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Background: When a magnitude 9.0 Earthquake occurred off the 
northeast coast of Japan and triggered a tsunami in March 2011, one 
of the hardest hit areas was the city of Rikuzentakata*. In the wake of 
the tsunami, the coastline of Rikuzentakata was totally reshaped. At 
the end of a narrow inlet, the city of roughly 8,000 households lost 
75% of its homes. NASA Earth Observatory image by Robert 
Simmon and Jesse Allen, using data from the 
gsfc/meti/ersdac/jaros, and U.S./
Japan ASTER Science 
Team.

GATEWAY 
TECHNOLOGY 

The oceans comprise more than 
70% of Earth’s surface and the most 

destructive earthquakes and tsunamis 
in the past decade were created within the 

seafloor. The oceans serve as a sink for most of 
the anthropogenic carbon and resultant heat 

created by greenhouse warming. While the 
chemistry and physics of these phenomena 

are generally well-known, long-term 
measurement of the underlying changes 

are wanting. Placing sensors on traditional 
platforms and ships capable of making 
these measurements is very expensive 

and the sensors themselves tend to lack the 
necessary stability needed for the long term. 

We propose breakthrough technologies, which we 
believe will both reduce life cycle costs enormously 

while also enhancing sensor stability and data 
availability. In particular, we are developing a 

gateway technology for these measurements as well 
as the technologies needed to couple more accurate 

sensors to the laboratory, the classroom and 
citizens including those responsible for informed 

decision making. 

The newly designed “taut-moored array” would be 
moored to the seafloor, outfitted with a renewable 

energy power supply and fiber optics, with data 
relayed through a surface antenna to satellites.

TACOS CRITERIA
The TACOS team has outlined a two-phase program plan to (1) 

develop a design basis for the platform which will include 
a scientific requirements study to establish payload 
range and motion limitations, concept of installation 

and operation, and (2) perform hydrodynamic analysis of motions; 
mooring, and instrumentation tendon analysis and design; buoy and 
anchor configurations; detail systems documentation;  construct, 
install and operate an initial prototype.

One of the team’s design criteria for the project is that the buoy 
operate for 20 years without replacement to substantially reduce 
the replacement costs (e.g. large ships) characteristic of other buoys 
with lifetimes of 2-3 years at most. Another design criterion 
for these systems is the ability to be deployed 
from a global class University-National 
Oceanographic Laboratory System 
(UNOLS) ship such as Scripps 
research vessels Roger Revelle and 
Melville.
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NEW TYPE OF BUOY 
The Tendon Anchored Composite Ocean Spar (TACOS) 
has the potential to support a number of atmospheric, 
mid-water and deep-water instruments with minimal 
installation costs. 

Scripps has developed a Memorandum of Understanding 
with two industrial partners, Horton Wison Deepwater 
(HWD) and John Crane Production Solutions (JCPS) in 
this effort. HWD has designed, developed, tested and 
deployed large numbers of offshore facilities based on 
a spar design, and JCPS has expertise in the design, 
development, testing and construction of inexpensive 
composite materials suitable for applications in the 
marine environment.

TACOS will operate as a uniquely stable system that 
demands much less maintenance than other buoy 
designs. With the composite spar buoy at the top the 
system will operate much like the Navy-owned and 
Scripps-operated FLoating Instrument Platform (FLIP). 

A key to the TACOS design is the replacement of the 
currently used three-legged mooring between the 
surface and the seafloor with a single, economical 
tether, which restricts buoy motions. JCP specializes 
in the “pultrusion” of very strong, composite tendons, 
which involves running a number of glass or carbon 
fibers through a die, where an adhering resin is infused 
to secure the fibers in a particular orientation. The rod 
is pulled at such a rate that the adhering resin can set 
during the procedure. The resulting members have 
enormous strength in tension, tolerant of bending and 
are very resistant to corrosion and biofouling.

Scripps Researchers have successfully applied fiber 
optics, lasers and interferometry to create a number 
of very sensitive, stable sensors for measuring seismic 
motion, strain, pressure and acoustics. The scientists plan 
to extend this work with TACOS, as well as the National 
Science Foundation (NSF) funded HiSeasNet facilities, 
to the oceans and expand the sensor sets needed for 
measuring not only seismic and geodetic motion in 
situ, but climate variables including heat content, deep 
ocean temperature measurements and ocean thickness 
variability due to sea-level rise.

An engineering concept drawing of a new approach to making measurements at 
sea to complement the use of cables directly linked to networks on the continents.

EXEMPLAR 
TECHNOLOGIES 
The Tendon Anchored Composite Ocean 
Spar (TACOS) has the potential to support 
a number of atmospheric and deep-water 
instruments with minimal installation costs. 

The Air-Sea Interface: We propose to install 
novel instrumentation to address scientific questions 
associated with ocean-atmosphere chemical and energy exchange, 
climate variability, ocean circulation and ecosystems, turbulent mixing 
and biophysical interactions, and the ocean, atmosphere and wave 
environment for hurricane generation and propagation.

Instrumentation:  We will construct an integrated set of sea surface 
and water column Doppler sonars for the long-term monitoring 
of waves and currents. The sonar suite will differ from present 
commercially available systems in that large-aperture transducers will 
be used to achieve narrow, high-resolution beams.

Mixed Layer Profiling: For detailed observations 
of mixed-layer velocity, bubble injection, and 
Langmuir activity, an upward looking 600 kHz 
4-beam system will be used. 

Deep Thermocline Measurements: A four 
beam 50 kHz sonar is proposed to provide long 
range (l km depth) moderate vertical resolution (~16 
m) observations of the thermocline. The sonar will 
provide an invaluable look at the vertical structure 
of mesoscale currents and low-mode internal waves.

Seismology: Seismological observations from 
beneath the seafloor at this site will increase 
resolution and fidelity of mantle and core models, 
particularly with regard to spatial variability related 
to geodynamics. The seismic and geodetic data 
will be used  to initially assess hazards at seafloor 
installations.

Thermometry: A medium frequency, low power, 
acoustic source on a sub-sea mooring will allow 
thermometry and circulation studies throughout the 
water column.

Atmospheric Aerosols: We propose to install 
equipment necessary to measure aerosol content 
using sensors, including LIDAR, which can be 
relied upon for making accurate measurements of 
atmospheric aerosol content.
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The Interferometric instrument used to split the reference 
laser signal for measuring the changes in length accurately 
as small movements occur along the several hundred me-
ters of fiber buried in the seafloor.


