Ocean technology

Nereus dives
to the ocean’s
deepest trench
New hybrid deep-sea vehicle descends 6.8 miles into the Challenger Deep

I

t took a village of engineers to build a completely new type of unmanned deep-sea robot that can reach the deepest part of the
ocean. On May 31, 2009, a team of engineers at Woods Hole Oceanographic Institution (WHOI) celebrated as the unique vehicle called Nereus dove to 10,902 meters (6.8 miles) in the western Pacific Ocean’s Mariana Trench.
“Until now, exploring below 6,500 meters (4 miles) with any vehicle was impossible or impractical,” said Andy Bowen, a
WHOI engineer and project manager for Nereus. “In 2000, we began to conceive a vehicle capable of reaching those final 4,000
meters of the ocean, which are virtually unexplored.”
To build Nereus to withstand the crushing pressures at such depths—especially at the relatively inexpensive cost of $8 million—the engineering team “pushed the envelope on a lot of fronts of technology,” WHOI engineer Matt Heintz said.
“Every square inch of Nereus is designed to withstand about a thousand times the pressure that we are exposed to right here on
Earth’s surface,” Bowen said. “Each square inch of Nereus is loaded with about 15,000 pounds; that’s equivalent to having three
SUVs stacked on your big toe. That’s a shocking amount of energy that is trying to squeeze Nereus and cause it to implode.”
Different engineers spearheaded different components of the vehicle: batteries for power, materials for flotation, a robotic manipulator arm, new lighting and camera systems, a fiber-optic cable to connect the unmanned Nereus to pilots aboard a ship. Yet
each component had to be coordinated with all the others to make the whole package work.
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WHOI’s newest and deepest-diving
exploration vehicle, Nereus, is
tested in the waters off Hawaii.
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“If any one thing is overdone, then it
impacts everything else,” WHOI engineer Daniel Gomez-Ibañez said. “So it was
finding a balance of many things”—power,
weight, size, materials, durability, safety,
and cost.
For example, Gomez-Ibañez said, “You
can’t just solve the problem [of supplying
enough power] by putting in more batteries, because that would make the vehicle
too heavy.”
“And then you need more flotation, so
you need to have a bigger vehicle,” said
WHOI engineer Jon Howland. “It quickly
becomes an intractable problem.”

A different sort of ‘hybrid’ vehicle

“Nereus is a hybrid—a combination
of two types of vehicles in a single platform,” Bowen said. It can operate as a freeswimming autonomous underwater vehicle
(AUV), flying through the ocean like an
aircraft to survey and map large areas with
sonar, sensors, and cameras.
But it can then be converted aboard ship

Ne reu s

into a remotely operated vehicle (ROV)
connected to a surface ship via a lightweight, microthin fiber-optic tether. In
ROV mode, Nereus can hover like a helicopter over a targeted seafloor site while
shipboard pilots use the umbilical tether to
receive images from the seafloor and to control a manipulator arm in real time to collect samples and conduct experiments.
“The idea behind the hybrid system is
that we launch Nereus first as an AUV and
cover a lot of ground fast,” Heintz said. “It
would be too time-consuming to do that
with the ROV. Once we download the sonar data and images, we can make maps and
figure out points of interest. Then we reconfigure Nereus as an ROV to do discrete
work in specific places.”
“By combining both of these capabilities in a single platform, we don’t have to
mount two separate tools to the same place,”
Bowen said. “Nereus can also operate from
smaller ships, so we realize cost savings to
conduct expeditions.”
Reflecting its dual nature, the vehicle

was named Nereus (rhymes with “serious”),
a mythical Greek god with a human’s torso
and the tail of a fish.

Thin as a hair, but 25 miles long

The tethering system presented one
of the greatest challenges in developing a
cost-effective ROV capable of reaching extreme depths. Traditional robotic systems
use heavy, steel-reinforced cables containing
copper wires to power the vehicle and optical fibers to transmit information between
the ship and the vehicle. Such a cable, extended to reach the seafloor in the Mariana
Trench, would snap under its own weight.
To solve this challenge, the Nereus team
adapted fiber-optic technology developed
by the Navy’s Space and Naval Warfare
Systems Center Pacific to carry real-time
video and other data between Nereus and
the surface crew. The tether is composed of
a glass fiber core with a very thin protective jacket of plastic. It is about as wide as
a human hair, weighs less than a kilogram,
and will break if a force of only 4 kilograms

Named after a mythical Greek god with a fish tail and a man’s torso,
Nereus is a combination of two types of vehicles in a single platform.

AUV mode

ROV mode

It can operate as a free-swimming autonomous
underwater vehicle (AUV), swimming through the
ocean to survey and map large areas with sonar,
sensors, and cameras.

Converted aboard ship into a remotely operated vehicle (ROV), Nereus
can hover over a targeted seafloor site while shipboard pilots use a
microthin, fiber-optic cablre to receive high-quality images and send
commands to control a manipulator arm in real time.
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