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SEEING IS
BELIEVING:
Deep

Sea Dives
Reveal
Underwater
Mysteries

Submersibles have
introduced hundreds of
people to the mystenes of
the deep sea Ocean Explorer
asked two scientists to
describe the impact of
submersibles on their work,

THE BIG PICTURE

On her first dive in Aivin in 1986,
WHOI geochemist Susan Humphris
feln like an astronaun iravelling 1o the
moon. All the time she had spenl
beforehand wondering what the deep
sea would look like could never have
prepared her lor what she saw: the
piler darkness, excep fovr i few meters
that were lit up by Afvin's spotlights;
the towering underwater rock struc-
tures that looked like mere specks on
a map; the strange creatures thal
appeared and disappeared suddenly
before the sub’s portholes. Susan was
also struck by “the excitement of actu
.'||'|!,- :-.-:i:ing mq‘n:!hing I had tried o

understand for so bong.”

Though diving in Alvin can be
uncomforiable, as three people
erouch together insade a metal ball
with a seven-foot diameter, peering
out of tiny windows at the undersea
world, awareness of thowe inconve-
WERceEs disﬂ'ppcﬂn pretty |:||.|:i|:k|}' durs
ing o dive, “You're so busy,” says
Susan. “You're so excited and so inter-
csted in everything that you see.”

Susan had studied the Mid-Cocan
Ridge (the underwater mountain
chain that cuts through all the world's

Suian Humphiris beging
arother dive in Abvin,

oceans) for aboat fifteen years before
she actually got down to see it in per-
son. Travelling to the deep sea has
changed her perspectve on the mean
ing of the tock samples she works with.
“Before | had dived in Alvws, | used o
work with big bags of rocks that had
heen dredped from the ocean Boor.”
She could keam a lot by studying the
rocks, but something was missing. “1
had mo idea what the arca they came
from kooked like, | didn’t understand
where they had been before they were
collected.” Mow that has changed, Div-
ing in Alvin has added an important
cimension bo Susan’s scientific work,



L ALRMED H § WHCE

WHAT IS ALVIN?

sub’s sde. Abn can dive to 4,000 maters
(13000 feet), deep encugh to reach
rriarty, though pot all, of the mportant fes
fures on the ocean foor. Hers vou see
Aban's robot @ carmping a tube of deop-
sod mud 1o the samplng basket. located
drectly 0 Font of the porthole. Thees
widen and two 800 rame 35 mm cam
cras ang mpunied outse Afan, and can
be operated by the scientists nside
Because there i no lght i the deep sea
more than beebee ghts sumound the
outsde ol the wb An Akdn dee usaslly
kasts about aight hours.

Alin 15 8 research sub, cwred by the LS My and oper-
ated by the ‘Woods Hole I.T.h-:nﬂ-guphr Irstftion. Two
scientsts and one pilot can travel 0 Aln, though theme
SAT PAUER Moo DO Move around, &5 youw Can 588 in he
drawing, n wiich the artet hasy cul away the

CINDY LEE VAN DOVER:
Two Hats, One Head
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For a

two years, biologist Cindy Lee Van Dover held

two very different jobs. She was a deep sea biologist, and she

was an Akin pilot the

vet to earn that pPOSmon
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H-mln:l-,gul I:'im;ly Lee Van Dover stad
ies creatures that Ive near hydrother-
meal vents — warm-waler oases on the
deep sea floor. “1 want to be the best
deep-sen biologist | can be,” she says.
“To do that 1 need o see a2 much of
the ocean floor as possible.” Just
about the only way 1o get there s by
diving in a sub like Ahdn. Many scien-
tists want to dive 1o the deep sea. Hul
very few subs can take them there.
Schentists are lucky if they can get to
dive even once OF PWice & year.

The nnl}' |'I|:'|h|1||.:' who dive more
often than scientisis are the sub pilots

only scientist and the on
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themselves. Cindy realized that if she
became a pilot, she would get to see a
whiole lot more of the sea floor, No s
entisl had ever become a pilod before,
And no woman had, either. That
didn"t stop Cindy. “I'm a dreamer,”
she says. Al first, “becoming a pilod
wis a daydream.”

Cither scientisis found Cindy's
desire to be a pilot surprising. “They
sald to me, “What do you want 10 do
thrt for?™” Fred Cirassle, her graduate
advisor, understood, though he was
afraid becoming a pilot would take too
much time away {rom Cindy's scien-
hifi career.

But Cindy was
determined, and
]II.'I |.1-;'I|:r|r|i|:|.d||-..=|1
won out. She was
accepted in Alvin’s
Pilot-in-Training
PrOgram.

As part of her
training, Cindy
worked as an Alvin
lechmcan. She hid

ter learn everything about the sub’s
mechanical and elecironic systems
from the inside out. The chicf pilot,
Dudley Foster, constantly told his
trammees: “Attenton 0o detal
Attention o detail.”

“It was nol hard to pay atlention to
distail,” says Cindy. “Bul sometimes it
wias hard to km!p up the effort, taeniy-
four hours a day, seven days a week.™
Though most of the other pilots had
some hackground im mechanics or
I n'!l_'inm.' Ting, Cingdv had none. She was
starting from scraich. After her long
wiork days ended, she read technical
manuals, “1'd study my wits out,” she
remembers. “1 thought ['d burst with
details.” After a rigorous one-year
training period, Cindy was awarded
the dolphin pin that all submarineg
pilots wear.

Cindy worked as an Aivin pilot for
twenty-one months. She was Piloi-in-
Command 48 times, As a sclentist or a
Filiast<im=Trarming, she dived 15 times
Her piloting experience allowed her o
spenid miuch more time on the seafloor
than she might otherwise have done.

'I'Im-u.gﬁ whe hovied hl.'ing il plln:r1. shie
was eager o get hack o her scientific
work. “It was hard to do quality sci-
ence during those 21 months,” she
B1YE, “'d come back from a cruise,
spend two weeks here, which was just
ciough time to get back into the nou-
toee ol scenihic work, then 'd head
biack 1o sea again o work as a pilot for
several months.”

These days, Cindy is focused on her
scienbific work once again. Buat she will
ahways be glad she challenged herself
to eam the dolphin pin,
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NEW VIEWS OF THE

“I"d say there is a time lag of about
51K ¥Uars from when a new device i
conceived until it is a useful scientific
10l says Andy Bowen, who builds
remedely-operated vehicles and man-
ages their operation for WHOI's
Deep Submergence Laboratory.
“These are very complicated systems,
hopdded with engineering challenges.”
I ,&.nd}":-. l,!'l.TI-I,!Ti{!ﬂi.‘.E. Ll Process ol
taking an idea from the 5
drawing board to a work-
g device i3 ||.'||15 amd
hard, The birst projotype
{working model) of Jfzson
was tested in 1988, Since
then, .-\n-:l:.- Bowen and
mhers have worked hard
i modify Jason's  design
45 ABCESEATY.

“Jfagon was Robert
Ballard's bramchald,” says
Dana Yoerger, the re-
search scientist whao
designed Jason s control
system (see page 7). Siya
Dana, WHOI geologist ™ad,
Robert Ballard “saw the ﬁ"“
potential of ROVs early Betty
on. He came up with the Erulae.
the basic idea for Jason, e
He raised the money and hired the
staff to build i.”

Last summer, Jason took part m s
first two fully scientific missions, The
firsl crulse ook fason to Dump Site
106, aff the comst of Mew Jersey. The
scientists on that mission were trying
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during the Dump Site

to understand if sewage sludge,
dumped o the ocean from barges,
Wils al"l'u'l:ir@ i,ll:cp s marning hie.

Scientists used Jfason as their
underwater eyves as they sat on the
deck of a ship and watched video
images made by the ROV, "It is much
more comfortable to work with Jason
than with Alvin," says Rose Petrecca
of the Imstitute ol Marme and Coasial
Sciences at Rutgers
University, a biologist
who was on the Dump
\ Site 106 cruise and who
hits dirvesd miny Limes in
Alvirn and other sub-
mersibles, “Working with
Jevomt, wi could st in the
big contral vien and waltch
the deep sea through ten
different television moni-
tors. In Alvie, you're just
Iu-::uking_ aul a very small
porthale.™

Om that vovage, fason
ran into technical prob-
leme, which is typical of a
new piece of equipment,
For example, some fiber
optic cables in Jason's
tether broke, These very
thin ghass fibers are used fo transmit
mformation betwesn the sub and the
control van on the surfsce. :IJ.lr_'k.ily,
the cables were fined.

More frustrating, the scientists
were counting o Jasoe 1o Bring up
cores of mud from the ocean lodor.,

amnes, s

design team

i
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works to
the ROV's s
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Andy Bowen at
sea. Andy says
a high school
teacher who was
an avid sailor
first gave him the
idea of studying
the ocean.
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These cores contmin
microscopic animals that
deep-tea ologasis wanl 1o
study. But Jason’s arm ancd
clww could not casily grasp the
t-har hhu.|'||.'-;.| handle of the mud
sumpler. The t-bar sampler, a sim
ple plastic tube, is swocessfully used by
Ahdn's hands. Scientisis and enginecrs
thought fasow could use it just as well.
I couldnn. Cwver and over again,
Jason’s pilod patiently approached the
t-har, trving naot o stir up med on the
bottom, trying to mancuver the
RONYs delicate pincers info place.

Alter zeveral hours, Jason had
managed to collect six samples, when
disaster struck. The pilot had directed
Jason 1o plunge vet another sampling
itube into the seafloor, Bt the amoam]
of torgue (Force of rotation) necessary
to collect the sample at this spot was
more than anybody expecied. The
sub™s hand was I'iFIFI-EIJ ol fasmr wias
quickly recalled to the surface. The
enginecrs reattached the hand with
longer screws.

Scientists like Rose Petrecen wel-
come the chance to work with new
viehicles like Jason, in spite of occa-
sional technical difficulies. “It's Wy
exciting and beneficial for scientists
and engineers to take their new instru-
ments and inventions into the feld,”
she spys, 1 g;il.u:h = all pl':l.:lil.':l.l SR
rience, What might keok good on the
drawing board might not work. The

only way 1o find out is bo tey 0"
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Jazon's second scientifie expedi-
1om, 1o the Juan da Fuca Ridge off the
coast of Washmgton State, revealed
the vehicle's great strengths &t taking
photographs and making measure-
ments ol an extremely large &rea of
the seafloor,

“We figured out a way
io program Josow o move
i an “etch-a-sketch’ pat-
tern  (Torward, lefe, back,
right) over a 70 meter (230
ft.) cube-shaped path,”
remembers Dana Yoerger.
“Thas allowed the sceentisis
aon thie cruise to analyee the
water in a specific area very
preceely,”

Jazon’s next mission wall
be early in 1993, when the
ROY will wisit the Sea of
Corlez off the coasl of
California. In the mean-
time, engineers and scicn-

tists will work together 1o contbue 1o
enhance and improve Hs systems,

Inside the control van on the
Dump Site 106 crulse, Dana
Yoerger and others walch video

images make by Jason.

WHAT IS JASON?

MNamed for the Gresk herg who
ssarched for the golden fleeces,
MIs0n CITHES 1O DaSEanihesT Ths
ramolely-opariled veficle 15
attached 1o a surface ship, or
mathar ship, by a tether made of
fier opiic cable

An ROV & not a robot, because
| l\'.'E[."'l.'."'IJ'- on people o cortrd it
O the mather ship's deck & a van
filed with 1eevision monitors, so-
BMUSES, SNGNears, and i picd, who
ules 3 joyitick 1o manewser the
RLY, Those inthe van watch the
morHiors 10 S8 whal foson el
wilh s e aoes cameras, local
=d on the ront of the sub. foson
also carmes a 15 mm @amera and
other equpment. Soentss can el
e 50D B0tk phatographs which
they kater put topethe ke 3 miosa-
ic to show esdremely larpe areas of
the sea foor. [ason can dive to
&)000 meters (1B000 fest), Do
vou =2 son’s robot armd & @n
Ift, pill, push and _grasp.
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Last summer, Jason took part in its  control van on the surface,
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first tao fully scientific misswons. The  the cables were fixed.
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Luckily, ments and inventions inte the feld,
she savs, “It gives us all practical exps
i - 1 It ¥ R



WORK INPROGRESS:
Making ABE

It's not easy developing a device that never exasted before,
What should it look like! VWhat should it be able to dof Tg
learn about this process, Ocean Explorer talked to several 4
peaple who are creating a deep-sea discovery device
called ABE, short for Autonomous Benthic Explorer

PART ONE: DESIGNING ABE
Al first, ABE's designers thought the
new sub should be shaped like a flying
saucer. A blob, A lima bean. They
built a model of this lima bean and
tested it underwater in a laboratory. 1t
swooped and twisted as it dived. That
was no good. ABE has to be very sta-
ble. It has to be able to travel in a
stradght Hne for about the length of a
|.:i:|:,I hibock, without m!lhhHl.‘lg.

The team went back to the drawing
board, and fimally came up with a
design that leoked so much like Siwr
Trek's Starship Enterpriie that the
model of ABE actually has the num-
bers from that mors well-known crafi
painted on is bow (front end).

Dc'u:lu'pin,g_ il new '|'.|iEL'I‘: ol eguip-
ment is complicated, expensive, and
very slow. “By the time we began
designing ABE, we were already
behind schedule,” sys Al Bradley, as
he conducts a tour of his cheerful,
cluttered workshop, wherne every sur-
face 15 covered with electronic devices
in warious slages o construclion or
deconstruction. Spools of wire of len
different bright colors hang from one
will. Each wire stands for one of the
numbers in the decimal system, Al
caplains. A soldering iron, useful tor
making circuit boards or, occasionally,
making earrings out of cast-off clec-
tronic products, is plugged in at a
workbench. Computers and other
electronic devices are everywhere,

Al is an ocean engineer, though he
refers 0 himself a3 a “toymaker.” He
invents eguipment that helps
scientists study the
ocean, These days,
Al is busy crealing
the electronics for
a new device called
ABE, short for
Autonomous

¢ Benthic Explorer.

§ First of Its Kind

d MNothing like ABE
& has ever been built
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befare. When ABE is up
and running, it will be

able to stay underwiater
for months at a time,
swimming on a pre-pro-
grammed track. Unlike

Abvam, ot will have no on

board pilots. Unlike
Jatewr, it will not be teth-
ered 1o a mother ship, It
will operate 1.'11'rr|p||.l1|:|y
independently, performing
tasks assigned to it, such asyfl o
laking pictuh:x and making .y
miasurements of lempers [ i
fure and ocean currents,
Between tasks, ABE will
go to “sleep,” returming 1o

an underwater mooring
and powering down to
conserve energy antil it is
time for it to perform its
tasks agnin.

The Design Team
How dasd Al BEL involved i@
developing ABE? "One day,
Barric Walden came to see me. He
had an idea.” Barrie is the manager of
Operational Scientific Services at
WHOI. His group is responsible for
operating and maintaining vehicles,
syl as Abvin, as well as other techni-
cal devices wsed in oceanographic
research. “Barrie knew that 1 had
made & piece of equipment that could
hit a target at the water's surface. He
said, “How about making something
that can hit a target st the bottom?™
Barrie’s idea was to have the deep-
diving submarine
Alvin place a bea-
con on the ocean
floor. The device
he wanted Al to
help him make
would be able fo
find the beacon,
latch on to it, and
Al Bradiey in his
“toyshop,” with a
model of ABE.
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then go off on research messions
certain pre-programmed directions
for specified amounts of time, returm-
ing 1o the beacon at the end of each
foray. Ideally, it coold perform this
same task every day for many days—
up Lo & Year.

=“A bot of the work that Afvin does is
repeat business on CONLMUINE EXper-
ments,” savs Barnie, "Every year, we
re-visit the same area.” If a device
conlel be created that could stay in one
place for o long perwod of time, much
more information could be gathered
about one spot, without the cost and
wmpli;;'.m:il;mx of :n,-:11.|.r|1:'n“ I'mquunl:ly
in Afvin or another sub,

Al liked Barrie's idea. He knew
that scientists were often frustrated
with the Hmited dave 1.'.i|[mh|:||l:,' af the
deep-submergence vehicles currently
available. The decp-diving submarine
Abvin, for example, can stay underwa-
ter for only six to twehe hours before



its hunk of batteres
must be recharged. Re-
motely-operated Jason is
capable of staying down for
many days at a time, but usually
the mother ship from which it is
commanded can spend but a limited
amount of time in one place. An
autonomons [sell-sufficient) vehicle
could be useful for many tisks—even
ifl it did not have as many capabilities
as a manned or remotely-operated
tethered vehicle.

The Team's Task

Al and Barrie divided their tasks.
Barrie, whose background i% in
mechamical engineering, would buaild
ABE’s body and “muscles™ — its mow-
ing parts. Al, who specinlizes in elec-
tronbes, would build its “neries™ — the
systems that operate the sub's motor,
1% cameri, iks femperalure Sonsors.
But they meeded somebody to build
ABE"s "brain”™ — & controd system thid
could teach the device to power itself
up and down on command, that could
tell i where to go and when,
and that could mstrect it 1o make mea-
surements and record observations.
The righ;l person for the _|q:.|:|, they
knew, was Dana Yoerger, o Research

WHAT IS ABE?

A0 autonormous vehicle like ABE can mioe on s own,
just e a robot no on-board plot, no tether 1o 2 ship
foating overhead, ABE's tasks will be pre-determined
by the scentsts and techrcians using it They will ba
able 1o direct ABE to move arcund and collect data
within an ares bt the size of & oty biock. For up to
a year at a time, ABE wall wiake ug, day after dey, un
arcund a track, making wdecs, talng photos, takong
measurements, and then retum to #5 “garage” an
uniderater MOGIE, wihiers it wal tum gsedf of for a
certain ameaint of time {0 saee powes,

Scientist

in WHOI's
Deep Sub-
mergence
Laboratory
wha had creal-

ed the brains of
Jazon.  Intrigued
by the potential of
ABE, Dana joined
the team.

PART II: PUTTING
ABE TOGETHER
These days, ABE is all over the
place, Iis fiberglass body lies in pieces
in a shed on a WHOI dock.

In his toyshop, Al is working on
ABRE's “nerves,” 115 electronde system,
includhing @ battery pack, temperature
sensors, and a television camern. ABE
will store up o four thousand hlack-
and-white video images on a videodisk
with a very high memory capacity,

Meanwhile a couple of miles away,
Dana is creating ABE"s “brain™ by
wriling compuler programs for ABE'
conlral system that will command
ABE to move up, down, sideways, for-
ward and backward. They will 1zl
ABE where to go, and when, and what
it do when it gets where it is going.

“ABE only knows how fo do a few
things: wake up once a day, run anound
a racetrack, collect data and go back to
abeep,” says Dana. Sull, it is the vast
number of consecutive days that ABE
will be able 1o perform its simple tasks
that make it a very uscful tool.

Hylas Tests ABE's Brain

To test ABE's control system, [ana
uses a remalely IIFI-L'I'..II.I."il vehicke that
never goes bo sen Calbed Fvlar, it is
named for Hercules' pageboy, who
accompanicd him on the guest for the
Golden Flecce. The mythical Hylas
was seal o shore o search for water.
There he discovered a fountain. He
also discovered water nym |'|I1'=. thit

were a0 charmed by his beauty that
they comvinced lidm Lo stay be hoed with
them and e m therr pool, Likewise,
Hylas never leaves the two-story fank
in which it performs its programmed
tasks — except when it's hauled out at
night to keep it from correding.

When Dana wses Hides (o test pro-
grama for a remdlely-operatad vehicle
such as dosor, he msrocts il o obey
commands from a jovsiick operated by
a pilot standing on a deck above the
tank. If Hyvlas is testing soffware for an
autonomous vehicle like ABE, Dana
sels some switches in a control panel
that direct the sub 1o follow a pre-sel
lest o instructions. As Dana savs, =1 et
the compuier fly the vehicle.”

Using Hwles in the lab to develop
sofiware for ocean-going vehicles
allows Dana o test new programs for
up toa year before they become oper-
ational, making changes as moosssary.
“1 bearn lessons on Mylas, ™ says Dana,
“Hy the time | put the contral syeiem
in ABE or m any vehicle I'm develop-
ing, | want to know that my programs
are godng to work,”

ABE's Future

In i first years of use, ABE will only
be able wo lolkow the setl of insiroctions
ilreidy in i3 memory when it is !‘ﬂiu:l.'l:'
underwater. Bud mity gel smarter n
time. ABE's developers look forward
to the doy when an antenna attached
to a mooring on the sea surface will
link ABE with a satellite. The moor-
ing-to-satellite oommection 15 pow pos-
sihle, What is yet fo be deveboped is a
way for ABE fo send information to
the antenna attached o the mooring.
When that can be done, it will be pos-
sible o change ABE's instructions
while it i in the middle of a mission.
And someday, ABE's developers
hope, television im:igu\. will be
beamed directly from ABE up to a
satellite, and down to a computer on o
scicnfist's desk amywhere in the world.
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Come On Down and See
Me Next Time

-
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water om the deep sea floor, Vents are home to all Kinds of grotesque

creatures, such as the Ahvimella pompejana, or Pompeii worm, shown
here. The worm & named after Aban in which the scientisis who discovered it
were travelling Covered with hairlike appendages, Pompeii worms live in tubes
that they build directly on bluck smokers, underwater chimneys that send up
chemicals and very hot waler — as hot as 350°C (662" F). What clse 5 down
there? Dive in with us. You'll be amazed!

NL‘M September, Ocean Explorer will vigil hiydrothermal venis, oases of hot




