Estimating Nearshore Berm Deflation

Using Longshore Transport Equations

Brian McFall, Douglas Krafft, Rachel Bain July 7, 2020



Introduction

« Sediment placed in the nearshore either for beach
nourishment or to dissipate wave energy.

« Considerable attention has been given to whether the
placed sediment will be mobile (e.g., McLellan et al.,
1990; Hands and Allison, 1991; Ahren and Hands,
1998; McFall et al., 2016; Priestas et al., 2019).

» Less consideration of the rate at which the placed
sediment will move.
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* Project goal: to evaluate whether various transport g end
equations (longshore or cross-shore) are useful for < .
generating order-of-magnitude predictions of the Cross-shore position
nearshore berm deflation rate.




Conceptual model: berm deflation via longshore transport

Experimental and field studies suggest longshore transport may be the dominant mechanism of
berm deflation (e.g., Hoekstra et al., 1996; Smith et al., 2009; Bryant and McFall, 2016)

» Longshore transport assumed to exclusively remove sediment from the berm.
* Net cross-shore transport assumed negligible.

* The berm’s geometrical parameters (cross-shore position, length, depth at crest, etc.) are
assumed constant in time.
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Longshore transport computation

CERC equation:
_ Kpwg®SHp®
Q = 0E sin 2,
16y, (ps — pw)(1 —n)
where

Q Longshore volumetric transport rate
K CERC coefficient
H,  Significant wave height at breaking
Vb Breaker index, assumed to equal 0.78
ap Breaker angle
pw,Ps Density of water and sediment

n Porosity



Longshore transport computation

ey
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CERC equation:

0= Kpwg®Hi"
16]/1?'5(105 —pw)(1—mn)

where

sin 2,

Longshore transport q(x)

Cross-shore coordinate x
Q Longshore volumetric transport rate
K CERC coefficient
H, Significant wave height at breaking Recall that Q = f q(x)dx
Vb Breaker index, assumed to equal 0.78 Vx
ap Breaker angle

pw,Ps Density of water and sediment

n  Porosity Therefore Qperm = PQ for some unknown 0 < 8 < 1.



Longshore transport computation

Fraction of Q contributing to berm deflation is

based on literature-reported g (x) profiles and
the berm’s position in nondimensional space.
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Longshore transport computation
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Longshore transport computation

Equation Parameters influencing longshore transport

CERC equation (constant K) Depth at breaking

Kamphuis and Readshaw (1978)
CERC adaptation

Kamphuis (1991) equation Grain size, period, beach slope (linear)

Mil-Homens et al. (2013)
modification of Kamphuis (1991)

Depth at breaking, wavelength, beach slope (linear)

Grain size, period, beach slope (linear)

Bayram et al. (2007) equation Depth at breaking, grain size, period, beach profile (nonlinear), friction coefficient

Mil-Homens et al. (2013)

modification of Bayram et al. Depth at breaking, grain size, wavelength, beach profile (nonlinear), friction

(2007) coefficient
Van Rijn (2014) equation Grain size, wavelength, beach slope (linear)
Shaeri et al. (2020) equation Grain size, wavelength

NOTE: All equations depend on water and sediment density, sediment porosity, breaker angle, and breaker height



Predicted deflation rate magnitude
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Can we justify ignoring cross-shore transport?

Cross-shore profiles of the Port Canaveral berm through time (Bodge, 1994)
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Conceptual model: berm deflation via cross-shore transport

» Cross-shore transport assumed to exclusively remove sediment
from the berm.

* Net longshore transport assumed negligible.

» The berm’s geometrical parameters (cross-shore position, length,
depth at crest, etc.) are assumed constant in time.
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Cross-shore transport computation

Equation Description

Douglass (1995) equation Key idea: wave orbital velocity asymmetry drives cross-shore
sediment transport

» Calculated by applying Stoke’'s second order wave theory to the Bailard
and Inman (1981) bedload transport equation

» Distinctive parameters: porosity, friction coefficient, transport efficiency
coefficient, angle of internal friction

Ortiz and Ashton (2015) Key idea: cross-shore sediment transport is generated by wave
equation orbital stirring, Longuet-Higgins streaming velocity, and wave
asymmetry

» Calculated by applying Stoke’s second order wave theory to Bowen’s
(1980) transport equation

» Distinctive parameters: grain size, friction coefficient, transport
efficiency coefficient

NOTE: All equations depend on water and sediment density, wave height, wave period, water depth
above berm, bed slope, berm length in the longshore direction



Predicted deflation
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Cross-shore transport computation

Douglass (1995) equation:
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Longshore transport equations:
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Predicted deflation rate magnitude

Longshore transport equations:
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 Alternative cross-shore transport formulations?
« Vary berm’s geometrical parameters through time?

e ...others?
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