CDIP: Measuring and Modeling California’s Waves

James Behrens
Coastal Data Information Program (CDIP)
Scripps Institution of Oceanography
UC San Diego

jb@cdip.ucsd.edu

Pacific Ocean Energy Trust Tsakopoulis Library Galleria, Sacramento, CA
California Offshore Wind Industry Summit 13 March 2018
Panel: Research and Development to Advance Offshore Wind



ot Cook Inlet
il Kodlak@

q 205-Bettor

== Island
166 - Ocean Station Papa Ketchikan

MARSHALL
ISLANDS

©®

163-Kalo, Majuro

Northern
Mariana @ r

Islands
197-Tanapag,
Saipan

GUAM

@ 196-Ritidian Point

@ 121-lpan

CANADA

WASHINGTON

179 - Astoria Canyon

OREGON
232 - Reedsport
139 - Umpqua Offshore/ g, ®

231 - Lakeside  ®

9

168 - Humboldt Bay North Spit (‘s

7N
094 - Cape Mendocino \') \
. CALIFORNIA

235 - Fort Bragg South

029 - Point Reyes ()
N/
142 - San Francisco Bar \

185 - Monterey Bay West (/;\/' N

\7/‘\
158 - Cabrillo Point Nearshore{ &
157 - Point Sur

076 - Diablo Canyon

222 - Santa Lucia Escarpment()

(:\ 202 - Hanalei, Kauai
¢I g} 106 Waimea Bay

198 -K; he B 067 - San Nicolas Island(" e /pedro
aneohe Bay

E{\oea Mokapu Point 45 =

165- Barbers Point

146 - Kaumalapao %

Lanai

HAWAII

187 Pauwela, May

071- Harvesl‘

203- Santa Cruz B3%
234 - Santa Barbara Island Nort! >

100 - Torrey Pines
220 - Mission Bay West\~
191 - Point Loma Soulh \

Primary
Sponsor:

Partners:

US Army Corps
of Engineers =

Integrated Ocean
Observing System

-

NEW HAMPSHIR! 160 - Jeffreys
. Ledge
ASSACHUSETES ,, ...,
- B:
CONNECTICUT RHOP =
A ND

: )
PENNSYLVANIA / i 154 - Block Island

=
Y\ ® ) 209 - Barnaget Bay Inlet
‘Atlantic City

DISTRICT OF CO

IMEXICO

(o) 224 - Wallops Island

VIRGINIA 186 CaEe Charles

147
2) nrgmla Beach Offshore
a 0 Offshore Wind Energy
430 - Duck FRF
433 Duck FRF

NORTH

SOUTH

CAROLINA . e
200 - Wilmington Harbor

GEORGIA

N
214 - Egmont Channel ',) 143 - Cape Canaveral Nearshore

Entrance, @ CDIP buoys- Active

® )134 - Fort Pierce @ CDIP buoys- Proposed

144 - St. Petersburg Offshore

—~ / 181 - Rincon
.)

226 - Pulley Ridge -

.

PUERTO RICO
237 - Big Pine Key

LONG BEACH PiLOTS




CA state funding for
CDIP since 1975!

Station Funding Sources

() California Division of Boating & Waterways
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Waves and offshore renewable energy

e Resource

* Design criteria
e Typical conditions
e Maximum conditions

e Platforms and moorings

e \Wave-driven currents

* Maintenance & Mitigation



CDIP generates long timeseries of wave data.

CDIP program manager Julie Thomas is on NREL steering committee
for for wave and current energy hotspot identification and resource
characterization.

CDIP participation in California offshore renewable energy research
and assessment for many years, including the recent Wave Energy
Test Center (CalWave) DOE-funded program.



S Datawell BV

oceanographic instruments

Waverider buoys

* Wave Energy Spectrum
* Directional Spectrum
e XYZ (E,N,V) Displacements

e Sea Surface Temperature

e Sea Surface Currents

* Air Temperature
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cdip.ucsd.edu

Integrative Oceanography Division
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CDIP contributes to the Ocean Observing Systems. @ I00s
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Recent - the latest coastal conditions,
wave models, and forecasts

Historic - archived wind, wave and
temperature data

Documents - wave measurement and
CDIP operations explained

SCBPS - the Southern California
Beach Processes Study
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Station 235 Spectral Plot  Times 12-20-2017 17303 PST 360 Station 235 crest _to_trough wave heights
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CDIP California Wave Model

“Nowcast” and hindcast
(back to 2000) model driven
by buoy data + bathymetry +
physics

Output points every 100 -
200 m along the coast

CDIP/SIO Experimental California Swell Model
Fri 2018-03-09 13:00 PST

cdip.ucsd.edu



CDIP buoy-driven wave model: Wave conditions at Trident Winds location
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CDIP buoy-driven wave model: Wave conditions at Trident Winds location
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www.cdlp.ucsd.edu

Facebook.com/CDIPbuoys



THE COASTAL DATA
INFORMATION
PROGRAM

The Coastal Data Information
Program (CDIP) specializes in wave
measurements and wave models.
CDIP's network of buoys provides
real-time wave data, which serves
both commercial users (harbor
masters, lifeguards, mariners) and
recreational users (boaters, surfers
and beach-goers.)

WHAT BUOYS
CAN TELL US

CDIP's buoys look simple but, are
actually complex instruments
capable of providing a wide range
of important information such as:

SEA SURFACE
TEMPERATURE

WAVE
PERIODS

WAVE HEIGHT

WAVE
DIRECTION

4

SURFACE
CURRENTS

Biofouling
Buoys need to
be cleaned
periodically to
ensure accuracy.

Computer

(also known as the Top Hat)

Each buoy has a computer inside that
processes the sensor data, and antennae
to transmit the processed data to satellites,
land based receivers, or to ships.

A GPS signal tracks the buoy's location.

Hull
/ V—[ Made of stainless steel.

Flashcard
Data is archived internally
on a | GB flashcard.

Batteries

Each buoy has three sets of 17
batteries. These sets are used
in series to maximize the buoy's
lifespan.

Accelerometers

& Magnetometers
Motion sensors that measure
vertical and horizontal movement.

Thermometer and
Acoustic Pingers

Surface temperature and
current are also measured.

Rubber Cord

A 100 foot bungee capable of
stretching up to five times its
original length.

Mooring Line
Twice the depth of the water to
allow for free buoy movement.

Acoustic Mooring
Release

Allows for the retrieval of
the mooring.

Recycled
Ship Chains
Heavy chains anchor the buoy.







