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1. Numerical model: BOSZ
@ Theoretical and Numerical Formulation

2. Model validation with laboratory data
@® 2D experiments from Oregon State University
@® 3D experiments from Oregon State University

3. Model applications
@® PILOT project, Mokuleia, Oahu, HI
@ Hurricane lvan, Okaloosa, FL

4. Conclusions and Outlook



BOSZ
(Boussinesg model for Ocean and Surf Zones)

Governing Equations

@® Conservative Boussinesqg-type equations
e Conservative form of Nwogu’s (1993) Boussinesg-type equations

Numerical Scheme

@ Explicit, Finite Volume scheme
e Runge-Kutta time integration, adaptive time step, iteration-free
e Mass balance at moving boundary
e 2D reconstruction technigue, Riemann solver for wave breaking
e Robust for energetic breaking waves over irregular bathymetry

@® Momentum Conservation
e Imbedded conservation laws for sub- and supercritical flows

@ Parallelization
e OpenMP parallelization for handling of large flow problems



1. BOSZ

Governing Equations
@ Conservative Boussinesq-type equations

Vector form

U +FU) + G(U)y +§U)=0

lHu Hv Ve
F= Hu2+Egn2+gnh G= leu S=|-gnh,— Hy,+uy.+1
Huv Hv2+§gn2+gnh —gnh, = Hyyq + vy +1,

Dispersion terms only

Nonlinear Shallow-Water Equations o _ o
containing spatial derivatives

P=Hu+Hz, [O'SZG(UXX + ny)"'(hu)xx +(hv)xy} Flow velocity from series of

one-dimensional systems of equations
Q = Hv+Hz, |:O.52m(vyy +u,, )+(hv) +(hu)xy}



2. Validation

|dealized fringing reefs in 2D
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/Laboratory Facility

Large Wave Flume,
Oregon State University y
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/Large Wave Flume\
Wave height: 0.75 m
Water depth: 2.50 m
A/h: 0.3

\_Reefslope: 1:12 )

QuickTime™ and a
H.264 decompressor
are needed to see this picture.
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[BOSZ - free surface, 2D reef }

/Large Wave FIume\
Wave height: 0.75 m

Water depth: 2.50 m
A/h: 0.3

\_Reefslope: 1:112

\_

4 BOSZ setup N
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[BOSZ - validation, 3D reef with cone }
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[BOSZ - free surface, 2D reef }

fLarge Wave Flume\
Wave height: 0.39 m
Water depth: 0.78 m
Ah: 05

- J

4 BOSZ setup N

N

AX:0.1m
C,:05

n :0.014 s/m/3

/

Time: 0.0 sec
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[BOSZ - free surface, 3D reef }
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[BOSZ - velocity, 3D reef
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Imagery Date: 12/31/2007 |46 [2D581770° lon -158.153760° elev

Experiment conducted by
Dr. Mark Merrifield &
Dr. Janet Becker, UH OCN

Latitude°N

2. Application

[Mokuleia, Oahu, HI ]

Image © 2011 TerraMetrics
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Image USGS

-21.80

-21.60 05

-21.20

"i58.3 158.1 157.7

157.9 R
Longitude "W

Llou.'_)g1 ¢

Eye alt  5.74 km

13



300

[Mokuleia, bathymetry ]
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[BOSZ - free surface, Mokuleia ]
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[Hurricane lvan, Okaloosa, FL}
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Latitude(de)

Latitudeldeq)

-86.55

[BOSZ - flow depth, velocity, Hurricane Ivan]
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[BOSZ - erosion, velocity, Hurricane lvan ]
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4. Conclusions

1. Development of numerical model BOSZ
@ Designed for - but not limited to - fringing reefs
@ Robust and computationally efficient

2. Model validation
@® Model combines shock-capturing and dispersive capabilities
@® Works for energetic breaking waves with moving boundary

3. Model applications

@® \Wave transformation over reefs and continental coasts
@ Coastal engineering tool for flood and hazard assessment

More information:

Roeber, V., Cheung, K.F., Kobayashi, M.H., (2010). Shock-capturing Boussinesqg-type model for
nearshore wave processes. Coastal Engineering, 57, 407-423.

Roeber, V., Cheung, K. F., (2011). Boussinesqg-type model for energetic breaking waves
in fringing reef environment. Coastal Engineering, in review.

volker@hawaii.edu
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