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Objective

* To test the applicability of various models
to simulate wave transformation and setup
over fringing coral reefs



Summary and Conclusion

« Setup generated by strong winds is a significant
contribution to water levels over fringing coral
reefs

 Wind also causes increased wave breaking
intensity causing the waves to break further
offshore and reducing the setup

« STWAVE and ADCIRC are agreed relatively well
with laboratory measurements of wave heights
and water levels over a fringing reef

* 1-D wave energy balance models are robust,
fast and are suitable for engineering
applications, feasibility studies, etc.
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Laboratory Dataset

« University of Michigan Laboratory Study
— 83 Tests
— 1:64 scale Guam-type reef
— Wind and irregular waves
— Gauges 1-6 on reef slope and gauges 7-9 on reef top
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STWAVE and ADCIRC (STAD)

« STeady-state spectral WAVE model

— Solves the wave action balance equation by finite-differences on a
cartesian grid

— Wave breaking modified to use Battjes and Janssen (1978)
1 —
D, =ZprfH§Qb H . InQ,=H;(1-Q,) H,=0.88tanh(kd)/k

— 95-m grid resolution
— No bottom friction
— No wind generation (1-km fetch, simplicity)
 ADvanced CIRCulation model
— Finite-element, nonlinear, depth-averaged flow model
— 10- to 30-m grid resolution
« Coupling
— Wave radiation stress gradients from STWAVE to ADCIRC
— Water levels from ADCIRC to STWAVE
— No wave-current interaction
— At least 3 simulations of STWAVE and 2 of ADCIRC



One-dimensional Models

* Wave energy balance equation
9,
&(EC@J cosd)+D,+D, =0

— Wave Breaking
» Dally et al. 1985 (DDD85) Dbzg[Ecg-min(E,Es)cg],

1
Es :gpg(rd)z

- Janssen and Battjes 2007 ( ) D, - 3\/_ 3 Hr3ms Q,,
16
Q=1+ R3+§Rjexp(—R2)—erf(R), R=H,/H
3\/; 2 b rms

* Momentum balance

7788

pg(h+77) _TWX’
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UM Dataset, Waves Only
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UM Dataset, Waves Only

Depth, m

Calculated H., m
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Depth, m

Calculated 1, m

10 Wedge‘ Wave Probes
Wavemaker — -
#1
0 [ 1:12
10+ 1:18.8
20+
1:5
30_ | | I |
0 200 400 600 800 1000 1200 1400 1600
Distance, m
) STAD ABJB07 and DDD85
2
+50%a o
1.5 )/ 1.5 +59’/q‘
[} Eh =
1 A I / .
// -c // ///
- T SR o%
0.5 < /% % 0.5 < A
///// O ////
0 % or *
‘ ‘ ‘ ‘ -0.5 a
% 0 05 1 15 2 05 0 05 1 15

UM Dataset, Wind Only

T T T

-0.5

e of

§ 10

*g 20|

i 30

800 1000 1200 1400 1600
Distance, m

Gauge No.
@ 1
¢ 2
> 3
e 4
v 5
x 6
4 7
= 8
A 9

Measured n, m

Measuredn, m



Elevation, m
w
o

N =
o OO

800 1000 1200 1400 1600 800 1000 1200 1400 1600 800 1000 1200 1400
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Depth, m

Calculated H,, m

UM Dataset, Wind and Waves
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Wave Height Over Reef-top

* Wave height
Increase not related
to wind speed?
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Wind setup

* Wind setup important for strong winds or
shallow depths
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Spectral Wave Transformation

S(f), m/Hz

Natural periods of oscillation for an open basin
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Infragravity Wave Energy
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Wave Height Error Analysis

* Relative error (%) .,
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Setup Error Analysis

* Relative error (%)
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Runup, UM Dataset

* R,, = Runup exceeded < Mase (1989)
2% of the time R, —1.862°"
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Discussion

« Although the 1-D models performed slightly better than
the STWAVE/ADCIRC, their applicability is limited, and
STWAVE and ADCIRC have a lot more physics such as

wave-current interaction, wave growth terms, 2-D effects
etc.

« Empirical coefficients likely difference than for sandy
beaches and need to be estimated based on breaker
types, wind, roughness etc.

* More work needed on the sensitivity of ADCIRC to grid
resolution

« Despite the presence of long period infragravity motions,
the models are able to predict reasonably well wave
heights and average water levels



Summary and Conclusion

« Setup generated by strong winds is a significant
contribution to water levels over fringing coral
reefs

 Wind also causes increased wave breaking
intensity causing the waves to break further
offshore and reducing the setup

« STWAVE and ADCIRC are agreed relatively well
with laboratory measurements of wave heights
and water levels over a fringing reef

* 1-D wave energy balance models are robust,
fast and are suitable for engineering
applications, feasibility studies, etc.



Future Work

* Include the formulation for wave breaking
dissipation of Janssen and Battjes (2007)
in STWAVE

* Incorporate a formulation for wave setup in
STWAVE which would decreases the
number of iterations between STWAVE
and ADCIRC

* Develop and incorporate an empirical
formulation for wave runup in STWAVE



Thank you.
Questions?






Motivation

* Forecast

— 36-hr forecast at 6-hr intervals — interpolated to 1-hr intervals

— Unfeasible to simulate whole time history using complex
nonlinear models such as Boussinesqg-type models

— Need to identify worst case conditions for potential runup and
inundation for nonlinear models

— Backup model
* Hindcast

— Not enough data on hurricane events to merit the use
nonlinear models

* Hypothetical events
— Only need to be realistic
* Engineering Applications
— Sometimes you just don’'t need so much accuracy
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Hayman Island Dataset
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Setup: Review of
Empirical Relations
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Laboratory Dataset

« University of Michigan
Laboratory Study
— 83 Tests
— 1:.64 scale Guam-type reef
— lrregular waves
— Wind and waves

Hayman Island Fringing Reef
Study (Gourlay, 1994, Coast.
Eng. Vol. 23)

— 18 Tests

— 1:20 scale, Australian reef

— Regular Waves

— No wind

Depth, m

Depth (m)

e

A
0'
-2 ‘

0 100

200
Distance (m)

300 400

10V edgel " Wave Probes
Wavemaker
#1 #4 #7 #3 #9
0' n 11
101 1:18.8
201
1:5
30 C | | [ |
0 200 400 600 800 1000 1200 1400 1600
Distance, m
4
Wedge
2 Wavemaker Wave Probes

500



One-dimensional Models

Wave energy balance equation

0 1 1 kd
—(EC 0)+D +D; =0 == — -
ax( ,C0s0)+ D, + D, E 8ngrms C,=nC n 2+sinh2kd
— Wave Breaking
K ;
. Dally et al. 1985 (DDD85) D, = EC, ~min(E, E,)C, |
1

Es=§pg(Fd)2 N —H3

« Janssen and Battjes 2007 (ABJBO7) Db_?’o gBf —™=Q,,
3
=1+——| R®+=R |exp(—R?*)—erf(R), -
Q, 3J—( j p(-R?*)-erf(R), R=H,/H,,

H, = 0.88tanh(ykd /0.88)/k y=H,/d =0.5+0.4tanh(33H,/L,)

* Momentum balance

S,
877 a v - TWx1 TWX :Cdan ‘U" Sxx - E(n(COSZ H-l‘l)—%j,

pg(h+77)

oy ]
H, = 4\/m7O m, = jfc S(f)df where f, =0.02Hz, f,, = Nyquist Freq.



Coastal Modeling Package: TWAVE

Wind and
Pressure
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TWAVE: Example

B4 Microsoft Excel - TWAVE_V7-6.xls
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Coastal Modeling Package: TWAVE

« Background

— Coastal Modeling Package developed Surge and Wave
Island Modeling Studies (SWIMS) by the U.S. Army
Corps of Eng. (USACE)

« TWAVE Coastal Modeling Package

— Multi-level, user-friendly, comprehensive
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Multi-level Approach



Coastal Modeling Package
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Coastal Modeling Package: TWAVE

Wind and
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