e Water Circulation
Modeling




Modeling Technical
Tasks

e Data collection/assessment

* Finite element and finite difference grid
development

e Development of model forcing conditions
« Model simulations

 Model validation

e Simulation analysis







Element Size Range:
15 mi (25km) to 50 ft (15 m)
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ADCIRC Comparisons —
ADV Gauge Y1

Black = Measured

Mo pu Point

Red = Calculated

Velocity, misec

E
=
g
S
g
K
w
o
8
£
=1
w
8
o
=

233
Julian Day, 2005




ADCIRC Comparisons —
ADV Gauge G2

Black = Measured

Mo pu Point

Velocity, m/sec

Red = Calculated

Velocity, misec

233

Julian Day, 2005

E
=
E
c
2
=
5]
>
o
w
o
o
£
=
a
.
)
2
2

Julian Day, 2005




ADCIRC Comparisons —
ADV Gauge R3

Black = Measured

Mo pu Point

Velocity, misec

Red = Calculated

Velocity, misec
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August — Sept 2005 Run

Entire Region
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August — Sept 2005 Run

Wailea Point

Current Speed, m/sec
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e Wave Transformation
Modeling




e Modeling Technical
Tasks

e Data collection/assessment

* Finite element and finite difference grid
development

 Development of model forcing conditions
e Bottom friction formulation

e Model simulations

e Model validation

e Simulation analysis
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STWAVE Model

Conservation of wave action
Simplified diffraction
Wave growth and white-capping
« Wind input
* Nonlinear transfers to low frequencies
« Dissipation at high frequencies
Depth and steepness-induced breaking
Refraction and shoaling
Wave-current interaction
Bottom friction




Offshore Wave Climate —
CDIP Buoy Station 098 (2000-2004)

Wave Conditions

Wave
Direction
Wave , deg
Significant Wave Direction, from
Wave Height, Period, deg from STWAVE
ik m sec North axis
. ' T % 75 6 225 82.5
16-19 2N \ p, 4
13-18 "
s g i 1.25 8 0 60
06-09
0.0-08 "
Width Legend
1.75 10 22.5 37.5
2.25 12 45 15
2.75 14 67.5 )
Initially discertized into 134 wave = e 20 i
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Extended Domain

Original Domain

Diepth, m MTL
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JONSWAP Friction
Formulation

spectral energy loss from bottom friction

= friction coefficient

angular wave frequency

wave number and water depth

wave energy density function (divided by (p,, 9)
wave frequency and wave direction

(Hasselmann et al. 1973, Padilla-Hernandez and Monbaliu 2001)



Manning’s Friction
Formulation

d'? sinh? kd

. 1 2 2
- gn" ] E(f a)uims

spectral energy loss from bottom friction

= friction coefficient

angular wave frequency
wave number and water depth

= wave energy density function (divided by (p,, g)

wave frequency and wave direction
root-mean-square bottom velocity

(Holthuijsen 2007)



STWAVE Test Run

Test Range
c;0.04 -0.12
n 0.15-0.25

— Without Bottom Friction
— With Bottom Friction

Forcing Condition
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Model VValidation :
Model Performance Index
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Model Validation:
Manning’s Friction

Manning ADV1

= O ffshore Wave Height Model Performance Index: 0.945
— i asured A0V
—— Run 5503 - No Friction 0.948

_ Run 5515 - Reef=0.20
———Run 5526tide - Reef=0.20
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Model Validation:
Manning’s Friction

Manning ADV?2

w— Offshore Wave Height Model Performance Index: 0.922
— Measure d ADV2 0.926
—— Run 5503 - No Friction =
—Run 5515 - Reef=0.20

7] ——— Run 5526tide - Reef=0.20
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Model Validation:
Manning’s Friction

Manning ADV3

Stfatiore Waie HagH Model Performance Index: 0.953
—leasure d ADV3 0-960
—— Run 5503 - No Friction
n —Run 5515 - Reef=0.20
= Run 5526tide - Reef=0.20
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Model Performance Index:

Manning’s Friction

0.20

n
0.20

with tide
JA\DAVAN 0.945 | 0.948
ADV?2 0.922 | 0.926
JAYDAVAC 0.953 | 0.960




Model Validation:
JONSWAP Friction

Jonswap ADV1

= ffshore Wave Height Model Performance Index: 0.931
0.940

—_—leasure d ADYVA
——Run 5503 - No Friction
=—Run 5525 - Reef=0.05
—Run 5527tide - Reef=0.05
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Model Validation:
JONSWAP Friction

Jonswap ADV2

— () ffshore Wave Height Model Performance Index: 0.892

—Measured ADV2
—— Run 5503 - No Friction 0.895

—Run 5525 -Reef=005
T = Run 552 7tide - Reef=0.05
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Model Validation:
JONSWAP Friction

Jonswap ADV3

Model Performance Index: 0.897
0.907

s ) ffshore VWave Height
—easured ADV3

un 5503 - No Friction
un 5525 - Reef=0.05
un 5527tide - Reef=0.05
i /um

Wave Height, m
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Model Performance Index:

JONSWAP Friction

0.05

with tide
ADV1 0.931 | 0.940
ADV?2 0.892 | 0.895
JAYDAVAC 0.897 | 0.907




Model Validation: e
e Manning’s *
Variable Friction Coefficients ™=




Model Validation:
Manning’s (Variable)

Manning ADV1

Model Performance Index: 0.948

=) fshore VWave Height
— A5 dADV1
——Run 5503 - No Friction

Run 5529 - Reef=variable/0.20
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Model Validation:
Manning’s (Variable)

Manning ADV2

—Offstiore Wave Height Model Performance Index: 0.968
Measured ADV2

—— Run 5503 - No Friction

—Run 5529 - Reef=variable/0.17
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Model Validation:
Manning’s (Variable)

Manning ADV3

Model Performance Index: 0.970

) 5 hore YWave Height
Measured ADV3
Run 5503 - Mo Friction
Run 5539 - Reef=variable/0.22
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Model Validation:
e JONSWAP
\V/

ariable Friction CoefficientS™




Model Validation:
JONSWAP (Variable)

JONSWAP ADV1

Model Performance Index: 0.951

) ffshore Vyave Height
—Measured ADV1
——Run 5503 - Mo Friction

Run 5528tide - Reef=variable/0.055
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Model Validation:
JONSWAP (Variable)

JONSWAP ADV2

— Offshore Wave Height Model Performance Index: 0.958
—lleasured ADWV2
—Run 5503 - No Friction

Run 5528tide - Reef=varable/0 040
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Model Validation:
JONSWAP (Variable)

JONSWAP ADV3

Model Performance Index: 0.953

e ) ffshore Wave Height
—_— easure d ADWV3
Run 5503 - Mo Friction
Run 5528tide - Reef=variable/0.06
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Wave Height, m

Wave Height, m

Wave Height, m

Field Data Collection —
Comparison

Model Performance index: 0,951

a0

Model Performance Index; 0.958

Model Performance Index; 0.953
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Manning

Wave Height, m

Wave Height, m

MPI
0.948 - 0.970

Wave Height, m

0.0

Madel Performance Index: 0.948

Model Performance Index: 0.968

Model Performance Index: 0.970
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Summary

e Bottom friction implemented in STWAVE

* Applied range of JONSWAP and Manning friction coefficients
 Validated to 2005 field data

* Included tidal fluctuation

« STWAVE with bottom friction captures the large reduction in wave
height from the offshore to the nearshore

 An attempt at simulating the variability in reef condition
was made by varying the friction coefficient in patches

 Model Performance Index values of ~0.95 indicate the model is
capturing wave transformation/dissipation over the reef
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