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Discovering The Oceans

DEveloping Submergence SCiencE for the Next Decade: DESCEND

Scientific Challenges,
Technology Developments, and
Investigative Strategies

ceanographic research has led to

discoveries that are critical to our
understanding of Earth processes.
Since the voyage of H.M.S.
Challenger over 125 years
ago, our understanding of
global tectonic processes,
coastal hazard assess-
ment, marine resource

management, geochemi- s Challenger

cal cycling, global climate

change, and even the origins and pro-
cesses of life have been advanced
though ocean research.

During the last 30 years, systematic
observation and sampling of the
world’s oceans have led to significant
discoveries that have influenced many
scientific disciplines. For instance, in
the late 1970s, biological science was
revolutionized when hydrothermal
vents and complex, chemosyntheti-
cally-based animal communities were
discovered on the mid-ocean ridge crest
using deep submergence vehicles. Over
the past few decades, nearly every ven-
ture into the vast realm beneath the sea
surface has produced startling discov-
eries in all branches of oceanographic
sciences, often with important impli-
cations for cross-disciplinary studies,
from tsunami prediction to pharmaceu-
tical research. In addition, the applica-
tion of new technologies enhances our
abilities to sense, sample, and record
phenomena throughout the world’s
oceans and at the seafloor. The U.S.
oceanographic community is poised on
the threshold of innovative technologies
and a new class of experiments that
will provide the foundation for oceano-
graphic science in the 21st Century.

The DESCEND (DEveloping Submer-
gence SCiencE for the Next Decade)
Workshop, held in October 1999, was
prompted by the need to bring together
oceanographic scientists and engineers
to specify the important scientific goals

of submergence research, and to de-
fine the vehicle and sensor technolo-
gies that will be required in the coming
decades. In order to accomplish this
objective, the three-day DESCEND
Workshop provided 119 scientists, en-
gineers and federal agency personnel
the venue to discuss sub-
mergence science and
technology. The first day
was devoted to scientific
discussion, followed on the
second day with an explo-
ration of technological
needs and possibilities. The
final morning was devoted to a plenary
discussion to review results and formu-
late recommendations. The summary
that follows also incorporates follow-up
and feedback discussions among par-
ticipants after the meeting. The full Pro-
ceedings of the DESCEND workshop

Courtesy of Challenger Society

can be found at the following web site:
<www.unols.org/dessc/descend/
descend.htm=.

In addition, during the course of the
past year, several parallel efforts have
been made to further identify the sci-
entific and technical requirements for
an occupied submersible and deep-div-
ing remotely operated vehicle (ROV) to
conduct deep submergence science at
depths greater than 4500 meters, the
current limit for Alvin. Because of the
closely-linked nature of these delibera-
tions with the objectives and results of
the DESCEND meeting, it was consid-
ered appropriate to include key recom-
mendations pertaining to construction
of a new occupied submersible with a
depth capability of at least 6000 m and
equipped with state-of-the-art technol-
ogy, as well as future construction of a
deep-diving (=7000 m) ROV.

The oceans remain a scientific frontier for the 21st century, with broad
societal and academic relevance to issues such as the role of the oceans

in moderating global climate change, and the limits of life-processes in ex-
treme environments on Earth and other planets.

Dramatic advances in submergence vehicle technologies and instruments,

including autonomous underwater vehicles (AUVs), occupied submersibles,
remotely operated vehicles (ROVSs), specialized sensors, and in situ samplers,
now provide the potential for unprecedented access to the oceans and sea-
floor. These new technologies and vehicles will foster a revolution in our abil-
ity to synoptically measure the chemical, biological and physical processes
that occur in the oceans.

New mechanisms are required to improve access to all types of submer-

gence vehicles and tools by the scientific community. These should be
developed in order to address issues relating to scheduling existing assets,
conducting field work outside traditional operating areas, and the need to
respond to time-sensitive processes at the seafloor or in the water column
(e.g. submarine eruptions). The broadest range of vehicle capabilities needs
to be provided to investigators throughout the U.S. while preserving the exist-
ing capabilities achieved by our National Deep Submergence Facility.

Long-standing U.S. leadership in submergence science and technology

is being challenged by other countries, principally France, Germany and
Japan. These countries have greater funding levels for submergence science
and vehicle facilities and long-standing support for the advancement of sub-
mergence technologies.

2. University-National Oceanographic Laboratory System



Recommendations

he recommendations listed below

are each vitally important to the
overall goal of fostering strong U.S. pro-
grams of submergence vehicles and
technology that will provide the facili-
ties and instruments required to sup-
port critical scientific research in the
oceans for decades to come.

Develop new sensors
and tools
New sensors and samplers, includ-
ing instruments that operate at the mi-
cro-scale, are needed for a wide variety
of in situ operations and time-series
studies of seafloor and oceanographic
processes. These suites of instruments

|-y T
The Autonomous Benthic Explorer (ABE), is an
AUV developed by the Deep Submergence Lab
of the Woods Hole Oceanographic Institution
(WHOI). ABE has been used to create some
of the most detailed maps and images of
seafloor terrain on the Juan de Fuca Ridge
and southern East Pacific Rise during field
experiments over the past few years.

should incorporate the latest technol-
ogy, be multidisciplinary where pos-
sible, available to a broad range of in-
vestigators, and be capable of making
measurements that provide high-fre-
guency, temporal links between geologi-
cal, chemical, biological, and physical
processes. Improved manipulator capa-
bilities and imaging systems on the ve-
hicles are necessary to utilize these sen-
sors and tools to greatest advantage.

Accelerate development of
autonomous underwater
vehicles (AUVS)

AUVs will revolutionize how multi-
disciplinary data are collected at all lev-
els in the ocean and on the seafloor in
the coming years. Development of

Photo by Rod Catanach, WHOI

Key Recommendations

« Develop new sensors and tools

« Accelerate development of autonomous underwater vehicles (AUVs)

= Construct a new, state-of-the-art, deep diving (=6000 meter) occupied submersible

 Plan for a new, robust deep-diving (=7000 meter) ROV for science

« Increase access to submergence vehicles and tools

= Convene a submergence technology meeting

AUVs of all types should be accelerated
so that within 3-5 years all oceano-
graphic research vessels can carry ba-
sic AUVs capable of routine oceano-
graphic or seafloor surveying that can
be supported by shipboard technicians.
In addition, specialized AUVs capable
of detailed surveys, sampling and map-
ping, and long-term operations should
be developed to complement seafloor
observatory experiments.

Construct a new,
state-of-the-art,
deep diving (>6000 meter)
occupied submersible
Questions of biodiversity, biomass
of the oceans, and of processes at work
in the world’s abyssal plains and deep-
sea trenches, the last untouched fron-
tier of ocean discovery, require access

to depths greater than we can currently
reach with Alvin. Operations will con-
tinue to exist that require the power and
lift capabilities, tether-free maneuver-
ability, and human presence that can
only be achieved with an occupied sub-
mersible. A new, deep-diving occupied
submersible capable of operations to
at least 6000 meters should be built to
replace Alvin. This depth capability will
permit scientists to access —30% more
of the worlds ocean floor than they
presently can with Alvin’s 4500 m
depth rating. It will provide access to
greater than 98% of the global seafloor.
A new submersible would build on 35
years of experience and improvements
that have made Alvin the most success-
ful research submersible in the world.
The new submersible would be better
able to handle the burgeoning scientific

-4500

-6000
-7000

-10000

Global ocean depth showing areas which can currently be accessed by Alvin down to

4500 meters depth (shown in gray). Blue regions show depths between 4500 and 6000
meters which can be accessed by ROV Jason, Argo II, DSL-120 sonar, and the Control
Vehicle. Red areas show depths between 6000 and 7000 meters in areas of oceanic trenches
which are currently inaccessible to US submergence capabilities. Depths greater than 7000
meters in the trenches of the western Pacific are shown in yellow.
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Recommendations (continued)

equipment and technology require-
ments of future research needs. Engi-
neering and budgeting for construction
of the new submersible should begin
immediately so that it can be ready
within 5 years.

Planfor a new, robust
deep-diving (>7000 meter)
ROV for science

The deepest parts of the oceans, the
oceanic trenches at plate margins, pro-
vide some of the most dynamic envi-
ronments on this planet. These are re-
gions where natural hazards to human
habitations from plate tectonic forces
are greatest. Scientific programs that
seek to unravel the complex processes
operating in these environments will re-
quire deep diving ROVs with special-
ized capabilities for science. The plan-

b‘ :

The Control Vehicle (CV) of the Marine
Physical Laboratory - Scripps Institution of
Oceanography (SIO) on the after deck of R/V
New Horizon. The CV has a working depth
of 6000 meters and operates over coaxial or
fiber optic cable. It is equipped with TV
cameras, lights, scanning and down-looking
sonars, attitude sensors and remotely
operated payload releases. It has been used
to place geodetic instruments on the sea
floor, to install, monitor and retrieve
seismometers from deep ocean drill holes, to
log drill holes, and to recover instruments
from the sea floor.

Photo by Maurice Keehan, SIO

ning process to construct
a deep (=7000 meter)
ROV should begin now so
that in the next 5-10 years
the U.S. academic com-
munity has access to a ve-
hicle system that can
reach the deeper portions
of oceanic trenches.

Increase access
to submergence
vehicles
and tools

A thread that connects
all of these recommenda-
tions and an issue of great
concern to the Workshop
participants is access to
submergence systems in
its various forms as noted
in the findings above. The
science community, science advisory
committees, facility operators, and fed-
eral funding agencies should develop
new mechanisms to facilitate and im-
prove scheduling and support of vehicle
systems. An infrastructure should be de-
veloped to provide adequate and long-
term support for U.S. submergence sci-
ence at least on a par with similar efforts
by other developed countries.

Convene a
Submergence
Technology
Meeting

The need for new sub-
mergence vehicles, sen-
sors and tools underscores
the diversity in technology
required to conduct mul-
tidisciplinary submer-
gence science. The poten-
tial exists for application
of existing technologies
(e.g. biomedical, materials
and space technology) to
submergence research,
but there is a need for a
focused national meeting
on future directions in
submergence technology.
Attendees to such a meet-

\ >
g

The ROV Tiburon is operated by the Monterey Bay Aquarium
Research Institute (MBARI). It can operate to depths of 4000
meters and is shown here above the moon pool on board the
R/V Western Flyer, its support ship. Tiburon is a fiber optic
based ROV and has sophisticated sampling and imaging
systems and modular, mission-specific tool-sled packages

for different science operations.

ing should include prominent engineers,
chemists, biologists, space scientists,
oceanographers and geologists who are
working on technologies that have ap-
plications for in situ measurements and
sampling of seafloor processes. Mecha-
nisms for fostering technology develop-
ment and ensuring broad access to new
instrumentation should be addressed at
the meeting.

View through Alvin’s forward view port of the manipulator as it
prepares to sample an active hydrothermal chimney on the axis
of the southern East Pacific Rise near 18.5° S. Photo by Alvin
Pilots, WHOI. Courtesy of Karen Von Damm, Univ. of New
Hampshire and Marvin Lilley, Univ. of Washington.

4. University-National Oceanographic Laboratory System
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Research Priorities

here is general con-

sensus among the
DESCEND Workshop
participants that both
deep and shallow sub-
mergence science will
play important roles in
oceanographic research
in the coming decades.
The research opportuni-
ties are global, varied in
scope, and multidisci-
plinary in nature.

In the mid-ocean
ridge environments, we
seek to understand the
complex interactions
between the develop-
ment of lithosphere,
the biological processes
in these regions, and
the geochemical cy-
cling phenomena that
affect the composition of the world’s
oceans. In addition, scientists are ac-
tively working on models that describe
the linkages among and between all
of these complex processes and to the
mantle source of heat, volatiles, and
silicate melts that drives these dy-
namic systems. The research con-
ducted at individual ridge crests must
be compared and integrated so that
global variability in these processes
can be better understood.

Research in the global abyss and
open oceans faces the greatest chal-
lenges because of the need for com-
prehensive mapping of spatial and tem-
poral variations of a wide array of
phenomena. Quantifying the dynam-
ics of abyssal and open ocean systems
must include resolving the fluxes,
changes in the storage of energy and
mass, reactions and interactions be-
tween components of abyssal and open
ocean systems (chemical, physical, bio-
logical, geological), and the importance
of variations over many time scales. We
seek to answer fundamental questions
concerning abyssal and open ocean
biological communities and their abun-
dance and spatial distribution patterns,
and we must understand the influences

Alvin is a deep-diving submersible that can dive to 4500 meters
with one pilot and two observers. It is equipped with two
manipulators and sophisticated imaging, attitude sensors and
sonar systems and has conducted =>3600 dives during its

=30 year history. It is one of the systems in the National Deep
Submergence Facility operated by WHOI for UNOLS.

of physical, chemical and geological
processes that govern them.

The margins of the oceans, where
the impact of geologic and ocean pro-
cesses on human populations is of criti-
cal interest. They are also the locations
where some of the most spectacular
natural phenomena are to be observed.
We wish to better
understand the
seismicity and
volcanism that
accompany plate
subduction, the
slope stability fac-
tors that affect
hazard assess-
ment in coastal
regions (including
land slides and
tsunami genera-
tion), and the fac-
tors that ad-
versely affect
ecosystems in
coastal environ-
ments. The geo-
logical, biological,
and geochemical
dynamics that ac-
company subduc-

Photo by Dan Fornari, WHOI

tion, the evolution of continental crust,
global biogeochemical element cycling,
the tectonic forcing of hydrologic sys-
tems in margin settings, gas hydrate
systematics, and anthropogenic im-
pacts on coastal environments are all
research areas critical to the study of
the margins of the oceans.

Polar regions present particular dif-
ficulties for submergence science but,
offer some of the most exciting scien-
tific challenges and potential for discov-
ery in the next century. The dynamics
of the polar oceans, glaciation, and the
role these oceans play in global biologi-
cal cycles and ecosystems are funda-
mental problems that require field and
laboratory studies. Similarly, the record
of global climate change that is pre-
served in the polar regions and the
study of the slowest-spreading mid-
ocean ridges that are present in the po-
lar basins offer important opportunities
to provide fundamental advances in our
understanding of global processes.

The Johnson-Sea-Link I and Il submersibles (left and center) of the
Harbor Branch Oceanographic Institution, operate to a depth of 914
meters. Each sub can accommodate one observer and a pilot in the
forward acrylic sphere, and a sub crew and observer in the aft
observation chamber. The Clelia sub (right) operates to a depth of 300
meters, and carries two observers and a pilot. Each sub can be equipped
for a variety of benthic or mid-water sampling applications. Inset: The
Johnson-Sea-Link | being deployed with a basket of push corers as
scientists prepare to sample cold seep sediments in the Gulf of Mexico.

Developing Submergence Science For The Next Decade * 5
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Technology and Development

P articipants of the workshop
strongly support the continued de-
velopment of AUVs for a variety of ap-
plications and the rapid integration of
different types of AUVs into the U.S.
oceanographic fleet facilities. AUVs have
the potential to enable the oceano-
graphic community to respond rapidly
to ephemeral events, to revolutionize
certain types of global and regional
oceanographic research, to make opera-
tions possible in remote geographic ar-
eas, and to facilitate measurements and
operations of seafloor observatories. Re-
cent advances and utilization of AUVs
for science have demonstrated how this
technology can revolutionize data col-
lection, and can increase its precision
and repeatability, thereby providing new
and unprecedented perspectives on the
geology, chemistry, physical oceanogra-
phy, and biology of the oceans.
Occupied submersibles will con-
tinue to be the most effective way to
provide human cognitive presence at
sites of experimentation, observation,
and seafloor sampling. The U.S. re-
search community requires an occu-
pied submersible with depth capabil-
ity down to 6000-6500 meters.
Submersibles and ROVs will require
better manipulative capabilities, chemi-
cal, biological and physical properties’
sensors, and the capability to maintain

tubeworms in the Guaymas Basin, Gulf of California at 2005
meters. The sensor wand contains a thermocouple, sipper tubing to
collect discrete water samples and in situ solid state voltammetric
microelectrodes to measure O,, H,S, Fe(ll), FeS and polysulfides in
real time. Photo by Alvin pilots, WHOI, courtesy of George Luther
and Craig Cary, Univ. of Delaware and Donald Nuzzio, Analytical
Instrument Systems Inc., developers of this new sensor.

o

lshoto by Dan Fornari, WHOI

The Argo |l optical and acoustic mapping system (left) permits scientists to view the seafloor via
video and electronic still cameras, at centimeter-scale resolution, in real time from altitudes of
~5-15 meters while traversing at speeds of —1/4 to 1 knot. It also has a sophisticated array of
single- and multi-beam sonars and oceanographic sensors which transmit data via the fiber optic
cable to the support ship. It is one of the systems in the National Deep Submergence Facility
operated by WHOI for UNOLS. Photo at right, taken by Argo Il, shows curtain folded lava flow
dusted with sediment at the summit of Lucky Strike Seamount, Mid-Atlantic Ridge near 37°18’N.

in situ conditions during experiments
and sample recovery. Continued devel-
opment of remotely operated vehicle
capabilities should be encouraged, and
access to more ROV facilities at both
private institutions and universities will
help scientists gain access to seafloor
experiment sites.

Future submergence research will
require improvements in imaging, par-
ticularly high-resolution digital video
and still imagery. In addition, new pro-
tocols and equipment to facilitate data
telemetry to the surface, and the trans-
fer of data to and from seafloor sen-
sors will be required, especially with the
development of seafloor observatories.
Sea floor mapping at various scales
using ROV and tethered systems will
continue to be important, especially for
nested surveys that seek
to resolve process-ori-
ented problems at a
range of spatial and
temporal scales.

In the past, scientists
have been largely re-
stricted to collecting
samples from the ocean
floor for experiments
onboard ship or in
shore-based laborato-
ries. While this standard
approach has been suc-
cessful in identifying
first-order processes and
laying the groundwork
for oceanographic stud-
ies in many disciplines,
we now recognize that

in situ, integrated experiments are re-
quired to fully characterize the oceanic
chemical, physical and biological pro-
cesses. With the vast improvements in
technology and miniaturization that
have taken place in the past decade, de-
signing and carrying out complex ex-
periments in the hostile oceanic envi-
ronment are now realizable. A key to
facilitating this important leap in sub-
mergence science technology will be
the transfer of knowledge and instru-
ment design from public and private en-
gineering groups to the broad oceano-
graphic community. Improved sensor
capabilities will be required for occupied
submersibles, remotely operated ve-
hicles, and autonomous underwater
vehicles. The recommendations for sen-
sors include: in situ optical, chemical,
high temperature, and heat flow sen-
sors, long-term nondegradable, gas-type
manifold for water sampling, pressure
sensors, gravimeters, magnetometers,
multi-spectral sensors, current flow
meters, in situ X-ray and mass spec-
trometers, molecular and biochemical
probes and sensors, and computer-con-
trolled sediment samplers. Occupied
submersibles and ROVs will need to be
upgraded to perform precision experi-
ments and analyses in situ, to use small-
volume samplers, to sample and pre-
serve delicate biological specimens, and
to recover samples without cross-con-
taminating them. Improved sediment
coring, and the ability to drill various
seafloor lithologies to collect samples
and deploy instruments down hole, will
be required in the future.

6. University-National Oceanographic Laboratory System



Infrastructure and Funding

S leadership in submergence tech-

nology and scientific productivity
is unmatched anywhere in the world.
This leadership position has been at-
tained through dedicated efforts by fa-
cility providers, individual scientists and
engineers, and federal agency program
managers. The infrastructure that sup-
ports the U.S. academic research needs
for deep ocean science consists princi-
pally of the U.S. National Deep Submer-
gence Facility operated by the Woods
Hole Oceanographic Institution. This
facility is part of the University-National
Oceanographic Laboratory System
(UNOLS). It includes the submersible
Alvin, which can dive to 4500 meters
depth, and several 6000 meter-rated
remotely operated vehicles and teth-
ered mapping and imaging systems
(ROV Jason, Argo Il mapping and im-
aging system, and DSL-120 sonar sys-
tem). Several other universities and re-
search organizations in the United
States have technical capabilities that
provide access to the water column and
seafloor. These include Harbor Branch
Oceanographic Institution (HBOI)2, the
Marine Physical Laboratory (MPL)3 of
the Scripps Institution of Oceanogra-
phy, the Monterey Bay Aquarium Re-
search Institute (MBARI)#, and the Ha-
waii Undersea Research Laboratory
(HURL). The vehicles operated by all
of these facilities provide the primary
U.S. submergence capabilities.

A key component of many of the re-
search initiatives to be carried out in the
coming years will be the investigation
of temporal processes on the seafloor
and in the water column over both short
and long (decadal) periods. The obser-
vational and sampling requirements im-
plied by time-dependent research de-
mands that new enabling technologies
be developed and made available. The
existing suite of deep submergence ve-
hicles and capabilities at the U.S. Na-
tional Deep Submergence Facility and
elsewhere in the U.S. must be main-
tained and adequately supported, and
the research community must be as-
sured of access to the facilities neces-
sary to carry out time-series experi-

ments as well as other
submergence research.

A stable funding base
for oceanographic facili-
ties, for time-dependent
studies, as well as for ba-
sic research is critical to
the success of future
submergence research.
The workshop partici-
pants expressed con-
cern that even field pro-
grams that are fully
funded sometimes lack
sufficient access to
needed submergence
assets on a timely basis.
Scheduling of seagoing
programs has, at times,
been delayed for several
years because of insufficient vehicle
availability, either because of logistics
or shortfalls in oceanographic facility
funding. Providing a stable funding base
and greater access to appropriate sub-
mergence assets will result in the timely
achievement of our federally supported
research goals and enhance future re-
search efforts.

Despite the acknowledged dedica-
tion to submergence science in this
country, annual U.S. federal spending
on submergence science and facilities
is far less than that of our foreign com-
petitors, principally Japan (which
spends about 15 times as much as the
U.S.) and France (which spends about
five times more than the U.S). The
DESCEND Workshop participants
stressed the importance of
maintaining and expanding
our submergence science
capabilities and assets.
A key recommendation
of the workshop is for
increased access to
submergence vehicles
and tools. This implies
that the U.S. federal
agencies increase
spending for submer-
gence facilities support
and technology to en-
sure the access, facili-

The DSL-120 side-scan
sonar system produces back-scatter and
phase-bathymetric images of seafloor in 1 kilometer wide swaths
with resolution of —2 meters down to depths of 6000 meters.
Sonar image shows seafloor structures and bathymetry of the
crest of Lucky Strike Seamount, Mid-Atlantic Ridge near 37°18’N.
This sonar system is towed —100 meters above the seafloor at a
speed of —1-1.5 knots and uses a fiber optic cable to transmit data
back to the support ship. It is one of the systems in the National
Deep Submergence Facility operated by WHOI for UNOLS. Data
courtesy of Dan Fornari and Susan Humphris, WHOI. Sonar image
processed by Steve Lerner, WHOI DSL.

The Hawaii Undersea Research Laboratory (HURL) 3-person
submersible, Pisces V (depth capability 2000 m) descending in
Hawaiian waters. The Pisces V submersible cruises at speeds of
up to 2 knots, dives with one pilot and two scientists, and
generally remains submerged for 7 to 10 hours per dive.

ties infrastructure, and technology re-
quired to meet the challenges and
needs of submergence research in the
coming decades. Given the five- to ten-
year time frame for design and devel-
opment of submergence vehicles and
facilities, planning and 3
budgeting should be- pa s T
gin immediately to L | » =/
ensure U.S. leader- =, 1 &

ship in submer- =

gence research

in the next
century.
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Photo by Dan Fornari, WHOI

ROV Jason can operate to depths of 6000 meters while performing a
wide array of imaging, mapping and sampling tasks. Since 1988 Jason

has made 223 dives and spent over 3000 hours surveying the seafloor. The Odyssey 11B AUV being recovered on the deck of R/V Knorr from
Jason uses a fiber optic cable to transmit data back to the support ship. the Labrador Sea in 1998. The Odyssey AUV was developed by the
During CY2001-2002 Jason will be upgraded to the Jason Il system Massachusetts Institute of Technology’s Sea Grant Program. It is
which will have significantly increased power and manipulative 1.5 meters long and travels through the water at speeds up to 3 knots.
capabilities among other improvements. It is one of the systems in the The vehicle carries an array of oceanographic sensors and has been
National Deep Submergence Facility operated by WHOI for UNOLS. used for a wide range of applied and physical oceanographic surveys.

Active hydrothermal chimneys on the southern East Pacific Rise crest near 21.5° S.

Left photo shows titanium fluid sampling bottles on the front of Alvin’s basket prior to sampling
the vents. Right image shows Alvin’s temperature probe inserted into one of the =400°C chimney
orifices prior to fluid sampling. Photos by Alvin Pilots, WHOI. Courtesy of Karen Von Damm,
Univ. of New Hampshire and Marvin Lilley, Univ. of Washington.

Funding for the DESCEND Workshop was provided by:
National Science Foundation = Office of Naval Research
National Oceanic and Atmospheric Administration

To view the entire DESCEND Workshop Proceedings Report,
please visit the website:
www.unols.org/dessc/descend/descend.htm
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|. Background

The DESCEND workshop, held on October 25-27, 1999 in Arlington, VA, was
prompted by the need to define both the critica scientific goas for the submergence
community and the technological directions that will be required to take submergence
research into new redlms of discovery in the coming decades.

In order to accomplish its god's the DESCEND Workshop involved both scientists and
technology experts. The scientigts utilized creetively the face-to-face interaction with the
engineers and technicians to articulate the types of research that will need new tools and
innovative technologica approaches in submergence science. The attendees were charged
to think in terms of (1) multidisciplinary and multi-inditutiona use of multi-purpose
platforms digtributed globdly and (2) in terms of developing infrastructure and
specidized tools as appropriate for particular initiatives.

The spectrum of scientific problems and environments that must be investigated
require access to a broad scope of ocean environments with arange of safe, reliable,
multi-faceted, high-resolution vehicles, sensors and samplers operated from support ships
with globa reach and station-keeping cgpabilitiesin dl weether. The marine science
community requires the right complement of desp submergence vehicles and verstile
support ships from which they can operate. The attendees agree that submersibles, which
provide the cognitive presence of humans and heavy payload capabilities, will be critica
to future observationa, time-series, and observatory-based research in the coming
decades. Fiber-optic-based remotely-operated vehicles (ROVs) and tethered systems,
epecidly when used in dosdly-timed, nested investigations offer unparalded
maneuverability, mapping and sampling capabilities with long bottom times and without
the limitation of human/vehicle endurance. The community strongly encourages
development of autonomous underwater vehicles (AUVS) of various designs to provide
unprecedented access to the global ocean, deegp ocean and sea floor without dedicated
support from a surface ship.



There are serious impediments to funding for multi-disciplinary science and for globd,
time-series, or long-term observatory work. Education of the public, our fellow scientists
and assgting the funding agencies in education of the gppropriate science advisory
groups with regard to the advances in and potentia from submergence research will be
critical to implementing the recommendations from this workshop.

Follow-up to this workshop, by both the deep submergence community and federd
agenciesisaso a critical component to the future success and health of deep
submergence facilities and science in the US. The funding agencies have discussed the
possihility for afollow-up engineering and technology workshop to discuss details of the
priorities of technology research and development that have been recommended at this
mesting.




1. Science Sessions

The workshop science sessions were based on the types of environmentsin which
submergence scienceis pursued, i.e., mid-ocean ridge environments, the abyss and open
ocean, plate margin environments, polar and coastal regions. The objectives were to 1)
define the critical scientific research themes to be emphasized in the next decade, 2) to
specify the scientific questions to be addressed and to define strategies needed to
approach answers to these questions, and 3) to define what technologica approaches are
needed to carry out these objectives. The objectiveisto help to direct future Strategies for
upgrades to vehicles, science sensors, sampling techniques, and imaging capakilities of
submersible vehicle systems funded by the federd agencies.

A. Mid-Ocean Ridge Processes.

There are ahogt of fundamentd, interdisciplinary questions requiring degp submergence
technology that need to be answered in order to understand the Earth’ s complex
geochemica, biologica and geologica processes a mid-ocean ridges.

The Biosphere. The biologicd, chemicd and physica processes that have controlled the
origin and development of life on Earth can be studied in Situ in the ocean crust and
upper mantle benesth the globa mid-ocean ridge system.

Wheat are the spatia extent and diversity of the ridge system biogphere?

Wha are the relationships between vent communities/vol canisnvhydrothermd
activity a dl scaes.

What controls the subsurface biosphere and how can it be investigated "non
invaavey"?

What isthe physical and chemica character of the subsurface biogphere and its
dreulaing fluids?

Crustal Architecture. Mid-ocean ridges are the locus of the Earth's grestest mass,
chemical, and energy fluxes from the deep interior to the surface; as such, they provide
the best windows into their associated processes. The magmatism and tectonism that
create oceanic crust are neither steady state nor periodic nor well understood.

Wheét is the composition and 4-D structure of the oceanic crust and how do they
relate to mantle dynamics, magmetic, tectonic, hydrothermal, and biologica
processes?

How do hydrothermd circulation and ateration affect crusta structure and
composition?

What controls the permesbility structure of oceanic crust and its evolution?

How is off-axis volcanism rdaed to mantle dynamics and magmatic plumbing
systems? How is tectonic extension accommodated in ridge environments?

How do faults initiate and evolve?



Active Cyclic Processes. The entire volume of the world oceansiis cycled through
hydrotherma vents at mid-ocean ridges every few thousands years. The oceanic crust
represents the fundamenta reaction zone between the ocean and the degp mantle, yet we
gill do not understand how it interacts with chemica and biologic processes dong ridges.

What processes occur during an accretion episode during the first few days after
the intrusion/eruption, and over what scadein x, y, and z are their effects felt?
How are lavas emplaced on the seafloor?

How wide and long are the zones of dike injection?

What are the consequences of hydrotherma plume discharge at the seafloor and
in the overlying water column and how do they vary over time (rates of change,
etc.)?

Wheat can plume biological, chemical, and physica characterigtics revea about
crustal and magmetic processes?

How do plumes influence larval dispersal and globa biogeography?

Global Variability.

How do magmatism and tectonism control the distribution and character of
hydrotherma systems adong the globa mid-ocean ridge?

How have vent fauna evolved throughout the globa ocean?

Wheét are the characteristics of communities that exist beneath Arctic (ice bound)
ridges?

What are the geologic, biotic, and geochemicd linkages that determine the
gructure of hydrotherma vents and vent communitiesin differing spreading
regimes?

The Mantle Connection. Ultimately it isthe heat, voldtiles and slicate melts derived
from the mantle that drive the magmatic, hydrothermal and biologic processes  ridge
crests. Understanding the way in which magma mets and flows beneath ridges to form
basdtic magmasisamain god that can be addressed indirectly through submergence
research.

How are magma and volatiles transported and distributed to make the oceanic
crugt?

Is ridge segmentation a fundamental manifestation of the underlying paitern of
mantle flow beneath ocean ridges or the mechanica reaction of ridge geometry to
vaidionsin far field forces?

INVESTIGATIVE APPROACHES

We must be able to map and sample, from the seafloor and at depths, at al appropriate
scales, to document the extent and diversity of biological communities and to define
crustd architecture and maturation. Delicate biological samples must be obtained with
precision-controlled manipulators and the samples must be protected from contamination.
In Situ monitoring of biological communities both at the seafloor and down-hole will be
required. Near-bottom magnetic, gravity dectromagnetic surveys, and active and passive




saigmic sudies will help to define interrdations between tectonic forcing functions and
biologica and chemica processes.

The study of cyclic processes will require event response sampling of lava, biota and
vert/plume fluids, aswell as sugtained time-series observations. We must anticipate
events and map and instrument likely sites. Such activities could be accomplished in the
future with afleet of AUV sthat can be airdropped in aregion that has a navigation netin
place. Development of sensorswill be a critica component of this effort. Optimally, we
will deploy extensometers, tiltmeters, hestflow and geodetic devices, chemical monitors,
and sssmometers a likely dtes of activity in order to monitor cydlicity of various
processes.

To address questions regarding globd variability we must be able to optimize locating
vents therefore we must improve spatial coverage. One way to do thiswould be to
develop smart AUV (eg., instruments that can detect various water properties). To gain
wider spatia coverage we could look toward piggybacking AUVs on other cruises. The
critical need isto map the ridge and near-ridge geology and obtain representative surface
and subsurface sampling over segment-scae and larger regions.

To address questions regarding the mantle connection to ridge processes we must
establish long-term seafloor observatories that are capable of monitoring avariety of
chemica and physical processes. We must accomplish surface and subsurface sampling
on a segment scae and engage in sampling for comparison along severa segments. This
will require detailed sampling by submersible or ROV and the capability to drill multiple
holes in ridge environments.

B. The Abyssand Open Ocean

The abyss and open ocean host a complex network of interrelated physicd, biological,
chemicd, and geologicd systems, often difficult to identify and understand because they
are spread out over large volumes and are dynamic over time scales of minutesto
millennia

Mapping the Abyss and Open Ocean. The open ocean hosts one of the largest
ecosystems on Earth, but the life cycles, spatid and tempord digtribution of organisms
remans largdy unknown.

What isthe three-dimensiond distribution of water column particulate matter,
chemical properties, and organisms?

How do these digtributions vary on different spatia scales?

Are there interdependencies between physica, chemical and biologica
digtributions that can be quantified ether in space or in time?

What types of perturbations to physical or chemica conditions most affect
various populations? How time dependent are the resultant changes?



What is the magnitude of the change effected and over what spatid parameters do
changes teke affect?
How can populations be sustained as demands on ocean resources increase?

Quantifying the Dynamics of Abyssal and Open Ocean Systems. Thisfidd indudes
studying fluxes (in and out), changes in storage of energy and mass, reactions and
interactions between components of abyssa and open ocean systems (chemica, physicd,
biologica, geologicd), and sudying the importance of variations over many time scales.

What are the specifics of the primary production in the upper ocean, particle
trangport (in both horizonta and verticad senses), particle transformations,
sedimentation, sediment processing, and abyssa hydrothermd and hydrological
processes?

How do both biologicaly mediated and grictly geochemica reactions influence
these processes?

How do these processes, their rates, their tempord and spatia dynamicsinfluence
element cycling, and how they interact?

What are the essentid reactions, fluxes and reservoirs involved in these processes
throughout the water column and within the seefloor?

What isthe impact of disturbance on organisms and communitiesin time and
space?

What modds best resolve biological and geochemical variability, models that
include non-steady state, non-equilibrium and non-uniform phenomena?

What moddls best suggest a reasonable and appropriate sampling methodology?

Under standing the Natural History, Behavior, Ecology, and Evolution of Abyssal
and Open Ocean Communities. Fundamental questions concerning abyssal and open
ocean biologicd communities revolve around their compodtion and variability, and the
linkages, which govern their abundance. Spatiad and tempord variagbility of biologica
systemns gppears to be higher than for physical parameters of the ocean.

Wheét are the causes of this phenomenon?

Why are many types of water column communities patchy or confined to narrow
depth ranges?

Why do mesoscale scale ocean processes such as gyres cause large variability in
some water column organisms?

What exactly are the abundance and spatid distribution patterns of biologica
communities from sdll to large spatid scaes?

What are the affects, at high resolutions, of the many important inputs to the
biologica system that are pulsed?

What is the full picture of seasond and inter-annud variaions? Long time-series
observations covering decades are needed to begin to build up afull picture of
these variations and their importance.

What are the influences of physcd, chemica and geologica environment on
biologica communities in the oceans?



What are the consequences of episodic events such as resuspension, upwelling,
volcanic activity, and turbidity currents?

Physical processesin the ocean such as temperature changes or currents may have
direct effects on a given community or on its reproductive cycle (i.e. larva
transport), or may indirectly affect it through its food supply. What is the nature

of biologica couplings, including trophic effects such as bloom die-offs?

What is the relative importance of episodic events as compared to seasona and
inter-annua variability (e.g. El Nifio)?

INVESTIGATIVE APPROACHES

Mapping the abyss and open ocean regions will require both existing and yet-to-be-
developed sensors on submersibles, ROVsand AUV platforms that give not only athree-
dimensiona view of seafloor topography, water column particulate maiter and chemica
properties, and the distribution of organisms but provide the ability to document the 4-D
changes over time. Tempord variations in these processes are key to understanding them
and their importance. Acoustic, photographic and laser line-scan imaging of water
column and seabed features can be done in a nested mapping approach as has been done
inridge crest research. A smilar nested scheme will need to be devel oped for mapping of
organisms within the water column. Repest surveys will provide the necessary temporal
dimenson. Permanent ocean bottom observatories such as those proposed under several
initiatives are planned to be generd- purpose observatories available to the community for
ingalation of diverse experiments. Such gtations will supply fixed Stes for long time-
series observations of geophysical, biological, chemica and physical oceanographic
parameters over decadd time frames.

Quantifying the dynamics of abyssal and water column processes could take advantage
of existing and new chemical sensors that can be deployed on ROVsand AUVs. Since
chemicd, biochemica and genome-based sensors are becoming smaler and are requiring
less power; there will be an increasing demand to place them on AUVs and ROVs. These
ingrumented submergence platformsin conjunction with acoustic, photographic and laser
line-scan imaging will result in a capability for an unprecedented dynamic view of
physica, chemica and biologica events and processesin the sea. Thisin turn will lead to
obligatory changesin the need for modeling, data management and infrastructure

support.

Detalled chemicd sampling a particle layers and physica discontinuities will be
needed. The mid-water column and seafloor organisms must be sampled and their
behavior observed. Manipulative ecologica experiments will be required. We must
quantify biotain the water column and on the seefloor. The ranges and rates of activity of
these organisms and the interactions among them will have to be defined. We must
measure or infer rates of fluid flow over broad areas and with depth within the seefloor.
We must quantify the mid-water processing of surface ocean biomass during its descent
to the seafloor, including the role of anoxic/suboxic microzones within the oxic water
column,
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I n-Stu experiments and measurements are necessary to resolve time scales of forcing
and responses. Sampling and monitoring rates will dso need to be adjusted depending on
interest in continuous or pulsed inputs, and will need to occur smultaneoudy over large
areasin order to resolve regiona- scale processes.

Although remote sensing can be used to resolve near-surface processes at most time
and space scaes of interest, we lack asimilar capacity for the remainder of the water
column and seafloor, and any new methods developed for this purpose will need to be
extensvely verified and cdibrated for accuracy.

Addressing questions regarding the naturd history, behavior, ecology, and evolution of
abyssal and open ocean communities requires a broad new range of capabilities. Exigting
vehicde assets are not well suited to studying the mid-water environment in the oceans.
Communities may be diffuse, consequently to obtain statisticaly significant populaion
estimates, a key measuremert for the studies outlined above, we must be able to search
large volumes of water and large areas of seafloor. This observation capability must be
backed up by an ability to detect and identify organisms, idedlly autonomoudy. Sampling
and collecting capability is dso arequirement, epecidly the ability to acquire many
samples per dive. To establish the context for more intensve experiments with mobile
assats, work should be coordinated with deployment of equipment designed to obtain
time-series data and samples. Access using both fixed and mobile platforms will be
required.

The huge data setswill be not only of numerica character but will dso consist of
images. Thereis aneed to establish a data management infrastructure that minimaly
catal ogs the metadata and ideally compiles a distributed database. Meta- databases
indicating the availability of such information will be useful.

C. Margins

The active and passive margins of tectonic plates and continental masses present the
full range of ocean depths from afew metersin estuaries and coasts to >10 km in degp-
seatrenches. Margins d <o differ characterigticdly by latitude. At high latitudes there are
shelf depressions, fords, and abyssal flood plains whereas |ow latitudes have carbonate
platforms, reefs, and the world's steepest and talest escarpments. Mid-|atitudes have
coastd deltas, dope gullies and canyons, and the deep- sea fans with their successions of
meandering channds. Margins have extraordinarily high biologica productivity and
among the grestest human population densties. They are the Earth’ s principle loci for
production of hydrocarbon and metd resources, as well as earthquake, landdide, volcanic
and cdlimate hazards. Extreme environmental conditions are prevaent. Margns have the
highest organic loading, lowest oxygen levels and the strongest currents. Escaping fluids
can range from dkaine to hypersaine, from the lowest to the highest pH recorded on
Earth. Margins are the regions where most mgjor fisheries are centered, the areas where
human impacts are greatest, and where known species diversity is highest. Mgor
oceanographic features such as boundary currents and oxygen minimum zones often
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impinge on continental margins. Despite the scientific, societd, and economic
importance of margins, many of the mechanicd, fluid, chemica and biologica processes
that shape them, and the way that margins shape ocean life, are poorly known.

Origins of the Continents, Oceans, and L ife. Subduction zones are the birthplaces of
continents and are the recycling factories of the earth. Ore deposits, volcaniclagtic
sedimentation, and submarine calderas are among the principa continent-forming
phenomenathat are best sudied on the seefloor at margins.

How do the processes of tectonism, hydrogeology, geochemigtry, volcanism and
sedimentation act to create new crust and what is its subsequent evolution?

How do magmeas evolve and erupt a convergent margins?

How do the products fragment, erode, and accumulate? How do fluids modify and
interact with the volcanic products?

The raw materids consumed and accreted at Subduction zones are ultimately
recycled as part of agrowing continent, or more deeply back into the mantle.
We must determine the basic parameters of thisrecycling plant.

How isrecycling linked to dewatering, metamorphism, melting, earthquakes, and
degassng of the crust?

What are the flux rates of the input and output materials?

Rifting of continents creates new ocean basins. Oceans are formed, in part, by the
outgassing of the planet at active plate margins. The geochemistry of fluids and mass
baance of fluxes in submarine margin environments are least affected by the crust
through which they pass and, therefore, most rlevant to the origin of the oceans. These
environments are unique to earth and processes unique to margin environments have been
essentid to life on Earth. How do subgtirate, depth distribution, and geochemistry of
margins create varidble life forms? Answers may be essentid to understanding the origins
of life, on Earth or elsewhere.

Global Biogeochemical Element Cycling. Plate margins cover about 30% of the oceans
where mogt of the organic carbon and nutrient cycling occurs, hydrocarbon reservoirs are
vadt, and tectonicdly driven fluids are pervasive.

What are the fluxes from these processes and what is their role in globa cycles?
What isthe tempord control over diversity of the cycles?
What isthe spatid variability of these cycles?

Among the most important of these cyclic processes are gas hydrate systems. These
dynamic systems, senditive to subtle changes in pressure and temperature, represent an
immense globa carbon reservoir. They have the potentid to dragtically affect the globd
carbon budget and influence globa geochemica change on avery large scde.
Correlation between areas of gas hydrate and regions of massive dumps or dides
suggests that these systems dso are reated to Sgnificant submarine hazard potentid.

What is the magnitude of gas hydrates as a carbon sink on Earth?
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How are the tempord and spatia distributions of gas hydrates controlled by
tectonic processes on varied patid scales?

What role do gas hydrates play in the carbon cycle over avariety of tempord
scaes?

Do tectonics directly force massive hydrate rel ease via earthquakes and submarine
dides?

Over longer periods, doeswarming of the globa ocean may trigger methane
release through destabilization of hydrates? On what types of margins does this
process take place?

Biological Diversity and Productivity Benthic communitiesin margins are extremdy
heterogeneous both spatidly and tempordly. This heterogeneity is driven by variaionsin
currents, nutrient input, oxygen availability, sediment and pore water condtituents,
topography, sediment dynamics, and substratum type. This complexity resultsin awide
variety of unanswered questions regarding biologica processes a margin environments.

Whét drives variation in populations of speciesliving in the spatidly variable
habitats a margins? We particularly need a greater understanding of recruitment
and surviva of harvestable species and the communities of organisms that
provide their trophic base.

How does coupling between the water column and benthos fud biologica
productivity a margins?

How are individua populations adapted to occupy specific zones of bathymetric
and other gradients (e.g. oxygen, organic flux, pressure, temperature)?

What generates and maintains patterns of zonation?

Are there mgor physiological thresholds that control the digtributions of species
and biomass?

Do reduced habitats such as methane seeps, oxygen minima and whae fals
support specidized faunas that differ from the background fauna?

What istherole of these communitiesin ecosystem function at alarger scae?
How important are the linkages between chemosynthetic communities and the
background fauna?

Why is sediment biodiversty maximad a mid- to lower dope depths?

Do high leves of habitat heterogeneity and steep environmenta gradients lead to
very high populaion differentiation and peciation rates on margins?

How do margin cold seep communities differ from hydrotherma vent
communities? Cold seep communities were originaly assumed to be shdlow-
water andogs of hydrothermd vents, but preiminary work indicates that
ecologica, physological and reproductive attributes of the speciesin seep
communities are very different.

Paleoceanogr aphic Conditions. Understanding of key taxa such as foraminifera, deep-
sea cords, coccolithophores and fishes, aswell as important processes such as
bioturbation and microbia activity in present-day margin systems is necessary for
recongtruction of paeoceanographic and climatic conditions. Certain margin
environments such as near shore anoxic basins and deep-water cord reefs are likdly to
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contribute vauable higtorica information. The origina invason of the degp seafrom
shdlow water faunas presumably took place by movement down continental dope.
Therefore, investigations of the physiologica and reproductive adaptations of dope
species can provide indghtsinto how these invasion and speciation processes have
occurred and are presently occurring.

Anthropogenic | mpacts. Over the coming decades, humans will affect margin
environments more sgnificantly than other oceanic environmerts. Marginswill

experience greater pressure from deep- sea fisheries as shalow stocks are depleted and the
demand for seafood increases with increasing human population. How does fishing
modify margin habitats, ecosystems and trophic linkages on the seabed and in the water
column, and what fishing practices maximize sustainable harvest and consarve
ecosystems? Margins, because of their proximity to human population centers, will be
impacted with higher nutrient input from agricultural drainage, sewage, land use/abuse,
deforestation, as well as various chemica pollutants. Organic loading can ater the
sructure of margin ecosystems through eutrophication and associated hypoxia while non
living resource exploitation has other effects.

What human activities cause the greatest dteration and what are the consequences
for margin ecosystem function?

What are the effects of minerd, oil and gas mining on margin biology and

geology?

What changes can be put in place to remedy existing problems?

What practices are least harmful?

Sediment Dynamics (erosion, transport, and deposition). Process-based models of
margina marine deposition and basin-filling remain poorly tested and congrained. The
digtribution of marine sedimentsis a primary control on the distribution of marine
biologicd communities. Coarse-grained sediments host significant hydrocarbon
accumulation and currently are the most important target reservoirs for the petroleum
indugtry. High energy mass wadting events (debris flows, dumps, turbidity currents) pose
consderable hazards to society, to marine engineering facilities, and pose a strategic
chdlenge.

What are the magnitude/frequency relationships for sediment-gravity flow events
for agiven submarine drainage?

How are sedimentation events linked to seismicity, storms, floods, etc.?

How are materials (nutrients, elements, etc.) ddlivered to, sequestered in, and
cycled within marine sediments?

How ishiologica diversty and productivity affected by sedimentation?

How is event magnitude related to deposit thickness and, therefore, the
architecture of ancient deep-water depositional systems?

How does topography at arange of scales control the distribution of coarse clagtic
detritus?
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How do naturd flows that distribute sediment on the ocean margins differ from
laboratory and theoreticd flowsin terms of thickness, velocity profiles, and
concentration profiles?

How does early diagenesis and bioturbation affect the macroscopic character of
marine sediments?

Wheat are the fluxes of sediment ddivered to the marine margin by various
dynamic processes?

What is the topographic and sedimentological ‘Sgnature’ of a sedimentation
event?

How does topography at arange of scaes control the distribution of clagtic
detritus?

How do natural flows that distribute sediment on the ocean margins differ from
laboratory and theoretica flows in terms of thickness, velocity profiles, and
concentration profiles?

What are the fluxes of sediment ddivered to a sedimentary basin by various
dynamic processes?

I nfluences of Deformation Processes. Deformation processes at margins control the
largest scale topography, sediment trangport and dynamics, and chemicd fluxes, whichin
turn force links between biologic, chemicd, and geologic processes, and hence the
location and magnitude of resources and geologic hazards. Water/rock/organic-matter
interactions during deformation change fluid compositions and, by atering rock porosity
and permeahility, create a feedback mechanism affecting fluid pathways and flow rates.
These must be monitored in situ. These fluid flow and diagenetic processes represent
important contributions to the globa geochemicd inventory. Many of these mechaniams,
their rates, and the fluid pathways are dtill largely unknown.

What controls the partitioning of strain and the distribution of megma?

What fraction of subducted volatiles (H,O, CO») is returned to the oceans and
atmosphere, stored in crustal rocks, and subducted to the deep mantle?

Does subduction of carbonate lead to enhanced volcanic CO, fluxesto the
atmosphere?

How do forcing functions such as convergence rete, voldile input and upper plate
structure control magma production rates and composition?

What are the nature and fluxes of the fluids and solids through forearcs?

What is the relationship between earthquakes and the geometry/mechanica sate
of faults?

What are the interrelations between the fault materid properties and thermd
gructure, lithification, and intringc rock strength?

Geologic Hazar ds. Subduction earthquakes are the largest energy releases on Earth.
Because most of the Earth's population lives within tens of kilometers of the coast
undergtanding and monitoring forcing functions reaed to this seismicity is criticd. We
dill do not understand the nature of strain accumulation related to great earthquakes.
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How do the physica properties of convergent and transform margins affect the
dynamics of srain accumulation and rupture?

What are the periodicity, segmentation, and rupture dynamics associated with
great earthquakes?

How do seismic waves propagate through a margin?

Mass wasting events accompany most large earthquakes in margin environments and
cause far more damage close to the source region of earthquakes than does ground
motion. Mass wasting can aso be associated with sector collgpse during volcanic
eruptions and with large sorms.

What are the styles and extent of landdides associated with margin seismicity and
volcaniam?

What are the structural features related to flank collapse of margin volcanoes?
How would we distinguish volcanically vs. tectonicdly triggered events?

How interrdated are seismicity and volcanism in convergent margins?

The massve landdides in margin environments have generated devadtating tsunamis.
In order to understand and ultimately predict adverse affects accurately, what is needed
are accurate model's based on observations of phenomena both before and during events.
Detailed bathymetry and imagery surveys and studies of physica responses to mass
wasting must be carried out.

What are the triggering mechanisms and processes involved in scale large mass-
wading?

What are the dynamics of tsunami generation in response to different types of
events?

How does submarine mass wasting influence mass fluxes of nutrients, sediments,
and chemical species?

Do mass wadting events link to globa change through the release of dissociated
methane hydrates?

Volcanic activity on convergent margins itself poses potentia hazards for human
populations and can have devastating effects on both subaeria and submarine
ecosystemns. Other hazards of importance on margins include hurricanes, sorm surge, and
flooding, yet we know very little of how storms and floods affect the biology and geology
of margins.

Tectonic Forcing of Hydrologic Systemsin Margin Settings. Episodic events, possibly
associated with mgor earthquake rupture and accompanying ground motion, may
dominate the flux of fluids at convergent margins. Variahility of fluid fluxes within

different portions of a given margin region may be related to both shellow and deep

margin processes. These could include partitioning of fluid flux within the shalow outer
forearc regions (prism or hard rock) and depths where fluids contribute to forearc mantle
metamorphism or melt production the relative importance of transent vs. steady State
hydrological processes. The presence of fluidsin amargin setting doesin itself dter the

16



physica properties of the sediments and basement of which the margin is composed,
therefore there is a potentia feed- back 1oop between tectonic processes and hydrologic
systemsin these settings about which we know very little.

We need to understand the role of tectonic processes such as seilsmicity in fluid
flow through both convergent and passive margins. How do tectonically induced
forces drive flow, and create the locad barriers and pathways to fluid flow?
What isthe role of water in controlling deformationd style in convergent
margins? How does uptake of volatiles through dteration and metamorphismin
the overriding plate a convergent margins influence the properties of the
overriding plate?

What isthe role of fluids in rupture aong the decollement in convergent margins,
and how do earthquakes, in turn, influence fluid flow through the generation or
release of pore-fluid pressures within the rupture zone?

What is the rlative importance of trandent vs. steady state hydrological processes
in margins of al types?

Do episodic events, possibly associated with mgor earthquake rupture and
accompanying ground motion; dominate the flux of fluids at convergent margins?

INVESTIGATIVE APPROACHES

A variety of techniques and field/laboratory efforts are needed for studies of margins
because the questions to be addressed are diverse and the areas encompass large and
globdly digributed regions at dl latitudes. A global approach is required because the best
examples of given margin processes do not dl occur in asingle region. Submersible
vehicles capable of reaching awide range of depths from shelf to trenches will be needed.
Studies will require monitoring capabilities for both short- and long-term phenomena, in
Situ observation, sampling, and experiments for sudy of processes such asformation
and/or dissociation of methane hydrates, fluid venting, and various responses of
biologicd activity. ROVs and AUV s equipped with stlandard imaging packages and new
coring devices can respond to individual events. Tethered, hard-wired observatories can
provide time- series data on the magnitude and frequency of avariety of events.

Additiond vehicle assets, which complement submersible, ROV and AUV systems
and anew suite of chemicd, biologica, and geotechnical sensors will be needed to
examine and respond to episodic events. Some experiments and observations will require
a seafloor observatory approach. Analogous to the Ocean Drilling Program, we must
congder the possihility of multi-platform options. For example, thereis aneed for
dternate-type vehicles such as bottom crawlers, with tools optimized for imaging benthic
organisms and measuring such phenomena as respiration rates and microbid activities.
Portable rock drills for use in both shalow and deep seafloor environments will dso be
needed to drill shallow holesinto the upper ocean crust. Vehicles must be ableto work in
regions of strong currents, poor vishility, corrosve water, and near vertica dopes. There
will be demand for heavy payloads to accommodate sampling in biogenic substrates such
asreefs, crudts, and carbonate sands, and amongst biogenic structures (shells, tubes, cora
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debris). Finaly, some critical questions can best be addressed with efficient response to
unpredictable events.

Improving our understanding of deformation a margins will require a better
undergtanding of seefloor tectonics at avariety of spatid and tempora scaes. Deep
submergence assets are critica to address tectonics at smaler temporal and spatia scales,
in much the same way as outcrop-scae geology and geophysics requires different tools
than globd studies.

Some of the technologies are available and rely on deep submergence assets primarily
for ingtdlation and maintenance of geodetic reference markers and specidized
seismometric, geodetic and strain measurement systems, fluid flow experiments and
direct sampling and observations. New technologies under development such as ship-
deployable drilling and coring rigs, ROV mapping systems, and others not yet devised
will be required to advance our knowledge of margin environments.

All of the aspects of natural hazards that are outlined above are addressable with
submersible technology, particularly geodetic and seismic monitoring, subduction zone
physica properties, and tsunami warning systems. We will need medium to high-
resolution surveys of targeted margins as the backbone of any comprehensive and
multidisciplinary investigation. Submersible investigation of the 1998 New Guineadide
area proved the link between fluid venting and mass wasting. Monitoring microssismicity
in aress prone to mass wadting events will facilitate forecasting. We aso need detailed
maps of venting regions in potential mass-wadting locdlities and monitoring of venting
flux and composition. The study of hydrologic systemswill require submergence assets
to reved tectonic processes occurring on smaler spatia scales than possible with surface
assets and surface geophysics. The only way to study these sensitive sysemsin detail is
by creating -in situ observatories and providing for submersible vehicles of various types
to down-load data, collect samples, and service the observatories.

D. Polar Regions

For many polar environments, little or no exploration has occurred usng submersibles,
let done time-series measurements of key parameters over multiple spatial scales.

Polar Oceans. A great diverdty of ocean environments exist in polar sees. They include
ice-covered seas over shdlow continental shelf and dope environments, abyssal plains,
mid-ocean ridge systems, seamount chains, and many others. For polar oceans and most
ocean systems, the priorities for investigations generdly progress from: (1) exploration
and discovery, in which the basic dements of the system are identified, 2)
characterization of the system, quantifying spatia and tempord variability of physcd,
chemica, and biologica eements of the sysem over multiple scales, and 3) experimenta
and theoretica examination of processes expected to influence system dynamics. These
studies must be followed by predictive modeling and synthess of relevant eements of
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earlier sudies, in order to characterize the dominant sources and patterns of variaion in
the system.

What is the hydrographic structure of the Arctic Ocean and adjacent seas?
What are the physical and biologica interactions between the polar oceans and
the globd hydrosphere?

Wheat controls the formation and maintenance of the Arctic searice cover?

What are the characterigtics of the formation, movement, and mixing of arctic
water masses? How does seaice grow and decay?

What are the controls over the exchange of salt and heet with the Atlantic Ocean
and the Bering Sea

What are the interdependencies of chemica and physical processes and marine
organisms and productivity in the Arctic Ocean?

What is character of the Arctic Ocean ridge system and what are the distributions
of magnetic anomay patterns, heat flow and gravity variationsin the Arctic
Ocean?

Global Climate Change. Polar amplification of climate warming (especidly in the
Arctic), coupled with accelerated climate warming expected in the next century,
underscores the need for climate-related research in polar oceans. For example, thereis
tempord correlation between afundamenta change in the amaospheric circulation of the
Northern Hemisphere and (1) the temperature increase of the Arctic Ocean Atlantic
water, (2) the increase in the surface ar temperature over the Russian Arctic, (3) the
Arctic Ocean circulation changes, and (4) the freshening of the upper Beaufort Sea.
These observations suggest the recent change in the Arctic is at least adecadd scale
phenomenon and has broad implications for changes at lower latitudes. What are needed
arelong time-series measurements of physical variables, process studies, and modeling to
track and understand the changes. We need to understand how changesin seaice
thickness and extent occur, and the consequences of such changes to upper-ocean
hydrographic structure (density structure, formation, position, and intensity of oceanic
frontal zones and other hydrographic interfaces), and how they affect climate change.

What are the characteristics of ocean basin circulation in the Arctic Basin and
Antarctic Circumpolar Current?

How do various aspects of biogeochemicd cycling, (especidly carbon cyding) in
various polar environments affect climate change?

How do shelf/basin interactions, (in the Arctic these are the focus of a
multidisciplinary Arctic Sysem Science (ARCSS) Program) influence climate
vaiahility?

Research priorities include studies of shelf and basin patterns (physica and biologicd
structure) and processes (biogeochemical cycling, physical oceanography, population
dynamics), and interactions between the Arctic shelf and basin environments (e.g. carbon
export from shelf to basin).

How do polar ecosystems respond to climate variability?
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Polar ecosystem dynamics, remain unknown or understood poorly for many
habitats, and in some cases, remain in the discovery phase of science

progress. How are regime shifts related to naturd variability in physica and
biologica parameters of polar systems?

Reapid dimate change is characterized by extreme climate variability, detected
recently in ice core proxies. Is recent extreme climate variability related to global
warming? Can we even detect environmenta regime shifts?

Arctic and Antar ctic Ecosystems. Biologica diversity can be considered at three levels,
genetic, species and ecosystem diversity. The firgt involves the variety of genetic
information contained in individud plants, animas and microorganiams that inhabit the
system. It occurs within and between populations of organisms that comprise individud
gpecies aswell as among species. Understanding the natural varigbility of marine
ecosystems is the god. However, there are some fundamental questions for which we do
not yet have answers. These must form the basis of our gpproach to understanding
ecosystems in polar regions.

What is the digribution of life in polar oceans?

Wheat are the specifics of low-temperature life processes?

What isthe corrdation between the structure and function of the margina ice-
zone ecosystem with oceanic and atmospheric processes?

What is the influence of nutrient limitations on primary production and the role of
marine phytoplankton in carbon dioxide cyding?

What are the dynamics of populations in the polar regions, especidly metabalic,
physiologica, and behaviord adaptations of krill and other zooplankton and fish
species?

How do marine mammals and birds populations respond to changes in polar
ecosystems?

Glaciation. Glaciologica research is concerned with the study of the history and
dynamics of dl naturdly occurring forms of snow and ice, including seasona snow,
glaciers, and the ice sheets. Studies of interest to submergence science communities
include history of glaciation in the polar regions, ice dynamics, and remote senaing of ice
sheets.

What isthe extent, timing, and regiond differences of the last glacid maximum in
the polar regions?

What rapid or episodic events occurred during the Late Quaternary in both polar
regions?

What are the key forcings and feedbacks that influence the retreat and re-advance
of the ice sheets?

What changes have occurred to ice shelves and outlet glaciers during the
Holocene?

What is the correlation between Late Quaternary polar environmenta history and
deep- ocean sedimentary records?
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When was widespread continental glaciation initiated in the various sectors of the
Antarctic margin?

Wheat is the stability of the East Antarctic |ce Sheet?

Arethe East Antarctic |ce Sheet and the West Antarctic |ce Sheet fluctuationsin
or out of phase?

What is the relationship between Northern and Southern hemisphere glaciations?
What is the nature of climate variability during the Holocene aong the coastd
setting of East Antarctica and the circum-arctic region and what was the response
of the marine ecosystem to these changes?

What is the Mesozoic and Cenozoic tectonic history of the East Antarctic margin?
What isthe rdative role of shalow banks and cross shelf troughs on sediment
supply and benthic ecosystemsin polar regions?

What isthe evolutionary history of polar oceans and their flora and fauna?

What are the characterigtics of seaice dynamics, including materid characteritics
of seaice down to the individua crysta level and the large- scal e patterns of
freezing, deformation, and meting? These processes have implications for both
atmaospheric and oceanic 'climates.”

What are the dynamics of Antarctic ice shelves?

INVESTIGATIVE APPROACHES

Certain types of polar research will require new vehicle designs. For example,
sampling of under-ice habitats is presently limited or impossible using existing
submersible vehicles. The study of ecosystems, such as the mechanisms necessary for
maintenance of cell function in fishes and their feeding behavior, require long-term
observations. Such studies are needed to improve understanding of man-meade or natura
changes. Advances in instrumentation, including remote sensing or telemetering of ice
type, thickness, mation, and growth, should enable large scale dynamics of seaiceto be
monitored over long periods. Recent studies indicate that melting of Antarctic ice shelves
progresses largely by melting from below, rather than ablation or melting on the surface.
Monitoring such processesis critica to understanding the controls over this process.
Increased access to sub-shdf cavities using submergence technology for studies of
hydrography and glaciology is adesirable. Studies of the polar oceans will by necessity
require awide range of vehicles or systems. OSV's, ROV's, and especidly AUVs. AUVs
may be required for synoptic characterization of the Arctic Basin (requiring long range
and long duration AUV's or other unattended vehicles (e.g. rovers). Long-term ingdlation
of seafloor observatories, either cabled to shore stations, or moored, equipped with
sensor packages for water column and sea floor sampling will aso be required.
Submerables will dso be needed to support geophysicd, geologicd, chemicd, biologica
and other studies of polar rift zones. In addition, capabilities for drilling (core collection),
high-resolution mapping, and imaging, and sample collection devices will be needed. A
key requirement for polar science where accessis often logigticaly difficult will be the
deployment of fleets of AUV sfor time-series measurements of various types and
establishment of ocean floor observatories and programmable monitoring arrays served
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by AUVs

E. Coastal Environment

Coadtd zones present chalenges to exploration that are different from those of the
open ocean and the deep sea. Physical conditions are often harsh, making it difficult to
mount ship-based expeditions, yet most of the US population lives within 50 miles of the
coadt. Thus, thereis high interest in coastal oceanographic processes, especidly when
these have an impact on human activities or welfare.

Coastal I mpacts. Events such as harmful algal blooms, storms, introduction of exotic
species, upwelling, bottom-water anoxia, oil spills, and other pollutant plumes can result
in long-term impacts on coastal processes. The effects of various pollution phenomena
have attracted a great dedl of attention, but the details of the effects of these on the
complex physica, chemica and biologica systemsin coagtd environments are ill
poorly known.

What are the tempora impacts of neturaly short-term phenomena such as sorms
and floods on the geologicd, chemica and biologicd systemsin coasta regions?
What isthe spatia digtribution of the impacts from such events?

How do climactic, geologic and chemica phenomenaand biologica sysemsall
interact at these various spatial and tempora scales?

What are the short and long-term effects of anthropogenic phenomenaon coasta
environments?

Physical Oceanographic I nterfaces. Fronts and thin layers are common features of the
coastal ocean. For ingtance patterns of turbulence on the shelf during up-wdling and
down-welling events are influenced by fronts and jets, and the levels of turbulence can
reach sufficient intengity to influence the mesoscale circulation. The effects of the
dynamics of mid-water circulation patterns on the water sediment interface are poorly
known. Interfaces are intringcally ephemeral and sensitive to physicd, chemicd, and
biologicd variations on severd time scaes.

How do boundary conditions at these interfaces fluctuate and what controls them?
Wha are the forcing functions that control their distribution?
How do the physicd, chemicd, and biologica processesinteract a the interfaces?

Seafloor Topography and Sediment Properties. Physca forcing from waves, tides,
and storms, coupled with the activity of benthic animds, leads to a dynamic seefloor over
most of the continental shelf. Seafloor topography (e.g., sand waves, ripples) and
sediment geotechnical properties (e.g., shear strength, porosity) are affected. Along-shore
topographic variations dictate the relative importance of two-dimensiond versus three-
dimensiona cross-shdf transport processes with respect to wind-driven dynamics.
Coagtd morphology is affected by these functions and thus societal concerns are
important aspects of the study of physica forcing functionsin coadta regions. These
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effectsimpact biogeochemica processes. For example, most of the organic matter
produced in shelf waters appears to be recycled on the shelf, not exported to the ope or
deeper water. A sgnificant portion of this organic matter appears to reach the bottom,
where it israpidly removed as water flows through the permeable, sandy sediments found
on much of the shdf. The interactions of waves and currents with an uneven, permesble
sedfloor are respongble for driving this"subtidal pump.”

What are the physicd and tempord affects on geotechnical properties of shelf
sediments of tides and wave action?

How do physicd forcing phenomena control biogeochemica cyding on the shef?
What are the criticd interactions among forcing phenomenathat influence
morphological changesin coagtal environments?

Submerged reefs record the history of eustatic sealevel change and the regiona
dynamics of tectonic uplift or subsidence. Correlaions among globaly distributed reef
deposits will enhance our understanding of globd dimatic variability. The variability of
coastal morphology both near-shore and on the shelf as afunction of various forcing
phenomena has important implications for military goplications (such as object
detection).

L ake Phenomena. Many of the processes operating in the coastal ocean are dso
important in |akes. One of the most critical aspects of 1ake sudiesis the record of
climatic changethat is preserved in remote locations in |lakes throughout the world,
including polar regions. Studies of individud lakes and globa comparisons of the
sediment records preserved in them are both essential components of the history of
climate change.

How does the variahility in climate records compare globaly among lake
sediments?

What are the reative effects of loca vs. globa climate change as recorded in lake
sediments and how are they interrelated?

Essential Habitat. Anthropogenic perturbations and naturd variation can adversely
affect habitats of ecologicaly, commercidly, and recreationaly important species.
Midwater and benthic fish communities, shdllfish, and cord reefs are examples. The
diverdty of habitatsis poorly known even in the shelf and coastal environments. In the
50-300 m depth range globdly there are many communities that are poorly understood,
particularly those other than sediment hosted communities. These communities have
complex interdependencies on the geologica framework for ecologica niches. Effects of
physica and chemica forcing functions on these communities are virtualy unknown.
These communities are sengtive to disturbance and a sllent gpproach is needed in order
to observe norma community behaviors (sole diver with re-breather). A more effective
and less hazardous approach would be to employ ROVs or AUVs. We need to understand
better the overdl effects of anthropogenic perturbations to the natural system. What is
required is a quantitative comparison among the responses of various ecosystemsto a
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given perturbation. This necessitates an gpproach that includes both short-term and long-
term monitoring

INVESTIGATIVE APPROACHES

The need to survey and map the extent of various coastal events would be best met by
rapid-response submersible vehicles, such as AUVs. Because these events are often
widespread and evolve rapidly, synoptic sampling is required to prevent space/time
confounding. Thus, numerous, inexpensive vehicles that can be deployed as afleet to
track these features would be ideal. Sensors cgpable of measuring basic chemical and
physicd properties of the water are widdly available and should be standard equipment.
Additiona sensors, which could be used for identification of specific compoundsin the
water and even specific organisms (e.g., toxic dinoflagdlates), should be employed as
well. It islikely that such sensors have aready been developed for other applications (for
example, molecular and genetic probes), and could be used ether as-is or adapted for
oceanographic use. Navigation networks capable of tracking and controlling such fleets
of submersible vehicles will need to be devel oped.

Interface areas of physicd, biologica, and chemica discontinuities can be widespread
and rgpidly changing. Ship-based sampling is usudly impracticd. Submersible vehicles,
ether remotely controlled or autonomous and capable of following gradientsin water
properties, probably represent the best method of studying interfaces.

The problems of addressing physicd forcing functions in coastd environments could
be addressed with submersibles equipped with sensors for measuring porewater
chemistry and sediment physical and acoustic properties. These could be used to survey
gpatid patterns of seafloor topography and sediment properties, their linkage with water
column processes, and how these interactions change over time. The availability of easly
mobilized and demobilized AUV swould pay large dividends in lacustrine research.
AUVs, ROV, and submersibles, equipped with high resolution visud systems (e.g., laser
line scanners) and more sophigticated, articulate samplers are needed to document spatia
and tempora changesin essentid habitat and understand the factors driving such
changes. In order to obtain samples for studies of sediment propertiesit will be essentid
obtain drill samples. These samples must come from below the zone of bioturbation and
below wave base. The optimum types of drills envisoned are rdlatively inexpensve
portable drill systemsthat can be used with an ROV (for usein drilling into submerged
cord reefs, for example). Also needed is areatively inexpensive coring system that is
tethered, but mobile, and equipped with area-time video for obtaining precisdy located
cores on the order of 3 to 20 m deep in the shdlow water environment. The study of the
geologica framework for ecologies of various types of sengtive biologica communities
would require as unobtrusive an gpproach as possible. Such work is more suitable for
ROVs or possbly AUVs. Both short and long-term monitoring of such communities
might best benefit from arrays of fairly smple sensors serviced by AUVs.
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I[11. Technical Sessions

This portion of the workshop defines sirategies to ensure that the facilities and

technol ogies needed to address the scientific themes defined in the Science Sessons are
available. Critical issues, needs, and problems, both technical and infrastructura, were
defined. The objective isto help to direct future upgrades of science sensors, sampling
techniques, and imaging capabilities of vehicle sysems funded by the federd agencies.

A. Event Response

Occasiona or periodic perturbations of ocean systems may have a profound impact on
both loca and distant integrated physica, geological, geochemica, and biologica
processes. The time scales from initiation to system recovery vary considerably. Mogt are
unpredictable. Studies of such events pose tremendous scientific opportunities and major
technicd and logigticd challenges. These events evolve rapidly, requiring swift
deployment of required observationa and sampling systems. Effective event responses
are congrained by the availability of personnd and equipment at extremely short notice,
funding availability, and wegether condiraints on over-the-side operations. Because most
event response studies can best, or only, be accomplished using a submergence vehicle or
tool, the availability and capabilities of submergence assets and their support sysems are
paticularly critical.

The types of phenomenathat cause sudden perturbations are diverse, and affect coastdl,
deep ocean, and lacustrine processes. They can include erosional events, dewatering or
hydrocarbon release, volcanic or hypabyssa magmatic events, seasona biologica
phenomena, storms, tsunami generation, anthropogenic events, etc. The various types of
events commonly require both water column and seafloor response components. The
potentid for very rapid deployment, transportability, and for truly autonomous operation
when weether conditions may preclude over-the-sde operations makes AUV s the optimal
tool for response efforts. Two separate, task-dedicated vehicles are highly recommended
for responses to compound events.

*Water Column: A water column response might generdly require an
AUV capable of performing 2 or 3-dimensond surveysusng aCTD and
variable arrays of optica, chemica and bio-sensors. Survey dimensions
could require tens of square kilometers of patial coverage and depth
ranges of over 1000 m. "Smart" AUV swould be required to locate and
survey "event,” plumes, etc., by virtue of opticd (e.g., threshold optica
backscatter) or chemical tracers. AUVs equipped with high turbidity
sensors would be required for many coastd events (e.g., ssorm sediment
trangport, mass-wasting events). Seeding of event plumes or other subject
water mass (e.g., plankton bloom, oil spill) with Lagrangian drifters for
tracking and relocation would extend the rapid response observations to
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time-series studies. The scientific community interested in event response
strongly encourages the submergence engineering community to examine
the practicality of desgning ahybrid vehicle (i.e.,, 3-D Lagrangian float
and AUV) for some of these water column operations.

*Seafloor: A robust AUV would be required for seafloor mapping and
sampling. AUVs equipped with an array of mapping sensors can be used
during an event-response expedition to efficiently detect and map the
extent of anomalous regions on the seafloor. Mapping the environment
aso could be used as a navigationa ade in comparison with previous
maps Where possible. Responses to dynamic sediment processes also
require the capability to measure concentration, turbidity, and velocity
through active sediment-gravity flows over the duration of the event using
laser, acoustic backscatter, and sub-bottom profiler systems. This
technology could be used to map concentration, velocity, and turbidity
variationsaong AUV transects during a sorm event on the shelf. High-
resolution imaging is a high priority for documenting physicd (eg., vent
sources, boulder sze) and biologicd (e.g., vent fauna, microbid mats and
"blooms') phenomena

Optimdly, the seefloor response AUV would be capable of limited fluid
sampling for chemica and microbiologicd studies. Fluid sampling should
include the use of physicd, chemica and bio- (DNA-chip) sensors, and
possbly the physica collection of small fluid volumes and their
preliminary preservetion (e.g., poison, filtration). Shalow sediment and
sand cores (up to 1-2 m) collected shortly after a sedimentation event
(hours to days) can provide important information on sediment thickness,
texture, and structuring. Rock coring cgpability is dso highly desred for
both the core sample and the consequent access provided to subsurface
fluids and biosphere.

Manipulative capability would alow the relocation or recovery of pre-
event staged equipment. This could be manifested in little more than a
"releasable hook”. A suspected sedimentologicaly active area site (e.g.,
near the head of an active submarine canyon or within an active channe)
could be *seeded’ prior to an event with smdl, negatively-buoyant
transponder packages (so-cdled "smart rocks"), that behave as clastsin a
bottom current. If relocated and recovered shortly after a sedimentation
event they would provide unique data on the distances of transport and,
therefore, estimates of boundary shear stress and velocity.

Critical Issues Related to Event Response. These include agppropriate detection

capability, adequate submergence vehicle and surface ship assets, and a stable long-term
infrastructure support system. Submergence vehicle operations depend in turn on precise

navigation, science task- specific capabilities, and pre-event staging.
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* Event detection capabilities. Event response obvioudy depends on
reliable event detection. Detection systems of coastd seismic or storm-
related events are based on well-established and stable facilities (shore-
based seismographic networks, satellites). The MOR event detection and
response community has been able to productively exploit the Northeast
Pacific SOSUS system since 1993. US Navy commitment to maintenance
of SOSUS s declining and additiond funding will be required from non-
military sources. There are other exciting new possibilities on the horizon,
including remote telemetered hydrophone mooring systems (after PMEL's
Haruphones). Additiondly, if and when a cabled system such as
NEPTUNE comeson line, it is highly likely that it will be well equipped
with its own hydrophone array, removing dependency on the aging
SOSUS system.

* Availability of vehicles: The current availability of submergence
vehiclesisinadequate for planning and staging effective rapid response
efforts. The time-senstive nature of event response precludes reliance on
assets that may need to be packaged up and shipped to the staging area
from some remote location. For example, on the west coast the only US
Nationa Submergence Facility vehidethat it is currently possible to pre-
stage in geographic proximity to a potentid northeast Pecific eventisa
cameraded. It provides vauable seafloor imaging, but of only limited
gpatia coverage, using limited and precious responsetime and it is very
wesether constrained.

The Event Response Sesson participants strongly urge the funding
agencies and submergence technica community to provide additiona
submergence vehicles. Event response oriented recommendations
emphasize AUV's and modified ROV's. These recommendations are based
in part on avison of optimized event response efforts and in part on the
redlization that certain assets (i.e., full service ROV or occupied
submersbles) are unlikely to be available within the short time frame of
effective response efforts. The group proposed severa scenarios that
indude the fallowing:

- Dedicated event response AUV's prepositioned in close
geographica proximity to aregion of expected event
gte(s). Idedly, an AUV or group of AUVs could be pre-
deployed in Stu as part of acable (e.g., HUGO,
NEPTUNE) or mooring system. AUV's could be docked in
deep-mode until activated for response or could adso be
used for observatory-related or other interim work.
Alternaively, the vehicle could be staged on shore, ready
for rapid transportation to a response-ship of opportunity.
Because certain coastd storm-related events are inherently
more (quasi-) predictable than other types of events, there
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may be awarning of up to severd daysfor find staging of
response efforts for some coastal and lake events.

- AUVsas standard UNOL S ship equipment: The cross-
disciplinary and globa usefulness of AUVsasan
oceanographic and geophysical support tool should
encourage the UNOL S and funding community to elevate
its status from that of novelty to accepted workhorse. This
working group urges consideration of the proposal to equip
every or many UNOLS shipswith astandardized AUV. A
mass order of smilar AUVswould dragticaly drop the per-
unit production cogts, the costs of even awell-instrumented
(e.g., geophysicd and imaging mapping tools and water
column sensors) AUV would likely be on par with that of a
CTD/winch/wire system.

- Response Support Ship: Regardless of the nature of
AUV assat deployments, a surface response ship will likely
be required for dl thorough response efforts. In al cases
except that of a sophiticated cable system, the ship will be
necessary for data recovery and for recovery and servicing
of the AUV. Even amoored docking system would likely
require servicing in terms of power. In dl cases any actud
water, fluid, biologica or geologica samples would need to
be recovered for andyses. Consequently, the issues of ship
availahility and priority rescheduling at short-notice need to
be explored for possible solutions. One posshility might
involve an atempt a scheduling rotating "open” spotsin
ship schedules for ships within specific regions so asto
maximize the time for which at least one UNOLS ship
might be available for response efforts. If UNOLS ships
were generdly equipped with AUVs aship in the vicinity
of an event could steam to Site and, at minimum, drop an
AUV and return to their origind project work. Mechanisms
for rapid funding of pre-gpproved commercia vessels need
to be designed and implemented.

* Optimum response vehicles: Asnoted above, the sampling
requirements and logigtica redlities of most event response efforts suggest
that the primary submergence assets for event response should be the
AUVs. However, AUV design needs to be optimized for the specific
operations required. As described in earlier sections, the event response
group strongly advocates development and pre-event staging of two AUV's
with different capabilities. The requirements of the optimized ‘ sesfloor’
AUV are more demanding and require an overal more robust vehicle than
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the ‘water column’” AUV in terms of mass, power, ingrumentation, and
manipulative capabilities. The event response group aso recognizes the
potential counter-productivity of over building an AUV. The group
discussed some dternative vehicles.

- Portable/limited task ROV or telemetry capable AUV:
Such aminima ROV could be maintained on "rapid

access' dtatus. Congdering the depths at which we expect
many of the events to occur, the winch and wire handling
equipment that full ROV's require is heavy and bulky,
requiring alarge ship. It isunlikdy that afull-scale deep

ROV and support ship would be available within an
extremely short response period.

One compromise isto operate an AUV as a "tetherless
ROV" with an acoudtic link. Thiswould make amuch
smaller and portable kit that could be operated from awider
range of ships. In the vertical acoustic path, one video
framein 3 to 30 seconds (depending on quality) has been
redlized. Thiswould require the hybrid AUV/ROV to be
operated in a"chess game' mode, where as each imageis
received, the next target is selected. The vehicle would then
make its surface-directed move (e.g., collect vent fluids)
and then hover while reporting to the surface and receiving
its next ingruction.

Such an AUV would be somewhat power demanding, asiit
needs to compress and transmit a video image and also
operate a Doppler bottom lock log to hold position while
waiting for the next word from on high. Thiswould limit it

to perhaps elght hours on the bottom, during which the ship
could perform other over the side operations. Such an AUV
could of course aso be used for unsupervised surveys such
as area mapping or plume tracking. The vehicle would
return samplesto the ship and receive a battery recharge
and other service.

- Hybrid AUV/L agrangian float: Tracking and relocation
of event related water masses is an inval uable component
of responses to many different types of eventsincluding
magmetic event associated plumes and seasond plankton
blooms. It isthe primary means by which subsurface
plumes can be monitored and sampled over time without a
congtant ship presence. Smple Lagrangian drifter floats
have been shown to track such water masses for months.
However, such floats record little other than temperature

29



and position, and nothing about the 2- or 3-D dructure of
the water mass. Navigation requires sound sourcesto bein
place. Alternatively, some floats (e.g., ALACE) are capable
of operating without aloca navigation support system by
recycling to the surface to both receive navigationa
information and download deta via satellite. However, the
combined tota verticd trangit time from deep plumesto the
surface plus surface data transfer time would likely cause a
disconnect from the original target water mass. Some kind
of "smart” float, or hybrid between a Lagrangian float and
AUV, could both track the target water mass using either
in-place navigationa network or a self-contained system
(coupled INS/'DVL/GPS navigation systems) and
periodicaly make at least alimited 3-D sensor survey of
the water mass. Not only would this provide time series
information of the Structure of the water mass, but could
cue the hybrid float/AUV asto its gpproximate center, thus
helping to insure that the vehicle remains with the target.

- Shallow water, high-ener gy vehicle: For the coastal
zone, an AUV s needed that has the capability of operating
in shalow water, high energy (currents to >1m/sec)
environments. The vehicle would require high power and
be survey capable with a versatile payload arrangement

* Navigation problems: Navigation, aready amaor element of the cost
of operating underwater vehicles, is particularly demanding for repid event
response. The difficulty sems from the requirement that platforms operate
off of ships of opportunity, with aminimum of setup time, and probably a
minima crew. Under less congtrained circumstances, key navigation
elements, such as ultra-short baseline acoudtic tracking systems, are either
provided from an dready well-equipped ship, or are carefully installed on
aship of opportunity. Note that not al ships are friendly platforms for
acoudtic systems, S0 the need to operate acoudtic tracking, navigation, and
acoustic systems may preclude use of some ships, and implies someleve
of pre-screening of possble vesss. If long-basdine navigation is used,
then the trangponders commonly used by the scientific community today
must be deployed and cdibrated at significant cost of ship time. For a
rapid deployment effort, these impose delays on the order of aday. This
loss of time might be compounded if subsequent measurements determine
that the array is deployed in the wrong location, and must be redeployed.

Clearly the mogt attractive navigation capability for rapid event would
provide the platform with a salf- contained navigation sysem. The only
sysemsthat currently satidfy this requirement are coupled INS/'DVL/GPS
navigation systlems. These are used in military underwater vehicles today,
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and could be obtained by the scientific community. While expensve, such
an approach may be the most cost-effective for this application. Ongoing
development will likely bring costs down and performances up in the
future. The development of sophiticated cable network systems as
proposed for NEPTUNE would likely provide a stable, widespread, well-
maintained transponder net for acoustic navigation in select aress.

Technological Needsfor Event Response: A detalled ligt of the identified technologica
needsisgivenin Appendix 1 and shownin Table 1.

B. Time-series Short

Eventsin the oceans take place on avariety of time scales. The short time-series events
are defined here as those events or processes that take place over periods of lessthan
one year. The investigation of many of these phenomena requires access to shalow
water submergence vehicles and tools. At the short end these merge with event
response. They can aso span periods of weeks to months and can cover arange of
annua phenomena

CRITICAL ISSUESRELATED TO SHORT TIME-SERIES

STUDIES. Comprehensive event response

depends on the satisfactory solution of anumber of critical problems. These include
appropriate detection capability, adequate submergence vehicle and surface ship assets,
and a gtable long-term infrastructure support system. Submergence vehicle operations
depend in turn on precise navigation, science task-specific cagpabilities, and pre-event
daging.

* Gaining access to vehicles and tools isacritica problem for investigation of
these phenomena. Many take place in shelf environments and accessto vehicles
to use in shalow-water is difficult to obtain. Access to deep seafloor, depthsin
excess of 6500 m (submersible or ROV), is needed by the degp- sea community.
Currently there is none available except by cooperation with foreign investigators.

* Standar dization of basic operating tools among submersibles. Thisisa
generad recommendation, but is particularly rlevant if there is a high demand for
study of short-term phenomenain many locaities smultaneoudly.

* Development of chemical and other sensors is needed to affect avariety of in
gtu biologica and geochemicd measurements. Examples of these include:
Redox-sengtive chemica species, particularly those influenced by hydrothermd
reactions. pH, O2, H2, Mn2+, Fe2+; Chemosynthetic substrates and products:
H2S, CH4, H2, Mn2+, Fe2+, CO2, NH4, NO3-/NO2-, N20. Also sensors for
measurement of metabolism, e.g., respiration and excretion, salinity (not CTD)

are needed. There are congtraints associated with such sensors. Development of
Sensors may require time periods much longer than the typica 2-3 year single Pl
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NSF grants. They must be designed so as to operate on a variety of
submersible platforms. A common pool of general-purpose sensors (e.g.,
temperature, conductivity, pressure, transmissometer, oxygen, pH, H2S) isaso
required. There will be a need to support operation, calibration and maintenance
of the sensorsin thefidd.

* Flow Sensorsand Pore-water Flow M easurement: Robust and portable
devices to measure water velocities over alarge range of values (< 1 mm/min to
10s of cm/sec) on the seafloor are needed. These sensors must be capable of
measuring flow rates of particle-rich, high temperature vent fluids, and should

have low power requirements and the ability to send processed dataiin red timeto
the pilot and observers. Submersible acoustic Doppler velocimeters that meet
most of these requirements are currently available for depths <2000m, but are not
available for full ocean depths. Very low velocity flowmeters are required in

order to determine pore-water flow rate variability over short (minute — hour) time
scales. Many areas of the seafloor are Sites of pore-water advection from the
sediment to the overlying water, and these fluxes may be significant contributors

to loca and/or regiona biogeochemical cycles. Severd devices are available for
collecting these fluids and measuring their flow rate integrated over extended
periods of time.

* Observatories: For short-term studies, "temporary” observatories offer
advantages over cabled observatories. Because of their sand-aone satus, such
observatories will require adaptive sampling agorithms that can dter sampling
frequencies of connected instruments and sensors in response to events of interest.
In coastal waters we can predict events such as hurricanes and blooms.

* Optics:
- Video needs for dl vehidesincude

High definition digital video cameras with tlemetry sysems and
high quality lenses that are good for media purposes.

Support equipment for high definition cameras/ | E recorders/
monitors, incdluding converson equipment from high definition to
more user-friendly format.

Simple camera controllers for operation by scientific observers.
Smooth, variable speed pan & tilt camera with smple controller

- Electronic/digita gtill cameras with large storage capacity

* Lighting: Red light operation for biologica purposes will be required. HMI
(400 wett/1200 watt) will be needed.

* Manipulators: Multiple-jaw designswill be required for various sampling
tasks.
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Resolution to mm scale with very smooth articuletion is needed. Programmable
manipulatorsin XY Z for accurate placement of devices and for repetitive
operations need to be developed. Forced feedback is needed for care in sampling.
Computer-controlled sediment profilers for microe ectrodes are needed.

* Sampling Devices: Gas-type manifold for chemica sampling in the water
column. Improved corers for coarse and hard sediments are needed. Very soft
sediments can be sampled with punch cores and box cores from ROV's and
occupied submersibles. However, sandy sediments, sediments with large particle
inclusions and sediments with tubes or other subsurface structures generdly
cannot be sampled by traditiond coring methods. Thisisamgor limiting factor in
biological sampling over much of the seafloor, particularly in shalower coastd
and margin habitats. New technologies are needed for sampling such sediments.
Vibrating corers may be a solution for sandy sediments.

* Drilling technology: We need to resolve deficiencies in existing technology
regarding drilling on the seefloor.

* Appropriate sampling of biological specimens: The biologica community,
particularly, needs to be able to amass collections that are made gently,
maintained in discrete and separate containers on the way to the surface, and
arrive at the surface at ambient temperatures and pressures. Where sophisticated
suction samplers have been devel oped, they have proven to be dmost universaly
better for gentle collection of biologica samples than traditional manipulator
ams. The JSL technology in which suction hoses lead to large, lazy-susan,
indexed collection containers shoud be examined for possible application to
submergence vehicles.

Technological Needsfor Short Time-Series Science: A ddalled list of the identified
technologica needsisgivenin Appendix 1 and shownin Table 1.

C. Time-series Long

Processes that take place over extended time spans may be at equilibrium or may be
continually changing in response to fluctuations in the environment on shorter time

scales. Long time- series measurements require decadd and longer commitments of
investigators, assets and funding. Two types of long time-series studies must be
considered, periodic and continuous. Periodic measurements involve repest
measurements of dowly varying parameters on aregular basis. These may include
geodetic studies, water column measurement, and growth rate of ecosystemns (though
optimaly this would aso be continuousy monitored). Periodic observations usudly have
low datarates, do not require continuous presence, require less infrastructure, and are less
complex than continuous measurements. Continuous measurements often require
ingallation of monitoring devices on the ocean floor that necesstate considerable
dexterity with an occupied vehicle and interdisciplinary experiments that commonly

share extensve infragtructure. These might include seismic monitoring, studies of flux
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rates of pore fluidsin hydrologicaly active areas, monitoring the life cycle of a particular
ecosystem. In most cases, where continuous studies are envisioned, the time series should
be monitored indefinitely, meaning decades to potentidly hundreds of years for detailed
understanding of the phenomena,

Critical Issues Related to Long Time-series Studies.

* Manipulators and tools: Since manipulator and tool technology are not
gandardized, hardware should be designed for servicing by "generic’
manipulators and vehicles. Future design of manipulators and tool sets
would benefit from standardization of interfaces for ease of use.

* Connectors. Smilaly, sandardization of eectrica and optica
connectors and power interfaces for ease in moving scientific hardware
from one system to another would be cost effective.

* Benchmarks: Long time series often require exact positioning on the
ocean floor, possibly obtained by occupation of or reference to
benchmarks. Benchmark technology needs to be improved to provide mm
accuracy for extended periods. Precise location of transponders will
require short tethers or mounting on tripods and possibly battery packs
that can be replaced on the ocean floor. Transponders can be connected to
cabled observatories for power and continuous processing of dataon
shore.

* Observatories. Obsarvatories are afundamenta requirement of long
time- series research. Observatory research has a number of technologic
requirements.

- Required assets: Inddlation of multi-use observatories
for measurement of continuous time serieswill require
subgtantial capabilities for ingdlation. Cabled
observatories for example, will require the use of cable
laying ships, multiple ships for laying multi-leg moorings,
heavy-lift ROVsfor ingtdlation of junction boxes and other
equipment, and substantia ROV time for ongoing
ingallation, maintenance, and removad of experiments.

- Need for new assets: Increasng demand for long-term
experiments will require the operation of anew ROV
system comparable to the JASON/MEDEA or ROPOS
systems within the next few years. Important characteristics
of this system include heavy lift capakiility, long bottom
time, and dexterity in manipulation.



- Observatory maintenance: Submersible assets will be
required for maintenance of observatories, addition and
remova of sensors, and extensons of the infrastructure.
Periodic vistswill be required for maintenance of
transponder networks, replacing expendables, and for
cdibration of some sensor systems. The high cost of such
vigts requires that substantid front-end effort and funds be
made available to make the systems as robust and rdliable
and as possible. Use of redundant systems, modular
components that can be easily removed and replaced, and
use of generic submersible interfaces that dlow use of a
number of assets for the same task.

- Flexibility: The high cost of such systems can be
mitigated by making them very flexible for use by many
different insrument systems. Hexibility includes

availability of avariety of data rates, power, and control
systems such that both low demand systems, such as
thermister arrays, and high demand systems, such asvideo
systems, could be accommodated. The design of these
systems should assume high power consumption, large data
rates, and requirements for command capability. Any
functiondity offered islikely to be used.

- AUVs, etc.: Some systemswill require docked AUV sfor
collection of data beyond the spatid extent of the
observatory and for rapid response to transient events.
Smilarly, some steswill require fixed manipulators that
can sample, image, and take measurements of a festure
such as an active vent for an indefinite period. Bottom
rovers could perform similar functions, much like the mars
Pethfinder rover. Such active research components will be
particularly interesting and appedling for outreach
programs. With sufficient dectrica power, it isaso be
practical to provide afreezer to store biologica samples
until they can be collected.

- Shared infrastructure: At Steswhere water column
measurement systems (GOOS and others) are planned, the
feasbility of including bottom sensor systems on such
buoyed arrays should be pursued. Smilarly, theincdluson

of verticd arrays and other water column measurement
systems would not substantialy increase the infrastructure
effort of a bottom observatory. At the very least, placing
water column and bottom observatories at nearby locations
whenever practical would considerably reduce the ship-
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time component of maintenance costs. We encourage
interaction between the concerned communities to evauate
the possibilities of shared sites and infrastructure. It may be
desirable to have recommended minimum suites of sensors
for observatories to maximize cost effectiveness.

* Networ king among technical groups: Continuous long time-series
experiments will require systems that will be designed to last for decades
and longer. Thus, dissemination of information concerning new
developments with regard to batteries, corrosion, connectors, reliability
and other engineering issues would benefit greetly from regular meetings
between technica groups and the establishment of WEB gites.

Technological Needsfor Long Time-Series Science: A ddailed lis of the identified
technologica needsisgivenin Appendix 1 and shownin Table 1.

D. Global

Globa submergence science research encompasses three possible approaches. (1)
Some global research requires smultaneous observations at many sites distributed
worldwide. For example, the ocean seismic network (with as many as 20 permanent
broadband seismometer ingtallations globaly distributed in fairly remote areas) will
require submergence assets for ingtalation and/or servicing and experiments to test
linkages among oceanographic processes spanning large sections of the oceans will

have to be done smultaneoudy. (2) Some globa research requires detailed surveys,
observations, sampling and experimentation at various sites distributed around the
globe, but not done contemporaneoudy. For example, globa mapping of distributions of
hydrotherma activity and vent faunawill need to be dore a severd sites around the
globe and studies of various margin processes will need to be performed where they are
best exemplified. (3) Models developed by detailed studies at "representative” Stes
need to be tested in other (often remote) locations. For example, the connection between
tsunamigenic events and submarine dumping must be explored in regions with avariety
of tectonic, structurd, sedimentologica and hydrologica characterigtics.

CRITICAL ISSUESRELATED TO GLOBAL STUDIES.

* Availability of current submergence assets. For globd studies, the Stuation is
made especidly acute by the strong draw of current assets to support long-term
time- series observations a representative sites on the Mid-Atlantic Ridge, East
Pacific Rise, and Juan de Fuca Ridge. While this emphasis has been solidly

justified by strong peer-reviewed science, in the present system it has curtailed
access to submergence assets for science at more globaly-distributed Stes.

* Diversity of Assets: If visonsfor seafloor observatory science by planning

efforts such as DEOS reach full fruition, demands on submergence assets will be
even stronger for regular servicing at afew sdect Stes.
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In the context of the Globa group mandate, it was clear that dmogt the entire
range of concelvable submergence functions would be required, in various
combinations appropriate to the particular science requirements and the
environmenta conditions within which the research would be conducted.
Matching vehicle types and instrument suites to the particular range of tasks at
hand will be essentid to the science- and cost-€effective overd| use of
submergence assets present and future.

It isclear that scientific needs in the globa context will cdl for the use of
submergence vehicles from dl three of the basic types: occupied submersibles,
ROV, and AUVs. These needs encompass vehicles that function effectively in
the water column aswell as those designed to operate on the sesfloor. The latter
case includes benthic cravlers aswell as AUVsthat fly above the seefloor. In
each case, there are avariety of issues that must be considered. Operationd depth
requirements range to depths as great as 6000m or more, yet a Sgnificant need
exigsfor vehicles that operate efficiently in the upper 2000 m. Economica use of
assets suggedts that vehicles designed for maximum depth are not necessarily the
most gppropriate platforms for work at shallower depths, and that dternative
vehicles should be developed and/or made available.

Deployment characterigtics vary with the type of platform and the mission at

hand. Endurance needs range from hours to a day for occupied submersibles, from
hours to days for ROV's, and from days to months for AUV's. Areas and volumes
surveyed vary accordingly on scales from square meters to square kilometers and
cubic meters to cubic kilometers, respectively. Linear surveys range from meters
to kilometersfor dl vehicles and up to basin-scale for specidized AUVsS.

* Sensorsand Sampling: In generd, globa science applications of submersble
technology have smilar requirements for sensors and sampling capabilities, as do
gpplications at other scales. There may, however, be a difference between the
needs of exploratory work for abroad range of sensorsto detect previoudy
unknown physical, chemical, and biological sgnas, and the needs of fixed
observations for highly specific sensors tuned and cadibrated to specific, known
processes.

Physica properties sensors may include pressure, temperature, magnetization,
gravity, and in some cases, light digtribution for down-welling and bioluminescent
light. Multi-spectra sensors might eventualy extend to low-frequency radiation at
vent Stes. Current and flow sensors are needed mainly for vent-related work.
Chemica sensors may be used both to locate and identify geochemica or
biologicd features a longer ranges, and then to quantify and characterize them at
short range. Highly sensitive and specific chemica sensors recognizing particular
chemicas and proteins, or nucleotides may be redidtic in the near future.
Acoudtica and optical sensors provide the morphologic congtraints on geologic
features and organisms at varying ranges and resol utions both on the bottom and
in the water column. High-definition video and photography extends the
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resolution progressively down to the near- micrascopic. Multi-gpectra imaging
techniques may be vaduable in some stuations, and in-Stu X-ray imaging can
reved interna structure of biological or geologicd features.

Submersible platforms need to be able to accommodate a variety of sampling
devices for water, geologica materids, sediment cores, and biologicad materid. In
any case, it isimportant to have the maximum capacity for multiple samples,
especidly for vehicles like ROV's and AUV s with long deployment times and/or
distances. It is essentid to avoid cross-contamination of samples, to index each
with respect to collection and environmenta data, and to preserve the chemical,
geologicd, or biologica integrity as much as possble. Thismay mean retaining
ambient temperatures and pressures, preventing degassing, or providing in-gtu
fixation of some biologica gpecimens.

Sampling modes for benthic environments include selection and manipulation of
individua objects, coring and drilling for subsurface samples, and collection of
water samples from specific locations. Deegper coring capabilities and better way's
to maintain the physical and biologica structure of cores are desrable. Water-
column biologica sampling reguires suction collectors with multiple chambers,
and enclosure-type samples ("detritus samplers’) for especidly fragile organisms
and gtructures. Small-volume water samplers that can be positioned precisely are
vauablefor thin-layer features, detrital aggregeates, etc.

These sampling and sensor issues require improved dexterity of manipulators,
advancements in communication and data transfer mechanisms, and power,
payload, propulsion, and structural materias of platforms.

* Navigation: Navigation systems are an essential dement in carrying out all
three essentiad categories of globa submersible operations. Work in support of
systems such as the Ocean Seismic Network can be supported with conventiona
long-basdline trangponder systems. These can be used in other configurations
scaled up or down to suit the area to be covered and the resolution required. In the
globa survey mode, short-basdline navigation of vehicles rlative to their GPS-
positioned tending ship may in some cases be an operationally preferable option.
A specid problem arisesif assats are air-deployed into areas without extant
trangponder nets. In this case it may be necessary to provide means for generating
tracks by use of dead reckoning (compass plus inertial and/or seafloor Doppler)
from a GPS-determined initid water-entry datum.

* Operating in Extreme Environments: Specialization may be required to cope
with unusud conditions such as strong currents (e.g., Gulf Stream, Kuroshio),
highly sulfidic environments (e.g., Black sea, hydrothermd plumes), high
temperatures (e.g., hydrotherma systems, volcanic environments), or high sdinity
(e.g., Red Seabrines).
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Weather extremes pose problems relating to vehicle launch and recovery. Vehicle
characteristics themselves can help mitigate these difficulties, but primarily they
concern support ships and handling equipment. These could dictate use of interior
wells or deep draft stable platforms (e.g., swath ships) to carry out winter
operdions a high latitudes.

Pre-deployed AUV's dso could be the systems of choice in remote regions, ice-
covered areas, and regions of heavy wesather.

* Data management, educational outreach, and training in support of global
science endeavor s. The prospect of embarking on globd studies brings with it the
obvious need for mechanisms by which we can manage previoudy unimagined
volumes of data. The opportunitiesto link data collection with educationd efforts
are easlly envisoned for globa studies. Infragtructure to facilitate such efforts
exigsin part through various agencies programs to promote education at the K-12
level and as research opportunities for undergraduates and graduate students. In
addition to those foreseeable today, we redize that there will be a continual need
for "technologicd refreshment” to accommodate future scientific needs over the
next decades. Thiswill enable us to maintain and upgrade systems and to provide
mechanisms for training technicians to run the systems in the future.

Technology Needsfor Global Science: A detailed list of the identified technological
needsisgivenin Appendix 1 and shownin Table 1.

E. Expeditionary

Expeditionary research, as meant here, refersto that which requires the deployment of
any submergence assets to "geographicaly remote" parts of the globe. It can be defined
in terms of two gpproaches, (1) mature and fundable but logiticaly difficult research and
(2) high-risk research or field programs in previoudy unexplored regions.

Thefirg of these involvesfield programs that are proposed for what would be considered
geographicaly remate regions under the currently exigting scheduling and funding
paradigm (e.g., other than the East Pacific Rise and the Juan De Fuca). This has become
particularly problematic as a consequence of the burgeoning success in time-series
research. In practice, under the current Situation, research that is based on mature field
work (sufficient background information to justify the use of submergence assetsand is
highly recommended by reviewers based on its scientific merit) has little chance of being
granted support from funding agencies unless a critical mass of proposasfor that region
isaso highly ranked. Even those so highly ranked thet they are granted funding are not
being scheduled because of pressure to keep the assetsin what has come to be termed the
time-series"Yo-Yo." This Stuation underscores the insufficient access to submersible
assets for accomplishing highly-ranked and even some funded submersible science.

Research that focuses on new territories or processes or that contains an eement of
discovery and is potentidly scientificaly high-yield may require new technology, tends
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to be interdisciplinary, is sometimes supported by circumstantia a priori data (i.e.
multibeam, dtimetry, SOSUS, cable breaks, etc.), but sometimes hasllittle or no pre-
exiging data. The gpproach that is most useful in such areasis a nested mapping and
sampling approach employing afull suite of multi- scale magpping/imaging tools

combined with sophigticated sampling and in-Situ sensing. New mapping systems on

ROV platforms may be needed to fill in the gagp between regiond mapping tools and
high-resolution mapping for small areas. The nested approach would be important in
bringing previoudy unexplored areas up to the levd of the mature fidld program. If such
an gpproach is not possible, the aternative isto use portable, flyaway, lower-cost tools on
ships of opportunity to produce aless comprehensive, but sufficient data set.

Critical Issues Related to Expeditionary Science.

* Accessto appropriate vehicles: The principle factor impacting the
ability to engage in submergence research in remote aress is the lack of
access to the needed technologies (vessels, vehicles, etc). Such work is
logigticdly expensive unless other work is scheduled in the same region.
Within the existing constrained resources and scheduling process, time-
series and observatory work fundamentally conflict with expeditionary
science. Duplicating or complementing the existing submergence
capabilities (i.e. AtlantigAlvin, Argo/Jason, etc) would permit more
expeditionary work. Such asolution is very unlikely without new influx of
funding for submergence vehicles and tools. Gaining access to foreign
asts, a@ther for the expeditionary work or to fulfill the commitment to the
time-series work would ease the pressure on existing vehicles and vessdls.
Internationa and interagency involvements that mitigate the logigtic and
scheduling issues and enhance collaboration would extend the geographic
range of scientific expeditions, but these historically have proven to be
logigticdly difficult, require long-range planning, and involve the
establishment of collaborative agreements. Developing partnershipswith
industry could provide access to additional assets.

* |mplications regarding observatories: A conscious decison on the
part of funding agenciesto plan and budget support for observatories, as
they are established, could be made so that they do not impose additiona
congraints on the ability to do expeditionary research. Linked proposals
can be encouraged, both within and externa to the submergence science
community, that support effortsin remote areas. The development of
submergence assets that are to be dedicated to observatories (AUV
systems, for example), would both serve the specific needs of the
observatory and free up traditiona assets for use in other aress. The
development of lightweight, portable tools (ROVs and/or AUV's) that can
be transported inexpensively and can perform surveying and sampling for
preliminary effortsin ahigh-risk areawould provide ameansto initiate
the nested approach to expeditionary research. These tools could both
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gtand on their own and could provide scientific judtification for later
commitment of the traditiona submergence vehicles and tools.

* Coping strategies: Assuming the current funding and scheduling
paradigm is not going to change, there are redly only two dternative
approaches. An investigation in aremote part of the world should employ
al of the most sophidticated tools, thus ensuring maximum return, as it

may not be possible to return for along time, if ever. One of the most
successful approaches used to-date in submersible exploration of any ste
isthe application of afull suite of tools conssting of nested

complementary systems that let the investigating team go from broad-area
reconnai ssance to site- gpecific measurement and sampling inasingle
expedition. This approach permits science objectives that are risky and
have a sgnificant component of discovery to be accommodated within the
scope of hypothesis-driven inquiry. Multidisciplinary coordination of
efforts that capitalizes on al capabilities of the assets and maximizes the
knowledge returned would yield the greatest return. In order to accomplish
this type of approach the community could be encouraged to design linked
proposals that make it cost effective to take aship to distant or logigticaly
difficult regions. This may require a degree of direction from the agencies
that is not customarily followed under the exigting " science-driven”

funding paradigm.

If additional vehicles were made available to the science community an
entirely different set of congtraints would apply. The community would
have more chances to go to logigtically remote |locations for
reconnaissance sudiesif there existed aless expengve, portable capability
that could provide preliminary survey and sampling capability from
vessesthat did not have to trangit long distances from US ports.

If it were possible to dter the exiging funding/scheduling paradigm, then
funding agencies and appropriate science advisory groups (eg., various
UNOLS advisory panels, proposal review panels, etc.) could encourage
regiond efforts (through the funding of planning workshops, for ingtance),
review highly-ranked proposals for gppropriateness of gpplicability of the
requested submersible vehicle(s), and require the PIsto use dternativesiif
deemed advisable.

* New technologies: We can infuse new technologiesinto our existing
funding and scheduling environment to increase the effectiveness of
avalable ship time. AUV, deployed in pardld with occupied
submersbles or ROV's can fulfill thisrole. Improved sampling, imaging,
and mapping capabilities for our exiging vehicles, particularly ROV's
would aso be helpful. A seafloor mapping capability intermediatein
resolution between the existing regiond systems (hull-mounted or towed)
and the high-resolution, site specific degp-towed ROV mapping. The
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development of additiond portable, flyaway vehicle systemsthat alow
reconnaissance work using ships with minimal positioning and cable-
handling abilities would enhance the ability of investigators to develop
programs for remote areas. The, development of such systemswould
permit the researcher to amass sufficient background data when needed to
justify deployment of afull suite of traditional nested vehicles and tools.

In some cases, sufficient data sets could be acquired to test basic models
and hypotheses. New systems can offer cost-efficiency and remove the
pressure from vehicles needed for seafloor observatories and time-series
measurements. Using ships of opportunity, possibly including foreign
vesds, sometimes in collaborative mode with submergence vehicles of
foreign indtitutions sparks the internationd collaboration that could
drengthen a given scientific program and enable proponents to improve
the success rate of proposals to use a more comprehensive approach with
nested systems. Taking this approach would permit spin-off components
of the nested system to be engaged in more versatile and lower-cost
methods of utilization. Portable, less expensive tools could consst of the
falowing:

AUVSs, possibly supplemented by acoustic or fiber-optic links. These
AUV swould have mapping, imaging, and sampling capabilities
Lightweight TV-guided rock drill (CTD wire, can take a 1 meter oriented
core)

TV guided grab

Lightweight, more portable ROV's and towdeds

Smdl submersibles for shallow-water work

Needsfor Expeditionary Science: A detailed ligt of the identified technologica needsis
gvenin Appendix 1 and shownin Table 1.
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V. INFRASTRUCTURE AND FUNDING

The workshop participants were asked to grapple with problems of infrastructure,
funding, and education during both the science and technica sessions of the workshop.
Thefind hdf-day included a plenary discussion of these complicated issues. The
attendees agreed that in order to accomplish the scientific goals defined during the initid
workshop sessions, the submergence science community requires greater accessto a
broad scope of ocean environments with arange of safe, reliable, multi-faceted, high-
resolution vehicles, sensors, and samplers operated from support ships with global reach
and station-keeping capabilitiesin al weather. It was recognized that there are serious
impediments to funding for multi-disciplinary science and for globd, time-series, or
long-term observatory work. Education of the public, our fellow scientists, and the
gppropriate science advisory groups with regard to the advancesin and potentia from
submergence research will be critical to the success of the recommendations from this
workshop.

The attendees agreed that the fundamenta requirement for advancing submergence
stience is the need to provide a dedicated nationd initiative to increase spending for
submergence facilities support and technology. Thisis the only way to ensure the needed
access, fadilities infrastructure, and technology required to meet the chdlenges and
requirements of submergence research in the coming decades. Generally the development
of these types of infrastructure and technology takes 5 to 10 years thus planning and
budgets for this must begin immediatdly.

Increasing Availability of Assets: The clear and resounding message from the workshop
participants is that there is a severe problem with availability of submergence assetsto

the research community. Vehicles required to service far-flung observation stes and

those needed in globd surveys are difficult to integrate with other research operations.
These factors dictate that the community should use existing assets more effectively as

well as take measures to increase the number of available vehicles. In particular, any new
programs (e.g., OSN, Observatory MRE) that would require additional vehicle services
should include this factor in their funding plans so that assets are not removed from other
needs.

An example of the manner in which assets could be more effectively used is that manned
submersible operations in the upper oceans (<1500 m) could be carried out in amore
economica manner via vehicles designed for such operation, rather than by their more
expensive deep-diving counterparts. Similarly, less costly specid purpose vehicles should
be used when possible. This not only applies to planning efficient operations, but dso to
encourage the use of specidized, less expengve equipment to perform tasksin traditiond
work areas (e.g., Juan De Fuca Ridge) in order to liberate genera purpose platforms for
use elsewhere.

Findly, it should be recognized that the community needs a variety of unmanned work

and survey vehicles. These should be available in ways that are flexible to schedule and
economica to operate. A variety of ingtitutions should operate these vehicles in order that
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the development of new capatiilities be stimulated and driven by close coupling to
Specific science needs.

These circumstances lead to a requirement to use dl of our submergence assets
effectively in a coordinated mode that is well matched to the wide range of science needs.
The"Globa" discusson group, in congdering this matter, recommends a UNOL S-type
coordination mode and corresponding funding mechanism be adopted in relaion to
operation of mgor submergence facilities. A Smilar recommendation was amgor thrust
of the 1992 Deep Submergence workshop as stated in the Executive Summary of the
1994 report "The Globd Abyss."

Strategies for Enhancing Diver sity of Assets: Many of the desired submergence
cgpabilities do not now exig, or are available only in developmenta form. The necessary
innovation to bring these capabilitiesinto operationa status for the academic community
are a present only supported through the limited funding available in the NSF
Oceanographic Instrumentation Development program or in connection with specia
focus ONR programs. Greater innovation can be enhanced by new funding initiatives.
The outputs from this workshop could well be the basis for generating a Submergence
Assats Mgor Research Equipment initiative in NSF. Some dements (eg., AUVs plus
their docking facilities for deployment in aress of interest) might wisdy beincluded in

the projected Observatory MRE aswel. Planning for such long-term programs

such as the Ocean Seismic Network or seafloor observatories, could also include
provision for submergence assets such as new ROV's or occupied submersibles required
for system inddlation and servicing

Supporting the submergence needs for globa science in addition to demands for time-
series science, observatory science, and exploratory science, will require magjor
investments in the infrastructure for submergence science -- probably a thelevd of many
millions of dollars. They will be required to address two key aspects to increase
investigator access to submergence assets 1) enhanced diversity and enhanced availability
of these assets, and 2) they will probably require a reorganization of the current
management structure for U.S. submergence science.

Specific Session Suggestions:

Theindividua science and technical sessions defined additiond requirements and made
suggestions as to how to achieve solutions to the principle requirements.

* The Abyss and Open Ocean group noted that, as technology becomes more
sophidticated, there will be an increasing need to provide ships using submergence
vehicles with engineering and technical support. Theided modd isthat afforded by the
use of SeaBeam technology whereby the technica support and the insdrumentation is
provided to scientists rather than each being required to bring his or her own.

* The Event Response group suggested that if UNOLS ships were generaly equipped
with AUV, it would be hepful if such ships were encouraged to participate in response



efforts, even if only to seam to site, drop an AUV, and return to their original project
work. Mechanisms for rgpid funding of pre-approved commercia vessals need to be
designed and implemented.

* The Short Time-series group recognized a serious shortcoming in the availability of
submergence assets through norma NSF channels. In the case of assets for work at less
than 1500 meters, the shortcoming is especidly severe. There are severd dternative
scientific US occupied submersibles, and alarge number of ROVsthat are available and
appropriate for use for much of thiswork. In some cases these aternative assets are more
gppropriate than any of the assets of the National Degp Submergence Facility. However,
the mechanisms for funding these assets as part of an NSF research proposd are
perceived to discriminate heavily againgt the use of these dternative assets. This group
recommends a serious effort be made to investigate a mechanism where by other
occupied vehicles and ROV's can be funded (e.g., by facility and not core funds) so
neither reviewers nor program managers will weigh the cost of the facility againgt the
proposa (asis perceived to be the case currently). The group suggests that the HBOI
Johnson Sea Links, HURL PISCES V, and ROPOS would be excellent test casesto
establish an gppropriate mechanism for funding the most gppropriate submergence asset
for the particular science project.

* The Long Time-series group emphaszes that time- series science requires
commitment, protection, standardization, and benchmarks. Measurement of long time-
series phenomena requires decada and longer commitments of investigators, assets and
funding, possibly placing severe congraints on scheduling of ships and submersible
assets. Such a commitment is difficult to ingtitutiondize, given current methods of

funding and scheduling and competition for resources. Measurement of long time-series
phenomena require that the environment being measured be protected for the duration of
the study. For example, along-term study of a particular hydrothermd vent would be
severely compromised if the vent were to be destroyed by a mining operation.

A key concern of the Long Time-series group is the response to failures of observatories.
The current scheduling of submersible assets with the high demand for their use normally
results in asubstantia delay from the time of an identified need for an asset to its actud
use. When responding to failure in an observatory, along delay could be devadtating to a
time-series measurement, potentidly degrading the data from many experiments. The
numbers of assets, particularly high-capability ROV's, will need to grow during the next
five years, and the methods of scheduling will need to be modified to incude the
possibility of rgpid response to both emergencies and to science opportunities. It may be
possible to prioritize scheduling to accommodate these types of eventsin Smilar ways.

Asthe number of experiments at an observatory grows, the complexity of management
and safety congderations on the ocean floor will incresse. Any initial design should
include planning to ensure the safety of experiments and the assets that service the
system. For example, a cabled observatories, cables should be laid on predetermined
paths to minimize cross-overs and can be labeled with bar codes or other identifying
marks.
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Obtaining long time- series data from remote sites will place even stronger demands on
the existing assets. To minimize the impact, observatories in environmentaly difficult
and remote areas must be as salf- sufficient as possible and servicing should be required
no more than once per year. It is not obvious that the buoy technology required for
religble inddlation and operation of such observatoriesis available, particularly for
ocean bottom observatories in the Southern Ocean.

* The Coastal and Polar group expressed concern that this workshop was
underrepresented by many ocean scientists who work in shallow or remote seas or lakes,
owing to the erroneous perception by members of the shalow submergence science
community that the shallow water aspect of the DESCEND workshop was to focus on
DESSC (DEep Submergence Science Committee - the UNOL S subcommittee thet
provides oversight for the Nationd Deegp Submergence Facility) issues. Coastd and Polar
group recommended that the scope of facilities supported as such be broadened and that
UNOLS revise DESSC prioritiesto more closely represent the wider breadth of
submersble priorities for ocean science. Specificaly, they recommend the following:

Acquire additional assets to support a broader spectrum of submersible
science,

Reconfigure of DESSC to SSC (Submersible Science Committee) to
broaden the scope of representation and advisory activities,

Encourage deployment of submergence resources more equitably across
world ocean environments,

Fogter partnerships with industry to encourage technology devel opment,
Endorse inter-/intra-agency technology transfer to accelerate devel opment
and digtribution of submersible science technology,

Promote education and training of personnd in submersible science
technology

The UNOL S DEep Submergence Science Committee has initiated action that will
incorporate a representative of the shalow water community on DESSC with the god of
providing liaison between the degp and the shdlow water submergence communities. The
community of investigators involved in shalow oceanography, however, merit afocused
committee that can serve as an advocate for facility needs within the UNOL S system and
provide guidance to the federal agencies.

46



V. Key Recommendations

1) The oceansremain a frontier of science; thisfrontier has broad and
rich societal and academic reevance, from under standing the role of
the oceansin moderating global change to under standing the very
limits of life on thisand other planets.

2) Recent escalating advancementsin submer gence technologies
(submersibles, ROVs, AUVs sensor s, samples, etc.) provide
unprecedented accessto the oceans, with astounding promise for
further advancement hampered not by imagination or need but by
funds.

3) USleader ship in submersible science and technology isin jeopardy
in the absence of a dedicated national initiative to support increased
accessto existing submer gence assets and to support technological
developments.
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EVENT TSSHORT TSLONG GLOBAL EXPEDITIONARY
Existing 4500m sub Existing 4500m sub Existing 4500m sub Existing 4500m sub Existing 4500m sub
VEHICLES
AUVswith limited Deep 6500+ sub Generic vehicles Vehicles that match to ROV s with inter-
manipulation (maybe tasks mediate resolution
simple releasable tools) Observatories mapping capability
Robust ROV Both water column and
ROVs: dexterity (fine- (heavy lift, seafloor vehicles More portable ROV's
scale and delicate long bottom time) - benthic crawlers and tow sleds
samples) - AUVsinwater
Generic interfaces column AUVs
(so can use various - 6000+m - longrange
vehicles for sametask.) capability (gliders, solar
- 2000m efficiency power)
“smart” rocks Dedicated AUVs - widerangetime - Air dropped (new
(docked) and distance nav)
Flexibility (can - exploratory - Multiple
download at various (cheap, small, - AUVswith
data rates) simple) sampling
- specidized - With fiber or
Take up power and - acoustic tether
interact with control - Moreinteligent
system/vehicles. - Expendable
Portable observatories
IMAGING Highres - High definition digital High definition video
video and telemetry and photog
- Elect. Digital till
cams
- red light ops
MANIPULATORS - Delicate sampling - More precise control Generic manipulators Improved
insitu experiments for delicate work Dexterity
- Programmable - Programmable




EVENT TSSHORT TSLONG GLOBAL EXPEDITIONARY
PAYLOAD | Versatility
SENSORS Insitu: optical, chemical and -minimum suites of - presuretemp, molecular and
chem, gradients, physical (may sensors (so al are grav mag, lights, biochem probes
hi temp, heat need 2+ yr grants) | similar?) multi spectral and sensors
flow, long term porewater flow (low freg
non degradable smooth var spd radiation) insitu mass spec
(H2, pH,EH pan and tilt - current and flow
metals, sulfides, computer - chem (both long
DNA) controlled sed range and
survey profilers detailed site
compatibilities gas-type manifold specific)
bathy, grav mag, for water column - acoustic and
backscatter, sampling optical
subbottom, CTD- - insitu xray
optical,
photomasaics
SAMPLERS Softside and standardized tools | generic tools - cores, seds
sand/rock coring (shareable) - drills, rocks, etc
sample coring - water (sml
preservations improvement vol/multiple)
faunallarvae (vibracorer?) - geol samples
(durp pump) drilling capability - biology
fluid (subs and rigs) - avoid cross-
samplers(small to standardized contain
large volume) shareable tools - preserveinsitu

contam
- multiple chamber
suction collectors
- “enclosure” for
delicate




EVENT TSSHORT TSLONG GLOBAL EXPEDITIONARY
NAVIGATION Meter or better Short baseline for Improvement
Simultaneous vehicles some may be better
Self-contained for option
AUVs
DATA Storage Better communication | More rigorous data
or data transfer Sets
POWER Advance battery
technology
OTHER Benchmarks needed - environ extremes

- techtraining and
infrastructure




Appendix |:

Summary of Specific Technological Recommendations

The mgority of participants agreed that there is a continuing need for humart occupied
submersibles. The occupied submersible affords the researcher a currently unparalleled
perspective on submarine environments, structures, and biologica communities. The
occupied submersible is amore robust vehicle, with greater power than most of the
exiging ROV sysemsand dl of the AUV sysems and is currently a more versatile tool
than ether. Until such time asthe ROV and AUV technology can effectively mimic the
human presence, there will continue to be a need for submersibles capable of taking the
scientigt into the submarine redlm. The participants reviewed the current and potentid
requirements for improvement in technologies for submersible vehicles and tools. The
participants in each technical sesson provided alist of identified needsin terms of
technologica improvements to these vehicles and systems. These ligts follow:

Summary of Technological Needsfor Event Response:

In Situ Sensors:
Opticd and chemica
Probes for detailed chemica gradients
Hi-temp probes

- Heat flow probe

- Probesfor measuring long-term non-degradable signd's (new anti-fouling
methods) e.g.: Hp, pH, Eh, metals, sulfide, POC, DOC, bio- (DNA-chip),

- Huid Samplers. samdl (AUV) to large (ROV) volume, sample number/dive,
meanifold; profiling

- High Resolution Imaging

- Soft Sediment and sand/rock coring

- Payload: versdility, interchangegbility

- "Smart" rocks (to follow sediment transport)

- Sample presarvation capability (eg., fixatives, freezing, maintaining in Stu
pressures)

- Faunallarvae samplers (e.g., durp, larva pumps)
- Manipulators with greater dexterity and capability
- AUVs limited manipulaion (maybe smple releasable hooks)
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- ROVs Dexterity (fine scae and ddicate sampling/ manipulations of in Stu
experiments or sample preparation)

- Power: extend battery life/bottom time; advance battery technology;
- Data gtorage improvements

- Communication: cable (ROV, "HUGO" or "NEPTUNE" network docking
dations); acoustic and/or radio telemetry

- Survey capabilities: bathymetry, magnetometer, acoustic backscatter, sub-bottom
profiler, CTD-optica (water column)-rosette, photomosaics, and gravimetry

- Navigation: up to meter scale or better;

- Simultaneous multi-vehicle navigation (modification of present trangponder net
navigation systems); sdlf-contained navigation for drop-in AUVs

Summary of Technological Needsfor Short Time-Series Science:

- Deep (6500+m) submersible vehicles

- Standardized tools for use on various platforms or with various submergence
vehicles'tools

- Sensors. chemicd and physical (may require longer support periods than usud 2-
yr grant to develop)

- Devicesto measure pore-water flow
- High definition digital video cameras with tlemetry system and high qudity lens.

- Support equipment for high-definition camerag/ | E recorders’ monitors; includes
conversion equipment from high definition to more user-friendly format.

- Simple camera controllers for scientific observer operation
- Smooth, variable gpeed pan & tilt with smple controller

- Electronic/digita gill cameras with large storage capacity

- Red light operation for biologicd purposes

- More precise, programmable, manipulators with feed-back capability for gentle
handling

- Computer controlled sediment profilers
- Gas-type manifold for water column sampling
- Improved corersfor coarse and hard sediments (vibra-corers?)

- Better sedfloor drilling capability (from submersible vehicles and with sea-floor
rigs)

Summary of Technological Needsfor Long Time-Series Science:
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Generic manipulators and vehicles
Standardization of eectrica and optical connectors and power interfaces
Improved benchmark technology to provide mm accuracy for extended periods

Observatory science:

Egablished of observatories on the seafloor

New more robust ROV system with heavy lift capability, long bottom time, and
dexterity in manipulation.

Gengric submersible interfaces that dlow use of a number of assats for the same
task.

Hexibility in ability to down-load at various data rates, take up power, and
interact with control systems

Dedicated, docked AUV sfor collection of data beyond the spatia extent of an
observatory and for rapid response to transent events

Recommended minimum suites of sensors for observatories

Summary of Technology Needsfor Global Science:

Matching vehicle types and instrument suites to the particular range of tasks at
hand will be essentid to the science- and cost- effective overdl use of
submergence assets present and future

Both water-column and seafloor vehicles

Benthic crawlers

AUVsthat fly above the sedfloor.

Vehiclesthat can go to depths of 6000m or more

A sgnificant need exigs for vehicles that operate efficiently in the upper 2000 m
Wide range of time and distance endurance for vehicles

Exploratory vehicles (possbly chegp, smple, with minima capabilities)
Specidized vehicles for specific tasks

Sensorsfor pressure, temperature, magnetization, gravity, and light
Multi-spectral sensors (e.g., low-frequency radiation)

Current and flow sensors.

Chemica sensors both long range and for detailed site-specific work

Acougticd and optica sensors with varying ranges and resol utions both on the
bottom and in the water column.

High+definition video and photography
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- Ingtu X-ray imaging.
- Better sampling devices for water, geologica materials, sediment cores, and
biological materid. - - Maximum cgpacity for multiple samples

- Samplersthat avoid cross-contamination

- Samplersthat retain in Stu conditions

- Sampling modes that enable coring and drilling for subsurface samples

- Suction collectors with multiple chambers,

- Encosure-type samplers for especidly fragile samples.

- Smdl volume water sampler

- These sampling and sensor issues require improved dexterity of manipulaors,

- Advancementsin communication and data transfer mechanisms, and power,
payload, propulson, and structural materias of platforms,

- Technology training and networking to maintain and upgrade systems

- Short basdline navigation of vehicles rdative to their GPS-paositioned tending ship
may in some cases be an operationdly preferable option.

- Systemsthat can withstand environmenta extremes (strong currents, caustic
environments, high temperatures, high sdinity, etc.

- Weather congraints (e.g., polar environments) may require new support ship
designs.

Summary of Technology Needs for Expeditionary Science:

- Vey long range AUV, expand on the ALTEX mode to include other approaches
such as gliders and solar-powered AUVS

- Airdrop AUVsand navigationd infrastructure
- Multiple AUVs

- AUVswith sampling capabilities

- Molecular and biochemica probes and sensors
- In-stu mass spectrometers

- AUVswith fiber or acoudtic links

- More portable ROV's and towd eds, supported by improved, lightweight cables
that can provide adequate power with smaler diameter cable.

- Moreintdligent AUVs
- Expendable AUVS

52



Improved navigation
Portable observatories

Improve our abilities to produce rigorous data sets that alow others to explore
after the expedition has ended.
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APPENDIX I1:
Meeting Agenda

DEveoping Submer gence SCienck for the Next Decade: " DESCEND"
Scientific Challenges, Technology Developments, and M anagement Strategy

National Science Foundation
4201 Wilson Boulevard
Arlington, VA
October 25-27, 1999

Monday, October 25",

Day 1: Science Discussions

8:30 a.m. Open Meeting (Room 375)

UNOL S Welcome/Introduction - Dr. Thomas Royer, UNOLS Vice
Chair

Overview DESCEND — Dr. Patricia Fryer

Overview of Submergble Science — Dr. Daniel Fornari

Observatory Science Overview — Dr. Keir Becker & Dr. John
Delaney

Charge to Participants’Workshop Ground rules— Dr. Patricia Fryer

10:15 a.m. Breakout Sessions; Science Breakout Sessions;

12:00 Lunch

Ridge Processes | (Room 375) — Tim Shank/Karen Von Damm
Ridge Processes || (Room 390) - Cindy Van Dover/ Mike Perfit
The Abyss/Open Ocean (Room 375) — Art Y ayanos/Andy Fisher
Margins (passve & convergent) (Room 360) — Chuck Fisher/Brian
Taylor

Shelf, Coadtd, and Polar (Room 370) — Gary Taghorn/ Jm Barry

1:00 p.m. Reconvene Break-Out Sessions

3:45 p.m. Break

4:00 p.m. Plenary Session (Room 375) — Each session leader will provide abrief (one
bulleted overhead) summary of their respective session. At the conclusion of al
summaries there will be an open discussion.




6:00 p.m. Adjourn Day One

Tuesday, October 26"

Day 2: Technology & Instrumentation
8:30 a.m. Commence Day 2 (Room 375)

Overview of untethered systems— AUVs Dr. James Bdlingham
Manned and Unmanned Vehicles Mapping: Dr. Dana Y oerger
Data Systems — Case studies within and outside of MG&G: Dr.
Dawn Wright

10:15 a.m. Technological Breakout Sessions:
Event Response (Room 370) — Jm CowenVHugh Milburn
Time Series— Long (Room 360) — Fred Duennebier/Ross Heath
Time Series— Short (Room 390) — George L uther/ Marsh
Y oungbluth
Expeditionary (Room 375) — Dana Y oerger/Bill Ryan
Globa (Room 375) — Fred Spiess/ Marty Kleinrock
12:00 Lunch
1:00 p.m. Reconvene Break-Out Sessions
3:45 p.m. Break
4:00 p.m. Plenary Session (Room 375) — Each session leader will provide a brief (one
bulleted overhead) summary of their respective session. At the conclusion of al
summaries there will be an open discusson.

6:00 p.m. Adjourn Day Two

Wednesday, October 27"

Day 3: Wrap-Up:
8:30 am. Commence Day 3 (Room 1235)

Morning: Future Technologies and Facilities: Developmental paradigmsand
tradeoffs — Dr. James Bdlingham

A find plenary discusson among dl participants will follow. A summary

of the morning's discussion by the steering committee will close the
workshop.
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Afternoon: The afternoon will be set aside to dlow the Steering Committee to complete
writing assgnments.
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Appendix IlI:

DESCEND Workshop
Steering Committee

CHAIR - Dr. Patricia Fryer, Professor
SOEST/Planetary Geosciences, University of Hawaii
pfryer @soest.hawaii.edu
**k*

Dr. Keir Becker — (Ocean Bottom Observatories) -
Marine Geology and Geophysics, RSMAS, University of Miami
kbecker @rsmas.miami.edu
* k%

Dr. Marv Lilley - Chemistry
University of Washington
lilley@ocean.washington.edu
*k*k
Dr. Craig Cary — Biology
College of Marine Studies, University of Delaware
caryc@udel.edu
*k*

Dr. LisaLevin - Biology
Marine Life Research Group, Scripps | ngtitution of Oceanography
Llevin@ucsd.edu
* k%

Dr. James Bellingham - AUV
Underwater VehiclesLaboratory, MIT Sea Grant Program
beling@mit.edu
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Appendix 1V:
DESCEND Participants

IName of Participant

| Date Application Submitted

Jess Ackins | August 4, 1999

Jon Alberts | October 4, 1999
ICarole C. Badwin | September 2, 1999
Jm Barry | September 23, 1999
Gregory S. Boland | September 16, 1999
/Andy Bowen | July 30, 1999
Albert M. Bradley | August 19, 1999
Robert Brown | August 19, 1999
Craig Cary | September 13, 1999
Lawrence William Carpenter | August 30, 1999
Dae Chayes  October 8, 1999
[Edward Cooper | August 17, 1999
Milene Cormier | August 24, 1999
Nicole Crane | Setpember 9, 1999
/Alec Crawford | September 21, 1999
John R. Delaney | August 21, 1999
Henry Dick | duly 30, 1999
"Tommy D. Dickey | August 19, 1999
|Fred Duennebier | August 2, 1999
|Eileen E. Dunn | August 23, 1999
James E. Eckman | August 17, 1999
Bob Embley | August 29, 1999
/Andrew Fisher | August 17, 1999
Chuck Fisher | September 10, 1999
Danidl J. Fornari | August 9, 1999
Dudley Foster | August 23, 1999
Petricia Fryer August 24, 1999
|Chris German | August 16, 1999
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James Gill | August 5, 1999
Chris Goldffinger | September 3, 1999
G. Ross Heath | August 22, 1999
'Thomas A. Hickson | August 1, 1999
Ray Highsmith | August 20, 1999
|Susan E. Humphris | August 20, 1999
'S. Kim Juniper | September 1, 1999
Miriam Kastner | August 11, 1999
'William J. Kirkwood | August 13, 1999
Martin Kleinrock | August 23, 1999
Va Klump | August 24, 1999
LisaA. Levin | August 23, 1999
IDon Liberatore | August 23, 1999
Dave Lovalvo | August 24, 1999
John Lupton | July 30, 1999
George W. Luther, 111 | August 17, 1999
Richard A. Lutz | August 17, 1999
Laurence P. Madin | August 24, 1999
Alexander Malahoff | August 24, 1999
Russdll McDuff | August 25, 1999
Jon D. McWhirter | September 8, 1999
Hugh Milburn | August 5, 1999
David Naer | August 19, 1999
Dr. Dondld Nuzzio | October 8, 1999
Scott Olson | August 20, 1999
Danid Orange | August 30, 1999
Michee! Perfit | September 7, 1999
Richard F. Pittenger | August 5, 1999
Shirley A. Pomponi | August 23, 1999
[Frank R. Rack | August 24, 1999
/Amna-Louise Reysenbach | August 24, 1999
'Veronigue Robigou | August 21, 1999
Bruce H. Robison | August 24, 1999
Peter A. Rona | August 17, 1999
John D. Rummd | August 11, 1999
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\William B. F. Ryan

| August 27, 1999

Frank Sansone | August 24, 1999
Danidl Scheirer | August 19, 1999
Danid S. Schwartz | October 1, 1999
Timothy M. Shank | August 26, 1999
/Andrew Shepard | August 6, 1999
Craig R. Smith | August 24, 1999
Deborah K. Smith | August 16, 1999
Fred Spiess | August 18, 1999
Gary Taghon | August 24, 1999
Shozo Tashiro | August 24, 1999
Brian Taylor | September 8, 1999
Maurice A. Tivey | August 13, 1999
Robert F. Tusting | August 10, 1999
Cindy Lee Van Dover | August 11, 1999
[Karen L. Von Damm | duly 30, 1999
Barrie Walden | August 24, 1999
'C. Geoffrey Whest | August 23, 1999
IDawn Wright | August 2, 1999
A. Arigtides Y ayanos | August 24, 1999
IDanaR. Y oerger | September 2, 1999
Craig M. Young | August 23, 1999

'Marsh Y oungbluth

| September 21, 1999

Jll Zande

| September 8, 1999
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APPENDI X V:
DESCEND Abstracts

Mesting participants provided information about their submergence science interests and
abstracts in advance of the DESCEND workshop. This information has been compiled
and is provided below.

Jess Adkins
Organization: Lamont-Doherty Earth Observatory
Address; Route OW
City: Pdisades
State/Province: New York
Country: USA
ZIP Code: 10964
Email: jess@ldeo.columbiaedu

1. Feld of Expertise: Geochemistry

2. Submergence Platform(s) Used:

3. Workshop Questions: Collection and monitoring of deep-sea coral.

4. Region of Interest: All deep ocean basins

5. Types of submergence systems anticipated for work/technology development:
Alvin
ROVs

6. Abstract:

The use of deep-sea corads as monitors of deegp ocean behavior is an exciting new area of
research that requires deep submergence technology. This new archive can address
problemsin two key areas of abyssa research; the deep ocean's relation to climate on
glacid/interglacid time scales and time series of modern deep water, and vent areg,
chemistry on decadd time scaes. From a"pdeo” point of view the cords not only
represent an archive that records very high tempora resolution relative to deep-sea
sediments but aso contains a fundamenta, and until recently, unmeasurable tracer in
Pdeoceanography. Coupled U-series and radiocarbon dates from the same cord free
14C from being a chronometer and alow usto caculate theinitia radiocarbon content of
past water masses. This measurement congtrains the rate of paleo-circulation, adding
trangport to our understanding of past water mass volumes and digtributions.

Modern samples provide both a calibration for our paeo studies and the potentid for
time series of chemica species. Thisarchiveis akin to an abyssa observatory of deep-
sea-chemidtry spanning at leest the last severa decades. In the same way that overlap
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between the atmospheric and ice core measurements of carbon dioxide strengthened the
findings from each data set, modern abyssal observatories and degp-sea cords could
complement each other.

Deep-seacord studies are in ther infancy, and the types of studies to be conducted
with current and future deep submergence are therefore varied. However, my recent
work shows that there are some key gapsin the collections from dredges over the last 30-
40 years. We need samples from the degp Pecific, down the sides of seamounts and from
previoudy dredged "gold mines' of degp-sea corals. For dl of these reasons, | would
like to explore, with the degp submergence community, how to collect and monitor these
animas in amore rigorous manner than as a side benefit to dredging.

Jon Alberts
Titles Marine Operations Coordinator
Organization: Woods Hole Oceanographic Ingtitution
Address:. Mail Stop #37
City: Woods Hole
State/Province: MA
Country: USA
ZIP Code: 02543
Emall: jaberts@whoi.edu

1. Fidd of Expertise: Deep Submergence V ehicle Operator

2. Submergence Platform(s) Used: ALVIN

3. Workshop Questions: Future Trendsin Degp Submergence Research

4. Region of Interest: All Oceans

5. Types of submergence systems anticipated for work/technology development: NA
6. Abstract: NA

CaroleC. Baldwin

Organization: NMNH, Smithsonian Inditution
Address: Divison of Fishes, MRC 159
City: Washington

State/Province: D.C.

Country: USA

ZIP Code: 20560

Emall: ba dwin.carole@nmnh.g.edu
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1. Fidld of Expertise: Deep Sea Biology

2. Submergence Platform(s) Used: Johnson Sea Link Il

3. Workshop Questions. 1. What isthe role of systematic biologists in the next decade of

deep-saainvedtigaions? What are the best sources of funding for purdly biologica
(micro and macro) exploration?

4. Region of Interest: For now, tropical Atlantic, Pacific

5. Types of submergence systems anticipated for work/technology devel opment:
Submergence systems. Manned submersibles, ROV's

Technology development: Efficient means of sampling organismsin the water column,
not just on the bottom.

6. Abstract:
Jim Barry
Organization: MBARI
Address; P.O. Box 28
City: Moss Landing
State/Province: CA
Country: USA
ZIP Code: 95039
Email: barry@mbari.org

1. Field of Expertise: Deep Sea Biology

2. Submergence Platform(s) Used: ROVs (MBARI, JAMSTEC, Other)
Subs (Shinkai, Delta)

3. Workshop Questions: What are the priorities of the submergence science community
for future development? More vehicles or greater cgpabilities for existing vehicles.
What balance should exist between submergence vehicles and deep- sea observatories,
since these may compete for funding?

4. Region of Interest: Eastern Pacific, Antarctic continental margin.

5. Types of submergence systems anticipated for work/technology devel opment:
My research is generdly concentrated along the US west coast (chemosynthetic
community studies) and Antarctica (pelagic Benthic coupling). Submergence systems for
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thiswork include ROV s, subsea camera systems, and in Situ sensors.
6. Abstract:

a) Current technologicd limitations: Subsea navigation, sensors (sulfide, carbon (POC,
DOC), fluid samplers, pore fluid profilers, high resolution imaging, image andyss
systems, high dexterity manipulators to measure / tag organisms in Stu, battery power for
subs/ AUVs. High resolution navigation would alow more repeatable video transects, in
gtu sensors & profiling system would increase resolution of chemical gradients, imaging
systemswould ad in characterization of fauna (distribution, size structure, growth, etc.).

b) Generdly available capabilities Greater accessto vehicles for submersible science,
with high-resolution navigation & imaging, dexterous manipulators, various sampling
devices (fluids, animals, and sediments).

c) | expect an increase in the availability and capabilities (depth, functiondity) of both
ROV's and manned submersiblesin the future. Ocean exploration will continue to be
limited by submergble technology. An acceleration in ocean exploration and
understanding will require greater accessibility to submersible technology by the
scientific community. ROV swill likely increase in importance over manned
submersbles. AUV developmentsin the next decade or two will broaden sampling
cgpabiilities for some disciplines.

Gregory S. Boland

Organization: Minerd's Management Service
Address: 1201 Elmwood Park Blvd
City: New Orleans

State/Province: LA

Country: USA

ZIP Code: 70123

Emal: Gregory_Boland@mms.gov

1. Fidd of Expertise: Deep Sea Biology

2. Submergence Platform(s) Used: Johnson SeaLink | and [1
TAMU Diaphus

Nekton Gamma

Vaiousmini-ROV's

3. Workshop Questions: Sampling methodologies
Physica manipulation of experiment packages



Acoudtic telemetry between platforms and experiment packages
Acoudtic transmisson of images
Deep >1000 m ROV scientific capabilities

4. Region of Interest: Gulf of Mexico

5. Types of submergence systems anticipated for work/technology development:
>1000 m manned submersibles and ROV for study of deep-sea biology,
especidly chemaosynthetic communities.

Deep ROV capabiilities and payload (experiments)
6. Abstract:

What are the current technologicd limitations on your research, and what science could
you do if these problems did not exist?

One of themodt critical limitations to Gulf of Mexico submergence scienceis the lack of
platforms capable of greater than 1000 m operation. The Alvinisvery difficult to obtain
funding for aswel as problems with long-term commitments and availability. Deep
ROV capabilities are expanding but my persona knowledge is lacking (a primary reason
for atending). Additional deep subs would benefit our nation’s program but perhaps
with the escaation of deep oil and gas development in the Gulf of Mexico, deep ROV
technology will eventudly subdtitute for much of the science thought only possble by a
manned submersible.

In the Gulf of Mexico, there are potentidly twice the number of known chemosynthetic
communities that exist below the depth capability of the much-used JSL subs. Only one
gte has been invedtigated in the Alaminos canyon with Alvin. Numerous oil seepsexist
in deep water (with probable associated communities of some sort) with no easly
avallable platform to investigate them.

b) What capahilities should be generdly available for submergence science?

Fine scale manipulation of sampling gpparatus and externd experiments should be a
generd capability on al submergence platforms. Little can be done with smple visud
feed back aone. Even direct observation of chemosynthetic communitiesis
commonplace now and complicated collections and experiments must be performed to
move forward in our scientific understanding of these spectacular degpwater Sites.

¢) Where do you see submergence science going in the next decade?

Autonomous vehicles seem to be very promising. Red time acoudtic transmission of
visud data (video or digitd ills) would be amgor breakthrough for untethered
systems. Perhaps this technology exists but is not well known.
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Andy Bowen

Organization: WHOI

Address: MS #7

City: Woods Hole
State/Province: MA

Country:

ZIP Code: 02543

Email: abowen@whoi.edu

1. Field of Expertises Ocean Engineering

2. Submergence Platform(s) Used:

3. Workshop Questions: Facilities needs of the science community
4. Region of Interest: various

5. Types of submergence systems anticipated for work/technology devel opment:

6. Abstract:
Albert M. Bradley
Organization: WHOI
Address: MS#18
City: Woods Hole
State/Province: MA
Country: USA
ZIP Code: 02543
Emal: abradley@whoi.edu

1. Fidd of Expertise: Degp Submergence Vehicle Operator
2. Submergence Platform(s) Used: ABE (Autonomous Benthic Explorer)

3. Workshop Questions: What vehicle and systems do we need?
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4. Region of Interest: this solar system, preferably earth...

5. Types of submergence systems anticipated for work/technology development:
AUVsand ROVs and what they can do for science

6. Abstract:
Technologicd Limitations

My work with AUV sis severdly congtrained by current battery technology. There are
promising improvements on the horizon, but this remains our biggest condraint. Perhaps
the next most severe limitation is navigation. Current Acoudtic sysemsin use seemto dl
have an accuracy of 0.1% of their working range. Communication is often alimitation,
but I de-emphasize this since to be economica to operate an AUV should do its job
without requiring an operator. Of course there are places where an AUV isused asa
"tetherless ROV" (for deep trenches) and communication then becomes critical.

Avallable Capabilities

I'll be at this workshop to hear others address this topic!
Next Decade

| think the next decade will be the decade of the AUV in degp ocean science. The
guestion is, what are the science problems and how can AUV's address them?

Robert Brown
Title Research Associate/ALVIN PROJECT ENGINEER
Organization: Woods Hole Oceanographic Ingtitution
Address: MS# 17
City: Woods Hole
State/Province: MA
Country: USA
ZIP Code: 02543
Emal: rbrown@whoi.edu

1. Field of Expertise: Degp Submergence Vehicle Operator
2. Submergence Platform(s) Used: ALVIN  JASON

3. Workshop Questions: N/A
4. Region of Interest: N/A

67



5. Types of submergence systems anticipated for work/technology development:
Involved in development of manned and unmanned vehicles and
ingrumentation/sampling equipment for those vehicles.

6. Abstract:

These are specificdly questions for science. My desireisto enhance the technica
capabilities of our degp submergence vehicles to perform the science envisioned for the
next decade.

Craig Cary
Organization: Univerdty of Dlavare
Address: CMS, 700 Pilottown Rd
City: Lewes
State/Province: DE
Country: USA
ZIP Code: 19958
Emal: caryc@udd.edu

1. Feld of Expertises Microbiology

2. Submergence Platform(s) Used: Alvin
Nautile

Nekton

3. Workshop Questions:

4. Region of Interest: EPR

5. Types of submergence systems anticipated for work/technology development:

Both Submersble and ROV. | aminterested in microscae sampling capabilitiesin
particular smal water sampling coupled with in Stu geochemicd andyss. | andso
interested in rock coring at the same scae.

6. Abstract:

L awrence William Car penter
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Organization: School of Marine Science, Virginia Inditute of Marine Science
Address: P.O. Box 1346

City: Gloucester Point
State/Province: Virginia

Country: USA

ZIP Code: 23062

Emal: Flanoman@vims.edu

1. Feld of Expertises Hydrothermd Vent Biology

2. Submergence Platform(s) Used: Alvin Jason

3. Workshop Questions: biogeography, astrobiology, ecology
4. Region of Interest: globa

5. Types of submergence systems anticipated for work/technology development:
Manned, ROV's, AUV, observatories

6. Abstract;

Current Limitations:
Frequency of sampling and of deploying/recovering instruments. Ability to access remote
Stes with suite of degp submergence assets.

Capabilities available for degp submergence science:

24-h ROV ops at 6500 m or less with full suite of capabilities mapping at multiple scales,
including imagery, sampling, instrument deployment and recovery) manned ops at 4500
m or lesswith full suite of capabilities

Future:
maintenance of current level of expeditionary and short time-scale observations and
expansion of observatory capabilities. Both gpproaches are complementary.

Dale Chayes
Organization: Lamont-Doherty Earth Observatory/CU
Address; Instrument Lab, 61 Route 9W
City: Pdisades
State/Province: NY
Country: USA
ZIP Code; 10964
Phone Number: 914-365-8434
Email: dale@ldeo.columbia.edu
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1. Field of Expertises Ocean Engineering

2. Submergence Platform(s) Used: Alvin
Sea Cliff
Turtle

NR1

USS Hawkbill
USS Cavdla
USS Pargo
USS Pogy
Deep Tow
SeaMARC |
SeaMARC |

3. Workshop Questions: Relative merits of "manned”, unmanned, autonomous and
tethered, permanent, temporary platforms.

4. Region of Interest: Globa

5. Types of submergence systems anticipated for work/technology development:
Submarine-based AUV and ROV platforms.
Submarine-based "manned” surveys.

6. Abstract:

Mapping in the arctic is serioudy limited by the ice cover and at high latitudes by
distance and wesether. The SCICEX program has proven that good science can be done
using US Navy nuclear submarines. Better access to such platforms coupled with
development of suitable techniques and technologies will findly alow access to these
remote and hostile aress.

Edward Cooper
Title Mr. / Acting Scientific Superintendent
Organization: Research Vessd Services
Address: Rm 341/01, Southampton Oceanography Centre, European Way
City: Southampton
State/Province: Hampshire
Country: United Kingdom
ZIP Code: S014 3ZH
Emal: ebc@soc.soton.ac.uk



1. Fidd of Expertise: Ocean Engineering

2. Submergence Platform(s) Used: None

3. Workshop Questions: Facility needs for the science community

4. Region of Interest: As determined by UK scientific community.

5. Types of submergence systems anticipated for work/technology devel opment:
ROVs& AUVs

6. Abstract;
Milene Cormier
Organization: Lamont- Doherty Earth Observatory
Address: Oceanography 208
City: Palisades
State/Province: NY
Country: USA
ZIP Code: 10964-8000
Email: cormier@ldeo.columbia.edu

1. Fidd of Expertise Marine Geophysics

2. Submergence Platform(s) Used: Alvin and Nautile submersible;
ABE AUV.

3. Workshop Questions. - What are the styles, volumes, agrid extents, flow
morphologies, met pathways, and timing of individud eruptive events at mid-ocean
ridges?

- What isthe detailed digtribution of faults and fissuresin the axia region of mid-ocean
ridges and what strain does it accommodate?

4. Region of Interest: dl mid-ocean ridges

5. Types of submergence systems anticipated for work/technology development:

| am interested in the following technology developments:
- Very accurate navigation (with resolution of afew meters) routingly avallable for
manned submersbles, AUV's, and ROV swould be wonderful . Precise navigation would
alow to produce photomosaic of relatively large area, and co-located, very high
resolution maps (better than available on land!) of the bathymetry, magnetics, gravity,
temperatures, geology, €etc.
- The capabilitiesto deploy AUV's smultaneoudy to other degp submergence systems
would greatly optimize the use of ship time. 1t would require the conception of anew
transponder systems that could be queried smultaneoudy by different platforms (?)
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- The capabilities to recover many rock samples (severd dozens? Smdl glass chips
would be sufficient...) during a sngle deployment would dlow very precise geologicd

mapping.

6. Abstract:

During arecent cruise to the East Pacific Rise, we surveyed a 2.5 km2 area of the
sedfloor with the AUV “ABE”. Because ABE’s navigation was so accurate, we were
able to produce maps of the bathymetry, magnetic field, CTD, and optical backscatter as
well asto obtain photomosaics of the study area with an unprecedented resolution. The
results unambiguoudy outline a sysem of en-echelon eruptive fissures, the lava pillars
gtanding within the fissures, the individua lava lobes, networks of lava channels
and collgpse lava tubes emanating from these fissures, and even the locations of afew
black smokers.

In view of these exciting results, | envison the following developments as important
to future research:
- The capability to Smultaneous use severd platforms, such as Alvin plusafew AUVS,
would provide an optima use of ship-time. It would require a modification of the present
transponder navigation system to alow severd platforms to communicate s multaneoudy
with the array of acoustic beacons.
- An accurate navigation for dl the platforms (better than 5 m) would alow the precise
co-location of the different data sets.
- The posshility to collect more samples during one deployment. For instance, the
possibility to collect afew basdtic glass chips a saverd dozen locations during one dive
would alow the systemdtic typing of lavas in the neovolcanic zone a mid-ocean ridges.
- An extended battery life for AUVswould alow more time on bottom and therefore
increase the areas that could be surveyed during one cruise.

- Theavailability of gravimeters that makes continuous underway measurements on
AUVsor ROVs. Thefeashility of these measurements has been recently demongtrated
on Alvin, and would potentidly be done more effectively from AUVs.

Near-bottom surveys will become increasingly time- and cost- efficient with the use
of saverd complementary platforms during one cruise. Unlike tethered ROV's, manned
submersibles offer an immediate 3-D, periphera view of the seafloor. Assuch, inthe
hand of experienced field scientigts, they dlow for a very efficient exploration of the
sedfloor. Manned submersible are dso versdtile and effective sampling platforms.

ROVs and AUV on the other hand are unsurpassed for providing the complete
geologica and biologica context of an area

Nicole Crane

Organization: Marine Adv. Tech. Ed./Monterey Penin. Call.
Address: 980 Fremont St
City: Monterey
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State/Province: CA

Country:
ZIP Code: 95076
Emal: ncrane@marinetech.org

1. Fied of Expertise: Fisheries

2. Submergence Platform(s) Used: Saturation (Aquarius)
Scuba
ROV

3. Workshop Questions: Our NSF funded center is involved with the development of
educationa programs to prepare people for careersin marine science and technology.
The focus is on the technical and support sde of commercia and research operations.
We are actively developing partnerships and collaborations with industry and academic
programs to shape the work we do, and provide opportunities for students.

4. Region of Interest: Nationa

5. Types of submergence systems anticipated for work/technology devel opment:
Scuba (research and applied diving)

ROVs piloting, maintenance, operations

Subs: piloting, maintenance, operations

AUVs. piloting, maintenance, operations

Other: instrumentation, telemetry, remote senang

6. Abstract:

Given the nature of our program, the above questions are not entirdy relevant. | have
included an abstract here, which describes our work, and the mgor technical areasin
which we concentrate.

Marine Advanced Technology Education (MATE) Center:
Education and preparation for careers in ocean science and technology

www.marinetech.org

The Nationd Science Foundation’s Advanced Technologicd Education (ATE) program
is showing their commitment to improving the education of people who work in and are
interested in ocean-related careers through their award to the Marine Advanced
Technology Education (MATE) Center. The MATE Center islocated at Monterey
Peninsula College in Monterey Cdifornia It was established in September 1997.

The MATE Center is a partnership of organizations and individuas concerned with the
broad field of marine science and technology and the education of people to work in that
fidd. Technological advances have created new opportunities for ocean exploration and
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research, and will shape agrowing need for people who understand and can work with
the technology. The MATE Center is coordinating and facilitating the development of
programs in marine science and technology involving high schools, technical schools,
community and four-year colleges, and graduate schools, with an emphasison
community college program development, to meet that need. The MATE Center is
developing collaborations between educationd ingtitutions and industry, military,
government, research, and labor organizations. These collaborations facilitate the
development of courses and programs based on industry-established guiddines, which
provides students with both academic and technica skills and knowledge.

The Center has launched a nationd technical internship program in partnership with the
University Nationa Oceanographic Laboratory System (UNOLS) and the Ocean Dirilling
Program (ODP). This program emphasizes technicd skill acquigition, and matches
Students with positions that best suit their interests and the needs of the ship operations.
Hands-on, work-place experiences such asthisare an integrd part of the MATE
educationd pathways, and are key to establishing relationships between students and
industry/research.

The MATE Center is conducting a series of on-going workshops with industry and
research ingtitutions to gather information on the skills, knowledge and abilities needed to
perform in severd marine technica occupationd areas. These employer-based
guiddines are then used to develop courses and programs, which are rlevant and up-to-
date. Workshops have been held for Marine Research (ship-board) Technician, ROV
Technician, Hydrographic Survey Technician, Aquaculture Technician, and Oil Spill
Response Technician. Using thisinformation, Monterey Peninsula College launched a
new Marine Science and Technology A.S degree and certificate program in the fall 1999.

A magor god of the Center isto heighten the awareness of marine-related careers and
provide students, educators, workers, and employers with up-to-date information to assst
them in making informed choices concerning their education and future. In addition to
being avallable to educators and employers, the information gathered through the MATE
Center is available to students and other interested parties through our office and our
website. For more information, cal our office at 831.645.1393, e-mail usat
info@marinetech.org, or visit our website at www.marinetech.org

Alec Crawford
Title: Captain
Organization: Deep Tek Ltd
Address: Kilburns
City: Newport on Tay
State/Province: Fife
Country: UK
ZIP Code: dD6 8PL
Emal: deeptekltd@aol.com
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1. Field of Expertises Ocean Engineering

2. Submergence Platform(s) Used: Various. have been devel oping remote dectro-
hydraulic systems using a vertica hoist member to take power, precison and lift to ever
increasing depth.

3. Workshop Questions. n/a
4. Region of Interest: n/a

5. Types of submergence systems anticipated for work/technology development:
Harnessing of man-made fibre, such as"Plasmad’, as part of anovel, patented winding
mechanism.  Services, such as power and fibre optics are wound helicaly onto the
strength member as the bottom equipment is deployed, and wound off asit iswinched in,
due to low specific gravity (<1.0) this opens up the potentid of going to full ocean depth.

6. Abstract:
There are no technologicd limitations on the development work we wish to carry out,
merely money.

John R. Delaney

Organization: Univergty of Washington
Address:. School of Oceanography
City: Sedttle

State/Province: WA

Country: USA

ZIP Code: 98195

Emal: jdelaney @u.washington.edu

1. Fied of Expertise Marine Geology
2. Submergence Platform(s) Used:

3. Workshop Questions: How do entire plates and their overlying water masses evolve on
time scaes from minutes to decades?

4. Region of Interest: Globa with focus on NE Peacific

5. Types of submergence systems anticipated for work/technology devel opment:
Fiber Optic Cable networks and al the associated technology necessary to provide plate
scale observatories.
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6. Abstract:
¢) Where do you see submergence science going in the next decade?

The ocean and planetary sciences are not so gradudly shifting from an exclusively
expeditionary mode of operation toward one that aso involvesin situ experimenta and
interactive modes of conducting scientific inquiries and testing well-framed hypotheses.
This new direction will require a hogt of innovations thet require extensve and diverse
sensor arraysin a broad range of remote and hogtile environments with which scientists
and educators can establish two-way interactive communication in red time. Systems of
this type must aso ddliver power to the instruments and carry a commitment of decades
to explore the tempora behavior of the many basic processes that form and modify the
planetary surface and contral its environment. To afirst order, many such processes
operate a or below the scale of tectonic plates. The coming decade will see sdlection of a
small number of locations where comprehensive studies of individua plates can be
conducted. These must be complemented by a number of well chosen, but less
comprehendve, inddlations thet illuminate the diveraty and complexity of the basic
solid earth, planetary, or oceanographic processes sealected for study.

b) What capabilities should be generaly available for submergence science?

All the obvious capabilities to work the seafloor — high precison mapping capabilities
such as multibeam deep tow systems, low light level cameras, laser ranging and mapping
systems, sampling devices of dl sorts, positioning systems the cover the intermediate
range between long-basdine nav systems in the 8 to 13 kHz range and the more precise
high resolution systems using 300 kHz transponders. We need powerful and precise
ROVsand highly flexible and sophisticated AUV s of different sortsto dlow routine
surveying, sampling, and mapping as well as ROVERS that can tractor around on the
seefloor doing heavy jobs like drilling and sustained observations of specific bottom
terrains. The single most important areafor development isin the arena of chemicd and
biological sensors that can operate remotely for long periods of time. It is anathemato
some but eventudly we should move toward being independent of the need to sample.

a) What are the current technologica limitations on your research, and what science
could you do if these problems did not exist?

Many of the answersto b) are critica for entering the next generation of seafloor studies
which | believe will entall an entire new era of exploration of the time domain within a
wide range of remote systems on this planet and on others. We would be well served by
entraining the space science communities and by focusing strongly on outreach and
education.

Henry Dick
Organization: Woods Hole Oceanographic Ingtitution
Address: Rm 214, McLean Laboratory
City: Woods Hole
State/Province: MA
Country: USA
ZIP Code: 02543-1539
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Emal: hdick@whoi.edu

1. Field of Expertise: Petrology

2. Submergence Platform(s) Used: ANGUS
ALVIN

ROOPOS

SHINKALI 6500

3. Workshop Questions: Mapping lower crust and mantle in tectonic windows -
determining the nature of the crust mantle boundary and the architecture of the lower
crust and mantle at ocean spreading centers.

4. Region of Interest: SWIR, MAR,

5. Types of submergence systems anticipated for work/technology development:
Submersibles

ROVs

Sesfloor video guided rock drills

6. Abstract:

The recent highly successful mapping of the lower crust and mantle outcrops a Atlantis
Bank in the Indian Ocean using sesfloor rock drills, ROV's and Submersibles has
demondtrated the utility of using tectonic windows into the lower crust and mantleasa
means of directly sudying the architecture and compostion of the lower crust and mantle
at the ridge segment scale at dow Spreading ridges. A sgnificant problem, however, isa
limited ability to take oriented rock samples and make structural measurements on the
seefloor. Recent results drilling with an as yet somewhat primitive system at Atlantis
Bank, however, shows that video guided drilling of oriented coresiswell within our
technologica reach and should be an areain which resources should be focused over the
next decade. With this ability in hand, we would be able to directly assess tectonic
rotations on the seafloor related to both loca tectonics, and larger scale plate rotations.
An improved ability to take structura measurements, preferably using some form of laser
system would make routine structural geology on the seafloor aredity. In particular, this
should be developed for both ROV's and submersibles.

| continue to see ROV's and Submersibles as complementary to each other, but
would aso like to see amore robust ROV capahility, smilar to the large well powered
commercial ROV's presently available in industry, made accessible to the academic
community.
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Tommy D. Dickey

Organization: Univ. of Cdifornia, Santa Barbara
Address: 6487 Calle Red, Suite A

City: Goleta

State/Province: CA

Country: USA

ZIP Code: 93117

Emal: tommy. Dickey@opl.ucsh.edu

1. Field of Expertise: Physical Oceanography

2. Submergence Platform(s) Used: Moorings, AUV, and Drifters

3. Workshop Questions.

During the past decade, there has been amgor thrust forward in sensors, which are
cagpable of providing important chemicd, opticd, biologica, and acoustical aswell as
physical data. Interdisciplinary sensor suites are important for sudying problems such as
carbon dioxide cycdling and variahility, the role of biology in upper ocean heating,
phytoplankton productivity, upper ocean ecology, population dynamics, and sediment
resugpension. Many of the new sensors are relatively small and have modest power
requirements. Thus, the deployment of an increasing number of these sensors from
autonomous platformsis becoming practica (e.g., Dickey, 1991). The increased
availability of platforms such as moorings and AUVsis critica for future advances.

4. Region of Interest: Open and coastal ocean

5. Types of submergence systems articipated for work/technology devel opment:
Moorings and AUVSs. Interfacing new interdisciplinary sensor suites to these platforms.

6. Abstract;

During the past decade, there has been amgjor thrust forward in sensors, which are
capable of providing important chemica, opticad, biologica, and acougticd aswdl as
physical data. Interdisciplinary sensor suites are important for sudying problems such as
carbon dioxide cycling and variahility, the role of biology in upper ocean hesting,
phytoplankton productivity, upper ocean ecology, population dynamics, and
sediment resuspension. Many of the new sensors are relaively smal and have modest
power requirements. Thus, the deployment of an increasing number of these sensors
from autonomous platformsis becoming practical (e.g., Dickey, 1991).

Moorings have been used to obtain chemica, optical, biologica, and acoustical datain
addition to the more common physica data (e.g., temperature, sdinity, and currents) and
have proven to be excellent platforms for testing and developing new sensors (Dickey et
al., 1998). A few examples of variables which can now be sampled from moorings
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include: nitrate concentration, dissolved oxygen, partid pressure of carbon dioxide, scaar
irradiance, spectral inherent and apparent optica properties, chlorophyll fluorescence,
and sze digtributions of particles and zooplankton. Most variables can be sampled every
few minutes.

Already, new scientific indghtsinto interdisciplinary processes have resulted from
concurrent, multi- sensor measurements from moorings. Examplesinclude: the roles of
seasond and episodic forcing and eddies in increasing upper ocean nitrate and levels of
primary productivity & mid- and high-latitudes; monsoona atmospheric and eddy forcing
of productivity in the Arabian Sea; modulation of productivity in the equatorid Pacific
through tropicd ingtability waves, Kevin waves, and El Nino/La Nina sequences,
sediment resuspengion viainternd solitary waves and hurricanes, and variability in upper
ocean heating caused by phytoplankton. Moorings are aso being used to ground truth
ocean color data collected from satellites. Durations of interdisciplinary moorings have
typicaly been afew monthsto ayear. The mgor congtraint remains biofouing.
However, new anti-biofouling methods are being developed and tested; encouraging
results suggest that thisimpediment will be congderably less limiting in the future.

Autonomous underwater vehicles (AUV's) have aso been used to collect limited
interdisciplinary data sets. Size and power are more congtraining parameters for drifters,
AUV, floats, and gliders than for moorings. Nonetheless, some optical and chemica
sensors have been successfully deployed from drifters and plans are underway for float
and glider gpplications. AUV's have dready carried Smilar sensor suites aswell as
ADCPs and turbulence probes. Again, biofouling will be problematic for long-term
measurements from these various platforms.  In the future, it islikely that continued
expangon will occur in the areas of smdll, energy efficient, interdisciplinary sensors. In
particular, sensorswill likely be cgpable of measuring a much wider range of chemica
compounds and trace dements, higher spectra resolution inherent and apparent optical
properties and spectra fluorescence, and multi-frequency acoustical systems for better
resolution of zooplankton size classes. Cost per sensor is an important issue and may be
amgor limiting factor, especidly for expendable platforms. Commercidization of
key sensorswill be essentid for thisreason. Telemetry of datafrom the various
platformsis critica for many, if not most, new applications. The sensor and telemetry
technologies mentioned here would be important for maximum utilization of the various
platforms.

Fred Duennebier
Organization: SOEST, Univ. of Hawali
Address: dept. of Geology & Geophysics, U. of Hawalii
City: Honolulu
State/Province: HI
Country: USA
ZIP Code: 96822
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Emal: fred@soest.hawaii.edu

1. Fidd of Expertise Marine Geophysics

2. Submergence Platform(s) Used: PSICESV
TRIUMPH ROV
JASON/MEDEA

3. Workshop Questions: | will probably do most of my work on hot spot
volcanoes, which are not addressed in the list below.

4. Region of Interest: Pacific

5. Types of submergence systems anticipated for work/technology development:
heavy lift ROV's, submersibles

6. Abstract:

A marked increase in numbers and capabilities of submergence assets will be necessary
to support ocean bottom observatories installed during the next decade. The most
effective observatories will be permanent ingtallations that can support connection and
remova of experiments on the ocean floor, requiring both routine maintenance and
emergency support of these observatories.

It islikely that the most efficient vehicles for senvicing observatories will be ROV's, with
their capabilities of extended operations on the ocean floor, heavy lift, and lighter
restrictions on working in hazardous Situations, such as near cables, than manned
vehides. At this point we are involved with two observatories, HUGO, the Hawaii
Undersea Geo-Observatory, and H20, the Hawaii-2 Observatory, both of which require
savidng. HUGO has been down for more than a year, and a heavy-lift ROV is needed
to cut the cable and lift the Junction Box to the surface, dthough getting HUGO
operationa again will require anew cable.

H20 has problems with its Junction Box and saeismic package, which require both of
these packages to be brought to the surface. The H20 cruise (with JASON/MEDEA)
will be completed by the time of this workshop, bringing the system back on line after
about nine months of data loss.

Without sufficient assets to service ocean bottom observatories, and without procedures
to provide rapid repairs when needed, they will suffer prolonged data losses, potentidly
for large numbers of experiments.

Necessary capabilities include prolonged bottom time, heavy-lift, high qudity
imagery, and considerable dexterity.
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If NEPTUNE flies, it will likely reguire its own full-time support vesse and ROV on cdl
and available for other science when not needed for observatory support. A few other
amilar ROVswill be needed to service other observatories, depending on the number and
complexity of those funded.

Eileen E. Dunn

Organization: Arizona State Univergty
Address: Department of Geology 1404
City: Tempe

State/Province: AZ

Country: USA

ZIP Code: 85287-1404

Emall: EEDunn@aol.com

1. Field of Expertise: Ocean Engineering
2. Submergence Platform(s) Used: Alvin

3. Workshop Questions: How do we set up a database of available sensors, sampling
devices, or technologies currently being utilized by the science community for degp-sea
research? What limits do these devices or technologies have, and where can complete
information about them be obtained so that research moneys are not spent on duplicated
efforts? How do we make the community more aware of, and provide access to, the
newest indugtria technologies? Are there thermal or chemica energy sources that

could be harnessed and utilized for a power source for sensors and/or sampling devices a
an active vent dite to lessen the power burden on submergence platformsin order to
extend bottom time?

4. Region of Interest: Juan de Fuca, N EPR, SEPR

5. Types of submergence systems anticipated for work/technology devel opment:
Laboratory vent smulation systems capable of producing an active hot vent environment
for extended periods of time large enough for sensor or sampling device
development/testing prior to ocean activity in order to minimize failure/cost and/or
downtime &t sea. Fiber optic sensors utilizing an intelligent controller that will " learn ™
from information received to optimize its activities with minima outside assstance, if
any, other than initia set-up that will withstand a hot vent environment for extended
periods of time.

6. Abstract:
My researchislimited by the lack of materids and technologies that will withstand long-
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term the chemical, pressure, and temperature environment at an active hydrotherma

vent. My indugtrid background makes me aware of technologies being utilized by
industry that are more advanced than those being applied to submergence science at this
point and | am interested in exploring ways of making those technologies more ble
to this community. Submergence science will need both short and long term sensors

with the capability to sense various spectra, chemical, or biologicd activities. These
sensors need to beintelligent, reliable, and easy to ingdl or retrieve. There could be a
sensor dedicated to event detection that powers up the sensor array when an event occurs.
The sensor array information could be stored for download viaarobotic vehicle. In the
next decade, we need sensor array networks ingtalled in vent fields capable of red time
communication or memory storage that is easly exchanged and expandable. Autonomous
robotic vehicles designed for repairing, exchanging sensors, as well as downloading
information collected by the sensor array network could service these networks. These
robotic vehicles could be "parked” near vent fields, close to potentid activity sites. The
parking dock could have a cabled buoy to the surface containing a solar powered
battery-charging unit to power communication equipment and recharge the vehicle. The
information collected by the network could then be transmitted to a ship or shore Station.

James E. Eckman

Organization: Office of Nava Research
Address: 800 North Quincy St.
City: Arlington

State/Province: VA

Country: USA

ZIP Code: 22217

Emal: eckmanj @onr.navy.mil

1. Field of Expertise: Deep Sea Biology

2. Submergence Platform(s) Used: Alvin
Sea Cliff

3. Workshop Questions:

a. What are the main limitations (technologica, pilot experience, access) to
EXPERIMENTAL study of the most important biological, physical, geologica and geo-
chemicd issuesin degp-sea science?

b. What is the best investment of limited resources available to correct identified
deficienciesin our capabilities to sudy deep-sea science?
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4. Region of Interest: Southern California continental borderlands

5. Types of submergence systems anticipated for work/technology development:
short-term needs require a capable manned (pilot & scientist(s)) submersible.

6. Abstract:

With respect to manned submersibles my experience over the last decade indicates thet in
addition to technologica advancement, pilot training and experience are criticd to
successful completion of scientific operations. Thisis especidly important when fine-
scae maneuvering and dexterous operations are demanded in situ. My colleagues and |
have found thet the rate of scientific productivity grows exponentialy with the

experience of the submersible operator, and | suspect thisis equadly true for ROV
operations.

| fed itiscritica that the exigting fleet of manned submersibles be sustained and ther
technological capabilities constantly upgraded. However, there will no doubt be
continued trangtions to conducting science using technologically capable robotic
vehicles, which dlow for more continuous operations. Engineering improvements of
ROV s are probably key to the future of deep-sea science.

Bob Embley
Organization: Pacific Marine Environmentd Lab, NOAA
Address; 2115 SEE. OSU Dr., Hatfidd Marine Science Center
City: Newport
State/Province: OR
Country: U.SA.
ZIP Code: 97365-5258
Email: embley@pmel.ncaa.gov

1. Feld of Expertises Marine Geology

2. Submergence Platform(s) Used: HOV s--
(1) ALVIN

(2) SEA CLIFF

(3) Johnson Sea Link

(4) Nekton

(5) SHINKAI 6500

(6) PISCES IV
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ROVS--
(1) ROPOS
2 ATV

(3) JASON

Also have been to seawith ABE
and am long-term user of deep-towed sidescans and camera systems.
Co-developed a deep-towed camera system for ridge crest mapping.

3. Workshop Questions. Deep-sea eruption processes
Tectonic, magmatic, and hydrotherma processes aong oceanic transform fault zones
Ridge Crest seafloor observatories

4. Region of Interest: Eastern Pacific

5. Types of submergence systems anticipated for work/technology development:
ROVsand AUVs

(1) Development of advanced acoustica and optica imaging systems

(2) Development of AUV and other technology for autonomous event response

to events on deep seafloor

6. Abstract:

Some present limitations are:

(2) lack of high resolution and eadily usegble (mosickable) optica imaging systems deep
ocean floor. The scae of many features we want to look at is above sze of single frame
digita cameras now used. Laser line scan is one possibility, perhaps mounted on an
ROV, which could provide the power and stability needed. | think we could understand a
lot more about volcanic processesif we could provide better context for observations and
sampling within the limited light pool of an ROV or HOV crawling dong the seafloor.

(2) A ample, easly usesble 3D viewing system for ROV pilots to make sampling more
efficient.

(3) High resolution navigation sysems that will dlow usersto use multiple vehiclesin

the same area, perhaps at the sametime.

(4) More robust systems for deep-ocean station keeping and heave compensation for
ROVs.

In the next decade, | see the deep-sea community will be going more to usng ROVsand
AUVswith less (percentage-wise at least) use of HOV's.

| think NSF should to look ahead to develop a system to better utilize the best technology
avalable. The current block-funding system, which makesit easy to use the WHOI
assets under the nationd facility umbrella has worked well with ALVIN because of its
unique status. It has worked less well with JASON; thereis clearly more competition in
this arena, and | would see this continuing in both the ROV and the AUV areas. WHOI
isgtill clearly aworld leader in degp submergence technology, and I’'m not advocating
compromising their engineering R & D in this area. However, in those occasons where it
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clearly makes sense to use an dternate system (e.g., availability, some built-in option not
available on the WHOI asst, eic.), the user shouldn't have to ded with the perceived
"pendty” of adding the system's operationa costs onto the bottom line of the proposal.

Andrew Fisher
Organization: UCSC, Earth Sciences Dept.
Address: 1156 High Street
City: Santa Cruz
State/Province: CA
Country: USA
ZIP Code: 95064
Emal: afisher@es.ucsc.edu

1. Fidd of Expertise Marine Geophysics
2. Submergence Platform(s) Used: Alvin, Nautile, Jason

3. Workshop Questions. How do seafloor hydrologic processes influence geologica and
biologica systems, and how do these systems feed back to influence hydrologic

properties
4. Region of Interest: ridge crests, flanks, accretionary systems

5. Types of submergence systems anticipated for work/technology development:
manned and unmanned systems capable of : observatory establishment and servicing,
heet flow measurements, running pump systems, downloading from deata loggers,
seafloor mapping, high-resolution saismic

6. Abstract:

The greatest limitations on understanding the dynamics of seefloor hydrogeologic
processes, and sorting out the coupling between hydrogeology and magmatic, tectonic,
and biologicd processes are (1) alack of high-resolution, time-series data collected at a
range of tempord and spatid scades, and (2) the difficulties associated with making
measurements of hydrogeologic propertiesin generd within vigorous, trangent, flow
systems. Submergence sciences can help to overcome these limitations during the next
decade by focusing on the establishment of a smal number of observatories where in-gtu
experiments can be run, and interdisciplinary data can be collected and accessed, and by
working to keep platforms and technology readily available to scientists studying these
problems.
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There are severd limitations with methods and tools available at present. For example,
heat flow measurements require vertica emplacement of a stable probe in the seefloor.
ROV's such as Jason are too light and unable to hold position for the necessary time, and
al subs and ROV's have difficulty pushing the probe in straight up and down using only a
manipulator. A hydraulic insertion frame has been used in the past to assist with probe
emplacement, but pilots are often reluctant to use this device, which islarge and heavy.
As another example, if we are to run long-term hydrogeol ogic tests in seafloor boreholes,
we will need to develop and deploy robust flow pumps capable of moving condderable
volumes of fluid from over pressured or under pressured boreholes at controlled rates for
months or years, and to measure and record rates of fluid flow. Another issue of
importance for awide range of submergence science is the need for red-time plotting of
data and ingrument locations within a GI S-like system, including absolute, meter-scale
positioning, capable of incorporating input from arange of tools. Some scientists have
creeted their own systems to handle these functions, but for the rest of us, it is daunting to
congder building such a system from scratch.

| can imagine submergence science moving towards more cagpable ROV'sin the future,
but I'd guess that subs with people in them would sill be needed for many complex
functions. | hope that we can devel op observatory systems, both autonomous and linked
(by cable or satellite), that can respond to eventsin away that is more rapid and efficient
than sending out ships days or weeks later. My involvement in submergence science has
been modest thus far, but 1'd like to be more active in this area.

Chuck Fisher
Organization: Pennsylvania State University
Address: 208 Mudller 1ab.
City: Universty Park
State/Province: PA
Country: USA
ZIP Code: 16802
Email: cfisher@psu.edu

1. Field of Expertises Hydrothermd Vent Biology

2. Submergence Platform(s) Used: Alvin
Nautile

Turtle

JSLI&I

Pisces||

ROPOS

JASON
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3. Workshop Questions. | would prefer to discuss technicad questions a
this workshop

4. Region of Interest: The E. Pacific Rise, The Gulf of Mexico, And The JAFR

5. Types of submergence systems anticipated for work/technology
development:
Sub and ROV now, AUV in the Future.

Anti-fouling camerds

chemicd sensors

better sample collectors

6. Abstract:

The ecologica aspects of my research have aways been limited by to our ability to get
the quaity and quantity of sampleswe need. For that reason we have developed a variety
of specid devicesfor use on subsor ROVs. However, my budget and ability are
consderably less than what should be gpplied to some of these efforts and there are a
variety of types of devicesimprovements that would be used by many scientigsin

our community.

One type would be collection devices for biologically relevant water samplesin

aufficient numbers for good characterization of habitat parameters. These need to be
gmdl volume and "pickled” in-gtu for volatile species like sulfide. Theright chemicd
sensor packages could dleviate this problem for some andyses. Over the past 15 yearsa
variety of people have worked on different systems for measuring important chemicasin
stu, and numerous biologists have benefited when they sailed and collaborated with

them. If the time has come, incorporation of a chemica sensor package into the stock
options for a degp submergence vehicle would be a mgor advance and would be utilized
by many scientigts.

Another type is collection devices desgned for quantitative samples of communities.

The Alvin Box cores are good for soft sediment, the JSL scoop (and ROPOS "packman’)
are pretty good in some Situations, but thet isdl thet is available to the community at this
time. These collection devices should be designed in conjunction with trangportation
devices ("bioboxes") that dlow maximum flexibility and replicate collections. Perhaps
even designs that include secure trangportation and loading into eevators on missons
requiring multiple collection during asingle dive or deployment of an ROV.

Another is better images, which can be used for quantification of fauna abundance or
coverage. Higher qudity imaging cgpability and better methods for determining scaein
images are needed. The technology is dlearly available for this god, only the
commitment (and $) is needed.

It seems that each of these are areas where improvement in our current capabilities
would benefit the mgority of biologists working in ether vent or seep environments and
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the firgt and third would benefit most biologigts that use the facilities and many geologists
or geochemists as well.

Over the past 20 years biologists have made giant strides in undergtanding the
biology of the organiams that inhabit hydrotherma vents and cold seeps. Recently
molecular tools are dso making significant contributions to our understanding of these
animas.

However, with only ardatively few exceptions, ecologica studies have been limited to
non-quantitative descriptive work. With the knowledge base currently in hand we are
ready to undertake studies that address first order questions concerning the forces that
structure these communities and test some hypotheses generated from the study of more
accessible shallow water communities. Better toolswill be one of the keys to making
sgnificant advancesin our understanding of the ecology of the deep sea.

Danid J. Fornari

Organization: Woods Hole Oceanographic Ingtitution
Address: M S22 Woods Hole Rd.

City: Woods Hole

State/Province: MA

Country: USA

ZIP Code: 02543

Emal: dfornari @whoi.edu

1. Field of Expertises Marine Geology

2. Submergence Platform(s) Used: Alvin
Sea Cliff

Turtle

ROV Jason

DSL-120 sonar

Argo |

3. Workshop Questions

4. Region of Interest: E. Pacific, Atlantic, Indian Ocean
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5. Types of submergence systems anticipated for work/technology development:
Alvin, ROV Jason, DSL-120 sonar, Argo 1

6. Abstract:

We need to develop a consstent program of federd facilities improvements and
enhancements for deep submergence science that matches our advances in scientific
understanding of seafloor processes, especialy the tempora component of many volcanic
and hydrotherma processes occurring in the deegp ocean. We aso need to advocate
strongly for increased funding to make degp submergence science afocus eement of
national research funding, akin to ODP, in the next decade and beyond. All of the same
scientific imperatives, and arguments regarding technologica sophistication apply to a
broad range of multidisciplinary deep ocean science as they do for ODP.

The mix of submersibles, ROV's, AUV's and mapping systems should provide the
cgpabilities for nested surveys using multiple vehicles in sequentialy staged field
programs on the same cruise. The depth range of the combined assets should bein the
6000 m range to permit access to portions of active subducting margins.

Dudley Foster
Title Operations and Engineering Manager, DSV Alvin
Organization: Woods Hole Oceanographic Ingtitution
Address: MS 17
City: Woods Hole
State/Province: MA
Country: USA
ZIP Code: 02543
Email: dfoster@whoi.edu

1. Fidd of Expertise: Degp Submergence Vehicle Operator

2. Submergence Platform(s) Used: DSV Alvin
DSL-120
Jason/Media

3. Workshop Questions: In what research areas does the science community think the
future scientific emphasis will be?

What toals, tasks and instruments do they expect to need to conduct the

future science needs?

4. Region of Interest: Where ever science has a need.
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5. Types of submergence systemns anticipated for work/technology development:

| expect the National Facility will want to be an active participant in the development of
vehicles and tools to meet the future needs for research in dl ocean environments. The
hope and expectation is that this workshop will provide some outline of what aress of
technology need to be addresses to meet the scientific needs.

6. Abstract:
(A) For manned vehicles, | seethe following limitations:
- Limited depth capability
- Limited power availability
- Limited bottom work time in deeper Sites
for unmanned sysems | see the following limitations:
- Limited visud perspective
- Limit visud resolution
-Limited payloads
-Limited manipulator capability due to low vehicle mass
-Limited maneuverability due to tether condraints

(B) Dedrable cagpahilities include:

- Access to degpest desired Sites

- Remote access and monitoring on long term Sites

- Initid system designsthat alow long term service and maintenance of sites by
ether manned or unmanned vehides

- Improved AUV capability for Ste monitoring and survey work.

(©) Future of deegp submergence:

Increased remote monitoring and sensing of long term bottom stations with an
emphasis on more cost effect means to accomplish the long term experiments.

A reduction of emphasis on "traditiond"” ridge sudies. More focus on monitoring
and long term observations.

More emphasis on margin studies, methane environments, and studies with more
definable "socid relevance.”

More work in new areas of sudy including trenches, margins, and globa ridge
areas that have had little or no study.

More internationd collaboration and joint funding in areas of common interest.

Increased activity related to life on other planetary bodies, particularly related to
life detection, development and in-Situ testing of instruments and systems for
potentia spacecraft mission goplications.

Patricia Fryer
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Organization: SOEST/HIGP

Address: 2525 Correa Rd.

City: Honolulu, HI
State/Province: HI

Country: USA

ZIP Code: 96822

Emal: pfryer@soest.hawaii.edu

1. Fidd of Expertise Marine Geology

2. Submergence Platform(s) Used: Alvin, Shinka 6500, Jasorn/Medea, and smdler
commercid ROVs

3. Workshop Questions. How does subduction influence structura deformation,
geochemicd cyding, seismicity, volcaniam and biologica activity a convergent margins.

4. Region of Interest: Western Pecific

5. Types of submergence systems anticipated for work/technology devel opment:
submersibles, ROVs and possibly AUVs

6. Abgtract:

Thereislittle doubt that the capabilities of existing degp submergence systems are being
pushed to greater depths. The research that | am engaged in, however, continues to
require depth capabilities that exceed those available with mogt exigting submersibles and
ROVs. Because | want to study features that extend to great depths, | would prefer to use
an ROV (or AUV) to perform thiswork. Fro the sort of work | do, ROV's must be robust
tools, cgpable of avariety of sampling techniques and sufficiently powered to perform
adequately as a subgtitute for a deep submersible. With greater depth capability it would
be possible to survey features in detail with side-scan imagery and various geochemica
sensors, obtain geologica and biologicad samples from wdl-defined settings, and deploy
avaiety of insruments on the deep sea floor to monitor geologic, hydrologic, biologic
and geochemica processes in Situ for both short- and long-term time series experiments.

It has become increasingly apparent over the past decade that the amount of work for
submersible systems exceeds the number of tools available. Thelack of availability of
tools for time-series efforts and for operations in remote regions has become a problem
that needs our aitention. These problems will continue to escalate, as more effort is made
toward the establishment of ocean-floor observatory stesin the next few decades.
Servicing these sites and downloading datawill require greater access to deep
submergence systems. Scientigts interested in work in both the deep ocean and in the near
shore environments that use submersible systems must have access to both human
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occupied devices and ROV/AUV tools as needed. It will be a chdlenge to devise
methods to provide for the research needs of this community.

Deep ocean science approaches anew millennium thet will be characterized by
cooperation among scientists of many different disciplines to grapple with the complex
linkages between physica, chemica, biological, and geologica processes occurring a
and beneath the ocean floor throughout the world. This multidisciplinary gpproachin a
response to unprecedented advances in understianding the complexities and
interdependence of various phenomena that have been made possible through research
using deep submergence vehicles over the past two decades. Marine scientigsfrom dl
disciplines are forecasting that the next decade will see even greater linkage between
oceanographic disciplines. They foresee a need to understand the tempord dimension of
the processes being studied. Thus they will continue to use deep ocean submersibles and
newly developed remotely operated vehicles (ROV's) and autonomous underwater
vehicles (AUV's) to conducting time- series and observatory-based research in the deep
ocean and at the seafloor. These approaches will enable marine scientiststo achieve a
greater understanding of the factors which influence global processes of climate change
and geochemical mass balance, and to grapple with the intriguing problems of
interrelated processes of crustal generation, evolution and trangport of geochemicd fluids
in the crust and into the oceans, and origins and proliferation of life both on Earth and
beyond.

ChrisGerman

Organization: Southampton Oceanography Centre
Address: Empress Dock

City: Southampton

State/Province:

Country: UK

ZIP Code: S014 3ZH

Emal: cge@mail.soc.soton.ac.uk

1. Feld of Expertise: Geochemistry

2. Submergence Platform(s) Used: Alvin
Jason

Shinka 6500

Nautile

3. Workshop Questions: 1) Most effective way of conducting hydrotherma research in
remote areas in the future? 2) How to establish capabilities required for deep-sea
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observatories?
4. Region of Interest: Globa but remote areas important.

5. Types of submergence systems anticipated for work/technology devel opment:
Increasingly ROVs and/or AUV's (eg. to sample new vent-sites on E.Scotia Ridge,
future discoveries on Arctic Ridges).

So: improved capabilities of ROVs & AUVsanissue. Also, development of in Situ
geochemica sensors & sampling gear.

6. Abstract:
a) Technologicd limitaions.

Two themes underpin my research - @) understanding how venting is distributed
around the world' s oceans and b) understanding the fate of chemica tracers which are
enriched in vent-fluids, once they have been erupted into the overlying water column:

For globa didribution studies some of the most important work remaining involves the
search for, and preiminary seefloor investigation of, hydrothermd vent Sitesin remote
sections of the globa ridge crest away from mgor research ports. Examplesinclude the
Southern Ocean in genera (e.g. southern Indian Ocean) and the "Arctic” (dl points north
of lceland). These are not areas which can be considered idea for manned
submersible operations and so what is dearly needed is arobust and capable ROV with
"fly-away" potentid to operate from ships of opportunity. Requirement for such avehicle
isthe ability to at least perform basic "firgt-cut” vent-fidd sampling: imaging, vent-fluids
biology etc.

For studying near-fidld processes, akey limitation is the ability to examine the
geochemical processes active within a buoyant hydrotherma plume. Good capabilities
have been developed for collecting end-member vent-fluids whilst surface ship
operations have become adept at sampling neutraly buoyant plumes 100-300m overhead.
What is dill missing, however, isto get where the redl geochemicd actionis. "in-
between" within the firgt few tens of minutes post-eruption. That is where much of the
net geochemical flux is determined. | recently built a smple prototype "Buoyant Plume
Sampler”, since used with both "Jason” and "Alvin", to prove the concept and the
geochemicd interest. What is needed now arei) the development of more sophisticated
(multiple) ssmplers and ii) vehicles able to "hover” to collect datalsamples syseméticaly
within a buoyant plume.

b) Capabilities that should be generdly available?

The biggest UK praoblem, until now, has been to have any capability a dl! 1 am
currently part of a3-PI bid from the SOC, however, to acquire anew ROV (in essence a
"Jasort11" duplicate) for the UK marine science community. Our basic capabilities
requirements (beyond the vehicle itself) will be: sesfloor image acquisition and
centralised/standardised basic post-acquidtion support, to include navigation and
scale/orientation determinations for quantification of features observed (structures as well
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asorganisms). Geochemica sampling capailities (my interests) would include: fluid
samplersfor al of inorganics, organics, gases, diffuse flow samplers (Medusa +/-
Manifold gpproaches - or better?); plume sampling equipment (including dissolved vs.
particulate separation); "templates’ for emplacing in Situ experiments; new generation
chemica sensors asthey come ontline,

) Research in the next decade.

| see two areas for obvious development. Thefird is the move toward seafloor
obsarvatories. Thereis scope (findly) to gather internationa enthusiasm in this direction
because communication/power issues are becoming tractable and, perhaps more
importantly, because of the development of new instruments that can do more than just a
basic OBS and CTD measurements. Key areas will be - sensor development (whét to
ingal) and ROV capability (how to ingdl it).

The second area |l foreseeisin AUV development. Thiswill be pertinent not just to
Observatories (routine operations) but aso to exploration work in remote areas of the
global MOR. Over the next ten years this area of research may also attract the attention
(and tax-dallars) of those agencies interested in searching for hydrotherma vents on
Europa. (Europa Orbiter will confirmed whether oceans exist ca. 2006; lander launch
=2013). Itistimely, therefore, to start thinking about how to develop AUV capability -
particularly in terms of control, maneuverability and development of arelevant/pertinent
payload.

James Gill
Organization: Univerdty of Cdifornia, Santa Cruz
Address: Socid Sciences 2, Room 150
City: SantaCruz
State/Province: CA
Country: USA
ZIP Code: 95064
Emall: joill@es.ucsc.edu

1. Field of Expertise: Petrology

2. Submergence Platform(s) Used: ALVIN

3. Workshop Questions: Idand arc seafloor volcanism

4. Region of Interest: 1zu-Mariana

5. Types of submergence systems anticipated for work/technology development:
unfocused
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6. Abstract:
DESCEND Abstract

| wish to attend as a former and potentid user of submersible technology, and asa
science adminigtrator wanting to be wel informed about afidd that is srategicaly
important to my ingditutions. (I am the Research Vice Chancellor at UCSC, and Chair of
the Monterey Bay Crescent Ocean Research Consortium, which includes severa
indtitutions with relevant interests and capabilities.)

(& Current technologicd limitations on “my” science. Synoptic geochemicd and
geophysical measurements are essentia to the development and testing of hypothesesin
the earth sciences. Consequently, the design, deployment, serving, and interrogation of
sedfloor and mid-water observatories are essential objectives. My persond interests
center on seafloor and seamount volcanism. Scientific requirements include rapid
response capability, and the ability to sample volcanic rocks (lavas and volcaniclastics)
remotely but with good visud control and high spatia resolution. Scientific opportunities
created thereby include temporal information and process inference about volcano
congtruction leading better understanding of the most common but least studied volcanic
processes on the planet.

(b) New capabilities. | would like to see more standardized ROV s capable of deployment
from more vessdls of convenience, and that can be remotely interrogated, thereby
enabling work in more geographic areas. For example, theidand arc system chosen by
the internationa scientific community for collective effort (the Izu-Mariand) is difficult

to access by nonJapanese scientists for technological reasons.

(c) New directions. | would like to see more integrated and long-term studies of afew
specific areas of the seafloor, chosen to illustrate processes that are critical to the
evolution of the planet -- e.q., seafloor observatories and transects. Submersible
technologies should be developed to serve the scientific needs of such focused activities.
One such activity is volcano evolution, from seamount formation to caldera developmernt,
a convergent plate boundaries. In Stu geophyscad and geochemica monitoring, and
precise geologica sampling for land-based study, are essentia submersible requirements.

Chris Goldfinger

Organization: Oregon State University
Address:. Ocean Admin Bldg 104
City: Corvdlis
State/Province: OR

Country: USA

ZIP Code: 97331

Emal: gold@oce.orst.edu
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1. Fidd of Expertises Marine Geophysics

2. Submergence Platform(s) Used: ALVIN, SEACLIFF, TURTLE, ATV DELTA,
ROPOS, and SCORPIO

Sidescan sonars: SeaMARC 1A, AMS-60, AMS-150, Klen.

3. Workshop Questions. How can we make mgjor advances in seafloor sampling
technology?

4. Region of Interest: | presently work mostly in Cascadia.

5. Types of submergence systems anticipated for work/technology devel opment:
Vehides| will use

Deep-towed Sonars

ALVIN

ROPOS

Technology devel opment:

Sedfloor drilling

Improved deep-towed sonars, rea-time processing.

Add-on tools for sonars such as multichannel streamers etc.

6. Abstract:
Sesdfloor drilling: Combination of ODP and ROV technology

Technology for subsurface seafloor sampling over the past few decades has
consigted primarily of two methodologies: wire-line gravity or piston coring and
DSDP/ODP drilling. Coring techniques have improved over the years but present
cgpabilities remain limited. Long coring techniques in the US can presently recover
cores to about 15m in hemipdagic sediments, limited by wire strength on UNOLS
vessdls. Four sets of piston coring gear have been lost in the past 3 years from UNOLS
vessds dueto this limit (two by WHOI and two by OSU). The longest conventional
piston core ever recovered is 55m, recovered recently (July 1998) aboard a French vessd
(Marion Dufresne).  ODP hydraulic piston coring is effective at recovering shalow
sediments (typicdly to 150-200 m), and ODP is capable of deep rotary drilling, but the
cost, lead-time, and effort involved in an ODP leg isformidable. Not al worthy projects
can be accommodated by ODP. Thus, thereisagap in sampling capabilities desired by
marine scientists who wish to sample more than 10-15 meters of sediment, but cannot
mount an ODP drilling leg for each desired sample.

Filling thisgap is a class of sedfloor drills, the latest of which isanew device cdled
the Portable Remotely Operated Drill (PROD). This device, described further below, will
use rotary drilling or hydraulic piston coring from a sea-floor lander to collect cores up to
150 minlength. PROD can be deployed from a ship of opportunity, including the larger
UNOLS vesds, at asmdl fraction of the cost of the ODP drill ship. Thisisnew
technology, which offers a quantum legp in our abilities to sample the sea floor with greet
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cost savings relative to other methods. Not only is PROD adrill, but to some degreeit is
apowerful ROV with arange of capabilities different from those we are used to.

The PROD drill isthe result of 15 years of development and prototyping. This
technology is now reaching a state of maturity that makesit useful for avariety of marine
geologic programs. It isasea-floor lander system, tethered to the ship, which can drill or
core up to 150 minto the seafloor. A prototype for the remote corer was built by
Williamson & Assoc. in 1990 with funding from NSF and the Washington Sea Grant
Program (Johnson, 1991). This 3 m corer was deployable to depths of 5000 m, and
utilized diamond bit drilling techniques to core igneous substrate. Thistool was
successfully deployed on the Juan de Fuca Ridge, on the EPR, and off Hawaii. Although
successtul, the drill was lost when the umbilical fouled on an ODP re-entry cone on the
segfloor.

In 1995, Williamson & Assoc. congtructed alarger system for the Japanese
government called the Benthic Multi-Coring System (BMS). The BMS expanded on its
predecessor, carrying enough drill rod, core barrel and casing to penetrate 30 minto the
sedfloor. The new system incorporates computer controls that alow semi-automated
build up and breskdown of the drill string as sampling progresses. This system has
now been tested and isingtaled aboard the Japanese research vessel Hakurei Maru No. 2,
operated by the Metal Mining Agency of Japan (MMAJJ). Cores have been taken on a
basdt flow in 1200 m of water off Atami, Japan (Petters and Asakawa, 1997), and
drilling operations have continued. The BMS drill is now (summer of 1999) being used
off Okinawa.

Thefirg-generation PROD drill improves on the BMS by increasing penetration to
50-150 m (depending on casing needs) and increasing core diameter to about 2 inches.
Benthic GeoTech Ltd., the commercia/academic consortium that has built the PROD
system, has recently constructed a hydraulic piston corer (HPC) for the PROD system
that will dlow much improved coring of soft sediments. The addition of HPC capability
makes it possible to consder PROD for usein paeoceanographic work, and other
disciplines requiring complete recovery of soft sedimentsin longer sectionsthan
available with conventiona coring techniques.

The new technology corer potentidly solves severd problems inherent in both
traditiond coring methods and drilling from a surface ship. Gravity, piston, and vibra
corers can only be used in relatively soft substrate and are limited by the length of a
angle core barrd. The PROD drill diminates this problem by goplying conventiond rod
drilling techniques used on land to the marine environment. With this technology, drill
pipeis added sequentidly in 2m lengths, and coring proceeds sequentidly in 2m
increments. The primary innovation with PROD is the ability to rack drill pipe and rods,
and recovered cores, in twin "carousels’ on a sea-floor lander. In addition to penetrating
the sea floor deeper than traditiona coring methods, PROD eliminates a problem inherent
in ODP gyle drilling, that of ship heave, which makes for varigble bit pressure, impedes
core recovery, and disturbs the recovered sediment. ODP has spent millions of dollars on
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heave compensation, and athough partially successful, shipboard heave compensation
will never be perfect. The PROD lands on the seafloor, and is decoupled from the
ship. Thus, it isnot influenced by heave, and can apply pressure as needed while being
monitored in rea-time by the drilling operator. The likely result is superb recovery of
essentidly pristine sediments, even in difficult "hard/soft" dternating lithologies

Seafloor drilling not only fills agap in present technology, but aso opens the door to new
types of investigations. Seafloor drills can case holes, insert and remove tools and
instruments, suck or push fluids into holes, re-enter holes, and other things that have yet
to be devised, at afraction of the cost of the drill ship. It seemslikely that such atool
will have such wide utility thet it will become part of the US pool of degp submergence
tools a some time in the future.

G. RossHeath
Organization: University of Washington
Address: Box 357940
City: Sesttle
State/Province: WA
Country: USA
ZIP Code: 98195-7940
Emal: rhesth@u.washington.edu

1. Fdd of Expertise: Marine Geology
2. Submergence Platform(s) Used: ROV's Ventana, Tiburon, ROPOS

3. Workshop Questions: The use of AUVsand ROVsto ingal, service, remove and
augment long time series experiments on the sea floor supported either by cable or
powered buoys

4. Region of Interest: Northeast Pecific (primarily)

5. Types of submergence systems anticipated for work/technology devel opment:

ROV s to service experiments on cable systems
AUV sto augment cabled nodes and provide rapid response capability in areas such as
MORs

6. Abstract:
a) Ability to dock and operate AUV s for extended periods at cabled nodes which can
provide power and download data
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b) ROV, both sophisticated (c.f. Tiburon) and "workhorse" (c.f. off-the-shdf ailfidd
types), aswel as Rovers

¢) Morereliable ROVs (less bailing wire and duct tape) and less expensive manned
submersibles

Thomas A. Hickson

Organization: . Anthony Falls Laboratory
Address: Universty of Minnesota
City: Minnegpolis
State/Province: MN
Country: U.SA.

ZIP Code: 55414
Emal: hicks007@tc.umn.edu

1. Fdd of Expertise: Marine Geology
2. Submergence Platform(s) Used: None

3. Workshop Questions: For a given submarine drainage area (Monterey Canyon, for
example), what is the magnitude and frequency of sediment-gravity flow events?

What are near-bed sediment concentrations like for avariety of sediment-gravity flows,
turbidity currentsin particular?

4. Region of Interest: Cdiforniacoastd margin

5. Types of submergence systems anticipated for work/technology development:

ROV
Cdlibrated ultrasound or laser-Doppler systems for near red-time estimation of sediment
concentration profiles in active sediment-gravity flows.
Geophones or other technology that might dlow usto listen’ for the signature of a
sediment-gravity flow event.

6. Abstract:

In my research on sediment-gravity flow sedimentation mechanics, one question in
particular continues to come up: what are the concentration profiles of actud sediment-
gravity flows in nature and how do their concentration profiles vary? Laboratory
experiments provide some ingght into this matter, but the issue of scaing seemsto
prevent, or at least call into question, the gpplicability of scae models to rea world
flows and their deposits. The technology, at present, does not appear to exist to measure
the concentration profiles of aturbidity current or other sediment-gravity flow,
particularly in the region of the flow nearest the bed. Tethers have been used to measure
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concentration profiles well above the bed, but the relationship between these data and the
near-bed concentration is speculative at best, yet it is the near-bed concentration

that is most responsible for the deposit that the flow leaves behind. For sedimentologists
to make informed and gppropriate interpretations of degp-water sequences, the current
modes of sediment-gravity flow deposition must be calibrated by observations of

modern turbidity currents, debris flows, and other exatic flow types that include
measurements of concentration, velocity, and acceleration.

In generd, it seems that we need severd capabilitiesif we are to obtain quaity data
on sediment-gravity flow and other seafloor processes. (1) efficient datatelemetry from
or large data storage devices on seafloor instrumentation packages, (2) ultrasonic, laser-
Doppler, or other devices for the measurement of sediment concentration profiles; (3)
velocimeters/accel erometers to measure the near-bed velocity and accelerations of
extremely energetic flows; (4) instrumentation packages that can withstand extended
periods in the submarine environment (on the order of years or even decades) that are
capable of telemetering data to shore-based facilities; and (5) geophones or other
indrumentation that alow usto 'lisen’ to sediment-gravity flows and make estimates of
the magnitude/frequency relationships for arange of flow events. Over the next decade |
would expect that most of these capabilities would be met. In addition, | imagine that we
will seeimprovementsin ROV technology that alow chesper, deeper accessto
submarine sites for more scientigts.

Ray Highsmith
Title Director, West Coast & Polar Regions Undersea Research Center
Organization: Universty of Alaska Fairbanks
Address: School of Fisheries & Ocean Sciences
City: Fairbanks
State/Province: Alaska
Country: USA
ZIP Code: 99775-7220
Emal: highsmith@ims.aaska.edu

1. Fidd of Expertise: Degp Sea Biology

2. Submergence Platform(s) Used: We have chartered: ALVIN, ATV, ROPOS, DELTA,
JASON, SEA CLIFF, TURTLE

3. Workshop Questions: | am primarily an observer from afunding agency. A mgor goa
isto find out what the science community feds is high priority undersea research and
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what vehicles and tools are needed to carry out that research.
4. Region of Interest: West Coast and Polar Regions

5. Types of submergence systems anticipated for work/technology devel opment:
ROV's, AUVs, manned submersibles, imaging and mapping systems, telepresence
capability, and seafloor observatories

6. Abstract:
From the standpoint of someone who funds research and charters vehicles to carryout the
research:

a) Vehide avalahility islimited, cods are high, compstitive scheduling is often a
problem, improved undersea mapping and imaging systems are needed

b) Would like to see more highly capable, deepwater ROV's available. Also, an approx.
9000 m ROV for work in such places asthe Aleutian Trench. Improved AUV capability.

¢) Increased use of ROV's, AUV s and development of seafloor observing systems.
Improved indrumentation. Long-term Sudies at Stes.

Aswe receive proposals for a broad range of research off the West Coast and in Polar
Regions, | would prefer to be able to move between sessons.

Susan E. Humphris

Organization: Woods Hole Oceanographic Inditution
Address:. Clark S. 285

City: Woods Hole

State/Province: MA

Country: USA

ZIP Code: 02543

Emal: shumphris@whoi.edu

1. Field of Expertise Geochemistry
2. Submergence Platform(s) Used: DSL-120, ARGO I, Jason/Medea, and Alvin

3. Workshop Questions: 1) What is the best way to integrate deep submergence assets to
optimize finding new hydrotherma systems and then imaging and sampling them?
2) What are the rolesthat ROV's and AUV's could/should play in observatory science?

4. Region of Interest: Globa mid-ocean ridges
5. Types of submergence systems anticipated for work/technology development:

My main interest isin assessing the extent of hydrothermd dteration of the oceanic
lithosphere and the resulting chemica exchanges between rocks and seawater. This
requires knowledge of (i) the volcanic and tectonic controls on the distribution and nature
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of hydrothermd activity so that their abundance can be predicted; and (i) the kind of

rocks dtered and the nature of the alteration process. In order to address (i), | need to use
nested survey drategies to find and describe the geologic and tectonic settings of
hydrothermd vent Stes dong the mid-ocean ridges. This requires acoustic and
photographic imaging at large scales aswell as detailed work to describe the style of
hydrothermd dteration. | envisage various combinations of DSL-120. ARGO-I1I, ROV's
and AUVsfor such astudy. In order to address (i), | need to be able to pick up many
rocksthat are well located. This requires the submersble, dthough ROV's could be used

if they had better payload or better eevator capabilities.

6. Abstract:

The demand at present for degp submergence equipment often results in long waits
before afield program can be conducted. Hence, the number of available suites of
vehicles needsto be increased. Avallable vehicdes should indlude towed imaging
systems, at least one submersible, and severd ROVs. In addition, AUV's should be
developed that are sufficiently inexpensive that they can be used extensively for mapping
and sensor data collection globally.

The key to successful operationsis excellent navigation, so Sate-of-the-art navigation
systems are absolutely critical to every deep submergence cruise. Improvements or
changesin navigationd techniques are needed to ded with problems, such as acousdtic
shadowing, watch circles of tethered transponders, etc.

The developments for submersibles that should be considered include:

a) More power and better propulsion to alow longer bottom times and greater transit
distances;

b) state-of-the-art imaging systems,

C) better (more common?) visibility so that the scientist can see where the pilot is
callecting the samples,

d) enhanced sengtivity of the manipulator in order to be able to pick up samplesranging
from "fragil€’ to very hard (this aso appliesto ROVS).

There are severa important issuesin the further development of ROV's.

a) they need a greater payload and the ability to pick up samples larger than can currently
be managed;

b) the tether lengths need to be increased so that thereis alarger radius of operation
without having to move the ship;

c) the devator used for trangport of equipment and samplesto and from the seafloor
when conducting ROV operations needs to be improved, both in terms of ease and
efficiency of ROV-devator interactions and in better locating the elevator near the Site of
interest;

d) 3-dimengond viewing of the seafloor would be extremey helpful in terms of
understanding the geologic context of a particular Site, and in high-resolution and
gpatidly controlled sampling of specific features.

AUVs need to be developed to reliably carry out seafloor mapping, data collection using
attached sensors, and also data collection from, and servicing of, seafloor and downhole
ingrumentation.
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In the next decade, deep submergence science needs to develop the flexibility to serve
exploratory science aswell as be an integrd part of seafloor observatories, both in terms
of collecting data, and servicing sesfloor and downhole insrumentation. Thiswill

require significant expangon in our capabilities, particularly of ROVsand AUVS, in

order that the fildwork in different geographic areas can proceed at the sametime

as site-specific observatory work.

S. Kim Juniper
Organization: Université du Québec aMontréa
Address:. C.P. 8888, Succursae Centre-Ville
City: Montréd
State/Province: Québec
Country: Canada
ZIP Code: H3C 3P8
Emall: juniper kim@ugam.ca

1. Feld of Expertises Hydrothermd Vent Biology
2. Submergence Platform(s) Used: Alvin, Nautile, Pisces 1V, ROPOS, Jason

3. Workshop Questions:. - Fine-scale spatid relaionshipsin areas of irregular topography
- Centimetre to millimetre scale thermo-chemica gradientsin the hydrothermd vent
environment

4. Region of Interest: Juan de Fuca Ridge

5. Types of submergence systems anticipated for work/technology development: ROV,
manned subs. Interested in high-resolution seafloor navigation and fine scale
manipulation technologies

6. Abstract:
Miriam Kastner
Organization: Scripps Indtitution of Oceanography UCSD
Address: 9500 Gilman Dr. 0212
City: LaJolla
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State/Province: CA

Country: USA
ZIP Code: 92093-0212
Emal: mkastner @ucsd.edu

1. Feld of Expertises Geochemistry
2. Submergence Platform(s) Used: Alvin, Nautile, and MBARI’s ROV

3. Workshop Questions. Future availability of platform(s) for shallower and deeper
water gas hydrate and subduction zone related research, especially for long and short
range in Stu experiments and monitoring of processes and kinetics.

4. Region of Interest: Mostly NE Pecific & near Aleutians, off Peru

5. Types of submergence systems anticipated for work/technology development:

Like Alvin or ROV s with depth range from 500 to >6,000 m. Interested in easy access
to in Stu geochemicd and gechydrologica short and long-range monitoring systems, and
in Stuexperiments and analyses of rates of processes that may affect globa warming and
ocean chemidry.

6. Abstract:

In. U.SA.

* Alvin depth and maximum bottom duration are limiting. Greater depth range and
longer bottom time would be most helpful.

* Accessihility of one submersble is extremdy limiting, long pre-planning and waiting
are necessary; impossible to plan experiments that need frequent visitsin a specific area
* | see submergence science going in the direction of greater versatility and geographic
digribution. Thisisessentia for vigts to observatories and for studying and monitoring
non-steady- state processes.

| would particularly concentrete on:

(1) in Stu kinetic geochemical processes of methane hydrate formation and dissociation
in margin dopes at arange of water depths, monitor the impact on water column
chemidry and loss of remaining methane to atmaosphere.

(2) On the globa importance of fluid seepages in margins, the associated geochemica
fluxes, and contributions to key geochemical cycles. Directly related to this objectiveis
the need to improve assessments of fluids from continent into ocean and interactions.
(3) On therole of fluids in subduction zone processes, for example, to monitor fluid
chemidiry and fluxes through mgor thrust faults zones and vicinity and during an
earthquake cycle.
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William J. Kirkwood

Title Associate Director of Engineering
Organization: Monterey Bay Aquarium research Inditute
Address: 7700 Sandholdt Road

City: Moss Landing

State/Province: Cdifornia

Country: USA

ZIP Code: 93950

Emal: kiwi @mbari.org

1. Feld of Expertiser Ocean Engineering

2. Submergence Platform(s) Used: ROV Ventana

ROV Tiburon

ROV Jason

ROV Phantom

AUV Draper Labs

AUV Odyssey Il

Other - military applications

3. Workshop Questions: What are the anticipated science directions and
godsfor the next generation of platforms? What new places are of
interest and why?

4. Region of Interest: Pacific Rim

5. Types of submergence systems anticipated for work/technology development:

My interests are in telepresence and tempora expansion for science during use of
submerged observationd platforms. What are the real-time monitoring and requirements
for an active platform capability alowing science to dter mission profiles and parameters
as observations are occurring? How can technology best support science experiments thet
wish change criteria during a given time sequence without platform recovery?

Proper gpplication of multi- platform coordinated missions for science to expand spacia
measurements on a given cruise or for aparticular experiment.

6. Abstract;

M artin Klenrock
Organization: Vanderbilt Universty
Address; Box 1805 Station B
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City: Necville

State/Province: TN

Country: USA

ZIP Code: 37235

Emal: kleinrock@vanderbilt.edu

1. Fdd of Expertiss Marine Geology

2. Submergence Platform(s) Used: Alvin, Jason, DSL-120, Argo-11, Deep-Tow, Various
Cameradeds.

3. Workshop Questions: My primary focus is ridge processes and microplate tectonics. In
addition to the passve and convergent margins, we must include transform margins.

4. Region of Interest: EPR, MAR, Active margins

5. Types of submergence systems anticipated for work/technology development:
submersibles, AUV's, ROVs, near-bottom sidescan with good bathymetry

6. Abstract:
Val Klump
Organization: U WI-Milwaukee Great Lakes WATER Indtitute
Address: 600 E. Greenfiddd Ave
City: Milwaukee
State/Province: Wi
Country: USA
ZIP Code: 53204
Emal: vKklump@uwm.edu

1. Feld of Expertise Geochemistry

2. Submergence Platform(s) Used: Johnson Sea Link 11, Pices (Russian), ROV's, benthic
lander

3. Workshop Questions: tempora dynamics of the benthic boundary layer in coastd
systems, in Stu monitoring of hydrotherma venting activity; exploration of large lake
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sysems
4. Region of Interest: Grest Lakes; Large Lakes of the world; coastal mar

5. Types of submergence systems anticipated for work/technology devel opment:

Primarily ROVs, low cost AUV, and intdligent in Stu insrumentation for redl time and
near red time data collection and high resolution time series; micro-sensor technologies,
telemetry technology

6. Abstract:
Submergence science in lacudtrine (freshwater) environments.

One of the mgor gapsin the current understanding of coasta systemsisin the redim of
short term, mesoscae physcd/biologica dynamics. The Great Lakes, for example, are
characterized largely by their coastal nature and the biologica, chemica and geologica
interactions occurring at and within coastd fronts, boundaries and interfaces. Processes
like verticd and horizontad mixing, riverine inflow, dongshore transport by coadd jets
and squirts, and sediment resuspension are often dominated by episodic events induced
by wind stress and runoff (storm events) within the naturd oscillation of seesondity. In
the past researchers have been restricted to point-in-time sampling via surface vessdls.
Severe wegther often is the triggering mechanism and driving force for many of these
processes, yet, these are also the conditions that preclude operations of small coastdl
research vessals. To extend our understanding of coastal dynamics and begin to develop
long time series data sets with high tempord resolution isamagor chalenge for Greet
Lakes and coastal research science. Long-term data sets may dlow usto differentiate
variance from true ecologica change. The technology which can dlow usto begin to fill
thisgep isvaried, eg. in Stu instrumentation with high tempord measurement frequency,
remote telemetry capabilities, ether viahard wire (e.g. fiber optic) or cdlular telephone
links, avariety of measurement capabilities, including in Situ biomonitoring; and a
vaiety of deployment drategies, indluding AUVs, in Situ monitoring sation arrays and
intelligent networks. The efficiencies and advantages of these technologies include:
reduced man-power requirements, real time or near red time data collection and display,
high frequency collection and observation. The availahility of high-resolution time series
datawill usher in anew erain Great Lakes science. Within the next 2 decades, the
Great Lakeswill become "instrumented ecosystems' -- acoustic hydrophone networks
that track fish and zooplankton populations for improved conservation and
management; acoustic Doppler current profilers that map the 3-dimensiona current
gructure of the lake and link to satellite images of surface current Structure aerting
intakes around the shore of sediment-laden plumes headed their way; inStu
chemicd/physca

andyzers, optica systems and biomonitoring systems using live organismsto track
conditions with increasing sengitivity in aress like critica spawning habitats, for
example, charting the abundance of zooplankton forage for highly susceptible larvd fish,
giving fisheries biologists early signs of recruitment strength, etc.  In addition, the
impact of climate change on the Great Lakesis currently subject to consderable
gpeculation. Long termtrendsin locaized and systemwide temperature fiel ds, seasond
trangtions, and ice cover, etc. are susceptible to subtle changes with significant impacts.
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In addition, large lakes represent a unique set of ecologicaly and geographicaly

diverse sysemstha are largdy unexplored, including, in addition to the Laurentian Greet
L akes, some of the oldest intact freshwater ecosystemsin the world -- Lake Victoriaand
the rift valley lakes of east Africa(Tanganyika, Mdawi), Lake Baika (Siberig). With
manned systems generdly difficult and expengve to mobilize to remote aress, the
portability and flexibility of ROV's, AUV's and instrument packages with state-of-the-art
observationd and experimenta capabilities would be extremely useful for exploration

and research. While rdatively shdlow compared to the oceans, these systems do reach
depths of ~1700

metersin the case of L. Baikal.

Our lab has used both manned submersibles and remotely operated vehiclesin large lake
gsysdems. Inthelast severd years we have used ROVs extensively. Thisresearch has
included: the exploration and sampling of sublacustrine hydrothermd vent sysemsin the
Y ellowstone caldera (Y elowstone Lake); studies of benthic biogeochemigry in large
lake systems, including in Stu studies of chemicd sediment-water exchange usng

benthic flux chambers, micro-eectrode profilers and sediment coring; and studies of
particle dynamicsin coasta plumes using in stu sampling techniques for short lived
radionuclide particle tracers (Th-224, Be-7, Th-229, etc.). Deployments have been
carried out both aboard ship during the open water season and through the ice in winter.
Limitations on sampling are dictated by manipulation capabilities, payload, tool packages
and sensor technology. Improvements in bottom topography (multi-beam sonar),
precison navigation, and dynamic positioning would aso be agreat help.

LisaA. Levin
Organization: Scripps Indtitution of Oceanography
Address: 9500 Gilman Dr.
City: LaJolla
State/Province: Cdifornia
Country: USA
ZIP Code: 92093-0218
Email: llevin@ucsd.edu

1. Field of Expertiser Degp Sea Biology

2. Submergence Platform(s) Used: ALVIN, Sealink, Delta, Pisces, Sea Cliff, Scorpio,
and Phantom

3. Workshop Questions: What improvements can be made in degp submergence
sampling and manipulative capabilities?
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Can extended bottom time be achieved for manned submersibles working deep
(4000-6000 m)?

4. Region of Interest: N. Pacific, S. Pacific, and Indian Ocean

5. Types of submergence systems anticipated for work/technology development:
Submersibles, ROV's - sediment-sampling capabilities.

6. Abstract:
| will forward thisat alater time. (Right now I'm between cruises and
workshops).

Don Liberatore

Title Chief Submersible Filot & Manager, Undersea Vehicles
Organization: Harbor Branch Oceanographic Ingtitution, Inc.
Address: 5600 U.S. 1 North

City: Fort Pierce

State/Province: Florida

Country: USA

ZIP Code: 34946

Emal: liberatore@hboi.edu

1. Fidd of Expertise: Degp Submergence Vehicle Operator

2. Submergence Platform(s) Used: Johnson-Sea-Links | & I, Research Submersible
Cldia (PC1204), Hysub 40, HBOI Rescue ROV

3. Workshop Questions: How can currently available shalow water (i.e., less than 1500
m) submergence technology be better utilized by the scientific community?

4. Region of Interest: "shalow"(i.e., less than 1500 m) worldwide

5. Types of submergence systems anticipated for work/technology devel opment:

Manned submersible systemns with benthic collection platforms, adapted for collection
and trangport of organisms from extreme environments (e.g., high pressure, low
temperature).

6. Abstract:

Capabilities for UNOL S supported submergence science should include access to
vehicles and platforms for research at al depth zones. Advancementsin submergence
science in the next decade should be a coordinated and complementary approach to
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addressing questions not only related to physica and geochemical processes, but also to
the plants, animals, and microbes (both benthic and pelagic) that are affected by and
which have an effect on those physica and geochemica processes. Enhancements of
manned submersibles, ROV's, and AUV s should be complementary to developmentsin
remote platforms and sensing systems.

Technologicd limitations of the platforms | currently use are related to the collection and
maintenance of organisms from extreme environments. Development of tools for more
precise collection of benthic invertebrates, sensors for monitoring physiological processes
in gtu, and in Stu preparation of samples for molecular and cdllular biology would
enhance the research | currently conduct on deep water benthic invertebrate models to
investigate fundamenta processes in cellular and molecular biology.

Dave L ovalvo
Title President
Organization: Eastern Oceanics
Address: 25 Limekiln Road
City: West Redding
State/Province: CT
Country: USA
ZIP Code: 06896
Phone Number: (203) 938-9902
Emal: eoceani cs@compuserve.com

1. Fidd of Expertise: Degp Submergence Vehicle Operator

2. Submergence Platform(s) Used: Alvin
Jason

Pisces

Oceanic Explorer

Hydrolab

Minirovers

Phantoms

3. Workshop Questions: ROV capabilities needed by the Science comunityl
4. Region of Interest: Various

5. Types of submergence systems anticipated for work/technology devel opment:

6. Abstract:
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John Lupton

Organization: NOAA/PMEL

Address: Hatfidd Marine Science Center
City: Newport

State/Province: OR

Country: USA

ZIP Code: 97365

Email: lupton@pmel .noaa.gov

1. Fidd of Expertises Geochemistry

2. Submergence Platform(s) Used: Alvin, Shinkal 6500, Pisces, Sea Cliff, Navy's ATV,
ROPOS

3. Workshop Questions: pro and cons of ROVs vs. manned submersibles, development of
new technologies for seefloor sampling.  Future use of AUV's

4. Region of Interest: Mid-ocean ridges, mainly in Pacific Ocean

5. Types of submergence systems anticipated for work/technology deve opment:
both ROV's and manned submersibles, possibly AUVs.  Interested in development of
technologies for vent fluid and hydrotherma plume sampling

6. Abstract:

The principa technologicd limitations in the use of submersbles and ROVsin my
research include: @) limitationsin the ability to collect rdliable fluid samples on the
seefloor, especialy usng ROV's, and b) the absence of any capability for seafloor
observations and sample collectionsin arapid response mode. The problem of collection
of fluid samplesisimproving dowly, mainly through development of new sampling
systems by scientists working in conjunction with submersible engineers. However,
currently very little cgpability exists for rapid response observations on the seafloor. For
example, one scientific problem that could be solved by rapid response observations is
the question of how hydrothermd event plumes or megaplumes are formed. These huge
hydrothermd plumes, which have been observed in the water column immediately after
segfloor eruptions, are assumed to be generated by the rapid release of alarge

volume of hot water. However, it is il being hotly debated whether they are formed as
adirect result of a seefloor lavaflow, or by sudden release of fluid contained in a
subsurface crustal reservoir. The use of the SOSUS submarine hydrophones has
provided the capability to detect volcanic/hydrotherma events on the mid-ocean ridge
syseminred time. The rapid deployment of an ROV or AUV immediately after such an
event is detected would probably alow the direct observation of megaplumes as they
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are being formed.

Capabilities which should be generdly available for submergence science include
high quality video in red time, precise navigation, the ability to collect awide variety of
samples (biologicd, fluid, rock, etc.) and convey them to the surface, and the ability to
make a variety of measurements such as temperature, acoustical measurements, etc. In
generd, theided submersble platform should have the versatility to accommodate a
wide variety of scientific instrumentation and the payload to use it on the seefloor.

For the future, the trend seems to be toward increasing use of ROV srather than
manned submersibles. For my science, the most serious drawback of ROV's seemsto be
one of limited space and payload and therefore limited sample collection capability.
However, this limitation isimproving dowly through the use of evators and the
development of new, compact sampling devices. The continued development of
autonomous or untethered vehiclesis aso very exciting, ance these are the platforms
that are likely to be the most useful for rapid response observations on the seafloor and in
the water-column.

GeorgeW. Luther, I11

Organization: Univerdty of Ddaware
Address: College of Marine Studies
City: Lewes

State/Province: DE

Country: USA

ZIP Code: 19958

Emall: luther@udd .edu

1. Field of Expertise: Ocean Chemidtry

2. Submergence Platform(s) Used: DSV Alvin Eastern Oceanics ROV

3. Workshop Questions: Interaction of chemistry with biology - induding origins of life
and life in extreme environments

4. Region of Interest: N EPR, S EPR, Guaymas basin, Juan de Fuca

5. Types of submergence systems anticipated for work/technology deve opment:
submersibles, ROV, AUV

development of anaytical tools that can be deployed at asite for short term and long term
monitoring and which can be left unattended
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6. Abstract:
A) current technologicd limitations

For short term and long-term continuous deployment of analytica equipment, we
need to find waysto do real time monitoring and downloading of dataif we are to react to
subsurface events that can occur. Telemetry could be used for changing an ingrument's
Settings to collect data and to transmit the data to a ship or land based laboratory. Having
multiple types of one chemicd andys's system would alow information to be collected
a one gte while another system could be used in survey mode. The cost of chemica
andyzers can be high when multiple chemical species are being measured, but thisis
exactly what is needed in many environments to understand geochemica and biologica
processes. The speciation of an dement is an important indicator of whether that eement
isessentid to different life forms. Electrochemica methods have been underutilized to
date.

A mgor problem in andytica equipment design isincorporating in one device the
ability to measure biologicd, chemicad and physicd data, which needs to be incorporated
with video displays of the environment.

B) Capahilities avallable for submergence science

Integrating in Situ biologica, physical and chemica andyses/data to better
understand biologica and biochemica processes is necessary. There has not been an
extensve literature demondrating thisintegration. Better methods to show the chemicd
forms of an eement are also necessary. For example, the complexation of sulfide with
metals affects the uptake of metas (for enzymes) and/or sulfide (chemaosynthesis) by
organisms that require these chemical species.

C) Submergence science is heading in severd directions. | note afew posshilities: (2)
better chemica sensors need to be devel oped for short term and long term monitoring
needs, (2) better chemica sensorsthat can make reliable measurements at high
temperatures and pressures and that can give information on the chemica speciation of
an dement, (3) better integration of the oceanographic sub-disciplinesis necessary to
tackle problems/questions in a concerted effort, (4) an increased effort directed at diffuse
flow systems at vents/seeps to understand the development and sustaining of biologica
communities.

Richard A. Lutz

Organization: Rutgers - The State University
Address: 71 Dudley Road

City: New Brunswick
State/Province: NJ

Country: USA

ZIP Code: 08901-8521
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Emal: rlutz@ahab.rutgers.edu

1. Field of Expertises Hydrothermd Vent Biology

2. Submergence Platform(s) Used: Alvin; JASON; Atlantis I1; Atlantis, Turtle; Luly;
Shinkai 6500; Nautile

3. Workshop Questions: What successond changes occur in biological, geologicd and
chemica parameters and/or features over the "life" of a hydrotherma system?

4. Region of Interest: 9 degrees 50' N dong the East Pacific Rise

5. Types of submergence systems anticipated for work/technology development:
Alvin, JASON, and ABE. Specific interests include development and testing of state-of-
the-art imaging sysems.

6. Abstract:

Current technologica limitations on my research include the lack of high-quality, Sate-
of-the-art imaging systems as stlandard equipment on Alvin and JASON. Thelack of
such systems severdly limits our ability to document tempora changesin biologica and
geological features present at deep-sea hydrothermal systems. To date, we have been
forced to rey on the use of imaging systems, which are not part of the “ sandard
equipment” arsena of ether Alvin or JASON, and the associated logigtical and financid
difficulties have been problematic. Given the widespread utilization of imaging systems
across essentialy dl oceanographic disciplines, state-of-the-art systems should be much
more readily available for submergence science. Given the recent compelling evidence
for the existence of past and present oceans on extraterrestrial bodies, | see over the
coming decade a much closer tie between NSF and NA SA-sponsored research.

Alexander M alahoff

Title: Director

Organization: NOAA's Nationd Undersea Research Center for Hawaii & the
Pecific

Address: University of Hawaii, 1000 Pope Rd, MSB 319

City: Honolulu

State/Province: HI

Country: USA

ZIP Code: 96822

Phone Number: (808) 956-6802

Emal: mal ahoff @soest.hawaii.edu
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1. Feld of Expertise: Ocean Enginesring

2. Submergence Platform(s) Used: MIR | & MIR 1, Sea Cliff, Turtle, NR-1, Makali',
Pisces 1V, Pisces V, Shinkal 2000, Shinkal 6500, Alvin

3. Workshop Questions: Hydrotherma vent monitoring & sampling
4. Region of Interest: Pecific Ocean

5. Types of submergence systems anticipated for work/technology devel opment:
Manned submersible, ROV's, ocean bottom observatories

6. Abstract:

My current research work involves detailed chemica and microbiologica sampling of
the hydrothermd vent environment. | would like to develop aworking modd for the
rel ationships between microbiologica dendty and diversity, hydrotherma deposition,
and the rate of fluctuations in distribution and temperature and chemigtry of the vent
waters. | would like to see long-term observations and monitoring of specific vents,
epecidly those on Loihi submarine volcano where | am currently working. The
technologies | am seeking include contamination-resistant probes, contamination
resgtant time-1gpse photography, and a system to transmit the data acoudticaly from the
observatories to the surface.

| am particularly interested in the long-term fluctuations of the metal content of the vent
fluds Furthermore, | would like to see supplemental data on the seismicity, temperature,
and inflation and deflation of the volcanic structure on which the vents are located.

Laurence P. Madin

Name: Laurence P. Madin

Title Senior Scientist

Organization: Woods Hole Oceanographic Ingtitution
Address:

City: Woods Hole

State/Province: MA

Country: USA

ZIP Code: 02543

Email: Imadin@whoi.edu
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1. Fidd of Expertise: Deep Sea Biology

2. Submergence Platform(s) Used: Alvin
Johnson Sea Links

Deep Rover

WASP

3. Workshop Questions. Submersible assets for midwater investigations
4. Region of Interest: any part of the open ocean

5. Types of submergence systems anticipated for work/technology development:
manned submersibles with exceptiond vighility and maneuverahility for water column
work ROV s equipped for survey and transect work, including multifrequency acoustics

and high-resolution video improved collecting equipment for delicate organisms

6. Abstract:

My research interests include the biology of meso- and bathypeagic zooplankton and
fishes, particularly gdlainous forms. These organisms inhabit the largest habitat on
earth, but are often sparsely distributed and extremdy fragile, making them difficult to
sample and to study alive. Net and trawl collections provide limited indghtsinto the
divergty and ecology of thisfauna, and even these are rarely made nowadays below the
photic zone, or 1000 m at best. Because of the sSze of the water column environmert,
and the fluid digtribution of organismswithin it, biologica investigations there are il
largdy explorations. Unlike benthic or vent habitats, the midwater offers no fixed "gtes’
to return to and use for manipulative or time-series studies. Study areas can be
predetermined to some extent based on depth, or acoustic information, but midwater
research unavoidably involves consderable time searching for organisms and Stuations
of interest. At present amaor technologica limitation for this research isthe ingbility to
scan large volumes of water and detect rdaively smal and sparse organisms, many of
which are rather invisble to both light and sound. Another limitetion is the artifact effect
of alarge, illuminated and noisy submersble within anormaly dark and slent
environment. A third constraint is the cost and and logistica difficulty of spending
enough time a midwater depths to make the kinds of collections and observations that
are required to understand diversity and function in these organisms.

Submersibles like the Johnson Sea-Link and the Deep Rover have proven to be vauable
assets for midwater exploration, offering excellent panoramic vishility, specidized
collecting and recording toals, pilots experienced in midwater operations, and relatively
low operating costs. Their availahility is limited mainly by alack of funding for

midwater research programs, and to some extent by their depth limitations. Time limits
on manned submersible use could be dleviated by the coordinated deployment of ROV's
to do the larger scde survey work, and help pick times or depth ranges for manned
submersible operations. ROVsor smaller submersibles could dleviate the artifact
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problem or noise and light, but may lack the necessary payload for sampling and other
gear.

The U.S. submersible science assets need to include vehicles optimum for usein the
midwater environment as well as on the bottom. Depth capability to at least 4000 m
would be desirable for future midwater work, but a great ded could ill be accomplished
with greater funding support for use of the existing 1000 m subs. Remote or autonomous
vehides will be important new assets, used either alone or in support of manned

vehicles. Aswith benthic investigations, there will remain aneed for a human presence

in midwater for some time to come.

Russell M cDuff
Organization: Univergity of Washington School of Oceanography
Address: Box 357940
City: Seettle
State/Province: WA
Country: USA
ZIP Code: 98195-7940
Phone Number: 206-543-3058
Emal: mcduff @ocean.washington.edu

1. Field of Expertise: Geochemistry
2. Submergence Platform(s) Used: ALVIN, Jason

3. Workshop Questions. What are the fluxes of heat and mass from hydrothermal
sysems?

4. Region of Interest: NE Pecific for development, el sewhere on the MOR.

5. Types of submergence systems anticipated for work/technology development: ROV's
and especidly AUVs Needed isthe ability to conduct very long diveswith closdly
gpaced (1-10 meter) lines.

6. Abstract:

My principa current interest is the measurement of fluxes of heat and materidsfrom
hydrothermd vent systems using an gpproach of making measurements of velocity and
tracer fiddsinrigng plumes. We are iill at the stage of establishing methods and
protocolsto yield adequate precision; ultimately it isimportant to make time series
measurements.
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This kind of work has proven to be unwiddy and inefficient from ALVIN, is conducted
with subgantid difficulty from Jason, and we expect to find in Summer 2000 quite
feesblefrom ABE. However the state of development of ABE isfar from the ultimate
god of unattended operation at the seafloor for extended periods of time, a necessary
prerequisite to producing meaningful time seriesdata. A wide variety of time series
gudies could make avery effective trangtion to AUV if sufficient resources were put
in this direction.

Jon D. McWhirter

Organization: Idaho State University
Address:. Campus Box 8060
City: Pocatello
State/Province: ID

Country: USA

ZIP Code: 83209

Emal: mcwhjon@isu.edu

1. Feld of Expertise: Ocean Engineering

2. Submergence Platform(s) Used: US Navy Nuclear Submarine
3. Workshop Questions:

4. Region of Interest: Worldwide

5. Types of submergence systems anticipated for work/technology devel opment:
Development and design of autonomous, long-duration submersible research platforms

6. Abstract;
a)

b) | believe that the oceans should be explored at a much faster pace than is presently
possible. This pace can only be increased by expanding the total underwater on-station
time duration. Thisincrease can be accomplished by increasing the on-tation time
duration of each submersible and by increasing the total number of submersibles. |
believe we can accomplish this by developing along-duration research submersible with
lab facilities on-board. Such a submersible could be "parked” a a postion of scientific
interest, and multiple ROV's deployed to accomplish a very intense exploration of the
position, as well as bringing aboard specimens for other study, and not to dismiss
smplevisud observation.
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SO, to put an exclamation point on this, | believe we should have between 10 and 100
long-duration (3-6 months) 6000 m capable research submersibles.

c)
Hugh Milburn
Title Engineering Divison Leeder
Organization: NOAA/PMEL
Address: 7600 Sand Point Way
City: Sesttle
State/Province: WA
Country: USA
ZIP Code: 98115
Emall: milburn@pmel.nocaa.gov

1. Field of Expertise: Ocean Engineering

2. Submergence Platform(s) Used: ALVIN ROPOS

3. Workshop Questions: NONE - we provide engineering support for science.
4. Region of Interest: Primarily NE Pecific

5. Types of submergence systems anticipated for work/technology development:
Advocate ROV'sfor most subseatasks. See growing rolefor AUVs.

6. Abstract:
An engineer's perspective:

ROVswill play and increasingly important role in degp submergence science but must
become more user friendly with decreased complexity, generic tools, 3D viewing,
improved manipuldive capabilities, and other naturd evolutionary improvements.
However, | fed the mogt sgnificant advancement we will make in deep submergencein
the next decade will be with AUV's. They will map and image the seafloor, sample and
observe the water column, and generally probe the depths at low costs and throughout
the seasons. At present we are technicdly challenged by communications and power
limitations, which will continue to plague the integration of these tools. However,
autonomous vehicles are the ided tool for event response and significant efforts should
be focused on this gpplication.
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David Naar

Organization: Univerdty of South Horida
Address: 140 Seventh Avenue South
City: St. Petersburg
State/Province: FL

Country: USA

ZIP Code: 33701-5016

Email: naar@marine.usf.edu

1. Fidd of Expertise Marine Geophysics
2. Submergence Platform(s) Used: Nautile

3. Workshop Questions. Can Alvin be used to investigate deep (6km) tectonic windows
into the lower crust and upper mantle in areas such as Pito Deep and Terevaka (4500m+)
transform zone where peridotite was obtained?

4. Region of Interest: Fast seafl oor-spreading areas in the South Pecific

5. Types of submergence systems anticipated for work/technology development:
Alvin with 6500-meter water depth capability

Rock Dirilling

Paleomagnetic measurements

Oriented Samples

6. Abstract:
a) What are the current technologica limitations on your research, and what science
could you do if these problems did not exist?

Alvin cannot go degp enough to look at the lower portions of tectonic windows at Hess
Deep, Pito Deep, Endeavor Deep, and some relict deep holes in the south Pecific at failed
rifts, failed propagating rift tips, transform faults and fractures zones.

b) What capabilities should be generadly available for submergence science?

The &hility to dive deeper will not only be of use in regards to exploring tectonic
windows formed at propagating rift tips, but dso dong fracture zones and evenin
trenches where one might be interested in the actua contact between a subducting plate
and the overriding plate. Potentid to discover new life forms also seems likely in deeper
water depths.

¢) Where do you see submergence science going in the next decade?

Deeper, longer duration, complete digital data acquigition, and more ddiverablesin
terms of different type of sensors, especialy physical and chemica measurements of the
water column and sediment weter interface. | envision long expanding telescopic probes
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sampling deeper and deeper into the fractures, sediments, in an effort to better understand
the edges of the crustal biosphere.

Dr. Donald Nuzzio

Title President

Organization: Andytica Instrument Systems, Inc.
Address:. P.O. Box 458

City: Hemington

State/Province: New Jersey

Country: USA

ZIP Code: 08822-0458

Emal: as@ashome.com

1. Feld of Expertise: Ocean Chemidiry
2. Submergence Platform(s) Used: ROV's Alvin

3. Workshop Questions: What analytical instruments will be required for degp-sea
research in the future

4. Region of Interest: none

5. Types of submergence systems anticipated for work/technology development:
Deveopment of andytica methods and instruments for the analys's of the water column
or sediments.

6. Abstract:
Scott Olson
Title: Systems Engineer, Marine Operations Divison
Organization: Harbor Branch Oceanographic Indtitute
Address:. 5600 North U.S. Highway One
City: Fort Pierce
State/Province: Florida
Country: USA
ZIP Code: 34946
Emall: olson@hboi.edu
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1. Field of Expertise: Degp Submergence Vehicle Operator

2. Submergence Platform(s) Used: Johnson Sea Links HOV
CldiaHOV

Scoop ROV

Low Cost ROVs

3. Workshop Questions: organizationa
4. Region of Interest: U.S. out to 1000m

5. Types of submergence systems anticipated for work/technology development:
HOVs and ROV s with the best tools and operating efficiencies possible.

6. Abstract:

Thisis the perfect opportunity for science users of dl types of underwater vehicles,
regardless of their depth capability, to let their needs and desires be heard at a nationa
levd. DESSC currently only represents the National Degp Submergence Facility
(WHOI) and thus al other assets are not represented by any agency on any level.
Without funding, scheduling, technica, or safety coordination, how can the scientific
community obtain the most efficient and cost effective tools for its research?

Two years ago DESSC sent out a questionnaire to 420 u/w vehicle scientific users. The
results are published on the UNOL S website in the Sea Cliff Work Group report. Of the
120 responses, just about as many scientists reported a need for access to the continental
shelf/dopes asthey did for access to abyssal depthsin the next ten years. Yet, to this
day, other "Human" Occupied Submersibles are not digible for NSF funding because
they are not UNOL S "classed” vessds.  Meanwhile other agencies do not hesitate to
fund dl available platforms. Perhaps the DESSC charter should once again be
broadened to include digible systems that meet peer controlled standards, much as
UNOLS presently does with its research vessdl programs and committees.

Daniel Orange
Organization: U.C. SantaCruz
Address: Dept. Earth Sciences- UCSC
City: SantaCruz
State/Province: CA
Country: USA
ZIP Code: 95064
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Emal: dano@es.ucsc.edu

1. FHeld of Expertise Marine Geology

2. Submergence Platform(s) Used: HOV: ALVIN
ROV: Ventana, ROPOs, JASON, ATV

3. Workshop Questions. Seeps, seefloor ingtability, canyons, shelf-dope sediment
accumulation and modification.

4. Region of Interest: USA (west coast, gulf of Mexico), Audrdia

5. Types of submergence systems anticipated for work/technology development:
Heavy (work-horse) ROV

improved sesfloor mapping systems (resolution, bathy, backscatter)

Remote interrogation of indrumentation

6. Abstract:
a) What are the current technologica limitations on your research, and what science
could you do if these problems did not exist?

Limitations can be lumped into afew categories, and are not shared by
al platforms:

- Payload. More is better.

- Redl-time navigation. Specificaly Alvin - we need to be able to see where we are on
our base mapsin the ball.

- Returning to Stes. A minor point, but long-term beacons |eft at Sites of interest would
be an asset.

- Field of view/operations. Anthropogenic ROV's, with awork area and cameras pointed
to the front, do not take full advantage to the 360 degreef/full spherica operationd and
visua area. | would like to be able to deploy and peer in various directions during
operations.

b) What capahilities should be generdly available for submergence science?

My preference, after considering the trade- offs, would be to maintain ALVIN as a 4500
m sub, but improve its power, manipulation, etc.

| would prefer a suite of ROVs so that | could select the one appropriate for a particular
project (alight, nimble one for surveying, and a heavy brute for sampling).

¢) Where do you see submergence science going in the next decade?

| would like to see the development of a survey AUV capable of deployment from a
platform-of-interest. | would like to see arange of ROV's, and an improvement in our
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urveying cgpabilities.

Michael Perfit
Organization: Univergty of Horida
Address:. Box 112120, Dept. of Geologica Sciences
City: Ganesvillg,
State/Province: Florida
Country: USA
ZIP Code: 32611-2120
Emal: perfit@geol ogy.ufl.edu

1. Fidd of Expertise Marine Geology

2. Submergence Platform(s) Used: ALVIN, ROPOS, Makdlii, SeaMarkll,

3. Workshop Questions. What types of tools do we need to develop for research in the
near future? For the next 20-30 years? Do we need to expend limited funds and energy to
develop a 6000+ HOV? Do we need another nationd facility on the west coast? How
can we best use the exigting facilities to do time series experiments, service observatories
and continue globa exploration? How can we enlist the support (financid!) of the Navy
and NOAA to strengthen and expand our deegp submergence facilities and science
programs?

4. Region of Interest: Northern and Southern Pecific, W. Pecific

5. Types of submergence systems anticipated for work/technology
development:
HOVs, ROVs,
Wide area photo / video documentation tied to high-resolution sde-scan
images, rock sampling and coring devices, in-Stu chemica anayses of
rock samples, eruption monitoring, new mapping techniques,

6. Abstract:

As previoudy stressed by both the SEACLIFF Working Group and the DESSC during
the past few years, there are a number of critical areas which must be addressed if the
U.S. isgoing to continue to be aleader in the science and technology of deep ocean
research. They ae
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- A focused, cost-€ffective, and technicaly capable nationd deep submergence facility or
facilities and operator(s),

- an integrated mix of vehicle sysems including human occupied vehicles (HOV9),
remotely operated vehicles (ROVs), tethered mapping systems and autonomous
underwater vehicles (AUVS),

- adable, federa funding base to support science, technology and enabling vehicle and
ship facilities in the deep ocean with alead federd agency to help advocate for a unified
submergence program in the 21t century.

| would like to summarize some of the important concerns and objectives that the
scientific community raised in response to a questionnaire regarding the future of deep
submergence science in 1997. | believe these points remain true today.

1. Thereare many important science questions to be answered and objectives to be
met at depths greater than 4500m,

2. Thereisacritica need to maintain the excellent HOV capability that now exigsin
ALVIN to 4500m,

3.  Thereissupport for having a6000m HOV capability provided the costs are not
prohibitive and the impact to conducting science in the more traditiona depth range of
~2500-4000 m is not negetively impacted, and

4.  We should support the critical need for new ROV and AUV devel opment,
specificaly the development of a science dedicated ROV with a 9000m:-depth capability
that should enter service within the next 5-7 years.

Community response indicated there is strong support for HOV depth capability to
6,000m, and deeper for ROV s, to dlow for research over awide range of tectonic,
sedimentologic and geographic environments. The continued need for an HOV &t abyssdl
depths and possibly as degp as 6000m. Providing the right complement of deep
submergence vehicles and versatile support ships from which they can operate, and the
funding to operate those facilities cost-effectivey, will be critical.

There has been a shift from expeditionary and exploratory work to time-series
sudies and establishing seafloor observatories that are visited at yearly or bi-yearly
intervals to observe and record tempora variations and interrel ationships between various
physica and biologica processes. The establishment of ocean bottom observatories, the
cgpability of long-term monitoring of specific Stes and the interdisciplinary nature of
current studies are trends in deep-sea research that will continue to grow over the next
decade. For these reasons the community will need more vehicles that can accomplish a
wide variety of tasks. However, this same scientific impetus will likely reinvigorate the
exploratory style of deep-ocean science, given the very small percentage of the deep
ocean floor that has been surveyed and sampled in detail. | believe that in order to be
successful in the coming decade (at least) we need new fiber-optic based ROV's and
tethered systems that can be used in with other vehicles (such as AUVS) in nested
investigations that will dlow us to mgp and sample at many different spatid (and
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tempord) scaes.

The biggest technologica limitation to my current research is obtaining enough,
wedl-located samples during adive. Time on bottom, manipulator difficulties, limitations
of sample storage and the trade-off between time used for sampling versus distance
traveled dl influence the number of rock samplesrecovered. During multidisciplinary
cruises, these factors aso negatively impact scientists with other specidties. "Hardrock”
marine geologigts are also limited because there are no current methods of "in gtu*
chemica or minerdogic analyssin the abyss. New developmentsin optica sensors may
be adapted to the deep-seawhich would dlow usto map individua flow units, determine
extents of chemica variability, locate regions of minerdization and dteration and to
estimate ages of the sedfloor.

Richard F. Pittenger

Title Associate Director for Marine Operations
Organization: Woods Hole Oceanographic Ingtitution
Address: Mail Stop #37

City: Woods Hole

State/Province: MA

Country: USA

ZIP Code: 02543

Emall: rpittenger@whoi.edu

1. Fied of Expertise: Degp Submergence Vehicle Operator
2. Submergence Platform(s) Used: ALVIN, ROVs

3. Workshop Questions. What are the five-year, tenyear, fifteenyear projections of
scientific requirements for degp submersible tools?

4. Region of Interest: Wherever science wantsto go.

5. Types of submergence systems anticipated for work/technology devel opment:
HOVs, ROVs, AUV, towed imaging/sensor systems and associated shipboard and
shore-side support, control and post- processing infrastructure.

6. Abstract:
6a. N/A
6b. The community should be served with afamily of affordable, reliable, accessble
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tools that indude the following:
- One HOV with 6000+ meter depth capability that builds on the present good features of
ALVIN (religbility, adaptability, low cost) and improves manipulators, navigetion,
payload and propulsion power, comfort and "in-bdl" ergonomics. The community has
repestedly stated the need for human cognitive presence in the benthic abyss. They have
further stated the concern that ALVIN not be degraded in the process of "upgrades’ -
"Dont screw it up in the process of trying to make it better!" By that, | takeit to mean,
"Kegp ALVIN adroit and functiond, asit istoday.”
- A very capable ROV that takes advantage of the population of .680 winches and fiber
optic wires now in the academic fleet. Deeper, more propulsion/payload power, better
manipulators and sampling, more easily adaptable to changing science packages. Thisis
the program now underway to build the next generation ROV (JASON I1) a WHOI with
WHOI, NSF and ONR funding.
- Perhaps aless capable ROV for smpler benthic projects.
- Towed ingruments for nested benthic surveys with acoustic phase bathymetry,
backscatter, photometry, magnetics, gravimetry and other physical and chemica sensor
packages.
- AUVs. Thisisamauring fidd that will, in the next decade become increesingly
cgpable of expanding the capabilities of research ships. AUVs should have the dbility to
samplein better detail than is possible by any other means and should be l€eft in
place for periods of up to sSix months as part of degp ocean observatories.
6¢. Deep submergence is one of the most dynamic and forward- thinking/moving
branches of oceanography. The discoveriesin the mid-ocean ridge portion (plate
dynamics, saismicity, volcanism, and vent chemigtry and fauna have only begun. This
work has been enabled by benthic science tools (ALVIN, ARGO/MEDEA/JASON and
Deep-Tow in particular). More vents are being found as new portions of theridge are
explored, each has its own characteristics. The community is beginning to show interest
in the deeper portions of the ocean; in the trenches and the deep abyssd plains. The
sciencein these regions has only been scratched. | expect deep submergence will do the
following:
- Continue to study and explore the 50,000 km long mid ocean ridge system;
- Expand its research in the deeper portions of the oceans - trenches, margins and abyss,
- Demand increasingly more cgpable vehicles and insruments.
- Eventualy deep submergence will outgrow the array of tools presently on hand and in
development. Extrapolating, | foresee the generation-after- next tools being:

. deeper . remote

. Chegper . more power

. sronger . more adroit

. tdle-connected
- Through dl of this evolution, we should remain mindful and responsible asto the cost
of these science tools and not over-gretch our (the Federal Agencies) ability to ensure at
least one st of well-maintained and effective toolsin the community.

Shirley A. Pomponi
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Title Dividon Director

Organization: Harbor Branch Oceanographic Indtitute
Address: 5600 U.S. 1 North

City: Fort Pierce

State/Province: Florida

Country: USA

ZIP Code: 34946

Emal: pomponi @hboi.edu

1. Field of Expertise: Deep Sea Biology

2. Submergence Platform(s) Used: Johnson-Sea-Links | & 11, Research Submersible
Clelia (PC1204), Hysub 40

3. Workshop Questions. What platforms are available from UNOL S for scientists who
wish to work in depths less than 15000m? How can currently available shdlow water
(i.e, lessthan 1500 m) submergence technology be better utilized by the scientific
community?

4. Region of Interest: "shalow" (i.e., less than 1500 m) worldwide

5. Types of submergence systems anticipated for work/technology

development:

Manned submersible systems with benthic collection platforms, adapted for collection
and transport of organisms from extreme environments (e.g., high pressure, low
temperature)

6. Abstract:

Capabilities for UNOL S-supported submergence science should include access to
vehicles and platforms for research at dl depth zones. Advancements in submergence
science in the next decade should be a coordinated and complementary approach to
addressing questions not only related to physical and geochemical processes, but also to
the plants, animals, and microbes (both benthic and pelagic) that are affected by and
which have an effect on those physica and geochemica processes. Enhancements of
manned submersibles, ROV's and AUV s should be complementary to developmentsin
remote platforms.

Technologicd limitations of the platforms | currently use are related to the collection and
maintenance of organisms from extreme environments. Development of tools for more
precise collection of benthic invertebrates, sensors for monitoring physiologica processes
in gtu, and in Stu preparation of samples for molecular and cdllular biology would
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enhance the research | currently conduct on deep-water benthic invertebrates. | am
specificaly interested in the development of degp-water marine invertebrate models to
investigate fundamental processesin cdlular and molecular biology.

Frank R. Rack
Title: Assi stant Director
Organi zat i on: Joi nt Cceanographic Institutions, Inc.
Addr ess: 1755 Massachusetts Ave., NW Suite 800
City: Washi ngt on
St at e/ Provi nce: D. C.
Country: USA
Z|I P Code: 20036- 2102
Emai | : frack@rook. edu

1. Field of Expertise: Marine Geol ogy
2. Subnergence Platforn(s) Used: None

3. Workshop Questions: What conbinati on of deep subnergence assets is
needed to support observatory science and future ocean drilling
activities?

What are the engi neering design requirements for tools and

human/ mechani cal interfaces to support future scientific programs using
ROVs, AUVs and research submari nes?

4. Region of Interest: Worldw de

5. Types of subnergence systens anticipated for work/technol ogy

devel opnent :

| anticipate a wi de range of submergence systens and instrunments m ght
be used to support observatory science and drilling activities. | seek
a general understanding of all such systens.

6. Abstract:

I hope to develop a better understanding of the present and

future needs, capabilities, and linmtations of subnmergence systens at
this workshop. I think it is inmportant to maintain the appropriate m x
of technol ogi es and subnergence systens to address the many chal |l enges
that our community will face in the next decade, as we proceed to depl oy
long-term tine-series neasurenent systems and observatories to address
scientific questionsoutlined in recent reports and planni ng docunents.

Anna-L ouise Reysenbach

Or gani zati on: Portland State University, Dept. Environ Biol
Addr ess: 1719 SW 10th Ave

City: Port ! and

St at e/ Provi nce: Oregon
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Country: USA
ZI P Code: 97201
Emai |l : reysenbacha@adx. edu

1. Field of Expertise: M crobiol ogy

2. Subrergence Platform(s) Used: Jason
Al vin

Shi nkai 6500

Nautil e

3. Workshop Questions: |Is barophily an inmportant consideration for
deep-searesearch?

4. Region of Interest: d oba

5. Types of submergence systens anticipated for work/technol ogy
devel opnent :

ROV and manned subnersi bl es
Tech devel opnent:
- rock/sul fide corers
- in situ nmeasuring of microbiology (activity, biomass etc) and
geochem stry

6. Abstract:

a) What are the current technological limtations on your research, and
what science could you do if these problens did not exist?
Includes limted (or no) ability to:
take di screet nicrobiol ogical sanples
set up in situ nmeasurenents (biological and geochem cal)
do short-term m crobial nonitoring
effective coring into sulfides
mai nt ai ni ng sanpl es under pressure
Sci ence that could be acconplished woul d include
Long and short-term mcrobial nonitoring (activity, diversity, bionmass
etc) which would be tied to geochem cal and nmacrobiological in situ
noni toring
Expl ore the extent and distributions of mcroorganisns in the
hydrothermal field (at the surface and subsurface)
b) What capabilities should be generally available for submergence
sci ence?
Routi ne sanpling tools (includes new technol ogi es that are devel oped
and t hat becone routine in different disciplines)
Qbviously all these require nmintenance, and the |evel of use will vary
with the type expedition. This is not very different fromthe
capabilities available to science today, however, a nunber of new
devel opnents have been made by i ndividual investigators, such as
mul tiple water sanplers (Butterfield), or plume water sanplers (Chris
German) that could perhaps be devel oped as routine shi pboard equi prment.
c) Where do you see submergence science going in the next decade?
In situ technol ogi es
Short and long termnonitoring (Observatories)
I ncreased ROV capabilities
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Veronique Robigou

Organization: University of Washington

Address: School of Oceanography, Box 357940
City: Sesttle

State/Province: Washington

Country:

ZIP Code: 98195-7940

Emal: vero@ocean.washington.edu

1. Fed of Expertise: Marine Geology

2. Submergence Platform(s) Used: Submershbie Alvin
Submersible Sea Cliff

Submersble Turtle

Medea/Jason ROV platform

ROPOSRQV platform

3. Workshop Questions: | have "non-traditiona™ deep- submergence questions but
guestions that need to be addressed to bring deep- submergence into the consciousness of
the public and to attract the reconnaissance it deserves after having been one of the mgjor
tools enabling the dragtic evolution of ideas about the dynamics of our planet and about
lifein the last 20 years. Deegp- submergence has an incredible attraction on the intellect of
the generd public and as a community, we have not serioudy addressed how to entrain
and sudtain the curiosity of the public to support the efforts of the degp-submergence
community.

4. Region of Interest: NE Pecific and mid-ocean ridges in genera

5. Types of submergence systems anticipated for work/technology

devel opment:

For today's exploratory mode (i.e.: cruises and use of ships)

1- Better, fagter, chegper communications from platforms (vessels, subs, AUVS) to labs
on land. The web is starting to be used as a repository to access resources, data, etc.
during cruises but this development is il initsinfancy, expensive and cumbersome
despite the progress made in the last few years. For the future (i.e. cables, satellites,
remote observations, data acquisition etc.)
2- Thinking about ways in which the community can involve classsooms and the generd
public without overwheming them with raw data and routine data collection and il
capture their wonder about the deep ocean.

6. Abstract;

The REVEL Project: Research and Education - Volcanoes, Exploration and Life. An
example of deep- submergence outreach.
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The mission of the REVEL Project isto integrate middle and high school science
teachers into bonafide, fully funded research cruises designed to study the full spectrum
of processes associated with submarine volcanoes. A mgor new research theme has
emerged in the Earth and Life Sciencesin the past half decade that encompasses broadly
interdisciplinary exploration of the deep crustal processes capable of supporting extensive
microbia activity within the volcanicaly active portions of the earth. Thiswork is
germane to issues related to origin of life, to the formation of ore deposits, to the flow of
heat and chemicad mass from the interior of the planet, to the discovery and use of
extreme enzymesin laboratory and pollution control Stuations, and to the search for life
on other planets. Our program alows direct access of anumber of teacher-leaders to the
forefront of this exciting arena of inquiry, by- passing textbooks to inject into the
classroom not only the issues and ideas associated with this rapidly growing research
effort, but the firg-hand exposure to the approaches, successes, failures and essentid
tenacity that are the integral components of successful research into the unknown. Mgjor
by-products of the REVEL experience have been the overwhdming enthusiasm of
teachers and scientistsinvolved, and the lasting commitment of both for sharing the
materids, indghts and experiences gained in REVEL with the communities from which
they come. Teachers are teamed with university scientists in oceanographic research
programs designed to explore the nature and evolution of volcanoes, and life forms they
support, along the Juan de Fuca spreading center.

Since 1996, the REVEL Project funded by the Nationa Science Foundation, Division of
Ocean Sciences and the University of Washington have entrained 38 teachers at seaon 6
different expeditions on the Endeavour Segment of the Juan de Fuca Ridge. In 1998, the
Pennsylvania State University and the American Museum of Natural History joined
forces with the University of Washington providing additiond cruise opportunities for
teachers to experience the research process and collaboration with professiona
educators at the Museum to trandate the teachers experiences into products usable by all
teachers and al studentsin their dlassrooms. Part of the REVEL missonisto ingpirea
large audience with the excitement of deep-sea exploration, to invite them to witnesslife
a seaand to ignite their curiosity with questions such as the origin of life on our planet
and the possihility of life in the solar sysem. REVEL has experimented for the last four
years with sharing the sea- going experience and the science done onboard research
vesselswhile cruises are taking place on the ocean. A web Site available dl year round
provides background materid to teachers, students and the genera public and proposes
accessto adaly log summarizing the cruise activities while the reseerch vessls are on
ste and working under the sea surface with ROV's or manned submersibles. The web
Ste has been very successful with more than 50,000 hits per week during the cruises and
it isapowerful tool to introduce oceanographic research to an enthusiastic public. In the
last couple of years, other groups have followed the lead of REVEL by developing
cruise-specific dtes (2 sitesin 1996, 8 sitesin 1998, and 4 so far in 1999)
http:/Awww.ocean.washington.edu/outreach/revel

Bruce H. Robison
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Nane: Bruce H. Robi son
Title: Seni or Scienti st

Or gani zati on: MBAR

Addr ess: 7700 Sandhol dt Rd.
City: Moss Landi ng

St at e/ Provi nce: CA

Country: USA

ZI P Code: 95039

Email : robr @mari.org

1. Field of Expertise: Deep Sea Biol ogy

2. Subnergence Platform(s) Used: Alvin, Turtle, Sea Ciff, Pisces, Mr,
Shi nkai 2000, Johnson Sea-Li nk, WASP, Deep Rover, Deep Worker, Ventana,
Ti buron, etc.

3. Workshop Questi ons:
1. Conposition, structure, and function of m dwater conmunities.
2. Behavior and ecol ogy of mi dwater animals.
3. The role of nmidwater comunities in organic carbon fl ux.
4. Region of Interest: open ocean and under-ice regions

5. Types of subnergence systens anticipated for work/technol ogy
devel opnent :

Manned vehicles with nmdwater capabilities (e.g. Deep Rover, J-S-L
Deep Worker). ROVs with midwater capabilities (e.g. Ventana, Tiburon).
AUVs with m dwater capabilities. Technol ogi cal devel opment is needed for
smal |, Iight, manned vehicles that do not require nmassive support
systens and dedi cated support ships. AUV devel opnent is needed to
provi de real -ti me communi cati on through pul sed acoustics, and broad-
scal e m dwater surveys.

6. Abstract:

Most of the animals that live in the ocean are in the water colum and
not on the bottom O these, the majority occurs in the upper 1-2,000 m
m dwat er research has reached the limts of what can be | earned from
conventional nethods based on nets and acoustics alone, and the field
has st agnat ed. \What are needed are the new kinds of information that can
only begenerated by in situ nethods. Mre fundanental know edge about

t he bi ol ogy of the ocean remains to be learned fromin situ m dwater
research than from

work on the bottom

In situ research is dominated by benthic studies. The principal US.
assetsfor in situ research are benthic vehicles, and the granting
processes of the funding agencies are structured to provide support and
access principally for those vehicles. The historical reasons for this
situationare: 1) it is easier to work on the bottom 2) serving the
needs of both geol ogi sts and bent hic bi ol ogists provides a strong
support base within the

research community, and 3) it has been cost-effective to focus the
limtedfunds avail able on just one or two vehicle systens.
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Access to deep submergence assets has been strongly biased to support
benthi c research, despite the results and recommendati ons of studies
that have called for the increased accessibility, use, and devel opnent
of m dwater research technol ogi es and nmet hods (e.g. UNOLS Subnersi bl e
Sci ence Study - 1990, UNOLS d obal Abyss Report - 1994, NRC Undersea
Vehi cl es and Nati onal Needs - 1996). DESSC, UNOLS, and the federa
fundi ng agenci es nust address this problemand nake it as easy for
researchers to gain

access to suitable mdwater-capable research platforns, as it is to
access Alvin or Jason.

The principal limtation on my own research is the [ack of access to a
sui tabl e manned vehicle for mdwater research. Wre such a system
available, | could address the questions of diel vertical mgrations,

the use of biolum nescence, the spatial patterns of mdwater comunity
structure, and the ecology of taxa not tractable for study wi th ROvVs
(e.g. fishes).

Wth regard to what capabilities should be generally available, the
adage "use the right tool for the job", fits the question. For sone
applications, manned vehicles are the best research platforns, for other
needs, AUVs or ROVs are best. Likewise, it is not efficient to use a
vehicle systemratedto 5 000 mfor work at a depth of 500 m when | ess
expensive, noreefficient alternatives exist. The research conmunity
shoul d not be

constrai ned because virtually all of our resources are invested in one
deep-di ving, benthic vehicle of each class. Deep benthic science is a
relatively mature enterprise and in the currency of nmajor scientific
advances, | see the next decade as an area of dininishing returns unless
we change the status quo. To sustain the nonentum generated by deep
submer gence science in the past, we need todiversify the vehicles we
meke avail abl e for deep-sea research

Peter A. Rona
Organization: Ingtitute of Marine and Coasta Sciences, Rutgers University
Address:. 71 Dudley Road
City: New Brunswick
State/Province: New Jersey
Country: USA
ZIP Code: 08901-8521
Emal: rona@ahab.rutgers.edu

1. Field of Expertise: Marine Geology

2. Submergence Platform(s) Used: Alvin, Mir 1, Mir 2, Nautile, Shinkai 2000, Shinkai
6500, Turtle, Sea Cliff, ATV (U.S. Navy), Jason

3. Workshop Questions: 1) How to effectively use various types of deep submergence

vehicles to study seafloor hydrotherma flow regimes involving remote acoustic imaging
techniques combined with in Stu measurements in short time series and long time series
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modes.

2) What is most effective use of degp submergence assets to map geologi settings and
controls of seafloor hydrothermd systems?

3) What isthe mogt effective use of degp submergence assetsin long-term

seefl oor observatories?

4. Region of Interest: Centra North Atlantic, E. and W. Pacific, Indian

5. Types of submergence systems anticipated for work/technology

development:

A mix of submergence systemsis anticipated as described in my abdtract. My interest is
in acoudtic technology to image hydrothermad flow regimes and interfacing this
technology with submersibles, ROV's and long time series seafloor monitoring sations.

6. Abstract:

A. What are the current technologica limitations on your research, and what science
could you do if these problems did not exig?

Acoudtic Imaging of Seafloor Hydrotherma Flow Regimes. Short- and Long-term Time
Series

Peter A. Ronaand Karen G. Bemis (Ingtitute of Marine and Coasta Sciences, Rutgers
University), Darrell R. Jackson and Christopher Jones (Applied Physics Laboratory,
University of Washington), and Kyohiko Mitsuzawa (Deegp Sea Research Department,
JAMSTEC)

We are devel oping innovative new acoustic methods using deep submergence facilities
that have the potentid to synopticaly image and map buoyant hydrotherma plumesin 3-
D and diffuseflow in 2-D discharging from seefloor hydrotherma systems (Rona et d.,
1991, 1997). Coordinated with the acoustic imaging we are devel oping computer
visuaization techniques that are enabling us to make quantitative measurements of
parameters that describe how these flow regimes discharge from the seefloor, risein the
water column, and mix with the surrounding ocean. Current technologica limitations of
our research pertain to sonar system, platform, and duration are, asfollows:

1) Sonar system: Our experiments to date have used a sonar system (modified Mesotech
971) that requires tens of minutes to image a buoyant plume and limits data recording to
the duration of a submergible dive. The next step isto make the trangtion to a state- of-the
art sonar system (Simrad SM2000), which will reduce imaging time to seconds enabling
synoptic recongtruction of flow regimes and providing the basis for time series andysis
of flow Structures (eddies, etc.). At the sametime, this new sonar system can serve the
community for seafloor mapping and related functions.

2) Platform: To date we have used a submersible as a platform for the sonar system. The

next step isto adapt the next generation sonar system (Simrad SM2000) to an ROV
(Jeson) for short time seriesimages and versdtility.
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3) Duration: The next Step isto adapt the sonar systemn to along term seafloor monitoring
mode (daysto 1 year) to obtain long time seriesimages of the seefloor hydrothermd flow
regimes. It is known from the few stes studied that focused and diffuse flow exhibit
temporal and spatid variations on awide range of scales related to geologic events
including dike injection and crustal extension (Fox et d., 1995; Delaney et ., 1998;
Embley and Baker, 1999).

In sum, overcoming present technologicd limitations will enable usto record short time
seriesfor plume dynamics and mapping of diffuse flow, and to record long time series
(days-year) for tempord/spatid variations of individua vents as well as entire seafloor
hydrotherma fields. To accomplish this requires engineering to adapt the appropriate
sonar systems to the long-term seafloor monitoring mode, and deployment as part of
sedfloor observatories at hydrotherma sites on multiple spreading segments of different
ridge types. The monitoring of seismicity at Soreading axes usng SOSUS and OBS/OBH
araysis producing new ingghts to relations between seismicity, dike injection, spreading
events and hydrothermd activity (Fox et d., 1995; Embley and Baker, 1999).
Coordinated acoustic monitoring of hydrothermd flow regimes will follow these events
from the ocean crust into the water column and advance understanding of their physical,
chemical and biologicd impact on the ocean environment.

B. What capabilities should be generdly available for submergence science?

Deep submergence science needs the capabilities to carry out event response, short- and
long-term time series, and exploration from continental margins to the deep ocean.
Complementary tools to achieve these capabilities that should be generdly available to
the community comprise ROV's, AUV, insrument arrays for deployment as long-term
seefloor observatories, and manned submersibles as the ultimate capability. The deep
submergence vehicles should be designed for versatility and mohility.

C. Where do you see submersible science going in the next decade?

1) Expansion of the use of ROVsand AUV sfor high-resolution seafloor surveys, in Stu
measurements and sampling. It isimportant for human occupied submersiblesto hold
their own while the number and use of other types of degp submergence vehicles
increases.

2) Improvements in mobility of the various types of deep submergence vehiclesto
support globa expeditionary science and in versatility to accommodate a wide range of
scientific applications.

3) Specidization of degp submergence science to support long-term seafloor
obsarvatoriesincluding ingrumented drill holes.
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John D. Rummd

Organization: NASA Headquarters
Address: Code S

City: Washington
State/Province: DC

Country: USA

ZIP Code: 20546

Emal: jrummel @hg.nasa.gov

1. Field of Expertise: Adtrobiology
2. Submergence Platform(s) Used: Alvin

3. Workshop Questions: What are the relationshi ps between planetary
processes and the nature and distribution of life on a planet.

4. Region of Interest: Various (Earth, Mars, Europa)

5. Types of submergence systems anticipated for work/technology development:
Autonomous underweter vehicles

Remotedly operated vehicles (and combinations)

Human-rated submersibles

Deep- Sea Observatories

6. Abstract:

a) | am interested in the development of increasingly capable insrumentation for
physical, chemica, and biological components of degp-sea ecosystems. Eventudly,
NASA would like to have such sensors available for the exploration of oceans on other
bodies, but the same parameters (lower mass, power, and volume) that drive space
ingrument development are important for use in undersea systems, especialy AUVS.
Combined with better sampling technologies for deep- sea microorganisms, such
ingrumentation could provide the basis for improved in-stu measurements of biologica

137



function, as well asimproving our capabilitiesin smulating degp-sea environmentsin the
[aboratory.

b) | beievethat it isin the interests of the community to be able to conduct
measurements, manipulations, and sample retrievas in the deep sea environments
wherever they occur on Earth.  Some combination of ship-supported (or submarine-
supported) and autonomous robotic capabilities should alow access to dl environments
in the sea, building from the current capability and extending downward (and out!). We
should do a better job of assuring repeated access to long-term study Sites by the
emplacement of deegp-sea obsarvatories for routine monitoring (but building to routine
robotic access), while ensuring that assets are available to continue the exploration of
deep- sea environments worldwide.

¢) | would like to see better sensors, more regular monitoring of long-term study Stesvia
robotic technologies, and no relaxation from the exploration of the deep places of the
Earth by oceanographers, wherever they may be found.

William B. F. Ryan

Organization: Lamont- Doherty Earth Observatory
Address: Route 9W

City: Pdisades

State/Province: NY

Country: USA

ZIP Code: 10964

Emall: billr@ldeo.columbia.edu

1. Fidd of Expertise Marine Geophyscs

2. Submergence Platform(s) Used: Alvin
NR1

ABE

SeaMARC

Deep-Tow

3. Workshop Questions: The role and need of nationd facilities versus inditutiona

fadlities

4. Region of Interest: Atlantic, Mediterranean, Pecific

5. Types of submergence systems anticipated for work/technology development:
High resolution mapping and imaging and digita photographic with manned, tethered

and autonomous instruments and a cagpability for spatidly dense sampling in steep rock
and sedimentary environments.
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6. Abstract:

| have been both an insrument developer and an instrument user. In my opinion the gods
of my scientific inquiry drive the development and use of new tools, and that one doesn't
creete technology to look for problemsto solve. It isredigtic that some fecilities have
short lifetimes where one or just afew deployments solves the problem or getsthe
needed measurements and other tools with more utilitarian and generd use capabilities
have long lifetimes. With the latter type of insrumert or system, that is often anationa
facility, what is needed is an engineering and operationa team that can adapt to user
needs by ether inddling/integrating the users specific tolls or by designing and building
the tools for the user based on a mission requirement. Capabilities that should be
generdly available for submergence science are winches with appropriate wires for
towing and tlemetry, a manned submersible for delicate maneuvering and manipulation
of tools, packages, samples, navigation that lets more that one vehicle operate at atimein
an arealarger than atypica long basdine net, and instruments to map and image relief
with resolutions of a meter or better.

Submergence science should go where the intellectud problems driveit. No more, no
less. We need access soon to accretionary prisms, fracture zones and ridge/transform
intersections and hogtile locdities such as brine seeps and anoxic basins. | see moving
multibeam sonar technology from surface ship hull-mounted configurations to towed and
autonomous vehicles.

Asamember of DESSC my assgnment at DESCEND isto help Dana Y oerger chair the
sesson on Day 2 titled: "Manned and Unmanned Vehicles: Mapping” and help to write
the report for this session. | see mysdlf as needed more for ligening than to give my own

input.

Frank Sansone
Or gani zati on: Oceanogr aphy Dept., Univ. of Hawaii
Addr ess: 1000 Pope Road
City: Honol ul u
St at e/ Provi nce: HI
Country: USA
ZI P Code: 96822
Email : sansone@oest . hawai i . edu

1. Field of Expertise: Ocean Chem stry

2. Subnergence Platform(s) Used: ALVIN
Pisces V

Sea Ciff

ATV

3. Wirkshop Questions: What NEWscientific questions will require
subnergence platforms over the next decade?
Are any of these outside therange of the current user group?
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How do our present platforms need to be inproved to handl e these new
areas of research?
VWhat woul d be the npst cost effective inprovenments?

4. Region of Interest: Pacific

5. Types of subnergence systens anticipated for work/technol ogy
devel opnent :

I will have need for submersibles, and also ROVs if they have greater
payl oad, dexterity, and high-band comruni cati ons than comonly
avai | abl e now. My technol ogy devel opnent interests are in chenical
sensors for seafl oor research and fine-scale sanpling tools for md-
wat er wor k

6. Abstract:

Current Limtations

One significant inprovenent of the present situation would be the

devel opnent of some degree of interchangeability for tools and sanplers
used on the wide variety of available manned and unmanned vehicl es.
Presently, equi prent generally needs to be devel oped for a specific
vehicle, therebylimting flexibility in choosing vehicles for a field
operation. This is amajor limtation in designing sensor systens (one
of ny research

i nterests).

Interchangeability is an issue at a variety of |evels: sizel/weight,

el ectrical/hydraulic power requirenments and connectors, data

comuni cationinterfaces and connectors, need for certain kinds of
mani pul ators, etc. Sone degree of standardi zation of designs (or
establishnent of m ni mumdesi gn specifications) for future vehicles, or
for vehicles undergoingrefits, would be a major step forward. As a
first step, perhaps the workshop could reconmend a priority for
standardi zation (e.g., standarddata interfaces and electrical/hydraulic
hookup woul d be relatively easy toaddress). One obvious

(i nsurnount abl e?) problem however, is convincingthe disparate vehicle
operators that this kind of standardization is intheir best interest.
Encouragenent fromthis workshop, however, would be agood first step.

VWere i s Submergence Science CGoi ng?

Clearly there will be a continuing need for "nore of the sane"(e.g.
research on hydrothermal vents/plunme, submarine seeps, benthic

communi ties, submari ne geol ogy/ geophysi cs), and proposal pressure for
these types of research will undoubtedly continue or increase. However,
there are other applications for subnmergence platfornms that will likely
devel op over the next decade if the proper tools are available. For
exanple, there is an increasing interest in the oceanographic community
onfine-scale water-colum work in deep water (e.g., the role of
particlelayers and marine snow in controlling vertical fluxes of carbon
and nitrogen). Sanplers |lowered via winches fromsurface ships are

| argel y usel ess for these studi es because of heave and surface waves;
the only practical approach is via subnersibles and ROVs.

Unfortunately, subnmersi bles nust be rated for the full water depth at
the site, makingthem a very expensive way to sanple chem cal/bi ol ogi ca
fine-scal e phenonmena occurring at depths of less than 500m ROVs with
greater payl oad, dexterity, and hi gh-band conmuni cati ons than comonly
avail abl e
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now coul d be nuch nore cost effective nmeans of doing this work. Qur
presently funded work on this type of research would be nmuch nore
effectiveif we access to such devices.

Daniel Scheirer
Organization: Brown Universty
Address: Dept. of Geologicd Sciences, Box 1846
City: Providence
State/Province: RI
Country: USA
ZIP Code: 02912
Emal: scheirer@emma.geo.brown.edu

1. Fidd of Expertise Marine Geophysics

2. Submergence Flatform(s) Used: DSL120, ARGOII, Jason, Alvin
3. Workshop Questions:

4. Region of Interest: Pacific and Indian Oceans

5. Types of submergence systems anticipated for work/technology development:
unmanned vehicles with sonar, potentid field, and visud imaging sensors

6. Abstract:

a) Technologicd limits?

Demand for deep submergence tools in the UNOL S fleet exceeds supply, with aresult
that proposed programs compete with each other, a times, on logigtic rather than
scientific grounds. This often boils down to competition between, say, repeated visitsto
some Stes ("time-series’ mode) vs. vidts to new and sometimes remote Sites
("expeditionary” mode), with scientific objectives that are perceived to be lower-risk vs.
higher-risk, respectively. Whilethis limit is not purely technologica nor isit unique to
the dlocation of degp submergence assats (by any means), | believe that investigationsin
the next decade of both the tempora and spatia variations of degp ocean phenomena will
benefit enormoudy with the availability of more assets which are compatible with more
ship platforms.

Of amore directly technica-limitation nature, | view the maximum track-length
cgpabilities of exiging systems (in field programs of reasonable durations) as alimitation
to studying the seafloor morphology of interesting-Szed festures (with potentidly large
depth extent) such as large seamounts and entire mid- ocean ridge spreading segments.
Perhaps AUV s are the answer to this large-study-area limitation; | don't think you can do
it with a deep human presence, nor with a tether connection.
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b) What capabilities should be generdly available?

It is essentid that deep submergence tools incorporate the technological advances that
will be made in the upcoming decade -- enhanced power, data rates, imaging (quantity
and quality), and rdiability. A spectrum of oceanographic tools should be used on dll
programs on aroutine bas's, we vigt the benthos infrequently enough and in few places,
S0 maximizing the data (and sample) return isimportant. If AUV's are the next wave,
enhancing red-time communication and redl-time data transmission will greatly benefit
ther scientific return.

¢) Where do you see submergence science going?

These are "hopes': | hope it expands into less traditional study areas, such as mid-ocean
ridges away from the haf-dozen or so well-studied ones, mid-plate volcanoes, and
subduction zones. Many of these areas will require deeper-capability assets. | think that
seilgmic monitoring of plate boundaries (esp. divergent and convergent) will improve and
expand in coverage, but that the compelling nature of their follow-up with deep
submergence studies will wane towards the end of the upcoming decade. Findly, | think
that it will be essentid to present and justify our studies to a broader audience than the
deep submergence community; substantia (and successful) efforts to-date will be
continued, mimicked, and expanded.

Danid S. Schwartz

Title Manager of Marine Operations
Organization: Universty of Washington

Address: School of Oceanography, box 357940
City: Sesttle

State/Province: Washington

Country: USA

ZIP Code: 98195-7940

Emal: schwartz@ocean.washington.edu

1. Fidd of Expertise: Degp Submergence Vehicle Operator

2. Submergence Platform(s) Used: Johnson Sea-Link, Clelia, JASON, and ROPOS

3. Workshop Questions: What is the impact of emerging ocean observations systems and
observatories on the need for deep submergence vehicles?

What are the implications for operators of support and oceanographic vessalsto serve the
needs of Invedtigators utilizing both conventiona deep submergence assets and future
tools such as AUVS?

4. Region of Interest: worldwide
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5. Types of submergence systems anticipated for work/technology development:
Manned submersibles.

AUVs.

ROVs.

Large, tethered submersible drilling systems (e.g. PROD).

6. Abstract:

Submergence science is entering an erathat will see increased demand for vehicle assets,
requirements for intensive data throughput, and subgtantia commitment of time to labor-
intensive undersea research and observing projects. It is perhgps that last point that
should concern our community with respect to the quantity of submergence vehicles
available and, perhaps more important, their geographical distribution in response to
science demand. Ocean observation systems, fiber-optic underseainsrumentation
networks, plate-scale to basin-scae operationa ingtalations (such as NEPTUNE), and
long time-series data acquiSition are impossible to conceptualize with the asset inventory
and didribution available today. Responsveness to these emerging requirements, while
continuing to meet the needs of Investigators pursuing high-quaity science outside of
these mgor programs, will continue to be our defining challenge--rather than technology
per se--as the submergence science community (including those who provide essentid
sarvices to this community) movesinto the 21t Century.

Timothy M. Shank

Organization: Woods Hole Oceanographic Ingtitution
Address: Biology Department, MS34

City: Woods Hole

State/Province: MA

Country: USA

ZIP Code: 02543

Emal: tshank@whoi.edu

1. Field of Expertise: Hydrotherma Vent Biology

2. Submergence Platform(s) Used: Alvin, Jason, ARGO-I1, and DSL120

3. Workshop Questions:

4. Region of Interest:

5. Types of submergence systems anticipated for work/technology deve opment:

6. Abstract;
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Andrew Shepard

Title Associate Director

Organization: National Undersea Research Center at UNCW
Address: 7205 Wrightsville Ave.

City: Wilmington

State/Province: NC

Country: USA

ZIP Code: 28409

Emal: sheparda@uncwil .edu

1. Field of Expertise: Degp Sea Biology
2. Submergence Platform(s) Used: We have contracted for Alvin and Jason use

3. Workshop Questions. continental dope work including geochemica and ecologica
studies of a depocenter off Cape Hatteras NC and hydrocarbon seepsin Gulf of Mexico

4. Region of Interest: Southeast US

5. Types of submergence systems anticipated for work/technology devel opment:
use of Jason off vessels of opportunity

6. Abstract:

a) What are the current technologica limitations on your research, and what science
could you do if these problems did not exist? We are very limited in the availability of
funding and systems capable of doing science beow 1,000 meters. Specific areas of
interest to our funded scientists include dope depocenters, submarine canyons, and vents
and seeps. The biggest chdlenge is getting to these Sites. We have many tools developed
during shdlower studies that can be gpplied to degper communities. For example, adope
depocenter off Cape Hatteras has been studied down to 1000 meters, the depth limit of
the avallable submersibles

From ship samples, we know that the mgority of carbon is ending up further down dope.
Modeling of the rate and magnitude of carbon (and other materias) flux requires
understanding of this end point. In the Gulf of Mexico, we have supported submersible
programs that defined hydrocarbon seep communities. Again, these investigations and
discoveries are atificialy cut off at 1000 meters. Evidence from seismic records suggests
that seepage and associated communities may be more prevaent below this depth.

b) What capahilities should be generadly available for submergence science?

The scientists we support need to work for hours on a specific location doing avariety of
complicated tasks. To date, we have had most success with manned submersibles.
Whereas ROV's can work from most vessels of opportunity on the shelf, degper ROV's
require a support ship with dynamic positioning. These are complicated, costly

144



operations. Alvinisthe only sub now available for degp work in our region, and then
only when it heads home for refurbishment.

Our scientigts require high-qudity video (digital, minimum of 500 lines of resolution),
and avariety of in Stu samplers. Between cores, grabs and specimens, payloads often
exceed 50 kg. The vehicle must have the sub-systems to support these capabilities (e.g.,
power, hydraulics). The success of manned submersiblesliesin ther lack of atether,
optimal payload, and sampling capabilities.

¢) Where do you see submergence science going in the next decade?
Robots without tethers (AUV's) for visud and instrumented surveys. Lighter, deeper
manned submersibles for Ste-specific sampling and experimentation.

Craig R. Smith
Or gani zati on: Uni versity of Hawai
Addr ess: Department of Oceanography, 1000 Pope Road
City: Honol ul u
St at e/ Provi nce: HI
Country: USA
ZI P Code: 96822
Email : csmth@oest. hawaii.edu

1. Field of Expertise: Deep Sea Biol ogy

2. Subnergence Platform(s) Used: ALVIN
SEA CLI FF

TURTLE

ATV

SCORPI O

EPAULARD

Pl SCES V

3. Workshop Questions: Manipul ative experinmentation to eval uate
processes of faunal succession, deposit feeding, species interactions
and mai ntenance of biodiversity in the deep sea

Mani pul ati ve experinents to eval uate sedi ment geochenical processes at
t he deep seafl oor

Experimental studies of anthropogenic inpacts (e.g., nodule mning,

sl udge

di sposal, etc.) in the deep sea

4. Region of Interest: North Pacific, Antarctica

5. Types of subnergence systens anticipated for work/technol ogy
devel opnent :
Manned submersi bles able to work to depths of 6000 m
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ROVs wi th high payloads (at |east 250 kg in water), precision
mani pul at ors, and depth capabilities to at |east 6500 m

6. Abstract:
Current technological linmtations on ny research
Current technological limtations on nmy research fall into four main

cat egori es.
1) Depth capabilities: Mich of the deep-sea floor of scientific
interest falls bel ow ALVIN s 4500-m depth rating. |In particular,
am presently planning a study with the International Seabed Authority
to experinental |y eval uate disturbance and successi onal processes
resulting from manganese nodul e m ni ng at depths of about 5000. Such
a study could be effectivelyconducted with a manned subnersible with
a high payload (250 kg) and adepth capability of 6000 m No
sui tabl e submersible exists in the U S. for
such a study. The ability to directly observe and nani pul ate at
dept hs bel ow 4500 m woul d substantially benefit our understandi ng of
deep- sea processes.
2) Imaging quality: Although very high-quality video imaging systens
exi st for deep-sea application, the best inmaging systenms are not
routinely available on the UNOLS workhorse, ALVIN. M research would
substantially benefit from higher resolution video in general, and a
hi gh-resol uti onmacro systemin particul ar, being routinely available
(at no nmjor additional cost) on ALVIN

3) Payloads for ROVS: The type of vehicle of choice for many/nost
mani pul ati ve studies in the deep sea (once the site has been directly
observed via subnersible) is an ROV because of |onger bottomtines and
| ower costs. | amunaware of any ROV available with the high payl oad
(250 kg or greater) and precise mani pul ative capabilities desirable for
extensi ve experinentation (biological or geochem cal) at the deep-sea
floor. The technol ogy exists, but has not generally been nade
avail abl e (an historical exceptionis SIOs RUMused in the 70's). ATV
i s perhaps the best ROV for deep-sea experinents, but its payload and
wor k area (basket) are still very limted.

4) Ergonom cs and Endurance: | think few of us would argue that ALVIN
isconfortable; in fact, pain tolerance (by both scientists and pilots)
may play a significant role in the success of manned subnersi bl e dives.
It ishigh tinme that state-of-the-art ergonomc principles were applied

to manned subnersibles to inprove work efficiency. It would al so be
very useful to apply the latest battery, |ife-support and el ectronics
technol ogy to i ncrease subnersible endurance (i.e., length of individual

di ves). Especially in deeper waters, science is often limted by bottom
time. (I ncreasing bottomtinme nmay not be highly desirable without
ergonom c i nprovenents, however).

Deborah K. Smith

Organization: WHOI

Address: Dept. of Geology and Geophysics, MS 22
City: Woods Hole

State/Province: MA
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Country:
ZIP Code: 02543
Email: dsmith@whoi.edu

1. Fed of Expertise: Marine Geology

2. Submergence Platform(s) Used: DSL 120 system
ARGO Il system
British TOBI system

3. Workshop Questions: Most of the questions that | am currently focused on have to do
with understanding submarine volcanology. Isit possible to define the extent of a
submarine eruption usng ROVS? Thiswould require sampling, magnetics, imagery, etc.
Can we follow eruptions back to their source vents? Can we determine how important
lavatubes are in transporting lavas severd kilometers from the primary Ste of eruption?

4. Region of Interest: | am interested in submarine volcanic rift sysems

5. Types of submergence systems anticipated for work/technology development:
Autonomous (?) systems that can carefully map out sections of the seafloor in great
detal. Vehiclesthat can go into submarine craters that have verticd walls and
overhangs. Vehicles that can go into tube systems (for short distances) to map their
sdes. Far down theroad: systemsthat can provide basic information on the
geochemigtry of the rocks while on the bottom.

6. Abstract:

Data collected at various scaes of observation are criticaly important for interpreting the
morphology of avolcanic rift zone. In many casesin the oceans we only have the
morphology as viewed from the ship (Sea Beam system), and the morphology as viewed
from the submarine to work with. It is hard to merge disparate data sets such asthese. On
land, we use many pieces of information a many different spatid scalesto interpret the
processes occurring at volcanic rift zonesthere. Theseinclude satdlite imagery,
photographs from low-flying airplanes and helicopters, and readings, mapping and
sampling obtained on foot. We need dl of these scales of information from the submarine
environment as well.

Volcanic rift zones are often characterized by rough terrain, which is technologicaly
chdlenging to mgp and sample. How can we improve our submergence capabilitiesin
such terrain? Towing an ingdrument such as the DSL-120 kHz 100 m off of the seafloor
where the topography on short spatia scaesis going up and down by as muchas 300 m
isextremdy difficult. It ishard to interpret the data when we don& #8217;t even know
the towing characterigtics of the instruments. In addition, | have found in my own data
from the Puna Ridge, HI that navigation from 2 different instruments towed within the
same transponder net is off in places by up to 200 m or so. The community needsto
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recognize that scientists will be taking the submergence vehicles to more and more
chdlenging environments and needs to respond to this.

Submergence sciencein the future in my mind will be moving towards autonomous
vehicles. | dso think that severd cgpabilities should be merged into one system such as
mapping, sampling, and in Situ rock anayses, for example.

Fred Spiess
Organization: SIO MPL UCSD 0205
Address: 9500 Gilman Drive
City: LaJolla
State/Province: CA
Country: USA
ZIP Code: 92093
Emal: fns@mpl.ucsd.edu

1. Fidd of Expertise Marine Geophysics

2. Submergence Platform(s) Used: Aluminaut, Alvin, MPL Deep Tow, MPL Control
Vehicle ATV

3. Workshop Questions: See RIDGE, SEIZE, Multidisciplinary Observatories on the
Deep Sea Floor, Ocean Seismic Network and other workshop reports to which | have
contributed. Concerned broadly with science and technology requiring long-term sets of
observations or experiments, or detailed descriptions of seafloor characterigtics.

4. Region of Interest: Deep Sea Floor

5. Types of submergence systems anticipated for work/technology devel opment:

Unmanned, cable connected systems for making detailed observations of the sesfloor
and for precise placement of heavy objects and conduct of other tasks related to
ingtdlation, maintenance and recovery of deep sea systems.

6. Abstract:

a) What are the current technologicd limitations on your research, and what science
could you do if these problems did not exist? My current research interest is in seafloor
geodesy. At present thefidd is limited by lack of capability to place measuring devices
(precision trangponders, absolute gravity meters, precise depth sensors) repeatedly on
reference points (benchmarks) without disturbing the reference points at the millimeter
level. The result isthat, specificdly in the use of precison trangponders, the expensve
transponders must be left on station as the primary reference marks, rather than being
moved from one Ste to another as the complex system elements are in terrestrial geodesy.
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| see the work of others congtrained by lack of capability to ingtal, maintain, repair and
recover system eements a the seafloor.

b) What capabilities should be generdly available for submergence science?

The community needs a variety of unmanned work and survey vehicles. These should be
available in ways that are flexible to schedule and economica to operate. There should be
recognition that there can be many vehicles, snce the pendty for not having a particular
onein operation on afull year bassissmdl. A variety of inditutions should be operating
these vehiclesin order that the development of new capabilities can be closdly rdlated to,
and driven by specific science needs.

¢) Where do you see submergence science going in the next decade?

Recognition of what we can learn on the sea floor will continue to expand. Multipurpose
observatories will continue to be pursued, and should be implemented in collaboration
with other investigators concerned with the sea surface and the regionsin the air above
and the upper reaches of the water column. Proposed observatories (and less grand ones
that aready exist) will open up questions that we cannot anticipate and that will require
new kinds of investigations in specid or widdy ranging Stes remote from the
"OBSERVATORY".

Use of manned vehicles will decline subgtantidly if there is access to a cgpable stable of
unmanned vehicles. The present Stuation is that manned vehicles in the deep sea do not
put the scientist any closer to the job than unmanned vehicles with fiber optic cable
technology. When oneis near the bottom in amanned vehicle one has a better view of
what is going on through the vehiclés TV than through the observation ports and a
remotely operated manipulator syslem must be used to do the work. Thisis different
from the Stuation in goace exploration, where the scientist or technician can actudly
carry out the work as one would on the ground. In many ingtances Alvin is used for
seefloor work that could be done by other vehicles because it does not cost the P

anything in his or her proposal.

Gary Taghon
Organization: Rutgers University
Address:; IMCS 71 Dudley Rd
City: New Brunswick
State/Province: NJ
Country: USA
ZIP Code: 08901-8521
Phone Number: 732-932-6555x547
Emal: taghon@imcs.rutgers.edu

1. Feld of Expertise:
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2. Submergence Platform(s) Used: Alvin, Sea Cliff, and Ddlta
3. Workshop Questions:
4. Region of Interest:

5. Types of submergence systems anticipated for work/technology

development:
6. Abstract:
Shozo Tashiro
Title: Japanese Deep Subnersibles Pil ot
Or gani zati on: Japan Marine Science and Technol ogy Center
Addr ess: 2-15 Nat sushi ma-cho
City: Yokosuka
St at e/ Provi nce: Kanagawa- pr ef ect ure
Country: JAPAN
ZI P Code: 237-0061
Email : tashiros@ anstec.go.jp

1. Field of Expertise: Deep Submergence Vehicle Operator

2. Subrergence Platform(s) Used: SHI NKAI 2000
SHI NKAI 6500

DOLPHI N- 3K (Qbservation only)

KAl KO (Observation only)

ALVI N (Cbservation only)

3. Workshop Questions: al
4. Region of Interest: Spreaded area, Subduction zone and Pol ar region

5. Types of submergence systens anticipated for work/technol ogy
devel opnent :
DSRV, ROV, AW

6. Abstract:
Brian Taylor
Organization: SOEST
Address; 2525 Correa Rd
City: Honolulu
State/Province: HI
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Country: USA
ZIP Code: 96822
Emall: taylor@soest.hawaii.edu

1. Fidd of Expertise Marine Geophysics
2. Submergence Platform(s) Used: Alvin, Shinkai 6500 Nautile (next year)

3. Workshop Questions: 4 MARGINS Initiatives
- Seismogenic Zone

- Subduction Factory

- Rupturing Continents

- Sedimentary Processes

4. Region of Interest: Globdl

5. Types of submergence systems anticipated for work/technology deve opment:
All - subs, ROV's, AUV, observatories

6. Abstract:
Maurice A. Tivey
Organization: Woods Hole Oceanographic Ingtitution
Address: 360 Woods Hole Road
City: Woods Hole
State/Province: MA
Country: USA
ZIP Code: 02543-1542
Emal: mtivey@whoi.edu

1. Fidd of Expertise Marine Geophyscs

2. Submergence Platform(s) Used: ALVIN, NAUTILE, SHINKAI 6500, JASON,
ROPOS,

DSL120, ARGO, ABE (AUV), Various deep tow systems including magnetics and
sesmic.

3. Workshop Questions: 1) To understand the formation of ocean crust and its subsequent
evolution through time. Thisincludes not only the volcanic layer but aso the lower
intrusive crust such as the dikes and gabbros. Need magnetic vectors by obtaining
oriented rock samples or cores.
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2) Better resolution of the history of earth’s magnetic field behavior such asthe Jurassic
aged crust of the proto-Pecific. Better measurements in degp ocean require near- bottom
sensors. While degp tow is possibleit is a painfully dow method of surveying. AUV
technology could speed up this possibly even have multiple concurrent AUV deployment
and surveying for "swath mapping".

4. Region of Interest: Degp ocean (Pecific, Atlantic, Indian, Arctic, and Antarctic

5. Types of submergence systems anticipated for work/technology devel opment:

1) Broadening usage and availability of autonomous underwater vehicle (AUV)
technology for seafloor mapping and high-resolution measurements of seafloor and ocean
column properties.

2) Getting oriented rocks and core samples from the seafloor (Probably requires ROV
platforms stabilized for drilling outcrops).

6. Abstract:

Technology has often led to new insght into science and the marine geosciences have
been no different in thisregard. The invention of acougtic sonars and the sea surface
magnetometer following World War 11 led to the vaidation of alittle known theory of
plate tectonics. In the early '80s the proliferation of bathymetric swath mapping systems
and GPS satdllite navigation alowed for exploration of the midocean ridge system on a
globa scde. In the '90s, degp submersibles and remotely operated vehicles (ROV's) have
become a maingtay of subsea sampling and mapping at mid-ocean ridges. At the same
time, degp-towed systems for near-bottom seafloor mapping have dso become more
commonplace, providing amore detailed picture of the seafloor for in Situ sampling and
exploration. However, the effort involved in carrying out these deep-towed surveys
requires large personnel teams, speciaized ships and cables, clement weather and a
survey program designed around the capabilities of the tow wire and the ship's towing
characterigtics rather than the seafloor geology.

Eliminating the tow cable represents a legp in technology from surface dependent
sensors to smart robotsi.e. autonomous underwater vehicles or AUV sthat can function
independently on the seafloor. AUV s represent the next wave in technology, which
promisesto revolutionize the way science is done in the ocean. Theserdatively
inexpensive systems can operate from any ship of choice and do not require sophisticated
ship dynamic positioning systems or cable winch systems. They can be deployed for
short periods in Site survey mode or for an extended period in monitoring mode.

AUV could aso be rapidly deployed in response to events such as seefloor volcanic
eruptions, earthquakes or catastrophic hydrothermal venting. The tetherless AUV means
that surface sea state conditions and ship operations are no longer the prime logistical
consderations. At present only afew AUV s are available to the scientific community
and then only in a developmenta mode. While there are devel opment issues il
outstanding such as battery power and navigation, the basic operationa mode are now
well known and vehicles currently exist that offer stable platforms for scientific use. The
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deep submergence assets of the UNOL S system should serioudly ook &t the
implementation of an AUV building program. Thisis certainly where the technology
will have the biggest impact on science.

On another issug, | think it isaso time for degp submergence vehicles to get serious
about making properly oriented sample collection on the sesfloor. Only though the
careful orientation of rock samples on land can we determine the tectonic history and
interrelationships of adjacent rock units. This has not been done on the seafl oor except
very recently with remotely operated wirdline drilling on Atlantis Bank in the Indian
Ocean. These smdl drill rigs however are limited to very leved terrain and only ROV
vehicles have the innate capability of being able to drill outcrops on arugged seafloor.

Robert F. Tusting

Title Sr. Systems Engineer

Organization: Harbor Branch Oceanographic Ingtitution
Address: 5600 U.S. 1, North

City: Ft. Pierce

State/Province: FL

Country: USA

ZIP Code: 34946

Emall: keen@hboi.edu

1. FHield of Expertiser Ocean Engineering

2. Submergence Platform(s) Used: JSL | & 11, CLELIA, ALVIN, VENTANA,
TIBURON

3. Workshop Questions: Can the sampling and collecting tools being developed at HBOI
be employed in future deep-ocean research?

4. Region of Interest: Worldwide

5. Types of submergence systems anticipated for work/technology development:
Biologica & Geochemicd Sampling, Quantitative Imaging

6. Abstract:

Over the past 20 years, Harbor Branch Oceanographic Ingtitution has developed a
number of specidized scientific sampling, imaging and measurement systems. Many of
these have been designed and built or adapted for use on other deep- submergence
vehicles such as ALVIN and the MBARI ROVs.

153



Both the Marine Operations and Ocean Engineering Divisions at Harbor Branch
Oceanographic Indtitution have along-term interest in further development of tools for
submergence science. Attendance at this workshop will help us to anticipate future needs
of the research community and will dlow usto focus our development efforts.

Cindy Lee Van Dover

Organization: College of William & May
Address: 328 Millington Hall

City: Williamsburg
State/Province: VA

Country: usS

ZIP Code: 23187

Emal: cindy_vandover@wm.edu

1. FHield of Expertises Hydrothermd Vent Biology

2. Submergence Platform(s) Used: Alvin
SeaCliff

Mir

Ddta

Jason

ATV

DSL 120

ARGO

3. Workshop Questions: biogeography, astrobiology, ecology
4. Region of Interest: globa

5. Types of submergence systems anticipated for work/technology development:
manned, ROVs, AUV, observatories

6. Abstract:

Current Limitations:

- Frequency of sampling and of deploying/recovering insruments.

- Ability to access remote Sites with suite of deep submergence assets.

Capabilities available for degp submergence science:

- 24-h ROV ops a 6500 m or less with full suite of capabilities (mapping at
multiple scales, induding imagery, sampling, instrument deployment and
recovery)

- manned ops a 4500 m or lesswith full suite of cgpabilities
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Future:

- maintenance of current leve of expeditionary and short time-scae

- observations and expansion of observatory capabilities. Both approaches
are complementary.

Karen Von Damm

Organization: Univerdgty of New Hampshire
Address:. Dept. of Earth Sciences, James Hall
City: Durham

State/Province: NH

Country: USA

ZIP Code: 03824-3589

Emal: kvd@cisunix.unh.edu

1. Feld of Expertiser Geochemistry
2. Submergence Platform(s) Used: Alvin, Jason

3. Questions Desire Addressed by Workshop: What future mix of toolswill best address
what the community needs to accomplish the science goa's and question they foresee for
the next decade.

4. Region of Interest: The globa ocean

5. Types of submergence systems anticipated for work/technology development
interested in:

Improved ROV's, continued human access, increased ability for remote vehiclesto make
chemica measurementsin Stu aswell asto collect (and preserve) samples.

6. Abstract:
Barrie Walden
Title: Mgr. Operationd Scientific Services
Organization: WHOI
Address: Smith 301
City: Woods Hole
State/Province: Ma
Country: USA
ZIP Code: 02543
Emall: bwal den@whoi.edu
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1. Fidd of Expertise: Degp Submergence Vehicle Operator
2. Submergence Platform(s) Used: ALVIN

Argo

Jason

DSL120

ABE

3. Workshop Questions:

4. Region of Interest: World wide

5. Types of submergence systems anticipated for work/technology development:

6. Abstract:
C. Geoffrey Wheat
Organization: University of Alaska FairbanksNURP
Address: PO Box 475
City: Moss Landing
State/Province: CA
Country: USA
ZIP Code: 95039
Phone Number: 831-633-7033
Emal: wheat@mbari.org

1. FHeld of Expertise Geochemistry

2. Submergence Plaform(s) Used: Alvin, Turtle, Sea Cliff, PicesV, Ddlta ATV,
Ventana, ROPOS, and Jason

3. Workshop Questions: What are the driving forces and effects of seawater circulation
through the oceanic crust? This question includes both hydrothermd circulation driven

by theintrusion of basdtic magma (Ridges and Hot Spots) and lithospheric cooling

(Flanks) and the egress of fluids from seeps that are caused by compressiona forces

(Subduction Zones) and gradients in hydraulic head (Groundwater).

4. Region of Interest: Pacific Ocean
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5. Types of submergence systems anticipated for work/technology development:

ROV's, Submersibles, and AUVs. | am modtly interested in developing the technology
that makes AUV's more accessible to scientists, by developing smpler and more robust
operationa interfaces and a variety of instrument packages that can be tailored for each
scentific misson.

6. Abstract:

The US degp submergence community needs to develop additiona capabilities. Given the
scheduling problems in the past few years for deep submergence vehicles, the periodic
refitting that is required of these vehicdles, and the possibility of extensive globa benthic
obsearving platforms, at least one additiond deep submergence vehicleis needed. This
vehicle should be aworkhorse ROV capable of being deployed to 6000 m and be a
hydraulic-based vehicle either with (e.g. ROPOS) or without (e.g., ATV and Tiburon) a
cage-tether handling sysem. No technologic advances are required for operating such a
vehide. At present AUV's have yet to make the significant contribution to ocean sciences
given the potentia capatiilities of these vehicles. The technology involved in operating
these vehicles must be trandfer to the scientific community. In addition the scope of
instrument packages that these vehicles can accommodate must be expanded for broad-
based usage. Given the growing interest of scientists, business enterprises, and the
genera population in the deep sea, the next decade should see expanded requirements
and needs for deep submergence vehicles.

Dawn Wright
Organization: Oregon State University
Address:. 104 Wilkinson Hal, Dept. of Geosciences
City: Corvdlis
State/Province: OR
Country: USA
ZIP Code: 97331-5506
Emal: dawn@dusk.geo.orst.edu

1. Feld of Expertises Marine Geology
2. Submergence Platform(s) Used: Alvin, Argo | and 11, ABE

3. Workshop Questions: - Pros and cons of ROV'svs. submersibles
- Data mgmt./archiving needs of the degp submergence community

4. Region of Interest: SEPR, NEPR, JOFR, Tonga/Lau Basin
5. Types of submergence systems anticipated for work/technology devel opment:

ROV, possbly AUVs
navigation systems
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geographic information systems

6. Abstract:

a) limitations in ability to rapidly collect seafloor observationsin red-time (e.g., post-
dive transcribing of tapes amgor chalenge); data archiving and compilation strategies to
improve flow and usefulness of observations (to be discussed in my presentation)

b) high quality video, dectronic till camera, 35 mm, and navigation, dl in red-time;
fluid, sediment, rock, biological sampling at precise locations and readily relayed safely
to the surface; CTD, MAPR-type messurements profiled in redl-time,

) Seems as though ROV's and AUV's may take over from submersibles

A. Arigtides Yayanos

Organi zati on: Scripps Institution of Oceanography-UCSD
Addr ess: 9500 G I man Drive; Departnent 0202

City: La Jolla

St at e/ Provi nce: CA

Country: USA

ZI P Code: 92093- 0202

Email : ayayanos@icsd. edu

1. Field of Expertise: Deep Sea Biol ogy
2. Subnergence Platform(s) Used: Only free vehicles, sigh

3. Workshop Questions: The variety of life in the sea has changed over
geological tinme and in our tinme. How can we characterize these changes
and pl ace themin relation to changes in the physical, chenical, and
terrestrial biological environment?

4. Region of Interest: Abyssal and hadal seas

5. Types of submergence systens anticipated for work/technol ogy
devel opnent :
FI A instrunents.
Drifters instrunented for m crobiol ogy.
Low | evel light detection instrunents.
Aut ononpus vehicl es/robots for retrieving |ive deep-sea animals.
In situ macrophot ography and nicroscopes.
M croscal e instrunents; instruments on a chip

6. Abstract:

a)

Maybe the greatest linmtation in deep-sea biology is the near inability
tofind out the natural history of deep-sea organisns. In terrestrial
settings, such information is obtained by direct observation and by
foll owi ng organi sns as they nove about and nigrate.

Another limtation is the difficulty of determining the distribution
and activity of mcroorgani sms al ong sections and volunmes of the ocean
and inconjunction with detail ed hydrographic data. Finally, the ability
to work with organisns at high pressure is stil

cunber some and expensi ve.
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b)

The remarkabl e devel opnents in the design of unmanned submersi bl es have
not changed the need for manned subnersibles. There still are

observati ons and experinments to be done that are inpossible wthout
manned subnersi bl es.

c)

(1) | inmagine there will be an increased use of caneras, acoustics, FIA
instruments, drifters with biological sensors, ROVs, and autononobus
vehicles. The data will be increasingly acquired remotely with real -
timetransmi ssion to the | aboratory.

(2) There will be an increased use of “intelligent robots.

(3) There will be a huge inpact of DNA chip technology both in the

| aboratory and in situ. There will be a drive to archive the DNA and
nMRNA of deep-sea organi sns. The ability to sequence nucleic acids wll
be extraordinarily sinple with new technol ogy. This will open the deep-
sea to bioinformatics scientists.

(4) And, | hope, there will be an increasing recognition that a set of
key deep-sea environnents needs to be identified and studied for a tine
frame extending at | east 100 years. Future scientists will think

unki ndly of usfor not having already started such studies.

Dana R. Y oerger

Organization: Woods Hole Oceanographic Institution
Address: Chdlenger Drive MS #7

City: Woods Hole

State/Province: M assachusetts

Country: USA

ZIP Code: 02543-1109

Emal: dyoerger@whoi.edu

1. Feld of Expertise:

2. Submergence Platform(s) Used:
3. Workshop Questions:

4. Region of Interest:

5. Types of submergence systems anticipated for work/technology development:

6. Abstract:

CraigM. Young
Organization: Harbor Branch Oceanographic Ingtitution
Address: 5600 U.S. Hwy. 1 N.
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City: Ft. Pierce

State/Province: Horida
Country: U.SA.
ZIP Code: 34946
Emal: youngc@hboi.edu

1. Fidd of Expertise: Degp Sea Biology

2. Submergence Platform(s) Used: Johnson SeaLink I, 1
Alvin

PiscesIV, V

Sea Cliff

Nekton Gamma

Perry Submersibles

Hi- Sub ROV

Ventana ROV

3. Workshop Questions:
4. Region of Interest: Atlantic, Pacific, and Indian Ocean

5. Types of submergence systems anticipated for work/technology development:

Improved collecting systems for deep-diving submersibles; ability to collect and
maintain discrete, multiple samplesin cold (and perhaps pressurized) seawater during
ascent.

6. Abstract:

Most degp submergence vehicles have virtualy no ability to collect multiple discrete
biologica samples and keep them hedlthy and separate during ascent and recovery. This
problem has been solved reasonably well on shalow-water vehicles (notably the JSL's)
by the use of indexed carousels of specimen buckets coupled with suction collectors. The
ability to collect discrete, identifiable samples would greetly enhance exploration and
description of communities on small spatia scaes, permit collections of hedthier
animas for on-board experimentation, and encourage the use of deployments, outplants,
transplants, and other experimentd techniques that give greater insghtsinto biologica
processes. Good suction samplers dso permit multiple replicate collections of early life-
history stages that often resde in the interstices of complex communities

In recent years, work at hydrothermal vents has overshadowed research on other deep-
sea sysems, even though the latter are overwhelmingly greeter in terms of both habitat
area and biological diversity. Much of deep-sea biology remains at the descriptive phase,
with inferences being based on correlative analyss of often inadequate samples. A
greater emphasis on experimentation is needed to understand basic physiologica
processes such as growth and reproduction, as well as ecologica processes that control
populations and communities. Continental dopes, with their segp environmenta
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gradients and relatively easy access, are prime places to conduct experiments that yield
indghtsinto basic deep-sea processes; indeed, experiments that are feasible at dope
depths are often impossible in the abyss. Although Alvin is capable of working a dope
depths, there are much better and chegper dternatives (both manned and unmanned) that
should receive full support from UNOLS and NSF.

From dl indications, submergence science will continue to be driven by the desire of
geologists and geophysicists to understand the dynamics of the earth's crust. In biology, |
hope to see more focus on fundamental, unresolved questions about how deep-sea
sysemsfunction a al levels of biologicd integration. We need place increased
emphasis on non-vent habitats. The deep sea can be sampled with dredges, dedges,
cameras, trawls, etc. The great advantage of submersiblesistheir ability to
conduct in Stu experiments thet test ideas about the functioning of
deep-sea systems.

Marsh Youngbluth
Organization: Harbor Branch Oceanographic Ingtitution
Address: 5600 U.S. 1, North
City: Fort Pierce
State/Province: Florida
Country: United States
ZIP Code: 34946
Emal: youngbluth@hboi.edu

1. Fidd of Expertise: Degp Sea Biology

2. Submergence Platform(s) Used: JohnsonSea-Link, Pisces V, Cyana,
Ddta, Ventana, Aglantha

3. Workshop Questions: Why should organisms that live in water column
environments be investigated with submersibles?

4. Region of Interest: Coastal seas and open ocean environments

5. Types of submergence systems anticipated for work/technology deve opment:

Highly maneuverable crewed and ROV submersibles adapted for operations in the water
column.
High resolution cameras with red light; efficient sampling devices; paired lasers;
environmenta sensors; insrument offload and retrieval capability

6. Abstract:
a) What are the current technologica limitations on your research, and what science
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could you do if these problems did not exist? b) What capabilities should be generdly
avallable for submergence science?

Science and technology are intertwined. Understanding and predicting how living
organisms thrive in the ocean interior or learning how inorganic resources consolidate
and disperse at the seafloor are difficult tasks. Applications of submersbles (crewed
vehicles, ROV's, and more recently AUVs) enable direct access to deep-water
environments.

These mobile platforms, when equipped with a suite of sensors, samplers, lasers, and
sonar, provide tempora and spatia perspectives that are impossible to obtain with
conventiona devices like plankton nets, water bottles; grab devices, and vertica
profilers. Judicious use of abroad complement of submergbles should sgnificantly
enhance assessments of biological diversity, biogeochemica phenomena and
environmenta change in pelagic and benthic regimes. However, a the moment mgor
sources of funding favor submersible systems that support benthic rather than pelagic
operations. Assuming this impediment to mid-ocean access can be resolved, the
technologies on the various undersea vehicles that are available for work in the upper
1000-2000 m of the water column need to be upgraded in order to address ecological
questions related to distribution patterns, behaviora responses and population dynamics.
Camera systems, collecting devices, environmenta sensors and vehicle controls should
be improved with state- of- practice systems. Submersibles should be configured for quiet,
variable speed, balast-controlled operation. The ability to offload and retrieve
instrument packages should be considered essentidl.

My research has been focused on mesopelagic zooplankton, primarily sort-bodied
gpecies. To better quantify their predatory habits, considerably more attention needs to be
given to the use and improvement of high resolution, optical equipment that can operate
under red light. Likewise, reliable measurements of their metabolic rates require
instrument packages that are configured for replicated experimentation in the natura
environment rather than shipboard laboratories. Computerized systems that would
smultaneoudy sense amultitude of environmenta cues in near redl-time would be
advantageous for short-term studies of their behaviora responsesto physicad and
chemicd sgnds. All of these technologies are applicable to benthic investigations.

¢) Where do you see submergence science going in the next decade?

Forecadting is risky, but based on my sense of impending scientific challengesin the
next decade; deep-diving submersibles will be indispensable for answering severd
pertinent questions. For example, as fish stocks are depleted or when recruitment is poor
are opportunistic gelatinous zooplankton predators likely to out compete fishes? What
are
the in Stu rates, fluxes and mechaniams that influence biogeochemica processesin weater
column environments? What are the effects of episodic events on biologica, chemica
and geological features? |sthe magnitude of chemicas and biota that are advected from
the ocean ridges important? Should waste from fossil fud (=liquid CO2) be injected into
the deep >3500 m sea?
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Future success with direct intervention assumes that a greater array of state-of-practice
tools like high-definition digital cameras, optica sensors, dissolved nutrient and gas
andyzers, and high frequency acoustics will be adapted to undersea vehicles. Future
accomplishments will dso depend on being at the right place & the right time, not by
chance but by design. One effective strategy would be to implement more responsive
deployments of submersibles. For example, since episodic plankton blooms and
geothermd events can be detected remotely, opportunistic vehicle mobilization would
enhance observations of community evolution and dissolution.

From another perspective, it has been obvious for along time to everyone who has used
submersibles that shallow and deep seas are layered, in physical, chemicd and biologica
dimensons. The "new" discoveries of thin layers via profiling instruments need to be
aggressively sea-truthed with direct observations from submersibles in order to optimize
and guide the progress of models that target such topics as recruitment, food web
dynamics, carbon transport, reminerdization, bioturbation, and diageness. Asmore
comprehensive in Situ programs are developed to observe and record variagbility in deep
ocean environments, there will be acommensurate increase in the need to verify remotely
gathered information as well asto sarvice the instrumentation.

One further thought isthat in Situ exploration should lead to in Situ experimentation.
That's been a guiding tenet for me and many of my colleagues. It's no surprise that the
dynamic and dien nature of degp marine habitats demands careful scrutiny. Using
submersbles as eyebd|s and devatorsisinsufficient. Future progressin understanding
deep ocean processes will depend on carefully organized plans that focus the application
of nove tools and new technologies within representative environments. More cross-
disciplinary transfer between biologica, chemical, and physical oceanographers seems
essentid.  For example, currents carry cues for both larva transport and settlement.
Integrated studies of fluid and hydrophilic dgnas are just beginning in pdagic and
benthic boundary-layer regimes. More extensve use of manipulative field experiments
will dlow better discrimination between dternative hypotheses.

Future progressin science isdways illusve. It's easy to say that access to deep pelagic
and benthic environmentsis available with degp-diving vehicles. Unfortunately, unless
these platforms are used frequently, they degrade, technologically and operationaly.
Coordination, networking, and education should be improved throughout the coming
decade to ensure regular deployment and continued development of the meager number
of research submersibles that are used to conduct scientific investigations worldwide.
Coordination, in the sense of planning and scheduing, is tedious but obvious. Training
submersible pilots and technicians is often overlooked but essentiad. Networking, to
me, means communication and interaction on an internationa scale. New programs and
facilities are coming on line in Japan, France, and Norway. Consequently, there are
multifaceted opportunities for US and foreign scientists to collaborate and to establish
long-term, submersible-based programs. Thiskind of interaction is limited and yet
feasble. Such collaboration can broaden scientific discoveries, which in turn might

just promote cooperative development of "next generation” vehicles.
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Education about the deep seg, at least nationdly, has been superficid.

What does that mean? Well, dthough various media sources have increased public
awareness about interactions between natural and anthropogenic changes that occur in the
deep oceans, much of the scientific information provided to the public is outdated or
wrong. Why? Perhaps because federal support for deep-water investigationsfrom
submersibles has been rdatively minor and narrowly focused. This monetary condraint
islikdly to continue in the future unless programs for in Stu work are given higher

priority and substantiadly expanded.

Jill Zande
Title Program & Outreach Coordinator
Organization: Marine Advanced Technology Education (MATE) Center
Address: c/o Monterey Peninsula College, 980 Fremont S.
City: Monterey
State/Province: CA
Country: USA
ZIP Code: 93940
Emal: jzande@marinetech.org

1. Field of Expertises Hydrothermd Vent Biology
2. Submergence Platform(s) Used: ALVIN, Johnson Sea-Links
3. Workshop Questions. Outreach opportunities with submersibles

4. Region of Interest: Pecific, Gulf of Mexico

5. Types of submergence systems anticipated for work/technology devel opment:

6. Abstract:
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APPENDI X VI
Related Website Links

FUTURES Workshop Reports:

FUMAGES (MG&G) =>
http:/Amww.joi-odp.or o FUM AGESFUMAGES.html
http://www.joss.ucar .edu/joss psg/project/oce wor kshop/fumages
FOCUS (Chemicd Oceanography) =>
http://www.joss.ucar .edu/joss psy/proj ect/oce wor kshop/focus/
OEUVRE (Biology) =>
http://www.joss.ucar .edu/joss psg/proj ect/oce wor kshop/oeuvre
APROPOS (Physical Oceanography) =>
http://www.joss.ucar.edu/[oss psy/pr oj ect/oce wor kshop/apr opos/
LEXEn (Life in Extreme Environments) =>
http://www2.ocean.washington.edu/lexen/

Observatory Links:
http://vertigo.r smas.miami.edu/deos.html

Back to DESCEND Menu
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