it is an ideal vehicle for systemizing the
planning process for coastal protection, and the remainder of this paper will
deal with this model. Examples illustrating shoreline change model capabili-
ties are given in companion papers by Gravens (1989) and Hanson, Kraus, and
Nakashima (1989). and Hughes (1989).

The shoreline change numerical model simulates long-term evolution of the
beach plan shape and provides a framework to perform a time-dependent sediment
budget analysis. As such, its operation and output are readily understood by
coastal engineers and managers. The model is robust in that it can describe a
wide range of conditions encountered in shore protection projects. The
Coastal Engineering Research Center of the U.S. Army Engineer Waterways
Experiment Station is in the final stages of releasing the model GENESIS
(GENEralized model for SImulating Shoreline change) (Hanson 1987, 1989, Hanson

and Kraus 1989) for widespread use in the Corps of Engineers. Much of the
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material described in this paper was gained by experience in applying GENESIS

and its predecessor model on numerous projects.

SHORELINE CHANGE MODEL
Uses

The shoreline change model is best suited to situations in which a system-
atic trend exists in long-term change of shoreline position, such as retreat
downdrift of a groin or jetty, and advance of the shoreline behind a detached
breakwater. The dominant cause of shoreline change in the model is related to
changes in the sand transport rate along the coast produced by waves and wave-
induced currents. Cross-shore transport processes such as storm-induced
erosion and cyclical movement of the shoreline produced by seasonal variations
in wave climate are assumed to cancel or to average out over a long simulation
period.

Figs. 2a-c show an example of shoreline change which is well suited for
mocdeling (Kraus and Harikai 1983, Kraus, Hanson, and Harikai 1984). The site
is Oarai Beach, located about 180 km north of Tokyo on the Pacific Ocean coast
of Japan. A 500-m long groin was constructed to protect a fishing harbor from
infiltration by sand carried by the longshore current (long groin located at
x = 0 in Fig. 2). Figs. 2a and 2b show that the shoreline had a clear
tendency to advance on the updrift side of the long groin independent of
season if the interval between compared surveys is one year. Fig. 2c gives a
plot of shoreline positions surveyed during each season of one year. The
tendency of the shoreline to advance is partially obscured because the
relatively short interval of 3 months includes the effect of individual storms
and other seasonal variations in wave climate, such as changes in predominant
direction and wave steepness, on shoreline position.

Duration of Simulation

The duration of the simulation depends on the wave and sand transport
conditions, characterist.cs of the project, and whether the beach is close to
or far from equilibrium. Immediately after completion of a project, the beach
is far from equilibrium, and changes resulting from longshore sand transport
dominate over storm and seasonal changes. Shoreline change calculated over a
short interval will probably be reliable in such a case. As the beach ap-

proaches equilibrium with the project, the simulation interval must usually be
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extended to a number of years to obtain valid predictions. Stated different-
ly, the shoreline chenge model best calculates shoreline response in transi-
tion from one equilibrium state to another, which occur over months to years.
Spatial Extent of Simulation

The spatial extent of a region to be simulated with a shoreline change
model can range from the single project scale of hundreds of meters to the
regional scale of tens of kilometers. The modeled longshore extent will
mainly depend on the physical dimensions of the project and boundary condi-
tions controlling the sand transport. Dimensions of the project are at a
local level, whereas placement of boundary conditions may or may not require
extension to a regional level. Evaluation of possible effects of the project
on neighboring beaches may also dictate extension of the spatial range of the
simulation. Shoreline change numerical models require minimal computer
resources and are usually capable of covering a regional scale for engineering
studies.

As previously discussed, shoreline change models are designed to describe
long-term trends of the beach plan shape in the course of its approach to an
equilibrium form. This change is usually caused by a notable perturbation
(for example, construction of a groin or jetty). Shoreline change models are
not applicable to simulating a highly fluctuating beach system in which no
trend in shoreline position is evident, such as on a long natural beach.
Specifically, the shoreline change model GENESIS, in its present form (Version
2), is not applicable to calculating beach change in the following situations:
interior of inlets or areas dominated by tidal flow; storm-induced beach
erosion in which cross-shore sediment transport processes are dominant; scour
at structures; and sediment transport processes in the offshore.

Capabilities
Table 1 gives a summary of major capabilities and limitations of Version

2.0 of the shoreline change simulation model GENESIS.
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Table 1

Capabilities and Limitations of GENESIS Version 2.0

Capabilities

* Almost arbitrary numbers of groins, jetties, detached breakwaters, beach
fills, and seawalls

* Structures and beach fills in almost any combination

* Compound structures such as T-shaped groins and spur groins

* Bypassing of sand around and transmission through groins and jetties

* Diffraction at detached breakwaters, jetties, and groins

* Wave transmission through detached breakwaters

* Coverage of wide spatial extent

* Offshore input waves of arbitrary height, period, and direction

* Multiple wave trains (as from independent wave sources)

* Sand transport produced by oblique wave incidence and by alongshore
gradient in wave height

* Highly automated, numerically stable, and well tested

Limitations

* No wave reflection from structures

* No tombolo development in a strict sense (shoreline not allowed to touch a
detached breakwater)

* Slight restrictions on location, shape, and orientation of structures

* Basic limitations of shoreline change modeling theory!’

1) Note: For further information on the theory of shoreline change numerical

modeling and GENESIS, see Hanson and Kraus (1989)
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SHORELINE CHANGE MODELING AS A TOOL IN THE PLANNING PROCESS

Elements of the Planning Process

This section discusses the role of shoreline change numerical modeling in
the overall process of planning, design, construction, and evaluation of
project performance. The material addresses the question of how a shoreline
change model fits in the decision process of coastal management. The purpose
of such planning is to determine the most effective socio-economic engineering
solution to a shore protection problem. The planning process consists of the
following steps:

a. Formulate problem statement, identify constraints, and develop
criteria for judging the performance of the project.

b. Assemble and analyze relevant data.

c¢. Determine project alternatives.

d. Evaluate alternatives. (Return to Step a, as necessary)

e. Select and optimize project design.

f. Construct the project.

g. Monitor the project.

h. Evaluate the project according to Step a and report the results.

These steps and their interrelation are shown diagrammatically in Fig. 3,
in which stages in the planning process where modeling can take an active role
are designated with the word "model" in parentheses.

Step a. A clear problem statement and criteria for judging the project
design (including the advantages/disadvantages of design alternatives) must be
developed to determine in an objective manner the success or failure of the
project. The problem statement and judgment criteria should be explicit.
Otherwise, passage of time between project planning and the performance
evaluation may obscure the original purpose, and project functioning may be
evaluated out of context.

The problem statement and judgment criteria will usually encompass several
factors, including local and regional considerations. This is called
comprehensive planning, as opposed to single-project planning. For example,
suppose a section of road along a coast is threatened by erosion. One pos-

sible problem statement is that erosion is endangering major resources between
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points A and B. A criterion for judging the solution would be to halt the
erosion for less than X dollars in initial construction and less than Y
dollars in annual maintenance. Suppose that a revetment is selected as
providing the optimal solution and is constructed and maintained within
budget. Also, monitoring shows that the project performed as intended. The
project has satisfied the original objectives under single-project planning.
However, if, after construction, it is determined that the heach downdrift of
the project had eroded because of sand deprivation (caused, for example, by
encasement of sand by the revetment), it may be judged that the project was a
failure. A similar project might have as its comprehensive planning problem
statement protection of the road and mitigation of erosion of the downdrift
beach. This would lead to a different solution, for example, a revetment to
protect the road and periodic nourishment for the downdrift beach.

It is essential to distinguish failures in planning and failures in
projects themselves if lessons are to be learned from experience.

Step b. All relevant data should be assembled and analyzed with a view
toward both defining the problem statement and arriving at a solution ap-
proach. In the example given above, an evaluation of data on shoreline change
and the predominant direction of longshore sand transport would have led to a
more comprehensive problem statement. Data gaps, such as lack of shoreline
position data and wave data, may suggest establishment of data collection
programs and wave hindcasts.

Steps ¢ _and d. Development of a project from the point of identification

of the problem through construction and performance evaluation involves
consideration of five general criteria:

(1) Technical feasibility.

{2) Economic justification.

(3) Political feasibility.

(4) Social acceptability.

(5) Legal permissibility.
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Fig. 3.

Major steps in project planning and execution
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Technical feasibility concerns the magnitude of the wave, current, and
sediment transport processes; availability of construction materials; limita-
tions on project design due to external factors; and limitations on access to
the site; and capabilities of the project staff. Economic justification
concerns the project benefits and is typically the major driving force of a
shore protection project. Funding for the project planning and design staff,
and construction, maintenance, and monitoring costs also enter into the
economic justification, as well as potential benefits. Economic justifica-
tion, political feasibility, social acceptability, and legal permissibility
are interconnected, since the local, state, and Federal govermments share in
the funding and permitting of a project.

Evaluation of alternatives involves simultaneous assessments of technical
and economic feasibility to arrive at a cost-beneficial design. During the
detailed investigation of alternatives and use of the data base developed at
Step b, it may become apparent that the original problem statement and judg-
ment criteria for the project need to be refined. For example, project
planning may be initiated to satisfy a local need, but later evolve beyond the
primary (site-specific) problem to include impacts on a regional scale (com-
prehensive planning).

Step e. Once an alternative is selected, it is necessary to optimize the
design so that the greatest benefit is obtained for the least cost.

Steps f and g. After the project is constructed, it should be monitored
to ascertain that the final design was implemented and to evaluate its
performance. The monitoring plan is devised to answer the question of whether
the project achieved its purpose according to the criteria developed at Step
a. By designing the monitoring program to address Step a, both a productive
and economical monitoring plan can be developed. Results of the project
should be published and the processed data archived for use in future assess-
ments and to serve as guidance in other projects.

Role of Shoreline Change Modeling

Shoreline change numerical modeling is closely associated with and can
greatly aid the planning process described in the preceding section. Planners
and engineers can use the guidance given below to establish an approach

conducive to optimal use of modeling capabilities.
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Step b. Data requirements of the shoreline change model cover a wide
range of coastal-process and project-related information, as summarized in
Table 2. Within the framework of shoreline change modeling, guidelines are
available for collecting, reducing, and analyzing the data in a systematic
manner. Most physical data needed for evaluating and interpreting shoreline
and beach evolution processes in a wide sense are used in the shoreline change
modeling methodology. Certain other data may be lacking in particular appli-
cations having unique requirements, so that coastal experience and overall
project planning should not be subverted by complete dependence on shoreline
change modeling requirements. For example, geological and regional factors
may be involved, as through earthquakes, subsidence, or structure of the sea
bottom substrata. Environmental factors such as water circulation and quality
(temperature, salinity, sediment concentration, etc.), as well as biological
factors should be considered. Thus, although a shoreline model such as
GENESIS can simulate the movement of beach fill material placed at arbitrary
locations and times along the beach, the breeding habits of sea turtles and
birds may restrict the season and/or location of the fill. In summary, data
requirements of the shoreline change model provide an organized and comprehen-
sive first step in assembling the available data for project design.

Steps c-e. Shoreline change modeling provides a powerful tool for quanti-
tative and systematic evaluation of alternatives and optimization of the final
plan. As an example, Hanson and Kraus (1986b) simulated beach change for nine
hypothetical combinations of plans to mitigate erosion at a recreational
beach. The without-project ("do nothing") alternative and general shore
protection schemes were evaluated for groins of various sizes and spacings,
beach fills of various quantities, and a single, long detached breakwater.
Technical criteria for judging the solution involved two factors, protection
of the eroding beach and minimization of the quantity of sand transported
downcoast which would enter the navigation channel of a fishing harbor.
Shoreline change modeling readily allowed a matrix of shoreline change volumes
to be compiled for target sections of the coast by which technical solutions
could be ranked. Economic criteria were then applied to arrive at the most
feasible project plan. In evaluation of Steps c-e, it may become apparent

that other methodologies, such as physical modeling (for estimating wave
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forces and overtopping, etc.), hydrodynamic modeling, and field data collec-

tion are needed.

proach.

Hughes (1989) describes such an integrated, multi-tool ap-

Table 2

Data Required for Shoreline Change Modeling

Type of Data

Comments

Shoreline position

Offshore waves

Beach profiles
and bathymetry

Structures and
other engineering
activities

Regional transport

Regional geology

Tide

Extreme events

Other

Shoreline position at regularly spaced intervals along-
shore by which the historic trend of beach change can
be determined.

Time series or statistical summaries of offshore wave
height, period, and direction.

Profiles to determine the average shape of the offshore
beach. Bathymetry for transforming offshore wave data
to values in the nearshore.

Location, configuration, and construction schedule of
engineering structures (groins, jetties, detached
breakwaters, harbor and port breakwaters, seawalls,
etc.). Structure porosity, reflection, and transmis-
sion. Location, volume, and schedule of beach fills,
dredging, and sand mining. Sand bypassing rates at
jetties and breakwaters.

Sediment budget; identification of littoral cells;
location and functioning of inlets; river discharges;
wind-blown sand.

Sources and sinks of sediment; sedimentary structure;
grain size distribution (ambient and of beach fill);
regional trends in shorelin movement; subsidence; sea
level change.

Tidal range; tidal datum.
Large storms (waves, surge, beach erosion, failure of
structures, etc.); inlet migration, opening, or

closing; earthquakes.

Wave shadowing by large land masses; strong coastal
currents; ice; water runoff.
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Step g. In addition to aiding in the evaluation and optimization of
project designs, shoreline response modeling can provide guidance for prepar-
ing a monitoring plan (Step g). Regions of anticipated maximum and minimum
shoreline change or sensitivity can be identified and the monitoring plan
structured to provide data in these important regions. Initial estimates of
the monitoring schedule (frequency of measurements) and density or spacing of
measurement points can also be made by reference to the temporal characteris-

tics of model predictions.

CONCLUDING DISCUSSION

Numerical models of beach change, particularly of profile erosion and
shoreline change, are becoming more accurate and prolific, and they will be
increasingly used in the planning and design process for shore protection.
Because of their great power and generality, numerical models provide a
framework for developing shore protection problem and solution statements, for
organizing the collection and analysis of data and, most importantly, for
evaluating alternative designs and optimizing the selected design. Mathe-
matical models of beach evolution extend the coastal experience of specialists
and introduce a systematic and comprehensive project management methodology to
the local engineering or planning office.

This paper has attempted to demonstrate the utility and benefits of
numerical modeling of coastal processes to the coastal planning and management
community. Although emphasis was on numerical modeling and beach processes,
it should be recognized that a shore protection project will involve a wide

range of techniques and tools.
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ENGINEERING ASSESSMENT OF PROPOSED BOLSA BAY DEVELOPMENT
Steven A. Hughesl, M.ASCE

ABSTRACT

The Waterways Experiment Station (WES) has examined the impacts that a
proposed new ocean entrance and marina development at Bolsa Chica,
California, would have on the ocean shoreline and tidal wetlands.

This papci overviews the scope of the engineering studies, describes
the engineering methodology applied by WES to examine possible
impacts, and discusses products of the study. The emphasis of the
paper is to illustrate how modern coastal engineering techniques can
be used to aid coastal planners, developers, and government officials
in making informed decisions about coastal resources.

INTRODUCTION

The State of California, State Lands Commission (SLC), and others are
reviewing a plan for a new ocean entrance system as part of a multi-use
project. The project, located in the Bolsa Chica area of the County of
Orange, California (Figure 1), includes navigational, commercial, recreation-
al, and residential uses, along with increased flood protection and major
wetlands restoration.

In order to satisfy requirements of the California Coastal Commission,
which must "Confirm" the viability of a Land Use Plan it provisionally certi-
fied in January 1986, the SLC requested the US Army Engineer Waterways Experi-
ment Station (WES) to conduct specific engineering studies regarding the
technical and environmental assessment of a navigable and a non-navigable
ocean entrance system at Bolsa Chica. Results of these studies will assist
SLC (the principal public landowner in the project area) and other parties
which are formulating reports and plans for the proposed Bolsa Bay project.

A joint effort involving WES's Coastal Engineering Research Center and
Environmental Laboratory examined the impacts that the two proposed ocean

entrance alternatives would have on the coastal shoreline and tidal wetlands.

(1) Research Hydraulic Engincer, U.S. Army Engineer Waterways Experiment
Station, Coastal Engineering Research Center, 3909 Halls Ferry Road,
Vicksburg, MS 39180-6199.
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The studies assessed the impacts using both numerical and yhiysical modeling
techniques. Numerical models, using wave hindcasts developed at WES, were
used to predict the long-term response of the adjacent shoreline resulting
from construction of a jettied entrance. Numerical models were also used to
estimate tidal flows and elevations within the proposed new wetlands area and
transport and dispersion within the tidally-varying regions. From these
results qualitative assessments of water quality were obtained. A 1l-to-75
scale physical model of the proposed navigable ocean entrance system was
constructed at WES to determine wave penetration into the marina area, to
examine the influence of storm water flows into the complex, and to provide an
initial functional configuration for the detached breakwater and entrance
channel.

This paper reviews the purpose and scope of the WES studies, describes the
engineering methodologies employed in the various phases of the effort,
discusses representative products, and provides an overview of the studies so
that nontechnical people involved in the Bolsa Chica decision process can

obtain a more complete understanding of the role of the WES studies.

PURPOSE AND SCOPE OF THE WES STUDIES

Purpose. The primary purpose of the WES studies was to apply established
engineering methodologies along with unique WES capabilities to estimate
probable impacts that could result from the construction of either the propos-
ed navigable entrance alternative, or the non-navigable entrance alternative

at Bolsa Chica. In meeting this objective WES performed the following general

tasks:
a. Tested the proposed development concepts using both physical and
numerical models.
b. Analyzed and interpreted model results.
€. Provided technical documentation of the study results.
d. Presented study results at public workshops.
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Figure 1. Bolsa chica study region location

It is also important to state what WES did not provide during the course

of the studies. The following items were not part of WES's mission:

a. WES did not provide project design. (Conceptual designs for
testing were provided to WES by SLC. Design optimization will be
performed by the private sector if a project is approved).

b. WES did not (and does not) recommend one alternative over
another. (Many more issues besides technical feasibility are
involved in the Bolsa Chica decision process.)

¢. WES did not provide analysis of issues outside the WES scope of

work.

d. WES did not interpret study results in the context required for
"Confirmation" hearings.
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The Corps of Engineers, Los Angeles District (SPL), has also begun studies
on Bolsa Chica known, as the "Feasibility Study", and it is important to
establish the relationship between the WES studies and SPL’s efforts. SPL's
Feasibility Study will examine more alternatives than the two being examined
by the WES studies, and SPL will consider more than just the technical issues
being examined by WES.

Scope. The studies of the Bolsa Chica area conducted by WES are grouped
into the following five general categories, three of which pertain to
modeling:

a. Numerical modeling of long-term shoreline response as influenced
by placement of entrance channel stabilization structures,
including sand management concepts.

Io*

Numerical modeling of tidal circulation, including transport and
dispersion of conservative tracers, in the Bolsa Bay, Huntington
Harbour, and Anaheim Bay complex.

10

Physical modeling of the proposed entrance channel, interior
channels, and marina with regard to wave penetration, harbor
oscillation, qualitative sediment movement paths, and storm water
runoff.

1.

Assessment of the potential of the proposed non-navigable ocean
entrance to maintain itself as a tidal inlet in an open
configuration.

I®

Assessment of potential impacts to surfing that might arise from
construction of a project at Bolsa Chica.

Details of these five tasks are provided in the following five sections.

SHORELINE RESPONSE NUMERICAL MODELING

Purpose. The purpose of the shoreline response modeling effort was to
utilize a proven numerical shoreline simulation model to assess and quantify
the potential long-term .mpacts of the proposed ocean entrance system at Bolsa
Chica due to the longshore movement of beach sand, and to evaluate the poten-
tial for mitigation of any adverse effects induced by the entrance.

Tasks. The shoreline response modeling involved three major tasks:
preliminary shoreline response modeling, 20-year wave hindcast of the Bolsa
Chica region, and comprehensive shoreline response modeling. The preliminary
modeling task utilized existing shoreline change data and existing wave data

to develop, calibrate, and verify a shoreline change numerical model for the

27




project coast, extending from the Anaheim Bay east jetty downcoast to the
mouth of the Santa Ana River. This task is termed preliminary because it
estimates the range of potential impacts of a new entrance on adjacent beaches
using the best wave data available at the time of the study. These prelimi-
nary estimates are of sufficient accuracy to determine the general range of
impact. The wave hindcasting task was a 20-year numerical wave hindcast
providing directional wave data at the Bolsa Chica project site for use in the
comprehensive modeling task. The comprehensive shoreline response modeling
task was similar to the preliminary modeling with the exception that hindcast
waves were used as input to the shoreline response numerical model.

Methodology. The shoreline response model used in the Bolsa Chica
studies is termed a "one-line" model. It assumes that the long-term planform
shape of an open-ocean sandy coast is controlled by the incident waves and the
longshore current they produce. Although it is recognized that other types of
currents, as well as water level and wind also play a role in shoreline
evolution, these processes are presumed to be secondary in the long term.
Also, cross-shore transport is neg” ected under the assumption that the beach
profile maintains an equilibrium form. Coastal improvements such as beach
fills, jetties, breakwaters, and groins can be simulated in the numerical
model. A complete description of this shoreline model is given by Hanson
(1987) and Hanson and Kraus (1989).

The shoreline response numerical model: (a) takes an input specification
for wave height, wave period, and wave direction at the seaward boundary; (b)
refracts, diffracts, and shoals the waves over specified bathymetry to the
break point; (c) calculates local longshore sediment transport rates at each
longshore grid point; (d) determines the volume of sediment entering and
leaving each shoreline grid cell; (e) updates the shoreline position based on
net sand movement in or out of the cell; and (f) repeats the process with a
new input wave condition at the boundary. For this study the offshore wave
condition was updated at six-hour intervals for period of up to ten years.

Before the model can be applied to a specific site, it is necessary to
supply the model with accurate nearshore bathymetry and to calibrate the model
using historical shoreline movement data and representative wave climates for

the region. Calibration consists of: (a) starting the model with a known
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historic shoreline configuration; (b) inputting a time series of wave height,
period, and direction at the model'’s seaward boundary; (c) running the model
for a specified length of time; and (d) comparing the simulated changes to
known historic shoreline changes. Depending on the quality of the comparison,
the model can be adjusted by modification of two coefficients, and the cali-
bration repeated until satisfactory reproduction is achieved.

After calibrating the model it is desirable to verify it by reproducing
the shoreline change observed at the same site, but for a different time
period than used for model calibration. No coefficient adjustment is made
during the verification run. After verification, the model can be used to
provide reasonable engineering estimates of future changes associated with
suggested projects at the site.

Preliminary Shoreline Response Modeling. The following is a short over-
view of the preliminary shoreline modeling task. A complete description of
this task and study results is given by Gravens (1988). The scope of work for
this task included the following:

a. Collection and review of existing wave and shoreline processes
data along the project reach.

(=

Preparation and calibration of a shoreline response prediction
model to estimate the adjacent shoreline impacts of the proposed
navigable and non-navigable entrances.

[e}

Identification and comparison of available wave data sources,
selection of the most appropriate data source, and performing a
nearshore wave transformation analysis.

=¥

Calibration and verification of the shoreline response model
using known quantities of beach evolution from surveyed shoreline
positions.

o

Application of the calibrated model to predict future shoreline
changes resulting from construction of the navigable ocean
entrance channel.

Shoreline change simulations covering a ten-year period over the reach of

coast from Anaheim Entrance southward to the Santa Ana River were compared
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Table 1. Preliminary Model Simulations

1. 800-ft Channel, Proposed Site, No Sand Management

(a) Wave Heights Increased 15%

(b) Wave Heights Decreased 15X

(c) Wave Angles Shifted +10 Degrees

(d) Wave Angles Shifted -10 Degrees

1000-ft Channel, Proposed Site, No Sand Management

800-ft Channel, Warner Avenue, No Sand Management

800-ft Channel, South of Site, No Sand Management

800-ft Channel, Proposed Site, Dog-Leg, No Sand Management
800-ft Channel, Proposed Site, 7 Sand Management Concepts

~N Oy BN

Simulated Shoreline Response Without Project

for a variety of conditions, including a structured navigable entrance without
sand management, a navigable entrance with sand management, and a no-project
(existing condition) simulation.

Table 1 summarizes the simulations performed. The four variations per-
formed during the first simulation demonstrated the model’'s sensitivity to
input wave height and wave angle, and it also provided a probable range of
shoreline impact. As expected, wave angle variations were more important.-
Shoreline response simulations calculated and plotted projected shoreline
positions for 5- and 10-year time periods after construction of a project.

These preliminary modeling efforts examined the following:

a. Differences in shoreline impact due to channel width.

b. The effect of locating the project upcoast or downcoast from the
proposed location.

c. The estimated annual net longshore transport rate at Bolsa Chica
in comparison to historical estimates. (The comprehensive model
will verify the range).

d. The effect of continuing the present beach nourishment project at

Sunset Beach.
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Wave Information Study (WIS). Hindcasting of historical wave conditions
on the Nation's coastline is on ongoing mission of the Corps of Engineers.
Pacific coast wave hindcasts for the years 1956-1975 were beginning at the
onset of the Bolsa Chica studies. With augmented funding through SLC, WES was
able to complete a 20-year wave hindcast for the Dolsa Chica region so that
results could be incorporated into this study. The purpose of the numerical
wave hindcast effort was to provide reliable estimates of wave conditions
occurring at the project site for use in the comprehensive shoreline response
model and in the physical model of the proposed entrance channel.

The WIS hindcast starts with synoptic-scale pressure charts of the Pacific
Ocean (in this case), and processes these data numerically to generate wind
fields over the ocean basin. The winds are then input to a numerical wave
prediction model that provides directional wave spectra at deepwater grid
points along the coastline. Next, a spectral transformation numerical model
propagates the deepwater waves into the shallow coastal waters, taking into
account the specific bathymetric features, and correcting for refraction,
shoaling, frictional losses, island sheltering, and localized wind effects.
Results are checked against measurements made during the period for which the
aindcast is being made. The final product is a time history of nearshore
directional wave spectra at 3-hour intervals for the 20-year period at each
nearshore grid point (approx. 10 m depth). This massive computational effort
consumed weeks of processor time on a supercomputer.

More details on the WIS wave hindcast at Bolsa Chica and a summary of
results are provided in the comprehensive modeling report (Gravens, et al. in
preparation).

Comprehensive Shoreline Response Modeling. The comprehensive shoreline
response modeling task was similar to the preliminary shoreline modeling
described above. The comprehensive modeling utilized the same modeling
methodology as before, and much of the work performed in the preliminary task
(e.g., bathymetry grids, shoreline position data, and model boundary condi-
tions) did not have to be repeated for the comprehensive task. The key
difference was that wave estimates from the WIS hindcast were used as input to
the comprehensive modeling. These improved wave estimates provided more

confidence in the numerical model results, and allowed model calibration to be
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performed using actual hindcast waves for the calibration period rather than
representative waves such as used in the preliminary modeling. Simulations of
projected shoreline response, with and without sand management techniques,
were performed as before. Completed results from the comprehensive shoreline
response modeling task were not available at the writing of this paper, but

they will be given in Gravens, et al. (in preparation).

BAY RESPONSE NUMERICAL MODELING

Purpose. The twofold purpose of the bay response modeling task was (1) to
estimate the effects of the proposed ocean entrance alternatives on tidal
circulation and constituent transport in the Bolsa Bay complex, existing and
proposed wetlands, Huntington Harbour complex, and Anaheim Bay, and (2) to
qualitatively assess impacts to water quality based on existing data and
constituent transport estimates.

Scope. The scope of work for this task included the following:

a. Evaluation of available numerical models and selection of the
most appropriate model for application to the project.

b. Gathering of existing and new field measurements necessary for
the model study and water quality assessment.

c. Calibration and verification of the tidal circulation numerical
model to existing conditions.

d. Application of the model to test sponsor-provided concepts for
both navigable and non-navigable entrance alternatives.

e. Assessment of water quality based on existing data and numerical
transport simulations.

Methodology. The most suitable numerical model for application to Bolsa

Chica and surrounding tidal regions needed to successfully simulate the flow
characteristics of the channelized Anaheim Bay, Huntington Harbour, and Outer
Bolsa Bay regions, and to satisfy the requirements of the water quality
modeling effort. The selected model was a link/node model with the basic
features of: inundation of low-lying terrain, treatment of hydraulic control
structures such as culverts and tide gates, and utilization of actual bathym-

etry with spatially-varying bottom roughness. The link/node model divides the
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channelized tidal region into small volumes (represented by nodes) joined
together by links. Conservation of water mass is maintained throughout the
tidal cycle simulation by transfer of water volume between adjoining nodes in
the network.

Model calibration was achieved by reproducing the tidal elevations and
water velocities measured in the existing Bolsa Bay region. It was found that
the model was most sensitive to the geometry of the water channels and wet-
lands basins as the water capacity varied with the tidal elevation. This
further reinforced the choice of the link/node model for application to this
project because the proposed alternatives call for major expansion of the
tidal wetlands acreage, and thus a significant change in tidal prism geometry.
Complete details of model assumptions, calibration, and study results are
given in Hales, et al. (in publication).

Tidal Circulation. The calibrated numerical model was used to examine a
total of 12 variations of rlie two proposed entrance alternatives. These
included the navigat®  atrance alternative with and without a navigable
connecter channel i» “ween Bolsa Bay and Huntington Harbour, the non-navigable
entrance alter—ative, and four simulations where it was assumed that the non-
navigable chiannel closed due to blockage by littoral material.

Wate: Quality Assessment. Existing data and information pertaining to
water quality characteristics of Bolsa Bay were obtained from Federal, State,
and Local agencies, and other organizations concerned with the water quality
of the Bay. Supplemental field data were collected consisting of measurements
of temperature, pH, conductivity, and dissolved oxygen. Sediment samples were
gathered and analyzed to determine contamination in the existing wetlands.

The link/node model was used to simulate transport of conservative tracer
throughout the modeled tidal region, and these results provided estimates of
water residence times for the existing Bolsa Bay configuration and for the
various proposed alternatives. Finally, a qualitative assessment of potential
impacts to water quality was made based on both the data analyses and the
numerical simulations.

Study Elements. The bay response numerical modeling task specifically
examined the following elements relative to potential impacts that may result

from construction of a project at Bolsa Chica.
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a. The change of tidal flows and water quality in the Anaheim Bay.

b. The water surface elevations in Huntington Harbour that would
exist under either ocean entrance alternative.

¢. The effect of a navigable connector channel between Bolsa Chica
and Huntington Harbour in terms of water flow in Huntington
Harbour and Outer Bolsa Bay.

d. The potential for scouring water flows in OQuter Bolsa Bay due to
closure of the non-navigable entrance.

e. The amount of storm water runoff that would enter the wetlands if
either alternative is constructed.

f. The overall water residence time in the entire system when

compared to existing conditions.

g.- The tidal flushing of Huntington Harbour under the various
proposed alternatives.

ENTRANCE CHANNEL PHYSICAL MODELING

Purpose. The purpose of the physical modeling task was to examine wave
penetration into the marina basin and the resulting harbor oscillations, to
study qualitatively current circulation and sediment transport paths in the
vicinity of the structures, and to make preliminary assessment of the entrance
channel design configuration. In addition the physical model provided a tool
for examining modifications to the incident waves caused by the protective
structures so that surfing impacts could be assessed (see next section).

Scope. The scope of work for this task involved the following efforts:

a. Design and construction of the physical model.

b. Installation and calibration of the wave generator and pumps.

c. Testing of the navigable entrance with and without a navigable
connector to Huntington Harbor.

d. Testing of the non-navigable entrance.

e. Conducting sediment tracer tests and dye injection tests.

£. Providing still and video footage of the physical model.
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Figure 2. Bolsa Chica physical model.
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Model Testing. The physical model, as depicted on Figure 2, was construc-
ted at a scale of 1-to-75. It reproduces 8,000 ft of the shoreline (110 ft in
the model), and covers an area of approximately 2.8 sq mi (14,000 sq ft in the
model). The model reproduces the Bolsa Chica bathymetry out to the 30 ft
depth contour, and wave conditions are simulated using unidirectional ir-
regular waves. The criteria used for allowable wave heights in the interior
channels and basins were specified as 1 ft for the l-year design event, and
1.5 ft for the 20-year design event. The first series of tests conducted
resulted in design modifications to the navigable entrance system that met the
wave penetration criteria.

Completed results from the physical modeling task were not available at

the writing of this paper, but they are given in Bottin and Acuff (in prep.).

INLET STABILITY ANALYSIS

An analysis was performed to examine the stability of both the non-navig-
able and navigable ocean entrance channel alternatives being proposed for
Bolsa Chica. Tidal prisms were calculated from numerical modeling simulations
of tidal circulation within the proposed configurations for both alternatives.
These values were used to apply the O'Brien (1931) criterion for equilibrium
cross-sectional channel area.

The results indicated that the non-navigable entrance channel, as present-
ly designed with training jetties terminating at the high water mark, appears
to be larger than necessary to be maintained by the calculated tidal prism,
and the entrance would be expected to decrease to a smaller cross-section.
This would not represent a problem unless subsequent analysis of the tidal
circulation in the bay indicates a reduced entrance throat area somehow
degrades the circulation within the bay and decreases the water exchange
between the bay and ocean. Greater concern was expressed about the ability of
the channel to remain open under the action of littoral processes without the
protection of a dual jetty system extending into the surf zone at least beyond
the mean lower low water line. The possibility that the presently designed
non-navigable entrance may close periodically or may require routine mainten-
ance dredging should be a consideration in evaluation of this alternative.

The proposed navigable ocean entrance system, as designed, cannot be

classed as a tidal inlet in equilibrium because the design is not based on
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maintenance of the entrance by scouring water flows. The entrance instead is
designed to prevent sediment from entering the inlet channel, thus making the
entrance system a barrier to the major portion of longshore-moving sediment.

Material that does enter the channel will be deposited, and periodic dredging

may be required to maintain the entrance channel at its design dimensions.

IMPACTS TO SURFING

A qualitative assessment of potential impacts that an ocean entrance
system at Bolsa Chica may have on local surfing activities was performed under
contract. Existing surfing conditions were assessed by conducting interviews
with local surfers and by examining wave results obtained from a Littoral
Environment Observation Program conducted at Bolsa Chica. Based on knowledge
of surfing and coastal processes, a method was developed for quantifying the
incident wave climate in terms of desirable surfing qualities (Dally, in
publication). Application of this method in assessing the proposed project

impacts led to the following considerations:

a. The primary impact to surfing is the potential loss of
approximately 3200 ft of surf break due to the shadow zone of the
detached breakwater. This zone would lengthen when the wave
angle approach is very oblique. The impact zone will decrease
with decrease in breakwater length.

b. The loss of surf break is incurred only at times when surfable
waves would otherwise be present, which was estimated to be less
than 50% of the time.

c.

There is a possibility that wave reflection from the jetties may
interact with non-surfable incident waves to form ridable waves.

Additional surfing assessment using the physical model of Bolsa Chica was
performed, but results were not available at the writing of this paper. A
complete description of the surfing analysis is included in the comprehensive

modeling report (Gravens, et al. in preparation).

SUMMARY

Modern coastal engineering analysis tools have been used to assess and
quantify, where possible, the impacts that two proposed ocean entrance altern-

atives would have if either were to be constructed at Bolsa Chica, California.
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Technically, either proposed alternative is feasible in the engineering sense
because it was shown that impacts to the adjacent shoreline and to the tidal
wetlands could be mitigated. This would require sand management at a navig-
able entrance, and maintenance dredging at a non-navigable entrance. However,
these technical findings must be added to many other issues under considera-

tion before a final decision is made on the future of Bolsa Chica.

RELATED COASTAL ZONE '89 PAPERS

A special session on Bolsa Chica was held at Coastal Zone ‘89 that
included seven papers spanning the historical, legal, developmental, federal,
state, and regional issues. Scheduled authors were: J.F. Trout, D. Gorfain,
and C. Fossum; D.A. Shelley; R.S. Joe; R.G. Fisher; J. McGrath; P. Green; and
V. Leipzig.

The following related papers were scheduled for presentation at the

Coastal Zone '89 Conference:

Gravens, M.B. "A New Ocean-Entrance System at Bolsa Chica, California --
Preconstruction Assessment of Potential Shoreline Impacts”

Kraus, N.C. "Beach Change Modeling and the Coastal Planning Process"
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SHORELINE CHANGE BEHIND TRANSMISSIVE DETACHED BREAKWATERS
Hans Hanson!, Nicholas C. Kraus?, and Lindsay D. Nakashima®

ABSTRACT

This paper describes simulations of shoreline evolution behind

detached breakwaters performed by using the shoreline change numerical

model GENESIS. The model was recently enhanced to include wave trans-

mission through breakwaters. Results of sensitivity tests are first

presented, showing that GENESIS provides qualitatively reasonable

predictions. Shoreline change at Holly Beach, Louisiana, site of six

detached breakwaters of different transmissivities, is then success-

fully simulated in this first demonstration of the new capability.
INTRODUCTION

Detached breakwaters provide an attractive and important shore protection
alternative possessing different properties than groins and beach nourishment.
Detached breakwaters may be used by themselves (either singly or in shore-
parallel sections separated by gaps) or in combination with the traditional
shore protection methods of groins and nourishment. Detached breakwaters
reduce wave energy incident on the beach and impede the offshore transport of
sand, neither of which properties are possessed by groins. Despite the ad-
vantages of detached breakwaters, they have been 1'ttle utilized in the United
States as compared to other countries, in particular, Japan, Spain, and
Israel.

The planning and design of a detached breakwater system requires consider-
ation of many factors, including structure length, distance offshore, crest
height, composition of the core of the breakwater, and gap width in the case

of segmented breakwaters. These parameters must then be related to the

average and extreme wave heights, wave direction, profile shape, and tidal
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(2) Senior Research Scientist, Coastal Engineering Research Center, U.S. Army
Engineer Waterways Experiment Station, 3909 Halls Ferry Road, Vicksburg,
Mississippi 39180-6199.

(3) Assistant Research Professor, Louisiana Geological Survey, Coastal
Geology Section, Box G, University Station, Baton Rouge, Louisiana 70893.
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variation in order to estimate the shore protection capabilities of the
breakwater system. Perlin (1979) investigated geometric parameters determin-
ing the influence of a breakwater on the shoreline by using a numerical
simulation model of a single shore-parallel structure. Kraus (1983) obtained
good agreement in a comparison of breaking wave height and direction and
shoreline change behind a detached breakwater calculated with a numerical
model and measured in a physical model. Kraus and Harikai (1983), Kraus,
Hanson, and Harikai (1984), and Hanson and Kraus (1986a) modeled waves and
shoreline change behind large breakwaters in the field, and Hanson (1987,
1989) modeled shoreline change measured behind three detached breakwaters at
Lakeview Park, Lorain, Ohio.

All of the aforementioned numerical modeling studies reproduced correct
trends in shoreline evolution behind detached breakwaters. However, an
important process absent in these works was wave transmission through the
breakwaters. Wave transmission is a decisive factor in most practical appli-
cations, since it is economical and often advantageous from the perspective of
beach change control to build low and/or porous structures which allow a
portion of the incident wave energy to penetrate directly behind them. The
shoreline change model GENESIS (Hanson 1987, 1989; Hanson and Kraus 1989) has
recently been enhanced to include wave transmission at detached breakwaters,
and the purpose of the present paper is to demonstrate this new capability.

Technical details will be given in Hanson and Kraus (in prep).

DETACHED BREAKWATER PROCESSES

The most obvious shore protection property of detached breakwaters is the
wave sheltering afforded to the beach (Fig. 1). The wave height and longshore
current speed are reduced behind these structures, and sand carried by the
longshore current is deposited in the calm "shadow zone," resulting in seaward
progression of the shoreline. If a detached breakwater is placed too far
offshore, its sheltering effect will be inoperative, whereas if it is placed
too close to the shore, the beach will prograde excessively, forming a tom-
bolo.

Typically, the most desired structure placement is such that the resultant
cuspate-shaped equilibrium beach form, called a salient (Dally and Pope 1986),
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Fig. 1. Schematic of shoreline change behind detached breakwaters

does not reach the breakwater. This allows sand to be transported alongshore
between the structure and the beach and to reach downdrift beaches, yet the
shore remains protected at the site. In some situations, headlands produced
by tombolo development may be the design aim. Pope and Dean (1986) provide
empirical guidance based on the functioning of detached breakwaters in the
United States, permitting an estimate to be made as to whether a tombolo or
salient will form, or if no shoreline change will occur (see also, Suh and
Dalrymple, 1987). It is expected that (1) placement closer to the shore will
promote tombolo development, (2) longer breakwaters will promote tombolo
development, and (3) greater wave transmission will inhibit tombolo devel-
opment.

Essentially all detached breakwaters built for shore protection transmit
wave energy by (1) wave passage over the structure, called overtopping, during
times of relatively high water level and/or high waves, and (2) wave passage
through the structure (depending on the composition of the breakwater). Here,

these two processes will be collectively referred to as "wave transmission."”
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As a structure settles, wave transmission will increase. Wave transmission
improves water circulation, limits seaward growth of the salient, and reduces
wave forces on the structure, thereby increasing its longevity.

A wave transmission coefficient K; can be defined as the ratio of the
height of the incident waves (prior to reflection) to the height of the wave
immediately behind the breakwater. The value of K; thus ranges between 0
and 1, with the value O indicating an infinitely high impermeable breakwater
and the value 1 indicating complete transmission (no breakwater). At present,

the value of K; is specified empirically for use in the model.

WAVE DIFFRACTION

Waves incident to a detached breakwater diffract at the tips of the struc-
ture, and wave energy is transferred behind it (Fig. 2). The nearshore area
ad jacent to the structure and directly reached by waves is called the illumi-
nated region, and the area sheltered from direct wave incidence and reached
solely by waves radiating from the tips of the structure is called the shadow
region. The change in wave direction at each tip and the decreasing wave
height with distance alongshore behind the structure both produce a longshore
current directed into the shadow region. Sand transported alongshore by the
current is deposited in the calmer wave shadow region behind the breakwater.
In Fig. 2, the reduced wave height is represented by decreasing values of the
diffraction coefficient K.

The longshore sand transport rate is normally expressed in terms of wave
conditions at breaking. To reproduce shoreline change behind detached break-
waters, therefore, both wave diffraction and transmission must be accurately
represented in the breaking wave calculation. A pragmatic procedure incorp-
orated in GENESIS to calculate breaking wave height and direction under
combined wave diffraction, refraction, and shoaling was developed by Kraus
(1983, 1984). The capability to calculate wave transmission together with
these transformations was recently added to the model (Hanson and Kraus, in
prep).

Diffraction and transmission are interdependent. As waves propagate over
and through a detached breakwater and into the shadow region, the difference
in wave height between the illuminated and shadow regions will decrease, and

thus also the effect of diffraction. As a consequence, less sand will be
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Fig. 2. Diffraction behind a semi-infinite breakwater (schematic)

transported alongshore and into the area behind the structure. In addition,
the transmitted waves themselves will tend to transport sand out of the area
behind the detached breakwater. Thus, these two mechanisms (reduced transport
from diffracted waves and direct transport of sand by transmitted waves) act

together to suppress growth of the salient behind the breakwater.

NUMERICAL MODEL

GENESIS is a finite-difference numerical model developed to simulate
shoreline change produced by wave action (Hanson 1987, 1989; Hanson and Kraus
1989). The model calculates shoreline change occurring over a period of
months to years and with a length scale varying from one to tens of kilometers
(Kraus 1983, 1989). GENESIS simulates shoreline change for a wide variety of
user-specified beach and coastal structure configurations (for example,
Hanson, Gravens, and Kraus 1988).

Version 2.0 of GENESIS, presently under testing, allows representation of

wave transmission at detached breakwaters. Each breakwater can be assigned a
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separate transmission coefficient. Detached breakwaters with variable wave
transmission alongshore (due, for example, to structure deterioration and
settling) can be modeled by several smaller contiguous sections having dif-
ferent transmission coefficients. Gaps between breakwaters as well as
detached breakwaters which allow wave transmission (K; > 0) are called "energy
windows" as they represent areas in the offshore through which wave energy can
directly penetrate.
Treatment of Transmission and Diffraction

Wave transmission is assumed to possess the following properties, which

will be used to examine model predictions in the examples below:

a. As the transmission coefficient approaches zero, calculated wave
diffraction should equal that given by standard diffraction theory for
an impermeable infinitely high breakwater.

b. If two adjacent energy windows have the same transmission coefficient,
(for example, two detached breakwaters with the same K; or one
breakwater with K; = 1 situated next to a gap), no diffraction should
occur.

¢. On the boundary between two energy windows with different transmission

coefficients, wave energy should be conveyed from the window with
higher waves to the window with smaller waves. The amount of wave
energy transferred should be proportional to the ratio between the two
transmission coefficients.

Fig. 3 shows the calculated distribution of breaking wave height behind a
semi-infinite detached breakwater as a function of transmission. The break-
water is located 250 m from the shoreline. The wave period is T = 6 sec, and
the incident wave crests are parallel to the straight shoreline. The breaking
wave height H alongshore is normalized by the wave height at the tip of the
breakwater, H,,. The curves labeled by a denote breaking waves incident
from the lateral side of the structure, and b denotes waves transmitted
through the structure. The total wave height is obtained as the sum of these
two wave systems, denoted by €. (Calculated breaking wave angles and long-
shore sand transport rates are discussed in Hanson and Kraus, in prep.)

For Ky = 0.0, only diffraction occurs, and no waves pass through or over

the structure. The curves a and € are therefore identical.
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Fig. 3. Distribution of relative breaking wave height, H/H,,

For Ky = 0.5, the relative wave height in the shadow region is 0.5. Since
the wave height in the shadow region is now greater as compared to the case of
no transmission, wave diffraction in the illuminated region must weaken. As
shown by curve a , the wave height to the right of the structure is half-way
between the curve for pure diffraction and the curve depicting no diffraction
(H/Hy, = 1.0). Since diffraction acts to transfer energy from areas of higher
waves to lower waves, waves transmitted through the breakwater will not
diffract into the illuminated region, and the transmitted wave height b
drops sharply from 0.5 to zero. The alongshore distribution of the combined
wave height € meets line a in the illuminated region, half-way between
the diffraction curve and the curve H/H,, = 1.0.

For K; = 1.0, waves incident to the breakwater pass undiminished. Dif-
fraction does not occur, and wave heights in the shadow and illuminated

regions are equal. The relative wave height on either side of the separation
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line is unity up to the calculation cell adjacent to the grid cell of the dif-
fracting tip. At that cell, the relative wave height is 0.5, dropping to 0.0
in the cell past the tip. Therefore, the total relative wave height is 1.0
along the entire shoreline. For clarity, the corresponding line ¢ 1is not
shown in Fig. 3.

Influence of K;

Fig. 4 shows the case of a 200-m long detached breakwater located 250 m
offshore. Conditions are: H =1.5m, T = 6 sec, wave crests normal to the
initially straight shoreline, and simulation time of 180 hr. As expected, the
seaward extent of the salient decreases as wave transmission increases. Also,
the salient broadens slightly with increased transmission, and the eroded
areas on either side of the salient fill in. A simulation performed with K; -
1.0 produced no shoreline change and is not shown in Fig. 4.

Breakwater Segments with Different Transmission

Fig. 5 shows a three-breakwater system with asymmetrical wave transmission
properties, the greatest transmission assigned to the right-hand breakwater
and least to the left-hand breakwater. The calculation is significantly more
complex than in the previous examples, because a point on the beach is open to
seven wave energy windows (four gaps and three transmitting breakwaters). The
curves in Fig. 5 display results for four cases with H = 1.5 mand T = 6 sec
distinguished by wave direction (0, +10, -10, and %10 deg); the direction was
constant for 120 hr for the first three cases, and in the fourth case the
angle switched from +10 to -10 deg at the midpoint of the 120-hr simulation.

The most obvious feature of Fig. 5 is the significant size difference of
the salients. The size and location of the largest salient is relatively
independent of wave direction, confirming conclusions of Hanson and Kraus
(1986a), who found that in diffraction-dominant situations, the response of
the shoreline behind breakwaters is most sensitive to incident wave height and
not wave direction (since almost identical semicircular diffraction wave
patterns are formed for any reasonable direction of the incident waves). 1In
contrast, the calculated shorelines in the lee of the middle and right break-
waters show substantial differences, similar to the open-coast situation in

which oblique wave incidence controls the direction of sand transport.
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Fig. 4. Shoreline change as a function of transmission
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Fig. 5. Shoreline change behind three detached breakwaters
of different wave transmission properties
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The beach planform behind the middle breakwater is asymmetric, being
sheltered and sand-deprived on the left side and more open to wave energy on
the right side. Shoreline recession is more severe between the left andmiddle
breakwaters than between the middle and right breakwaters because diffraction
in stronger. For the -10-deg case, where sand tended to move from right to
left in the figure, substantial accretion resulted from blockage (groin
effect) by the middle salient. (In all examples, a "pinned beach" condition
was applied on the lateral boundaries, allowing sand to freely enter and leave
the modeled area.)

Variable Transmission Breakwater

Detached breakwaters with variable transmission properties alongshore can
be represented by contiguous sections having different transmission coeffi-
cients. The configuration shown in Fig. 6 illustrates calculated shoreline
change produced by two semi-infinite detached breakwater segments with trans-
mission coefficient K;; connected by a segment with transmission coefficient
Kr,. This situation mimics the central area of a very long breakwater which
might have experienced damage, altering its transmission properties. The
breakwater was located 100 m from the initially straight shoreline, and the
offshore wave conditions were H = 1.0 m and T = 6.0 sec, with the wave crests
arriving parallel to the breakwaters. The simulation time was 120 hr.

Figure 6 shows that sand was transported away from the beach behind
breakwater sections with greater transmission and deposited behind areas
protected by breakwater section(s) with less transmission. The shoreline
change was delicately controlled by the opposing sand transporting mechanisms
of diffraction and transmission, and became more sinuous with increasing
difference in transmission coefficients. A double salient tended to form,
which is a possible shoreline response behind detached breakwaters and depends
on the ratio of distance between the breakwater and initial shoreline and the
ratio of structure length to wavelength. Perlin (1979) obtained double
salients in simulations neglecting transmission, and a subaqueous double
salient was generated by a detached breakwater in the physical model experi-
ment performed by Mimura et al. (1983).

The example calculations demonstrated that GENESIS produces reasonable

trends of shoreline change for general combinations of wave transmission,
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Fig. 6. Shoreline evolution behind a detached breakwater
with variable wave transmission

giving strong support to the newly developed wave calculation procedure. As
an empirical test of the enhanced model, a simulation was made of the shore-
line evolution which occurred after installation of six detached breakwaters

at Holly Beach, Louisiana.

APPLICATION TO HOLLY BEACH, LOUISIANA
Site Description

Holly Beach is located near the Texas - Louisiana border c¢n the chenier
plain along an east-west oriented coast (Fig. 7). This coast is undergoing
chronic erosion resulting from limited sand supply, relative sea level rise
caused in part by regionmal subsidence, and seasonal impacts from frequent
extratropical cyclones (cold fronts) occurring in winter and hurricanes
developing in the late summer and early fall. The wave energy is typically
low, with average an breaking wave height of 50 c¢cm and a period of 5 sec
(Nakashima et al. 1987). The tidal environment is microtidal; the diurnal
tides have a mean range of 60 cm and a spring tide range of 74 cm. Annual

wind data indicate that locally generated wind waves dominate from the south
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Fig. 7. Site map for Holly Beach, Louisiana, breakwater project

and southeast quadrants 18 and 22 percent of the time, respectively. The
nearshore is morphodynamically dissipative with slopes ranging from 0.03 to
0.05 (Nakashima 1989). The gentle slope limits breaking wave angles. Small
wave angles and moderate wave heights result in a low longshore sand transport
rate, which has been estimated by the U.S. Army Corps of Engineers (1971) at
47,000 to 76,000 m3/year to the west. Sediments composing the beaches in the
Holly Beach area are fine sands with a mean of 0.20 mm and well sorted at 0.72
mm (standard deviation).

Since 1969, various measures have been taken to protect State Highway 82,
which parallels the coast and serves as the hurricane evacuation route for
communities to the west of Holly Beach. 1In 1970, a 5-km long revetment was
constructed to protect the highway, and in 1973 the highway was damaged by
Hurricane Delia. Various types of restoration materials, including concrete
blocks and small quantities of beach fill, have been placed along the shore in

attempts to protect the highway. The revetment and highway have been damaged
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periodically by hurricanes in subsequent years and portions of the highway
have been rebuilt landward. The most recent maintenance took place during
early 1988, when concrete-filled bags and boulders were used to stabilize the
revetment to the west of the breakwater system constructed in January, 1986.
The eastern end of the revetment was reinforced in a similar manner with a
combination of mats of concrete blocks and boulders. This additional attempt
at stabilization was necessary because the highway presently fronts lower
elevation back marshes and cannot be relocated landward without considerable
coast.

The breakwater system consisting of six segments represents a significant
departure from a revetment as a shore protection measure. Although originally
conceived as a T-groin system, this project was modified to a series of
segmented detached breakwaters consisting of various quantities and arrange-
ments of timber piles, used tires, and riprap, which provided different
amounts of wave transmission (Fig. 8). By allowing some degree of wave
transmission, the longshore movement of sand would not be completely inter-
rupted at the breakwaters, and downdrift erosion of the natural shoreline
would be reduced. The breakwaters were constructed as a prototype test of a
low-cost shore protection method with the multiple objectives of preserving
and possibly widening the narrow beach, protecting the revetment, and reducing
wave overtopping and flooding of the highway. The concern for downdrift
beaches in addition to the critical eroding area at the breakwater site is an
example of comprehensive shore protection project planning as discussed by
Kraus (1989).

The Louisiana Geological Survey (LGS) and the Coastal Engineering Research
Center (CERC), U.S. Army Engineer Waterway Experiment Station, initiated a
monitoring program consisting of periodic vertical aerial photography,
quarterly beach profile surveys, and visual observation of local waves and
nearshore circulation. This included pre-project aerial photography and
surveys to establish preproject conditions. Nakashima et al. (1987) qualita-
tively evaluated the breakwaters to have approximately increasing transmis-
sivity from west to east, with the rock riprap breakwater at the west end

allowing the least transmission and the breakwater at the east end (tires
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Fig. 8. Aerial photograph of the Holly Beach breakwaters (March 1986)

mounted on one row of timber piles) having the greatest transmission. During
typical wave conditions, the riprap unit to the west showed no transmission,
but, because of its low crest height, it was observed to be overtopped during
storms.

The west (riprap) breakwater was placed 78 m offshore and the other five
breakwater approximately 62 m offshore. The breakwaters are nominally 50 m
long with a gap width of approximately 90 m and have effective crest heights
ranging from 1.2 to 1.8 m above MSL. Within a few months after construction,
large salients had formed behind the three western structures of lower wave
transmission. These shoreline forms showed considerable movement and deforma-
tion with passage of Hurricane Bonnie on 26 June 1986. All salients remained
intact but shifted 50 m to the east and decreased in their seaward extent by
30 to 70 percent. The eastern-most breakwater constructed of a single row of
timbers incurred major damage during Hurricane Bonnie, but regeneration of a

small salient subsequent to the storm nevertheless occurred.
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Numerical Simulation

Input data and model preparation. Input data requirements for shoreline

modeling are discussed by Kraus (1989). A straight longshore baseline was
drawn running down State Highway 82, and the locations of the breakwaters,
revetment, and shoreline positions as determined from aerial photographs and
profile surveys were referenced to the baseline. The revetment prevents the
beach from retreating landward and was represented as a seawall constraint
(Hanson and Kraus 1985, 1986b). Longshore model grid spacing of 4.6 m (15
ft) was used to provide approximately 10 calculation points behind each
detached breakwater. Measured shoreline positions from the 24 irregularly
spaced profile survey lines were transformed to the grid by using a nonlinear
interpolation technique. The total model reach was 1,066 m (3,500 ft). A
pinned boundary condition (determined from aerial photographs showing loca-
tions of minimal movement of shoreline position) was applied on both ends of
the model grid to allow sand to be freely transported into and out of the
calculation domain (Hanson and Kraus 1989).

Wave height and period at l-hr intervals were obtained from a resistance
wave gage on an oil platform located 140 km to the south of the study area in
a water depth of 12 m. Wave direction was inferred from 1l-hr records of wind
direction measured on the same platform. These data cover the period of
Hurricane Bonnie and were used to provide input to GENESIS to simulate beach
change between the profile surveys of 1/23/86 and 7/29/86. The gage wave
heights are believed to be an overestimation of the waves that arrived to the
site because Bonnie made landfall close to the gage; also, in the modeling,
the waves were assumed to propagate without dissipation. Wave heights at the
gage were therefore halved and the data extensively censored to eliminate
apparent spurious extremes to give a mean wave height of 0.53 m and T = 5 sec
at the gage. The offshore bathymetric contours were assumed to be straight
and parallel, a reasonable approximation for this coast.

Preliminary calibration. Calibration refers to adjustment of model
parameters to reproduce shoreline change that occurred between two surveys.
At the time of writing, model calibration is in progress, so that the result
shown should be considered as preliminary. 1In calibrations performed without

wave transmission, only two empirical coefficients are adjusted, which deter-
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mine the longshore sand transport rate and resultant shoreline evolution.
These were set to K; = 0.5 and K, = 0.1 after initial testing (See, for
example, Kraus (1983), or Hanson (1987, 1989) for further discussion of these
parameters.)

In the present case, a wave transmission coefficient was assigned to each
of the six breakwaters as part of the calibration procedure. Initial trial
estimates of K; were made on the basis of information provided by Nakashima
et al. (1987). 1In order from east to west, the initial assigned values were:
0.9, 0.3, 0.5, 0.3, 0.7, 0.1. During the calibration, these were modified to
be: 0.4, 0.8, 0.2, 0.1, 0.0, 0.0. Modification of the original values was
expected since they were inferred from visual observation of wave and dye
movement, whereas the transmission coefficients in the model pertain to wave
heights and directions (wave energy fluxes) associated with combined wave
diffraction and transmission.

The result of the preliminary calibration is shown in Fig. 9. The
measured shoreline of 1/23/86 was used as the initial shoreline in the model.
(It is interesting to note that this survey was made shortly after project
construction and that salients had already begun to form.) Overall, the
calculated shoreline position agrees well with the measured position of
7/29/87, demonstrating the importance of incorporating wave transmission at
breakwaters in shoreline simulations. The locations of the tips of salients
and their widths are well reproduced, whereas the calculated indentations in
the shoreline between the salients are somewhat less pronounced than were
produced in nature.

Epilogue on field monitoring and model predictions. The quarterly