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A bustling community of shrimp and squat lobsters in a towering city of glass sponges
and soft corals (Pinulasma nov. sp. and Parastenella cf ramosa). This delicate deep-sea
metropolis, affectionately nicknamed “Spongetopia,” was discovered in July 2018 on
the summit of Explorer Seamount in the Northeast Pacific. Explorer is Canada’s larg-
est underwater volcano and one of 40+ seamounts located in the proposed Offshore
Pacific Marine Protected Area. Image credit: D. Fornari (WHOI-MISO Facility), Northeast
Pacific Seamount Expedition partners, and OET

The R/V Falkor team dove on “Rosebud,” a whale Fall
that was placed by researchers off San Diego, California,
in La Jolla Canyon. Researchers noted changes in
composition and life forms around the location in
a beautiful, exciting dive investigating ecosystems
unique to whale falls. Image credit: SOI
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n t ro u c tl o n By Nicole A. Raineault, William Mowitt, and Carlie Wiener

In this ninth installment of the ocean exploration supple-
ment to Oceanography, we present highlights of the latest
field seasons of three vessels that contribute to exploring
the world ocean: the Ocean Exploration Trust’s (OET)
Exploration Vessel (E/V) Nautilus, NOAA Ship Okeanos
Explorer, and Schmidt Ocean Institute’s (SOI) Research
Vessel (R/V) Falkor.

In 2018, the programs expanded efforts in the Pacific
Ocean. Falkor explored the southern and eastern Pacific,
Nautilus ventured further north to the Canadian seamounts
and west to Hawaii in the central Pacific, and Okeanos
Explorer investigated the Gulf of Mexico and US Atlantic
margin. The year 2018 also marked one decade of ocean
exploration through NOAA's Office of Ocean Exploration
and Research (OER) and E/V Nautilus. Read on to learn
about this season’s new discoveries, tests of novel tech-
nologies that will improve our ability to learn about the
ocean, and the array of education and outreach activities

Port side of what is believed to
be the tugboat New Hope, which
was sunk during Tropical Storm
Debbie in September 1965. Image
credit: NOAA OER

that reach ocean explorers globally. We also include some
retrospective pieces that provide insight on just how far
our programs have come over the last 10 years.

The Ocean Exploration Trust celebrated its tenth
E/V Nautilus field season by conducting missions that
ventured further north and west than ever before. This
supplement’s first section briefly reviews our history
(pages 14-19), sampling (pages 26-29), and education and
outreach programs (pages 30-35) that demonstrate our
commitment to innovating approaches and techniques
that improve our exploration capabilities and engagement
with students and the public. We then report on initial
results and discoveries from the 2018 Nautilus field season,
which explored the west coast of North America, from
British Columbia to Southern California (pages 36-37). We
surveyed previously unmapped seamounts and areas criti-
cal to understanding seabed mining impacts and explored
the new underwater lava flows off of Hawai‘i (pages 46-49).
We also tested technologies that would improve our ability
to sample rocks and enhance the information we collect on
mapping cruises (pages 38-39). A continued partnership
with NOAA's Office of National Marine Sanctuaries brought
us to the expanded area of the largest US marine protected
area, where we discovered several new species on remote
seamounts (pages 50-51).

The second section of this supplement focuses on the
advances and accomplishments of NOAA's Office of Ocean
Exploration and Research and Okeanos Explorer. In 2018,
the ship returned to the Atlantic basin, reaching a decadal
milestone of exploration voyages. We review that decade
and how this US ocean exploration program, with its ded-
icated flagship, is achieving the 2000 President’s Panel for
Ocean Exploration’s vision for an innovative and bold pro-
gram that conducts voyages of discovery (pages 58-69).
We highlight the vision’s connection to the Blue Economy
(pages 70-71) and then NOAA Ship Okeanos Explorer's evo-
lution and core capabilities (pages 72-73) before turning
to OER’s renewed focus on the Atlantic Seafloor Partner-
ship for Integrated Research and Exploration (ASPIRE)
(pages 74-75). Okeanos Explorer’s passage through the
Panama Canal provided the opportunity for an expedition
in the Gulf of Mexico, which included the first exploration
of the sunken tugboat New Hope, and we describe our Gulf
work (pages 78-81) before reporting on a series of ASPIRE



expeditions conducted along the Atlantic continental mar-
gin that filled in data gaps and contributed to Seabed 2030
and Galway Statement goals, which begins on page 82. We
then describe findings from deep-sea habitat exploration
around Puerto Rico and the US Virgin Islands (pages 90-91).
OER’s 2018 mapping achievements and advances are sum-
marized next (pages 92-95), followed by an overview of
OER contributions to the US Extended Continental Shelf
Project. This project reached a historic American milestone
in 2018, having collected all the data needed to determine
the outer limits of the US Extended Continental Shelf (ECS).
We describe Okeanos Explorer’s own 2018 ECS contribution
(pages 98-99) before turning to discussions of technology
development and a new push to provide dedicated ship
time aboard Okeanos Explorer for testing emerging tech-
nologies (pages 100-103). We next review a DEEP SEARCH
expedition (pages 104-105) and then the wealth of data
these expeditions provide, as well as how those data are
collected and managed (pages 106-109). A series of arti-
cles on OER’s engagement and outreach strategies, STEM-
driven programs, and results from OER’s first National
Education Review follow (pages 110-117). We close the
section with articles that highlight innovative work funded
through OER grants that further leverage its mission. These
projects include state-of-the art water column technology
exploration, searches of submerged World War Il battle-
fields, and exploration of the biodiversity and ecology
of the vast and poorly studied Clarion-Clipperton Zone,
among other innovative projects (pages 118-127).

In the final section, Schmidt Ocean Institute highlights
some of their significant accomplishments in 2018, illumi-
nating the important outcomes of expedition-based tech-
nology trials and software development, as well as new
vent and species discoveries. From mysterious White Shark
Cafés to methane bubbles emerging from the seafloor, new
collaborations with autonomous vehicles and software
helped to provide a better understanding of our dynamic

A basket star is perched on a pinna-
cle blanketed by crinoids on Pilgrim
Bank off Southern California. The
photo was taken during E/V Nautilus
cruise NA104. Image credit: OET

ocean. This section charts 13 expedition outcomes that
impacted ocean sciences this year. With its philanthropic
efforts, SOI aims to demonstrate how scalable innovation
can tackle important scientific and societal challenges
(pages 128-137).

The year 2019 will bring some new partnerships that
will grow our abilities to explore. Nautilus will investigate
regions between the US west coast and Howland and
Baker Islands in the Central Pacific and begin new partner-
ships with NOAA's Office of National Marine Sanctuaries
in Thunder Bay and American Samoa. Okeanos Explorer
will probe and explore the seafloor and water column in
high-priority areas of the North Atlantic and expand its
technology demonstration efforts, while continuing to
advance its high-resolution mapping capabilities. Falkor
will continue to focus on the Western Pacific, with projects
that utilize advanced and coordinated robotic systems,
artificial intelligence, and other frontier technologies
to accelerate ocean research, conservation,
and management. We invite you to fol-
low our expeditions online. We look
forward to sharing highlights of our
discoveries with you next year.
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All Hands on Deck

The 2018 National Ocean Exploration Forum

By Katherine L.C. Bell, Adrienne Copeland, Jenni Szlosek Chow, Carlie Wiener, Alexis Hope, and David McKinnie

To fully explore and understand the ocean, we can no
longer rely solely on a handful of large, expensive research
vessels and a small, elite cohort of explorers. We truly need
All Hands on Deck to do it!

On November 8-9, 2018, over 300 people gathered for
the 2018 National Ocean Exploration Forum: All Hands on
Deck at the MIT Media Lab in Cambridge, Massachusetts.
The purpose of bringing together leaders and change-
makers in ocean exploration, entertainment, recreation,
and art was to imagine creative new ways to enable an
open, inclusive global community of ocean explorers.
Panel discussions, demonstrations, and hands-on work-
shops focused on the forum’s themes of Play, Imagine,
Immerse, Create, Explore, and Connect, inviting participants
to consider different approaches to engage people and
build a better understanding of, and appreciation for, the
ocean. An ocean-based art exhibit was included that show-
cased the works of Schmidt Ocean Institute’s Artist-at-Sea
participants as well as the glass art of Whitney Cornforth,
photography of Keith Ellenbogen, and “Micronauts,’
an immersive installation journeying into the world
of ocean microbes.

Live interaction and panel discussion with
NOAA Ship Okeanos Explorer and scientists
during Boston Ocean Day at the New England
Aquarium, Simons IMAX Theater. Image
credit: Sam Mitchell, University of Hawai‘i
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The Play and Imagine themes focused on some of the
most fundamental passions ignited in us when we were
children playing games and listening to stories. Participants
explored how to tap into play, games, recreation, and trans-
media storytelling to spark curiosity in explorers of all ages
in order to imagine a bright, optimistic future for the ocean.
Two hands-on workshops focused on Play allowed partici-
pants to join in on the fun by designing and piloting a LEGO
remotely operated vehicle in the Charles River or designing
their own ocean exploration game. In the Imagine work-
shop, participants learned how to identify and craft an
exciting ocean story to bring others along on a journey.

The Create and Immerse themes encouraged using
modalities ranging from art and music to extended reali-
ties to create experiences that transported participants
to other worlds. The groups explored new and exciting
ways to create immersive experiences that conveyed the
mystery, wonder, and inspiration of the sea. The Create
and Immerse hands-on workshops allowed participants




to think of ocean exploration beyond the screen and the
current aquarium experience—using technology and
immersive environments, how can we create more excit-
ing, impactful experiences?

The final themes of Explore and Connect focused on
how to link a global community of ocean explorers with
the ocean and with each other. Hands-on workshops
illustrated how new tools and technologies can now allow
everyone to explore their backyard ocean and how pop-up
labs and crowd computing can entrain a new generation
of ocean explorers. Through innovative technologies,
like telepresence, anyone can join in and be a part of the
exploration journey.

All Hands on Deck included Boston Ocean Day, held
on November 10 in the Simons IMAX Theater at the New
England Aquarium. Paired with the animated series
The Deep, experts in the field of ocean exploration discussed
topics ranging from underwater volcanoes to ocean acous-
tics to the twilight zone, capturing the imagination of all
audiences. A concluding panel on ocean exploration gave
the public an opportunity to dive deep into the world of
ocean exploration with experts in the field and to ask ques-
tions live with scientists on NOAA Ship Okeanos Explorer as
they investigated the deep waters off Puerto Rico.

While continuing the efforts of the 2017 National Ocean
Exploration Forum to encourage a balance among partic-
ipants, across disciplines, career stage, and gender, with a
focus on an inclusive community, the 2018 Forum also took
a different approach for attendance. It invited interested
people across the globe to apply to attend and provided
need-based small travel grants to Ocean Discovery Fellows.
Of the 300 attendees, 42 Ocean Discovery Fellows came
from 11 US states and 17 countries around the world;
these Fellows were innovators with experience in science,
technology, design, recreation, entertainment, storytelling,
and community building. With participants that included
scientists, artists, songwriters, engineers, and even surfers,
attendance was the most diverse of any forum thus far.

Since 2013, the annual National Ocean Exploration
Forums have brought together leaders in ocean explora-
tion to discuss the goals of a national ocean exploration
program—a NOAA-led, multi-agency federal collaboration

|

Participants attending the Play LEGO underwater robot workshop
at the MIT Sailing Pavilion. Image credit: Jon Tadiello

Pau Anta and Kathleen Cantner explore ocean-inspired
hand-blown glass by Whitney Cornforth from the MIT

Glass Lab. Image credit: Jon Tadiello

with the private sector and academia. While the themes
of more recent forums have varied, they have been based
on recommendations from the forward-looking inaugural
Forum held in 2013: Ocean Exploration 2020. Forums have
emphasized the importance of using varied exploration
platforms, developing new technologies, creating citizen
science opportunities, increasing and fostering partner-
ships, improving low to no cost near-real-time data accessi-
bility, and enhancing and expanding ways to communicate
about ocean exploration.

The 2018 National Ocean Exploration Forum: All Hands
on Deck yielded community recommendations to be
captured in a formal report for release in 2019, revealing
how the themes of Play, Imagine, Inmerse, Create, Explore,
and Connect can increase public engagement with and
excitement about ocean exploration. Archived video,
images, transcripts, and other information can be found at
https://www.allhandsondeck.community/.


https://www.allhandsondeck.community/

Expedition Support from
the Inner Space Center

c0||ab0l'a|:i0n iS Keg By Colleen Peters, Dwight F. Coleman, and Catalina Martinez

To inspire the next generation of explorers, the
Inner Space Center facilitates access to ocean explo-
ration and research by pushing the boundaries of
telepresence technology.

More than 30 years ago, Robert Ballard first proposed
using satellites and high-bandwidth network connec-
tivity to transmit data and imagery from the bottom of
the ocean to shore in real time. The central hub for this
technology, the Inner Space Center (ISC), was developed
at the University of Rhode Island (URI) Graduate School
of Oceanography (GSO) to connect ships at sea with a
growing shore-based network. Partnerships with NOAA’s
Office of Ocean Exploration and Research and the Ocean
Exploration Trust have enabled the Inner Space Center to
operate as a robust, reliable, and versatile facility that can
quickly adapt to support rapidly changing operational
requirements. Today, based on nearly 15 years of collab-
orative efforts, OER, OET, URI, and other partners are able
to apply “telepresence” technology to ocean exploration
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URI student and ISC Intern, Benjamin Hooks, monitors

a NOAA Ship Okeanos Explorer dive in Mission Control

while a live interaction takes place with a high school
5 in Rhode Island. Image credit: Michael Salerno/URI

and educational endeavors routinely and globally today.
This capability effectively erases geographic and physical
boundaries and removes limitations on expertise at sea as
well as on the available workforce.

Since 2009, the ISC has been steadily facilitating the
telepresence-based operations aboard E/V Nautilus and
NOAA Ship Okeanos Explorer. Live streaming video and
audio from both of these ships are fully integrated into
their operating models and are critical to their missions.
Both programs rely on a cohort of shoreside scientists to
assist in directing shipboard operations and sampling as
well as in connecting to classrooms and other learning
institutions for outreach during the expeditions. In addition
to the two main ships, the ISC supports diverse expeditions
aboard a variety of vessels, including those in the US aca-
demic research fleet and other ships of opportunity. The
ISC’s talented staff, including scientists, engineers, video
producers, and students, collaborate closely with partners
to develop innovative approaches to content delivery that
use advances in satellite communications, networking,
video broadcast, and streaming technologies.

The ISC was live streaming video well before many of
the popular Internet technologies available today. As
smartphones, multitouch screens, advanced high-speed
publicly accessible networks, and widespread streaming
on the commodity Internet become commonplace, the ISC
works hard to innovate faster in order to keep pace in this
rapidly evolving environment.

In the early days of telepresence-enabled ocean explo-
ration, from about 2004 to 2008, the prototype ISC and
its partners developed expensive technical solutions for
video/audio/data transmissions from ships, primarily mod-
ified from the professional broadcast industry. Off-the-
shelf, or “prosumer” grade, electronics did not exist, and
high-quality video streaming on the Internet was nascent
at best. These expeditions relied on Internet2, available pri-
marily at universities and other research-based institutions,
high-end encoders/decoders, and broadcast-quality inter-
com systems to interact with ships from shore at specially
designed Exploration Command Centers.



From about 2010 to 2015, the ISC modified the tech-
nologies and developed innovative and less expensive
ways to conduct telepresence-based exploration by using
equipment meant for Internet broadcasting instead of tra-
ditional over-the-air television-style broadcasting. Prior to
the proliferation of typical “cloud” services, the ISC and its
partners had to rely on expensive hosted solutions to pay-
per-view for each stream and end user, whether the users
were members of the general public, exploration scientists
based on shore, or trained telepresence participants.

Today, with free hosting solutions provided through
YouTube and sophisticated Internet-based streaming
technologies, the ISC is conducting business with more
people at overall lower costs. Compression technologies
and schemes for optimizing satellite bandwidth use have
come a long way; we can send more data through nar-
rower pipes at lower costs and maintain high quality of
service. This unique way of conducting ship-based work
both at sea and from shore, coupled with accessing data
in real time is broadening the field well beyond the ocean
sciences and expanding the collective vision of what is
possible for the future.

The flexible and collaborative nature of these partner-
ships enables the ISC to continuously advance research and
development efforts despite these challenges. During 2018,
a significant change to the satellite network supporting
NOAA Ship Okeanos Explorer was tested and implemented.
The ISC team worked closely with the Global Foundation for
Ocean Exploration technical team to completely redesign,

A NASA SUBSEA shore-based team was
stationed at the ISC Mission Control for the
2018 E/V Nautilus expedition that explored
L6‘ihi Seamount. NASA scientists observed
the shipboard science team to learn how
scientists and engineers communicate
objectives via telepresence. The NASA
team will return in May 2019 for the next
phase of the project. Image credit: OET
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rebuild, and operate the networking infrastructure that
facilitates telepresence connectivity and interactivity.
Building on the ISC's experience with supporting satel-
lite and terrestrial network connectivity for E/V Nautilus
and other research vessels, the joint team partnered with
Verizon’s Satellite Solutions Group to implement a private
circuit to the ship, hung off URI infrastructure. This new
architecture proved to be robust and error free, with Verizon
24/7 management and quality-of-service policies in place.
As a result, the team was able to reduce overall network
latency, minimize packet loss, and improve the stability of
live video streams, voice intercom traffic, and data transfers.
As part of the network, the team installed and supported
five VOIP phone lines and provided high bandwidth wire-
less and wired Internet connectivity, which led to improved
operational workflows for telepresence video/audio/data,
as well as quality of life onboard the vessel.

Innovative ideas can be quickly converted into tangi-
ble results that directly benefit the scientific community.
Research and development is continuous in order to pro-
vide improvements to the ships’ networks and the ISC’s
capabilities. The ISC is currently working with its partners
to develop strategies for near-real-time data transfer, dive
video accessibility, and increased science communication
through media. Through this persistence, the ISC has
successfully supported hundreds of research expeditions,
worked with dozens of federal agencies, academic insti-
tutions, and outreach partners, and reached thousands of
audiences worldwide.




Isc Highlights fl'OII'I 2018 By Colleen Peters and Dwight F. Coleman

Although the ISC schedule largely revolves around the sailing schedules of
NOAA Ship Okeanos Explorer and E/V Nautilus, the ISC supports projects on
board and on shore year-round. The following are some 2018 highlights.

e
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VOLVO OCEAN RACE STOPOVER—
ONE OCEAN EXPLORATION ZONE

In addition to helping coordinate the URI GSO involvement in the Volvo Ocean
Race Stopover event in Newport, Rhode Island, from May 12 to 20, 2018,
the ISC provided an interactive exhibit as part of the One Ocean Exploration
Zone (OOEZ). More than 3,400 students from 52 schools around New England
paraticipated in guided field trips to the OOEZ and Race Village. The ISC exhibit
featured fish-building and bioluminescence activities, deep-sea rocks and

specimens, as well as a selection of underwater videos displayed on an iPad URHISC interns Erin Chile and Gloria Keough
kiosk. The ISC and its main partners, NOAA's Office of Ocean Exploration and help set up the ISC exmb.'t 8t the Volvo Ocean

. . . . Race One Ocean Exploration Zone at the Race
Research and the Ocean Exploration Trust, provided educational materials and village in Newport, Rhode Island. Image credit:
videos. Over 101,000 people visited the Race Village during this event. ISC/Colleen Peters

ENHANCING LIVE INTERACTION CAPABILITIES

The Skype a Scientist program (https://www.skypeascientist.com/) matches
classrooms with scientists around the world. As part of this program, the ISC
facilitated several live interactions between classrooms and Catalina Martinez,
Regional Program Manager for OER. NewTek Talk Show, which integrates Skype
into the ISC Production system, provides the ISC with the new capability to
feed multiple sources of video and audio to the audience. As Catalina discussed
various topics of ocean exploration with students, the ISC inserted relevant
video clips from the Okeanos Explorer program to enhance the conversation.
This capability provides the audience with a free and easy way to connect to
the ISC and the vast library of exploration content provided by our partners.

Live interaction between NOAA Ship Okeanos
Explorer and a classroom in New Jersey, hosted
at and produced by the ISC. Credit: ISC

WORLD OCEANS DAY TRI-SHIP CONNECTION Colleen Peters hosts the 2018 World Oceans
. L ) Day Tri-Ship Connection at the University of

On June 8, 2018, the ISC coordinated and hosted a live interaction between Rhode Island Inner Space Center. Credit: ISC

NOAA Ship Okeanos Explorer, E/V Nautilus, and R/V Falkor as part of the glob-

ally celebrated World Oceans Day. The event reached over 6,000 viewers \/

across four YouTube and four Facebook live streams, a more than tenfold
increase from the previous year’s event. Viewers heard from scientists,
engineers, and crew as they discussed the important (and exciting!)
work they conduct to explore and understand our changing ocean.

The ISC leveraged the ability to stream to multiple platforms,
which significantly broadened the reach of this annual event.

An archive of this interaction can be viewed on the ISC’s

YouTube Channel at https://youtu.be/NeOINR-Ag9s. ‘(é A

TRI-SHIP CONNECTION
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https://www.skypeascientist.com/

SATELLITE TESTING FOR TELEPRESENCE ON
POLAR REGION RESEARCH VESSELS

The ISC team is supporting two significant National Science Foundation
funded projects to conduct live broadcasts to museums and aquariums from
two polar research vessels, one that operates in the Arctic and the other in
the Antarctic. Both projects involve using creative techniques to broadcast live
from these remote regions using the newest Inmarsat satellite constellation
and services, known as Global Xpress. This Ka-band satellite technology allows
ships to broadcast live video at lower bit rates and lower cost than traditional
C-band or Ku-band satellite technologies. During the Northwest Passage
Project, the scientific team will conduct chemical and physical oceanographic
research in the Canadian Arctic Archipelago. During the project Antarctic
Broadcasts: Broader Impacts Through Telepresence (ABBITT), the scientific
team will conduct research at Palmer Station and aboard R/V Laurence M. Gould.
The informal science education component to these projects involves (in part)
live broadcasts to public audiences at partner venues such as the Smithsonian
Institution’s National Museum of Natural History. To support these efforts and
to technically prepare for the projects, the ISC tested throughput and stream
quality through a number of Global Xpress systems, including one aboard
R/V Neil Armstrong, with excellent results, considering the cost savings and
ease of use. This testing proves that telepresence-enabled research expedi-
tions could be accomplished using smaller satellite antennas with lower cost
components and air time.

The ISC designed and built Mobile Telepresence
Units outfitted with video, audio, and production
components to support live broadcasts from
polar regions using the newest Inmarsat satel-
lite constellation and services, known as Global
Xpress. Image credit: ISC/Kyle Sidlik

MOBILE TELEPRESENCE SUPPORT ON URI'S R/V ENDEAVOR e

In April 2018, undergraduates from URI’s Honors Program departed on a six-
day oceanographic expedition aboard R/V Endeavor. As a partner in a Rhode
Island Endeavor Program funded project, the ISC coordinated telepresence
activities to support live programming from the ship. Four broadcast oppor-
tunities were provided to school groups, where classes connected with the
ship, learned about research activities, and were able to ask questions of
cruise participants in real time. Over 1,000 students participated and submit-
ted approximately 75 questions. In addition to numerous social media posts
highlighting expedition activities, three Facebook Live events, with video and
real-time Q&A, were also conducted with almost 2,000 views.

| d .
ON BOARD THE R/V ENDEAVOR
e —

Meteorologist T.J. Del Santo of Rl Channel 12, WPRI,
sailed aboard R/V Endeavor to deliver live reports

From July 31 to August 2, 2018, the ISC supported telepresence activities
aboard R/V Endeavor as part of the 2018 Rhode Island Teacher at Sea (RITAS)
program. RITAS provides an opportunity for Rhode Island teachers to actively
participate in ocean science research and then bring their experiences back to
their classrooms. What made this year’s expedition unique was the participa-
tion of Rl Channel 12, WPRI, meteorologist T.J. Del Santo, who also sailed with
the teachers and scientists. During the expedition, T.J. shared his experiences
through his online weather blog and delivered live reports from the ship
during WPRI 12 Eyewitness News broadcasts. ISC telepresence support was
key in making these live broadcasts possible.

ROV Hercules explores unnamed seamount 9 in
Papahanaumokuakea Marine National Monument
on E/V Nautilus cruise NA10OL. Image credit: OET

from the ship during WPRI 12 Eyewitness News
newscasts during the Rhode Island Teacher at Sea
cruise. Image credit: WPRI
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THE FIRST TEN YEARS (2009-2018) &y Robert D. Ballard

The Ocean Exploration Trust came into existence in late
2008 with the acquisition of Alexander Von Humboldt, built
in East Germany in 1967. Its original name was Georgius
Agricola in honor of the “father of mineralogy,” but in 1970
the East German government took over the ship and
renamed it. Following German reunification, the ship was
put up for auction and purchased by New York business-
man Vincent Viola, who donated it to OET to support its
ongoing program with NOAA'’s Office of Ocean Exploration
and Research. The ship was named Nautilus in honor of
Jules Verne’s mythic submarine, and it is an exploration
vessel, “E/V, rather than a research vessel, “R/V, because its
primary mission is to conduct scientific expeditions where
there is little to no information, rather than traditional
hypothesis-driven research.

In August 2009, E/V Nautilus carried out is first expedition
in shallow water to locate and document many of the war-
ships that were sunk during the historic Battle of Gallipoli,
including the British warships HMS Irresistible, HMS Ocean,
and HMS Triumph, the French battleship Bouvet, and the
German cruiser Breslau given to the Ottoman Navy and
renamed Midilli. This work was presented in the National
Geographic documentary Gallipolis Deep Secrets. Early
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expeditions were conducted without the help of a dynamic
positioning system, so the ship would anchor to hold posi-
tion during ROV dives.

For the next five years, from 2009 to early 2013, the
Ocean Exploration Trust spent over $17 million in private
funds to upgrade Nautilus, increasing the technical com-
plexity of its annual field program as enhancements were
made (pages 26-29). Another important facet of OET’s
program was the development and testing of a wide range
of new sensors systems, which are highlighted in previous
issues of New Frontiers in Ocean Exploration (Bell and Fuller,
2011; Bell and Brennan, 2013; Bell et al,, 2012, 2014, 2015,
2016, 2017; Raineault et al., 2018).

Research in the early years focused on the emerging
field of archaeological oceanography. More specifically,
efforts went toward proving the existence of ancient
deepwater trade routes in the Mediterranean Sea, as well
as exploring the deepwater regions of the Black Sea to
search for highly preserved ancient shipwrecks in its anoxic
bottom waters, first proposed to exist by Willard Bascom
(1976). The program, funded by OER and the National
Geographic Society, successfully documented numerous
ancient deepwater trade routes in the Mediterranean,

ROV Hercules documents the wreck
of the Greek M/V Dodekanisos in
the Aegean Sea in 2011. The ship
sank in a storm in 1958.



Aegean, and Black Seas. The discovery of over 40 ancient
shipwrecks and countless other discarded artifacts pro-
vided clear evidence of these trade routes (e.g., Ballard
et al, 2000, 2002; Ballard, 2009; Brennan and Ballard,
2014). Most important of these discoveries was the highly
preserved early 3" century BCE Hellenistic merchant ship
Eregli E, which showed evidence of both pegged mortise-
and-tenon and laced construction—and it also contained
human remains (Davis, et al., 2017). Equally important was
the discovery of numerous artifacts and ancient shipwrecks
on Eratosthenes Seamount dating back to the Bronze Age
(Ballard et al., 2017) that documented a complex series of
deepwater trade routes that had changed over time.
Several cruises were also conducted in collabora-
tion with Serhiy Voronov, Head of the Department of
Underwater Archaeology of Ukraine. The focus of his work
was on the maritime history of the Crimean continental
shelf, which led to the discovery and documentation of
several World War Il warships, including Dzherzynsky, Lenin,
Prut, Doob; four submarines; one barge; and two patrol
boats. This effort also discovered the dreadnaught war-
ship Ekaterine Il from the Crimean War and two Byzantine
shipwrecks off Chersonesos on the Crimean peninsula, as
well as a highly preserved 1970s-vintage Soviet helicopter
located in the deep anoxic waters off Sevastopol.
Deepwater archaeological oceanography was not the
only focus of OET’s efforts in the 2009 to early 2013 time-
frame. Several expeditions concentrated on exploring the
geological and biological aspects of the Mediterranean,
Aegean, and Black Seas. A particular focus was the collision
of the African and Eurasian Plates. Expeditions targeted the
Kolumbo Volcanic Rift Zone off the island of Santorini, the
Anaximander mud volcanoes, the Nisyros submarine vol-

Amphoras photographedin the Mediterranean
Sea during a 2012 expedition that was map-
ping Knidos shipwrecks at high resolution.

canic field, and the compressional regime of Eratosthenes
Seamount (e.g., Bell et al, 2012; Nomikou, et al, 2012;
Carey et al.,, 2013). Exploration of Eratosthenes led to the
unexpected discovery of low-temperature hydrothermal
vents hosting tubeworm and mollusk chemosynthetic
ecosystems. Other expeditions examined Gorringe Bank
in the Eastern Mediterranean off Portugal, the Western
Mediterranean Sea off Spain, submarine volcanoes of
the Aeolian Arc and Straits of Sicily, and deepwater cor-
als and cold seeps along the continental margin of Israel
(e.g., Rubin-Blum et al,, 2011; Hilario and Cunha, 2013;
Vieira et al., 2014). Working in territorial waters of Ukraine,
Turkey, Greece, Cyprus, Italy, Israel, Spain, and Portugal
fostered collaborations between nations, as scientists from
each host nation sailed with us on expeditions.

In the winter of 2012-2013, Nautilus was outfitted with
a hull-mounted Kongsberg EM 302 multibeam sonar and
Knudsen sub-bottom profiler. OET tested the systems
off the coast of France before mapping across the North
Atlantic and beginning three years of work in the Gulf of
Mexico and Caribbean Sea.

CARIBBEAN SEA

OET’s work in the Caribbean Sea focused on exploring
the Lesser Antilles subduction zone, including the impact
of volcanic eruptions on the seafloor around the island of
Montserrat, the active Kick'em Jenny submarine volcano
off the island of Grenada, and cold seeps off Barbados
(e.g., Watt et al.,, 2015; Gobin et al., 2017; Mittelstaedt and
Smart, 2017; Michel et al., 2018). Of particular interest was
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An octopus spied on some recent lava flows along
the Galdpagos Spreading Center in 2015.

the discovery of active cold seeps at the distal margin of
the Kickem Jenny. Interior volcanic collapse triggered
an avalanche, and the overlying pressure of the debris
on the organic-rich sediments beneath led to methane
release (Carey et al, 2014). The methane seeps support
rich chemosynthetic ecosystems colonized by sessile
organisms, including large mussels with commensal scale
worms, clams, gastropods, crinoids, anemones, shrimp,
and polychaetes, as well as octopods, holothurians, crabs,
ophioroid sea stars, and benthic fishes. Given the extensive
global distribution of turbidity currents and other mass
wasting processes taking place on the continental margins
of the world, this region of the ocean that has gone largely
unexplored may merit additional exploration.

Another focus of this three-year effort was the Caribbean
Plate’s northern translational boundary. OET investigated
possible natural hazards associated with earthquakes and
tsunamis generated by sudden plate motions, as well as
benthic biology in the Greater Antilles north of Puerto
Rico (e.g., Andrews et al., 2014). In addition, we explored
hydrothermal vents of the Mid-Cayman Rise, conducted
significant mapping surveys of the deeper portions of the
Mesoamerican barrier reef off of Belize, and examined the
geology and biology of the Windward Passage and the
Jamaica Channel in the vicinity of the 2012 Port-au-Prince
earthquake (e.g., Marr, 2015; Anderson et al., 2016).

Two cruises explored the carbonate platforms of the
Great Bahamas Bank and offshore Florida. Extensive
mapping of northern Bimini, the west slope of the Great
Bahamas Bank, and south of the Dry Tortugas was followed
by a series of ROV dives that included inspection of an
apparent sinkhole located at the surprising depth of 824 m.
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GULF OF MEXICO

Moving into the Gulf of Mexico, OET's program shifted
away from ancient archaeology to modern maritime his-
tory. Surveys sought to characterize three early nineteenth
century shipwrecks off Galveston, Texas, one thought to be
a privateer vessel (Monterrey A) and the other two associ-
ated “prize” ships. The wreck was extensively mapped and
imaged at high resolution before and after the recovery of
artifacts from Monterrey A (Vaughn, 2015).

Another expedition documented a series of World War I
ships sunk by Germany during “Operation Drumbeat”in the
early stages of the war. The vessels included the oil tankers
Gulfpenn and Guldoil, the bauxite-laden freighter Alcoa
Puritan, and the passenger ship Robert E. Lee sunk by Nazi
submarine (U-boat) U-166, which was itself investigated
during this expedition. Evidence gathered during this
expedition resulted in the US Navy reversing its previous
finding that patrol boat PC-566 could not have sunk U-166
because the crew had no anti-submarine training. The
original ruling resulted in the captain, who reported the
incident, being relieved of his command. The captain was
posthumously honored by the Navy. This story was told in
the NOVA documentary Nazi Attack on America (2015).

A three-year program with researchers funded by the
Gulf of Mexico Research Initiative (GoMRI) sought to under-
stand the effects of both natural oil and gas seepage, as well
as the enduring impacts of the 2010 Deepwater Horizon
disaster, on deepwater coral communities. This Ecosystem
Impacts of Oil and Gas Inputs to the Gulf (ECOGIG) group
showed that the spill affected deep-sea corals through
2017 (Ruiz-Ramos et al, 2017; Girard and Fisher, 2018;
Girard et al., 2018). Another group, the Gulf Integrated Spill
Response Consortium (GISR), also sponsored by GoMRI



sought to understand and predict the fundamental behav-
ior of petroleum fluids in the ocean environment. These
cruises focused on collecting field measurements needed
to validate numerical models of oil and gas distribution in
the water column above two natural hydrocarbon seeps in
the Gulf at depths near 1,000 m. Equally important to these
researchers was gaining a better understanding of the fate
and transport of gas bubbles generated by the numerous
natural seeps within the Gulf of Mexico (Wang et al.,, 2016).

Studies of large brine lakes within the Gulf of Mexico
focused on the unique ecosystems living around these
seafloor pools, which are four times more saline than
seawater. Barite commonly rims the pools, while the fluids
within the pools have high concentrations of iron as well as
sulfide and methane that drive associated chemosynthetic
ecosystems containing massive concentrations of mussels.

PACIFIC OCEAN BASIN

In May 2015, Nautilus entered the Pacific Ocean for the first
time via the Panama Canal. The ship’s initial stop was the
Galapagos Islands where it conducted two major surveys.
The first was a return trip to the site of the 1977 discovery
of hydrothermal vents along the axis of the Galdpagos
Spreading Center (GSC). The initial objective of this cruise
was to see how this region had changed over the last
40 years. Several important discoveries were made, includ-
ing the presence of massive sulfide deposits around once-
active high-temperature “black smokers.” These deposits
extended for 8 km along the axis of the GSC rift valley. The
so-called Iguanas Vent Field—containing the tallest and
largest number of active vents observed anywhere along
the GSC—was also explored.

Riftia pachyptila tubeworms
and Bathymodiolus thermo-
philus mussels thrive amidst
the active Tempus Fugit hydro-
thermal vent on the Galdpagos
Spreading Center in 2015.

Despite numerous expeditions to the GSC since 1977,
little is known about the ocean floor surrounding the
Galapagos Islands themselves. For that reason, OET put
forth a major effort to map areas surrounding the Wolf-
Darwin Seamount Chain and the submarine flanks of the
larger islands, in particular, Fernandina, where the active
hotspot is presently located. ROV dives collected rock
samples for geochemical analysis and obtained the first
in situ observations of hydrothermal iron-bearing tubular
nontronite deposits, as well as the apparent incubation
of shark eggs near hydrothermal vents (Lubetkin et al.,
2017; Salinas de Leon et al., 2018). Many new species have
been identified and are in the process of being described
(e.g. Cairns et al., 2018).

Nautilus mapped its way north from the Galdpagos
Islands, collecting nearly 44,700 km? of bathymetric data.
These detailed maps revealed seafloor features not seen
in maps derived from satellite altimetry. Abyssal hills with
cauldron-like depressions and seeps were detected off
the coast of California, and would become the focus of
future ROV operations on Redondo Knoll. One of the major
long-range objectives of OET's Basic Exploration program
is to map the entire Exclusive Economic Zone (EEZ) off
the US West Coast as well as EEZs located in the Central
and Western Pacific.

NEW FOCUS ON THE US EEZ

After spending its initial six years conducting work-
shop-driven Basic Exploration programs in various interna-
tional areas of interest and within the high seas, OET shifted
focus to exploring primarily within the US EEZ in the Pacific
in collaboration with OER.




Nautilus expeditions within the US EEZ have investi-
gated a variety of targets of interest to researchers. One
such target, SS Coast Trader, sunk by the Japanese during
World War Il while carrying nearly 8,800 barrels of heavy
fuel oil, was a potential hazard to the marine ecosystem
immediately outside the Olympic Coast National Marine
Sanctuary (NMS; Delgado et al., 2017). During our latest
field season, explorations included the recent submarine
eruptions off the Big Island of Hawai‘i, the April 2018
underwater earthquake off Los Angeles, California, and
the March 2018 meteorite impact off the Oregon coast.
These surveys were rapid responses to recent events that
OET incorporated into already planned expeditions. This
type of timely response is critical for observing, mapping,
or sampling events that are time-sensitive or may provide
time-critical insight needed for decision-making.

One example of a partnership that helps inform manage-
ment decisions within the US EEZ is OET’s long-standing
work with NOAA’s Office of National Marine Sanctuaries. In
2015, OER began funding an annual effort to use Nautilus
to map and explore the deeper portions of national marine
sanctuaries—most of which are completely unknown. In
support of this project, OET has conducted expeditions in all
of the sanctuaries along the US West Coast (Channel Islands,
Monterey Bay, Greater Farallones, Cordell Bank, and Olympic
Coast) and one to Papahanaumokuakea Marine National
Monument in the Northwestern Hawaiian Islands. These
investigations have vastly improved knowledge of deep-
sea habitats in these regions, including the discovery of
new species (pages 50-51).In 2019 we plan to continue our
work with the West Coast NMS and with American Samoa
NMS. Past efforts have focused not only on the biology of
deep-sea coral and sponge communities, but also on mar-
itime heritage. Detailed investigations of the World War Il

aircraft carrier USS Independence and the USS Macon airship,
located in the Greater Farallones and Monterey Bay NMS,
respectively, have been particularly fruitful.

Other collaborations, such as with the NOAA's Pacific
Marine Environmental Laboratory (PMEL), have resulted in
discoveries that led to future focused research. For exam-
ple, Nautilus mapping data collected in 2016 showed that
hundreds of methane seeps exist along the Cascadia mar-
gin. This new information sparked long-term, multiagency
interest in understanding the area between the Straits of
Juan de Fuca and Cape Mendocino. During 2016, a series of
ROV dives characterized and sampled 10 of the associated
cold seep sites, and this partnership with PMEL continued
in 2018 with a second expedition to the Cascadia margin
(pages 40-41). Other researchers, including those aboard
R/V Falkor, have continued this exploration (pages 128-137).

Over the years, partnerships with other federal agen-
cies have also helped with the development of new tools,
technologies, and ways of exploring. In 2017, OET worked
with Peter Girguis of Harvard University to test the NASA-
supported ABISS lander, which combines advanced sensor
and communication technologies to learn more about
deep-sea biogeochemistry. In 2018, OET collaborated
with NASA and OER on the SUBSEA expedition to Lo‘ihi
Seamount off Hawai‘i's Big Island. This undersea mountain
hosts hydrothermal vent systems that are thought to be
analogues for others that may exist in our solar system
such as on Saturn’s moon Enceladus (pages 48-49). OET
will continue to collaborate with the SUBSEA team in 2019
on an expedition to Gorda Ridge, part of the mid-ocean
ridge system in the Northeast Pacific. Under NASA's Ocean
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Aboard Nautilus, Robert Ballard briefs
the team about deep-sea vents along the
Galapagos Spreading Center in 2015.

A spray of bubbles releases over
a carbonate crust at the Klamath
Knoll methane seep in 2016.



Worlds program, engineers are developing and testing a
new diamond drill that is designed to sample vertical rock
surfaces and pairs with the microspine gripper (page 28).

Although the new emphasis of the Basic Exploration
program, sponsored by OER, is the US EEZ, OER continues
to support community workshop-driven programs carried
out in international waters. OER supported investigation
of the Northern Guaymas Basin in the Gulf of California,
where a wide range of hydrothermal vent sites exist along
the axis of the sediment-covered East Pacific Rise. There,
researchers explored high-temperature black smokers to
lower temperature vents and their unique chemosynthetic
ecosystems, as well as cold seeps. Nautilus also explored the
Revillagigedo Archipelago, located 450 km south of Baja
California. This area, referred to as “Mexico’s Galdpagos,” was
declared a UNESCO World Heritage site in 2016. We explored
the sites of submarine volcanic eruptions that took place in
1993 in the deeper regions around the islands of Socorro
and San Benedicto, and the impact the oxygen minimum
zone has on marine ecosystems on the flanks of the islands.

In 2015, we began a long-term partnership with Ocean
Networks Canada (ONC). Based at the University of Victoria,
ONC operates the NEPTUNE and VENUS cabled ocean
observatories located off the west coast of Canada. VENUS
includes three main sites in the Salish Sea, while NEPTUNE'’s
footprint is much larger, and includes nodes off the west
coast of Vancouver Island along the Cascadia subduction
zone, on the Cascadia Basin abyssal plain, and on the
Endeavour Segment of the Juan de Fuca Ridge. Researchers
using these networks, which include a wide variety of sen-
sors, are studying deep-sea biodiversity, marine ecosystem
function, gas hydrates, hydrothermal vents, sediment and
benthic dynamics, and tsunami generation. OET’s primary
goal is to support maintenance of VENUS and NEPTUNE,
as well as the installation of new cables and instrumenta-
tion. In 2018, this collaboration with ONC was expanded
to include an expedition sponsored by Fisheries and
Oceans Canada to explore three seamounts off the coast of
British Columbia—SGaan Kinghlas-Bowie, Dellwood, and
Explorer—in an effort to manage and protect their unique
biodiversity (pages 42-43).

The current supplement to Oceanography highlights
the 2018 expedition season, as well as the advances in our
education and outreach and samples programs. OET has
also expanded its reach among researchers and scientists
worldwide. Initially, OET worked solely with the Center for
Ocean Exploration at the Graduate School of Oceanography
at the University of Rhode Island to use the Inner Space
Center’s telecommunications hub to establish a “Doctors
on Call” program, which connected scientists at their home
institutions with the field program in real time. The Watch
Leader on Nautilus was able to call on experts from a broad
range of disciplines who had indicated a willingness to be

contacted should a new discovery be made in their area
of expertise. Within minutes, the Watch Leaders were able
to contact experts ashore to assist in the execution of any
follow-up work that needed to be done once an import-
ant discovery was made. Since 2013, OET has recruited
interested scientists for this program, renamed “Scientists
Ashore,” which has grown to include more than 200 regis-
tered participants per year. The program now invites scien-
tists to pre-expedition planning calls to provide input on
cruises and allows them to use a chat system to message
the watch leaders during dives. Certain experts are also
able to talk directly to the team on board Nautilus during
ROV dives to direct operations and also provide context to
the audience on NautilusLive. The growth in this program
ensures that the exploration we conduct reaches the global
community of scientists and makes the most of the data
and samples collected.

THE SECOND TEN YEARS (2019-2028)

OET has learned a great deal over the last 10 years of oper-
ating E/V Nautilus and looks forward to the next 10 years as
our program reaches full maturity. OET is presently seeking
to increase its annual at-sea operational tempo from six
months to eight to nine months, divided between Nautilus
and its new mobile systems that are coming online for
community use in 2020.

NEW MOBILE SYSTEMS

Having a dedicated exploration vessel has great bene-
fits. This “turnkey” operation permits rapid turn-around
between expeditions, and there is less wear and tear
on our various supporting technologies and personnel.
However, having one ship limits where we can go each
year. Given that the Pacific Ocean represents 50% of the
world ocean and contains the majority of America’s EEZ,
OET has decided to spend the next five to 10 years or more
in this ocean basin.

OET is now building three mobile systems. These sys-
tems can be deployed from a broad range of research
platforms, from Global Class research vessels to the new
Regional Class research vessels of the US academic research
fleet, and will be able to operate at 6,000 m, 4,000 m, and
2,000 m depth ranges. They will share a common series of
support facilities, including mobile winches/cable units, a
high-bandwidth satellite system, a vehicle support van, a
dual-frequency side-scan sonar, a vehicle tracking system,
and a portable launch and recovery crane. Other tech-
nologies that OET operates or will operate in the future
include an autonomous surface vessel, elevators, surface
drones, drop cameras, and a cable-following plankton
imaging vehicle, all in an effort to expand our present
exploratory technology.
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Technology

E/V Nautilus

E/V Nautilus is a fully integrated, turnkey ROV and mapping
exploration platform staffed by scientific, operations, and
logistics experts organized to reliably produce class-lead-
ing structured data. The ship is equipped with a Kongsberg
EM 302 multibeam echosounder and two remotely
operated vehicles (ROVs), Hercules and Argus. Nautilus
has a data lab and wet lab for processing digital data and
physical samples. As part of the Ocean Exploration Trust’s
effort to share expeditions with students, public audi-
ences, and colleagues, we utilize telepresence technology
to stream live video from the ROVs and various locations
aboard the ship in real time to the Nautilus Live website
(https://nautiluslive.org).

GENERAL

BUILT. 1967, Rostock, Germany
LENGTH. 64.23 meters (211 feet)
BEAM. 10.5 meters (34.5 feet)
DRAFT. 4.9 meters (14.75 feet)
TONNAGE. 1,249 gross, 374 net

RANGE. 24,000 kilometers (13,000 nautical miles)
at 10 knots

ENDURANCE. 40 days at sea
SPEED. 10 knots service, 12 knots maximum
FUEL CAPACITY. 330 cubic meters

PROPULSION. Single 1,285 kilowatt (1,700 hp)
controllable pitch main thruster; 280 kW bow tunnel
thruster; 300 kW jet pump stern thruster

SHIP SERVICE GENERATORS. Two 585 kVA generators,
one 350 kVA generator

PORTABLE VAN SPACE. One 6.1-meter (20-foot) van

COMPLEMENT. 17 crew; 31 science and operations l’

FLAG. St. Vincent and the Grenadines '1..

HEAVY EQUIPMENT

= Dynacon 421 ROV winch with Rochester A06063
1.73 centimeter (0.681 inch) diameter cable

= DT Marine 210 winch

= Bonfiglioli knuckle-boom crane, 2-6 ton capacity,
two extensions

= Two airtuggers, SWL 900 Ibs each

= A-frame, SWL 8 mtns

= Rescue boat davit with SWL 0.9 mtn

TELEPRESENCE TECHNOLOGY

VSAT. 2.4 meter axis stabilized Sea Tel 9711 uplink
antenna capable of C- and Ku-band operation of up to
20 Mbps (C-band circular or linear)

REAL-TIME VIDEO STREAMING. Four Haivison X
encoders designed for streaming live video via satellite to
the Inner Space Center ashore

CAMERAS. Two Sony BZR-H700 high-definition pan/tilt/
zoom cameras mounted to view the aft deck and port rail;
one BZR-H700 in the control vans; Marshall VS-570 PTZ
cameras in the wet lab and in the ROV hanger

COMMUNICATIONS

= Ship-wide RTS Telex intercom system for real-time
communications between ship and shore

= Handheld UHF radios are interfaced with the RTS
intercom system for deck, bridge, and control room
communications

= Telephone interface is available through a Rhode Island
exchange for real-time collaboration between scientists
ashore and on the ship

= Full Internet connectivity from shipboard LAN and wifi

= KVH TracPhone-v7 for redundant bridge communication,
providing telephone and IP service


https://nautiluslive.org

DATA PROCESSING & VISUALIZATION LAB

AREA. 445 square meters (480 square feet)

WORKSTATIONS. Seven workstations for science
manager, data loggers, navigators, educators,

data engineers, satellite engineer, video engineer;
seafloor mapping data processing; flexible bench space

RACK ROOM

AREA. 17.3 square meters (185 square feet)

DATA STORAGE. 32 TB online storage for non-video
data; 32 TB disk storage for video data; 2x LTO-8,
2x LTO-6 archive media drives

EMERGENCY COMMUNICATIONS. KVH phone

ELECTRONICS WORKBENCH. 2.3 cubic meters
(80 cubic feet) of storage

PRODUCTION STUDIO
AREA. 12 square meters (130 square feet)

CAMERA. Remote controllable high-definition
Sony BRC-H700, Canon FX-305 for live deck television
broadcasts and interactions

WET LAB

AREA. 19 square meters (204.5 square feet) with 5-meter-
long (16-foot) stainless steel worktop

REFRIGERATION

= Panasonic MDF-C8V1 ULT -80°C/-86°C scientific freezer,
0.085 cubic meters (3 cubic feet)

= Science refrigerator, approximately 0.57 cubic meters
(20 cubic feet)

= Standard chest freezer

HAZMAT

= Fume hood

= HAZMAT locker for chemical and waste storage
= Carry-on, carry-off chemical policy

/ dit: Ed McNichol
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ROV HANGAR
AREA. 24 square meters (258.3 square feet)
POWER. 110/60 Hz and 220/50 Hz available

PERSONAL PROTECTIVE EQUIPMENT. Hard hats, PFDs,
high voltage gloves

LIFTS. 2 x 2-ton overhead manual chainfall lifts

STORAGE. Storage for spares and other equipment

ROV WORKSHOP

AREA. 18 square meters (193.8 square feet)

TOOLS. Complete set of hand tools, cordless tools,
electrical and fiber optic test equipment, mill-drill
combination machine

STORAGE. Storage for spares and other equipment

CONTROL VANS
AREA. 28 square meters (301.4 square feet)

WORKSTATIONS. Nine; typical configuration for ROV
operations: two to three scientists, data logger, Hercules
pilot, Argus pilot, navigator, video engineer, educator

VIDEO RECORDING AND STORAGE. Two Cinedeck ZX20
units for video recording and an iX Systems TrueNAS for
90 TB video storage capability

lmgge credit: Ed McNichol



Acoustic Systems

KONGSBERG EM 302 MULTIBEAM
ECHOSOUNDER

The EM 302 is a hull-mounted 30 kHz multibeam echo-
sounder composed of two long transducer arrays mounted
in a T-shape on the hull of Nautilus. It was installed on
the ship between 2012 and 2013 to collect bathymetric,
backscatter, and water column data. This information is
useful for identifying areas or features of interest, creating
bathymetric maps for ROV dive planning and situational
awareness, and locating gas seeps. The EM 302 can map
the seafloor in water depths from 10 m to 7,000 m (33 ft to
22,965 ft) at ship speeds of 12 knots.

FREQUENCY. 30 kHz

DEPTH RANGE. 10-7,000 meters (33-22,966 feet)
PULSE FORMS. CW and FM chirp

BEAMWIDTH. 1° x 1°

APPROXIMATE SWATH WIDTH. 3-5 times water depth,
up to 8 km (5 miles)

APPROXIMATE GRID RESOLUTION. 10% water
depth (e.g., 10 meters [33 feet] at 1,000 meters
[3,281 feet] depth)

WATER COLUMN PROFILING

Oceanscience UCTD 10-400 profiling system;
max depth 1,000 meters

KNUDSEN SUB-BOTTOM PROFILER
AND ECHOSOUNDER

The Knudsen 3260 is a sub-bottom echosounder mounted
inside the hull of Nautilus. It operates at low frequencies
(3.5-210kHz) so that the sound it emits can penetrate layers
of sediment to about 100 m below the surface. The sound
that bounces back from each layer is captured by the sys-
tem, creating a cross section of the seafloor. Scientists can
use the data to identify subsurface geological structures
such asfaultsand ancientchannelsand levees.The Knudsen
3260 can operate in full ocean depths. The Knudsen system
also collects 15 kHz single beam echosounder data.

PROFILER. Knudsen 3260 Chirp sub-bottom profiler
and echosounder

OPERATING FREQUENCY. Dual frequency, 3.5 kHz
and 15 kHz

POWER. 4 kW on Channel 1 and up to 2 kW on Channel 2
RANGE. 50 to 5,000 meters (164 to 16,404 feet)

ULTRA-SHORT BASELINE NAVIGATION
SYSTEM

SYSTEM. TrackLink 5000MA system for USBL tracking of
ROVs Hercules and Argus

RANGE. Up to 5,000 meters (16,404 feet)
POSITIONING ACCURACLY. 1° (~2% of slant range)
OPERATIONAL BEAMWIDTH. 120°

OPERATING FREQUENCY. 14.2 to 19.8 kHz

TARGETS TRACKED. Hercules, Argus, and two additional
transponders are available. With more transponders, up to
eight targets including the ROVs can be tracked
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Remotely Operated Vehicle Argus

ROV Argus was first launched in 2000 as a deep-tow system
capable of diving to 6,000 meters. More recently, Argus is
used in tandem with ROV Hercules, where it hovers sev-
eral meters above in order to provide a bird's-eye view of
Hercules working on the seafloor. Argus is also capable of
operating as a stand-alone system for large-scale deep-
water survey missions.

GENERAL

DEPTH CAPABILITY. 6,000 meters (19,685 feet),
currently limited to 4,000 meters (13,123 feet)

CABLE. 4,500 meters (14, 764 feet), 0.681 electro-optical,
3x #11 conductors, 3x SM fibers

SIZE. 3.8 meters long x 1.2 meters wide X 1.3 meters high
(12.5 feet long x 3.9 feet wide x 4.3 feet tall)

WEIGHT. 2,100 kilograms (4,700 pounds) in air,
1,360 kilograms (3,000 pounds) in water

MAXIMUM TRANSIT SPEED. 2 knots

ASCENT/DESCENT RATE. 20-30 meters/minute
(65-98 feet/minute) max

PROPULSION. Two Tecnadyne Model 1020 thrusters
for heading control

IMAGING & LIGHTING

CAMERAS

= One Insite Pacific Zeus Plus high-definition camera
with Ikegami HDL-45A tilt head with Fujinon HA
10 x 5.2 lens, 1080i SMPTE 292M output format, 2 MP
still image capable

= Two Insite Pacific standard definition mini utility cameras
(fixed mounted) 480 line NTSC format

= One Deep Sea Power & Light Wide-i SeaCam, downward-
looking standard definition camera (fixed mounted)

LIGHTING

= Three CathX Aphos 16 LED lampheads, 28,000 lumens
each

= Two Deep Sea Power & Light 250 Watt incandescent
lights

VEHICLE SENSORS & NAVIGATION
SYSTEM. NavEst integrated navigation system solution

USBL NAVIGATION. TrackLink 5000 system,
acoustically triggered

PRIMARY HEADING. Crossbow high-resolution
magnetic motion and attitude sensor

SECONDARY HEADING. Lord Microstrain 3DM-GX5-25
Attitude and Heading Reference System (AHRS)

PRESSURE SENSOR. Paroscientific Digiquartz 8CB series
ALTIMETER. Benthos PSA-916

FORWARD-LOOKING SONAR. Mesotech 1071, 675 kHz,
0.5-100 meter (1.6-328.1 foot) range typical

SUB-BOTTOM PROFILING SONAR. TriTech SeaKing
Parametric Sub-bottom Profiler (10-30 kHz)

SCIENTIFIC INSTRUMENT SUPPORT

POWER. 110V 60 Hz AC, 24 VDC and 12 VDC power
options

DIGITAL DATA CHANNELS. Ethernet



Remotely Operated Vehicle Hercules

Since it was first launched in 2003, ROV Hercules has been
working in tandem with ROV Argus to explore the geol-
ogy, biology, archaeology, and chemistry of the deep sea.
Hercules is equipped with a high-definition video camera,
several LED lights, two manipulator arms, and a variety of
oceanographic sensors and samplers, including a suite of
high-resolution mapping tools that is available for use upon
request. Hercules can deliver approximately 68-113 kg
(150-250 Ibs) of samples or tools to and from the seafloor.

GENERAL
DEPTH CAPABILITY. 4,000 meters (13,123 feet)

TETHER. 30-45 meters (98.4-147.6 feet), 20 millimeters
(0.79 inches) diameter, neutrally buoyant

SIZE. 3.9 meters long X 1.9 meters wide X 2.2 meters tall
(12.8 feet long x 6.2 feet wide x 7.2 feet tall)

MASS. ~ 2,500 kilograms (5,500 pound) mass in air
PAYLOAD. Up to 113 kilograms (250 pounds)

MAXIMUM VEHICLE SPEED. 0.77 meters/second
(1.5 knots) forward, 0.25 meters/second (0.5 knots)
lateral, 0.5 meters/second (1 knot) vertical (on site,
within tether range)

MAXIMUM TRANSIT SPEED. 1 meter/second (2 knots),
no sampling, in layback mode

MAXIMUM ON-BOTTOM TRANSIT SPEED.
0.5 meters/second (1 knot), no sampling

MAXIMUM SAMPLING TRANSIT SPEED.
0.25 meters/second (0.5 knots) on flat seafloor;
< 0.13 meters/second (< 0.25 knots) over featured terrain

ROV CLOSED LOOP POSITION CONTROL. Station Keep,
X/Y step, Auto Depth, Auto Altitude, X/Y/Z step and hold
velocity control

DESCENT/ASCENT RATE. 30 meters/minute
(98.4 feet/minute)/15 meters/minute (49.2 feet/minute),
or 20-22 meters/minute (65.6-7.2 feet/minute) average

PROPULSION

= Six hydraulic thrusters powered by 15 kW (20 hp),
207 bar (3,000 psi) hydraulic system

= Fore/Aft & Vertical — Four 27.94 cm (11 inch) ducted
thrusters, each providing 900 N (200 Ibf) thrust

= Lateral - Two 22.86 cm (9 inch) ducted thrusters,
each providing 450 N (100 Ibf) thrust

2h

VEHICLE SENSORS & NAVIGATION

SYSTEM. NavEst integrated navigation system solution

HEADING AND ATTITUDE

= Primary Heading - IXSEA Octans Ill north-seeking fiber-
optic gyrocompass (0.1° secant latitude accuracy with
0.01° resolution)

= Secondary Heading - TCM2 solid state fluxgate compass

PRESSURE SENSOR. Paroscientific Digiquartz 8CB series
CTD. Sea-Bird FastCAT 49
OXYGEN OPTODE. Aanderaa 3830

TEMPERATURE PROBE. WHOI high-temperature probe
(0°-450°C, 0.1°C resolution)

USBL NAVIGATION. TrackLink 5000

DOPPLER NAVIGATION & ALTITUDE. RDI Workhorse
Navigator Doppler Velocity Log 600 kHz, 0.7-90 meter
range (2.3-295.3 feet)

FORWARD-LOOKING SONARS

= Kongsberg Mesotech 1071 scanning sonar, 300 kHz,
1-200 meter (3-656 feet) range typical

= TriTech Super SeaPrince 675 kHz, 50 meter
(164 feet) range

IMAGING & LIGHTING

STANDARD IMAGING SUITE. One high-definition video

channel on fiber optic, four standard definition video

channels on coax, generally configured as:

= |nsite Pacific, 6,000 msw rated, Zeus Plus with 10x zoom
lens, lkegami HDL-45A with zoom/pan/tilt/extend,
1080i SMPTE 292M output format



= |nsite Pacific, 6,000 msw rated, Titan Rotate-Tilt standard
definition camera (bubble camera) 480 line NTSC format

= Three Insite Pacific NOVA utility cameras, mounted to
view the starboard sample box, port rail, and aft region
480 line NTSC format

= One Insite Pacific Aurora utility camera to view the eight-
jar suction sampler, NTSC format

= One Deep Sea Power & Light Wide-i-SeaCam to view
starboard side sample box, NTSC format

LIGHTING

= Two Deep Sea Power & Light Matrix-3 LED lamps,
20,000 lumens, forward mounted

= Six to twelve Deep Sea Power & Light Sphere LED lamps,
6,000 lumens, mounting configurable

SCALING. Two green Deep Sea Power & Light Micro
Sea-Lasers, mounted 10 cm (3.94 inches) apart,
HD camera only

HIGH-RESOLUTION MAPPING SUITE

= Available for nonstandard mapping products

= Typical configuration is downward looking; forward-
looking configuration possible

= Two stereo Prosilica GT 2750 still cameras, one black &
white, one color; 2,750 x 2,200 pixels; 29° x 39° field of
view; 2-4 meter (6.5-13 feet) range; 200 watt-second
strobe lighting at one image every three seconds

= Structured light laser system with a dedicated Prosilica
GC 1380 still camera; runs concurrently with stereo
imaging; 532 nanometer, 100 mW coherent laser;
45° line generating head

= System also supports Kongsberg M3 sonar

MANIPULATORS AND SAMPLING

MANIPULATORS

= Kraft Predator: Hydraulic, seven function spatially
correspondent, force feedback, 200 Ib lift

= [SE Magnum: Hydraulic, seven function, 300 lbs lift

SUCTION SYSTEMS
= Suction sampling system, eight 3-liter discrete samples
= Venturi dredge excavation system

SAMPLING TOOLS. Mission configurable:

= Up to eight 6.35 centimeter (2.5 inch) inner diameter,
28 centimeter (11 inch) long push cores

= Up to six 5-liter Niskin bottles, manually triggered

= Custom tools and sensors can be integrated

SAMPLE STORAGE

= Forward sample tray (inboard): 45 cm x 33 cm X 25 cm
(17.7 inches x 13 inches x 9.8 inches)

= Forward sample tray (outboard): 68 cm x 35 cm x 30 cm
(26.8 inches x 13.8 inches x 11.8 inches)

= Starboard sample drawer: 65 cm x 50 cm X 30 cm
(25.5 inches x 19.7 inches X 11.8 inches)

= Payload: Up to 113 kilograms (250 pounds) depending
on sensor package
= Custom configuration of boxes, crates, and containers

ELEVATORS. Mission configurable; free ascent; maximum
standard payload 68 kg (150 Ib)

SCIENTIFIC INSTRUMENT SUPPORT

SWITCHED POWER
=110V, 60 Hz AC

= 24VDC

= 12VDC

DIGITAL DATA CHANNELS

= RS-232: 115 Kbauds

= RS-485/422: 2.5 Mbauds

= Ethernet: 10/100/1,000 Mbps links available
= TTL: one TTL link

HYDRAULIC. Proportional and solenoid hydraulic
functions:

= 1,150 psi at 5 GPM

= 1,850 psi at 5 GPM

= 3,000 psi at 5 GPM (advance notice needed)

EXAMPLES OF USER-INSTALLED
TECHNOLOGY

= In situ mass and laser spectrometers
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