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Abstract

This paper describes the latest revision of the Queen's University coastal
morphology model ONELINE. The model provides practical and reliable full, time-
dependent simulations of shoreline change for coasts controlled by structures and
complex boundary conditions. ONELINE calculates shoreline change due to longshore
sediment differentials as well as on-offshore sediment movements. Model tests and case
studies from around the world were conducted to test ONELINE’s capabilities. Two case
studies for Sea Isle City beach, New Jersey, and along the Nile Delta Coast in Egypt are
discussed in this paper. Results are compared with observed field measurements to
examine the model capabilities.

Introduction

The increasing development of coastal areas is faced with persisting erosion and
flooding problems. Almost two-thirds of the world’s population reside within 200 km of
the coast, and continuous engineering activities are needed to safeguard coastal areas
from erosion and flooding. Comprehensive coastal zone management and erosion/flood
control requires a reliable and practical tool for predicting shoreline evolution to optimize
shore protection measures.

One-dimensional coastal morphology models (one-line models) have
demonstrated practical capability in predicting long-term shoreline change. However,
most one-line models suffer from various constraints that limit their wide applicability.
Work is currently in progress at Queen’s University on upgrading ONELINE, a shoreline
morphology model developed earlier, to create a practical shoreline change model with
wide applicability for complex beach system configurations. The main objective is to
provide accurate predictions that match the quality of available input data and knowledge
of sediment transport processes

ONELINE is based on the one-line theory of shoreline change, but does not make
any small angle assumption with respect to the incident wave angle and the shoreline
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direction. The work on ONELINE was started in 1988 and was followed by several
refinements to improve the model’s capabilities. The latest upgrades include the cross-
shore sediment transport contribution to shoreline change, the capability to simulate
shoreline response to any combination of off-shore or shore-connected structures,
improved formulation of the lateral boundary conditions, and provision of a Windows-~
based user interface that renders a user-friendly environment.

This paper provides a brief description of the ONELINE modeling system and
demonstrates its capabilities through model tests and case studies. Two case studies are
described in which complex beach system configurations are simulated. The first one
features a groin field at Sea Isle City, New Jersey along the East Coast of the United
States. The second is along the Nile Delta Coast in Egypt and includes detached
breakwaters, groins, seawall, and a river mouth boundary. Simulation results are
compared with measured shorelines to examine the model’s capability of predicting
shoreline change.

Model Description

Following the one- —_—

line assumption that the % \

beach  profile  moves 4
parallel to itself out to a
limiting depth of closure
(dc), conservation  of
sediment for an infinitely
small length of shoreline,

Ax, can be expressed as
follows (Figure 1):

(Q + (6Q/0x)Ax)

Figure 1. Definition sketch of conservation of sediment

where y is the shoreline position, x is the longshore coordinate, t is the time, Q is the
longshore sediment transport, q represents the average on-offshore transport rate, and dp
is the profile depth which equals the closure depth dc plus the beach berm height dg . The
present model uses the Kamphuis formula (Kamphuis, 1991) modified to include
transport by wave height gradient (Hanson and Kraus, 1989) to calculate longshore
sediment transport (Equation 2).

Q= CKH§T1‘5B°‘75D'°‘25[sin“ (20,) - %cos o, 0(1;1; } )

where Q is the alongshore sediment transport rate, C is a constant that is 7.3 when Q is
expressed in m’/hr., K is the ratio of actual over potential sediment transport rate (used as
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an empirical factor for model calibration), H;, is the breaking wave height, T is the wave
period, B is the beach slope in the breaking zone, o is the breaking wave angle, and D is
the nominal grain size. Cross-shore sediment transport is calculated using Bailard's 1982
model (Equation 3).
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In which &, y1, y2, u'3, and u's are cross-shore velocity moments defined by Bailard
(1982) as functions of wave height; ¢ is the angle of internal friction; €p and g are the
coefficients of bed load and suspended load efficiency; Cr is the drag coefficient, uy is the
fluid bottom velocity, p and p; are the fluid and sediment densities respectively, p is the
sediment concentration, , is the fall velocity, and ks is an empirical factor used for
calibration.

The basic ONELINE model

structure is illustrated in Figure 2.
The modeled  shoreline s

discretized into a finite grid and the Wave Transformation
simulation time is divided into time Module

steps. For each time step wave
| Morphology Module H

shoaling, refraction, diffraction and
the resulting sediment transport are
calculated at each grid point. Then, Solve lMatrix
the governing equations are solved i R .
simultaneously in the form of a | ——NewShoreline )
matrix to determine the new
shoreline.

Figure 2. ONELINE model structure

The updated version of ONELINE includes improved mathematical formulation
of boundary conditions and internal constraints. The new lateral boundary conditions give
the modeler greater control in defining complex conditions near the boundaries. User-
specified inflow and outflow factors at each boundary are used to define the sediment
transport gradients at the boundaries. Boundary conditions can be properly formulated
through sensitivity analysis and model calibration with observed shorelines. These highly
adaptable boundary conditions provide the capability to simulate a wide range of
complex beach system configurations with various sources or sinks near the boundaries.
For example, sources such as river sediment discharges, updrift feeder beaches where
nourishment occurs outside the modeled area, and sinks such as tidal inlets, or
submarines canyons can all be modeled. Likewise, the representation of internal
constraints such as groins or breakwaters was significantly improved to provide accurate
response of shoreline to nearshore structures. The mathematical formulation of the
influence of various structures on wave transformation and morphological changes was
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Conclusion

This paper describes, ONELINE, a shoreline change modeling system, and
demonstrates its capabilities through model tests and case studies. ONELINE’s recent
improvements boosted its practical applicability to simulate more complex beach system
configurations. Model tests indicated ONELINE’s credible predictions of sediment
transport and shoreline response to various combinations of coastal structures. Two case
studies were simulated to verify the model capabilities. A 15-year simulation of a 2.6-km
shoreline reach at the southern part of Sea Isle City, New Jersey, proved the effectiveness
of ONELINE to simulate shoreline response to permeable groins and complex boundary
conditions. The refined formulation of lateral boundary conditions enabled reasonable
presentation of the tidal inlet boundary of Sea Isle City model. ONELINE was also used
to model Ras-El-Bar, a beach resort area along the rapidly eroding Nile delta. Several
erosion control measures were built over the years such as breakwaters, groins, seawall,
and river mouth jetties. A 9-year simulation of a 4 km-long beach at Ras-El-Bar was
successful. The adaptable boundary conditions of ONELINE enabled simulation of the
sediment flow patterns at the jettied river mouth of the eastern boundary as well as
longshore transport gradients at the western boundary. Cross-shore sediment transport
plays a large role in the shoreline change at Ras-El-Bar. ONELINE’s ability to simulate
cross-shore sediment transport as well as longshore transport in the vicinity of different
coastal structures allowed a successful modeling of these complex beach systems. The
model results corresponded with the field measurements and hence provided quantitative
results and a well-verified prediction capability of the region. The consistently small
prediction error on calibration and verification of these widely varying cases
demonstrates the robustness of ONELINE. The modeling system, ONELINE, is still
under development. Future improvements include upgrading ONELINE to contour lines
model to enable predictions of profile changes as well.
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