Bob Guza, Scripps Inst. Oceanography

California waves & wave-driven processes
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Ocean swell waves, generated by storms,travel
across ocean basins in a few days
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1. Forward {Left 1o Right) and Back-Refracted Rays over Circular Shoal,
th Contours and Axes sre in Meters; Wave Frequency, { = 0.08 Hz: (a) Circular
# Configuration. Bottom Depth around Shoal = 310 m; (b} Forward-Refracted
8, Initial Ray Spacing = 28 m, itlal Angle = 180°; (¢} Back-Refracted Waves,
W Angle Spacing = 2.5 (o) Back-Refracted Rays. Initial Angle Spacing = 10°

Swell Height (ft) - Southern California Bight

SoCal : complex waves

COMPARISON OF SPECTRAL REFRACTION AND
REFRACTION-DIFFRACTION WAVE MODELS

By W. C., O'Reilly,' Member, ASCE, and R. T. Guza®
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A comparison of two spectral wave models in the
Southern California Bight
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BILL O'REILLY et al

“Buoy Network” Spectral Refraction Model
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Wave Height [m]
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WINTER SITES : SoCal 91 Waves Experiment
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Comparison of Wave Model and Observations
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Waves reflect from the rocky Channel Islands

Santa Barbara Channel

WAVE  HEIGHT {ft)

Alongcoast Model Prediction

“MOP” Sites

- 10m water depth.

- 100m alongshore spacing

- hourly updates

10m Stakes
1D

SD0633
Latitude 32.97150
Longitude  -117.27510

2000 ft
1 km




*Goal : Couple Regional (basin-scale) waves
+

models for surfzone processes

* We have : waves in 10m depth

*Next : models for small scale, wave-driven processes.
(Surfzone dynamics in 15 minutes)

Wave Evolution from ‘deep’ (10m) to the Shoreline
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Sea-swell wave heights = depth limited = Operational model

L L] 1 | )

0 100 200 300 400 500 600

Depth (cm)

Mean depth

ot LA 74
\/ YNV VW TN . “l

20 Big waves
H_=042h
10D ‘
\\ﬁ 80 -
v o 60}
B _
% GO h‘-ﬁ""r CE) 4Q |
£ 7 .
I UL ~+—— f o
1o
C
sol Small waves
N t0C 2G0 3C0 T
Depth (cm)
Wave shoaling & breaking : nonlinear energy transfer
IRER AR, "". AA o~ Aa_ o a M\ « N\afl
- ’ v e ’ v, v |

BORE FACES

R

J

Y
) \'

V= o] Y15

\ 'q N I'\J — YNV

J

» \-\- . | ']
LAl \\\ AL AT A . ,‘\' W L (Jk AAd \ ," A A L}I
A B R A - —

s 1.5m, Surf

f A ~ - A
II e ', .\ l / = -Fl :\. '] "' H
I\ A AN\, i S S v 0m, Shoreline
F S £ T ) - % By
y, / v L
| | |
s] 50Q 100 150 200 250

Low frequency (1 min)
waves can dominate



With Big Waves, Shoreline swash dominated by surfbeat
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LONGSHORE CURRENTS ON SIMPLE BATHYMETRY

Time & depth-averaged longshore (V) currents |
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E is wave energy, 6 is wave angle

V depends only on dissipation rate and angle of breaking waves!
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Obliquely incident waves = alongshore current
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Waves from opposing quadrants can cancel (V=0)



Alongshore current (m/s)
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Nearshore Canyon Experiment (NCEX) : strong alongshore variations

* Instrument locations

Model Predictions Aerial Photograph
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Transport & dilution of pollutant runoff
in surf zone: Where to put this?

***** surfzone alongshore currents ****

BUOYS
() H8Buoy
. Local Buoy
C.) Offshore Buoy
Depth (m)
Shallow: 0

Deep : -4000
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Powrir plant Huntington Bch 06 Santa Anna River Mouth

| L Surfzone Averaged Alongshore Current (m/s)

0/7-28-2006 10:00 FDT

NOWCAST Alongshore currents  http://cdip.ucsd.edu/hb06

But ....... dilution is key........ how does “stuff”” mix in the surfzone?

Visual dye observations

¢ initial cross-shore dispersion, then little offshore exchange

Dye moves alongshore few km/hr
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photo: Grant et al. 2005



‘ 'n Beach, CA
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Dye concentration vs offshore distance

’ X Plume width #2 versus alongshore distance
(for different dls@ces from source)
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Transport past headland?
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Radical orientation change :Circulation unknown




Monitoring Beach & Cliff Change in
Southern California with Airborne LIDAR

am Young- Po




A) All Except San Onofre
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Rivers and Cliffs Provide(d) Beach Sand

Solana Beach,04

Sand elevation surveys 535
*Beach face: Monthly e Fos
*To 8m depth: Quarterly ..

Torrey Pines (8 km, 7yrs)
San Onofre (4 km, 1yr)
Pendleton (2.5 km, 2.0 yr)
Cardiff (2 km, 1.5 yrs)
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Torrey Pines

YATES ET AL.: EQUILIBRIUM SHORELINE RESPONSE
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Profile h(x) and/or Shoreline (e.g. MSL) change models
Operational : No Computational Pigs allowed.

‘Process’ & ‘ Data-driven’

Process : simulate waves/currents/sed xport

(u sort-of-integrate mass & momentum eqs)

Delft3D, Xbeach, “Energetics (skewness)”.........
Data-driven : observations constrain heuristic, outcomes
(e.g u guess ‘rules’ nature follows when integrating).

Equilibrium, statistical, .........

Input : Initial h(x), ‘parameter values’ (a.k.a tuning),
waves(time).

Output : h(x, time)



Equilibrium Beach ‘Rules’ : Bruun, Dean, Inman, Wright, ......
every E has a no-change h,, (x,E)
given E (t,oy), h(X,thoy) evolves to hy.(X,E)
fastest change for biggest dis-sequilibrium

Accreted Profile
l Equilibrium Profile

moderate E

depth,, (X,E)

Equilibrium Profile
/\/k/z Eroded Profile

moderate E
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Model — Observations Comparison
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Observed waves do the walkin’
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Predict future change using pre-tuned model, and E



TOrrey Pines Yates et al :

Temporal EOF of all beach

4/yr bathy surveys contours ~ MSL(t)
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SoCal beaches already sand starved:future ?

From IPCC 2001

report on climate change,
based on SRES scenarios.
[]
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Shear instabilities grow, roll up, & shed eddies.
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Parameterize with an eddy viscosity (e.g. Ozkan-Haller)
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